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Resumen

Antecedentes: La Variabilidad de la Frecuencia Cardiaca (HRV, del inglés Heart
Rate Variability) analiza las diferencias entre sucesivos intervalos R-R en la
funcion cardiaca, siendo un fiel reflejo de la adaptabilidad cardiaca vy,
especialmente, del estado del Sistema Nervioso Autonomo. Existe evidencia
cientifica de que una mayor HRV se asocia con un menor tono simpatico y
niveles de estrés, mientras que una menor HRV se relaciona directamente con
una mayor morbi-mortalidad en humanos. Estudios previos han reportado que
el ejercicio fisico incrementa HRV. Sin embargo, se desconoce si diferentes
metodologias de entrenamiento afectan de forma similar o no a HRV. Por tanto,
es de interés cientifico y clinico comprender el potencial de HRV como un
marcador de salud, y el efecto que distintos tipos de ejercicio fisico tienen sobre

la misma.

Objetivo e hipotesis: El objetivo principal de la presente Tesis Doctoral es
analizar el efecto de distintos programas de ejercicio fisico sobre la HRV en
adultos sedentarios. Se hipotetiza que (i) HRV mejorara tras la realizacion de
diferentes programas de ejercicio fisico en adultos sedentarios de mediana
edad, especialmente en aquellos entrenamientos basados en la realizacion de
intervalos de alta intensidad; y que (ii) HRV se vera incrementada tras la
realizacion de wun programa HIIT en adultos sedentarios jovenes,

independientemente de la ingesta diaria moderada de alcohol.

Material y métodos: Un total de 156 adultos (74 mujeres) participaron en la
presente tesis doctoral incluyendo adultos de mediana edad (45-65 afos;
participantes del proyecto FIT-AGEING) y adultos jovenes (18-40 afios;
participantes del proyecto BEER-HIIT). Los participantes del proyecto FIT-
AGEING fueron aleatorizados en 4 grupos: (i) grupo control, (ii) grupo de
entrenamiento PAR, (iii) grupo de entrenamiento HIIT, y (iv) grupo de
entrenamiento HIIT+EMS. Los participantes del proyecto BEER-HIIT
conformaron diferentes grupos que llevaron a cabo un programa de
entrenamiento HIIT combinado con la ingesta diaria moderada alcohol. HRV fue

analizada antes y después de cada intervencion en condiciones de reposo,
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empleando el pulsémetro Polar RS800CX y el software HRV Kubios ®. Ademas,
se calcularon y validaron las variables Stress Score (SS) y Ratio Simpatico/
Parasimpatico (Ratio S/PS) como indicadores de la actividad simpatica y del
balance auténomo ambas cohortes. Igualmente, se obtuvieron valores de
referencia segmentados por grupos de edad empleando intervalos de

aceptacion de dichas variables.

Resultados: En adultos de mediana edad, parametros de HRV relacionados con
incrementos de actividad del sistema nervioso parasimpatico y reduccion de
actividad del sistema nervioso simpatico son modificados por igual en todos los
grupos de ejercicio fisico (todas p<0.001). Ademas, los cambios observados en
los adultos de mediana edad tras la intervencion en HRV se relacionan con los
cambios inducidos por el ejercicio fisico en composicion corporal (incluyendo el
indice de masa muscular, indice de masa grasa y tejido adiposo visceral) y
riesgo cardiometabdlico (todas p<0.034). En adultos jovenes, el entrenamiento
tipo HIIT no generd cambios significativos en los parametros de HRV analizados

(todas p>0.380).

Conclusion: La presente tesis doctoral pone de manifiesto la importancia del
ejercicio fisico en la mejora de HRV en adultos de mediana edad, una mejora
que a su vez se relaciona directamente con otros biomarcadores de salud tales
como la composicion corporal y el riesgo cardiometabdlico. Sin embargo, la
realizacion de un programa de entrenamiento HIIT basado en ejercicios con

autocargas no gener6 cambios en HRV en adultos jovenes.
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Abstract

Background: Heart Rate Variability (HRV) describes differences between
successive heartbeats. HRV reflects cardiac adaptability and the autonomic
nervous system status. Higher HRV has been related to reduced stress levels
and increased life expectancy, while a decreased HRV is usually associated with
superior rates of morbidity and mortality. Previous studies have reported that
physical exercise affects HRV. Nevertheless, it is currently unknown whether
different physical exercise methodologies similarly influence HRV or not. Hence,
understanding HRV's role as a health indicator and the effects of different
training methodologies on their related parameters has scientific and clinical

relevance.

Aims and hypothesis: The principal aim of this Doctoral Thesis is to analyze the
effect of different training programs on HRV in sedentary adults. We hypothesize
that (i) physical exercise significantly will increase HRV in sedentary middle-
aged adults, especially in those training programs based on high intensity
intervals; and that (ii) HRV will be improved in young adults after the HIIT

intervention independently of the daily ingestion of a moderate dose of alcohol.

Material and methods: 156 adults (74 women) participated in this study.
Participants were: (i) middle-aged adults (45-65 years old) from the FIT-AGEING
research project; or (ii) young adults (18-40 years old) from the BEER-HIIT
study. Participants from the FIT-AGEING study were randomly assigned to 4
groups: (a) a control group (no exercise), (b) a PAR group, (c) a HIIT group, and
(d) a HIIT + EMS group. Participants from the BEER-HIIT study were allocated to
different intervention groups that completed a HIIT training program combined
with a daily but moderate dose of alcohol. HRV was measured before and after
each intervention in resting conditions. HRV was recorded with Polar RS800CX
and analyzed with the software HRV Kubios ®. SS (i.e., a sympathetic related
HRV outcome) and S/PS Ratio (i.e., an autonomic balance index) were calculated
and validated, obtaining reference values for both variables in adults through

acceptance intervals.
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Results: Increases in vagal-related HRV parameters and decrements in HRV
parameters related to sympathetic activity were observed in all training groups
in middle-aged adults (all p<0.001). Moreover, exercise-induced changes were
related to changes in body composition (i.e., lean mass index, fat mass index,
and visceral adipose tissue) and cardiometabolic risk (all p<0.034). No changes
were observed in HRV parameters in young adults after the intervention

program (all p>0.380).

Conclusion: The results from this doctoral thesis suggest the relevance of
physical exercise aiming to improve HRV in middle-aged adults. These
enhancements are directly related to exercise-induced changes in other health-
related markers (i.e., body composition and cardiometabolic risk). Nevertheless,
a 10-week HIIT intervention based on weight-bearing exercises in a circuit form

did not have a significant impact on HRV parameters in healthy young adults.
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INTRODUCCION

Introduccion
;Qué es la variabilidad de frecuencia cardiaca?

La frecuencia cardiaca (FC) define el nimero de latidos del corazén por minuto.
Sin embargo, el corazén de un individuo sano no es un metrénomo, ya que
aparecen diferencias en sus ciclos y patrones de funcionamiento. En este
contexto, aparece el estudio de la variabilidad de frecuencia cardiaca (HRV, del
inglés Heart Rate Variability), centrada en analizar las diferencias temporales
entre sucesivos latidos cardiacos, concretamente, entre los intervalos R-R del
comportamiento electrocardiografico del corazon, representados en la Figura 1
(Task force of the European Society of Cardiology and the North American

Society for Pacing and Electrophysiology 1996; Navarro-Lomas y cols. 2020).

Intervalo R-R

AL
L )

Figura 1. Intervalo R-R. Adaptado de Tortora & Derrickson (2018)

El andlisis de estas variaciones cobré un notorio protagonismo en el campo de
la medicina donde, en la Antigua Grecia hace mas de 2.000 afios, ya se estudiaba
la fisiologia cardiaca. La aparicion de los electrocardiogramas, en 1895, y la
llegada de la era digital y el procesamiento de la informacion, hace que, desde
la década de 1960, el analisis de HRV cobre protagonismo en el ambito de la
salud y la enfermedad (Billman, 2011). Desde entonces, aparece una continua
evolucion en la comprension de los mecanismos implicados en HRV, con
especial relevancia de la publicacion del estudio de la “7ask Force of the
European Society of Cardiology and the North American Society of Pacing and

Electrophysiology’, en 1996, que determina los estandares de medida e
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interpretacion fisioldgica de HRV (Ernst, 2017; Task force of the European
Society of Cardiology and the North American Society for Pacing and

Electrophysiology, 1996).
Determinantes de la variabilidad de frecuencia cardiaca

El cuerpo humano puede entenderse como la interaccion de diferentes sistemas
individuales, pero dependientes entre si, formando un sistema complejo,
aproximacion fundamental para comprender la fisiologia humana (Ernst, 2017).
En este sentido, las diferencias entre sucesivos latidos cardiacos se ven
influenciadas de una manera no lineal por factores tanto internos como
externos (Ernst, 2017). Dichos factores incluyen al sistema nervioso autonomo
(SNA), asi como el sistema cardiovascular, nervioso central, endocrino,
respiratorio, barorreceptor y quimiorreceptor, ademas de informacion
proporcionada por el cortex cerebral y el sistema limbico (Shaffer & Ginsberg,

2017).
Sistema Nervioso Autonomao.

EL SNA - cuyo control central se localiza en el hipotalamo - forma parte del
Sistema Nervioso Periférico. Entre otras funciones, el SNA se encarga del
control de tareas involuntarias tales como el patrén cardiaco, el control
respiratorio o el funcionamiento de la musculatura lisa. El objetivo final es
mantener la homeostasis del organismo a través de una relacion entre sus dos
componentes: el sistema nervioso simpatico (SNS), y el sistema nervioso

parasimpatico (SNP) (Llacer, 2021).

La relacion entre SNP y SNS es compleja ya que, dependiendo de circunstancias
contextuales, el incremento de la actividad del SNP puede ir asociado a un
incremento, una reduccion o a la no modificacion de la actividad de SNS (Billman
et al., 2015; Shaffer & Ginsberg, 2017). La FC representa el efecto neto del SNP -
que ralentiza la FC - y el SNS - que acelera la misma - prevaleciendo en

situacion de reposo la actividad del SNP (Shaffer & Ginsberg, 2017).

El vago es el principal nervio del SNP, el cual se encarga de inervar el sistema

cardiaco intrinseco, el nodulo sinoatrial, el nddulo auriculoventricular y la
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musculatura auricular cardiaca (Ernst, 2017). Un aumento en la actividad del
nervio vago genera un incremento en la descarga de acetilcolina y la activacion
de los receptores muscarinicos (especialmente M2), lo cual reduce la ratio de
despolarizacion de los nddulos sinusales y auriculoventriculares v,

consecuentemente, produciendo una reduccion de la FC (Ernst, 2017).

En contraste, un incremento de la actividad del SNS es la principal via de
aumento de la FC (Ernst, 2017). A través de la inervacion de los nddulos
sinoatriales y auriculoventriculares mediante el sistema nervioso cardiaco
intrinseco y la musculatura cardiaca (i.e., miocardio), se producen potenciales
de accion que desencadenan la liberacion de norepinefrina y epinefrina, y su
union a los receptores beta-adrenérgicos B1 ubicados en las fibras musculares
cardiacas (Ernst, 2017). Todo ello, conjuntamente, acelera las despolarizaciones
de los nodulos sinoatriales y auriculoventriculares, incrementando la FC y

aumentando la contractibilidad de las auriculas y los ventriculos (Ernst, 2017).

Ambas ramas del SNA pueden estar activas simultdneamente y trabajar de
forma conjunta con el sistema motor somatico para regular el comportamiento
cardiaco, tanto en condiciones de reposo como ante estimulos estresores
(Ernst, 2017). Pese a ello, en el andlisis de HRV, siguiendo la teoria propuesta
por William Cannon a inicios del s. XX, se ha asumido una asociacion estipulada
entre ambos sistemas, donde una elevada actividad del SNS es correspondida

con una baja actividad del SNP y viceversa (Cannon, 1992; Ernst, 2017).
Otros factores condicionantes.

Tomando como referencia la revision publicada por Ernst (2017), ademas del
SNA, aparecen otros mecanismos que afectan a HRV y que se describen a

continuacion.
Nodulo sinoatrial,

El nodulo sinoatrial, que supone el origen del ritmo cardiaco en
condiciones fisioldgicas, posee células con capacidad de autoorganizacion a
través de neuronas cardiacas localizadas en el corazén y neuronas intrinsecas

e intratoracicas (Bergfeldt & Haga, 2003). Todas ellas forman una red controlada
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tanto por el tronco encefalico como por neuronas de la medula espinal que
procesan esta informacion y controlan el funcionamiento cardiaco (Armour,
2008). Ademas, las mismas poseen memoria en relacion a los Ultimos eventos
cardiovasculares acontecidos en anteriores ciclos cardiacos, influenciando los

siguientes impulsos (Armour, 2008).
Sistema respiratorio.

La arritmia sinusal respiratoria describe la fluctuacion de la FC durante el ciclo
respiratorio. Es dependiente de la influencia del SNP en el corazon y observable
en la banda de frecuencia de entre 0.15 y 0.4 Hz. Normalmente, esta arritmia se
interpreta como un reflejo de la actividad del SNP a diferentes niveles,
incluyendo fluctuaciones de presion sanguinea debido a cambios en la presion
intratoracica durante el ciclo respiratorio (Brown et al., 1993; Draghici & Taylor,
2016), asi como el acoplamiento del ritmo respiratorio a las neuronas vagales
que se encuentran en el corazon (Hayano et al., 1996; Malpas, 2002). Estudios
previos postulan que la influencia del tipo y volumen de respiracion podria
afectar a parametros de HRV ligados con la actividad del SNP (Wessel et al,
2009), aunque otros trabajos sugieren que se trata de una afirmacion
cuestionable que requiere un mayor nimero de investigaciones (Hill et al., 2009;

Plaza-Florido et al., 2021).
Sistema endocrino.

Diversas patologias del sistema endocrino se asocian a alteraciones en los
parametros de HRV incluyendo, entre otros, una mayor concentracion de
cortisol (correlacion negativa con parametros que indican activacion del SNP),
estrogenos (incremento de parametros que indican activacion del SNP) o

progesterona (incremento de parametros que indican activacion del SNS).
Sistema inmunologico.

Infecciones, lesiones y otras patologias sistémicas generan reacciones pro
inflamatorias en el organismo, cuyo fin es recuperar la homeostasis. Esta
respuesta se basa en una compleja combinacion de diferentes mecanismos que

contribuyen a neutralizar patégenos, regenerar tejidos dafados y cicatrizar
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heridas (Pavlov & Tracey, 2005) a través de mediadores proinflamatorios (e.g.,
interleucina 1 o el factor de necrosis tumoral Alpha), mediadores vasoactivos y

especies reactivas de oxigeno (Ernst, 2017).

Esta descarga de citoquinas modula la actividad del SNP (Cooper et al., 2015;
Ernst, 2017) inhibiéndolo (Marsland et al., 2007). Ademas, la activacion del
sistema renina-angiotensina-aldosterona se asocia con un incremento de la
actividad del SNS, resultando en efectos deletéreos a largo plazo sobre el
sistema cardiovascular (Pittaras & Kheirbek, 2013). De hecho, en numerosas
patologias que cursan con inflamacion cronica subclinica, también se observa
una mayor FC de reposo y una reduccion de los valores de HRV asociados a la
actividad del SNP (Benichou et al., 2018; Carnethon et al., 2008; Task force of the
European Society of Cardiology and the North American Society for Pacing and

Electrophysiology, 1996).
Funcion metabolica.

Numerosos estudios han puesto de manifiesto que la resistencia a la insulina
se produce en un contexto fisioldgico caracterizado por un incremento de los
niveles de multiples parametros inflamatorios (Pontiroli et al., 2004). Ademas,
las células beta pancreaticas son inervadas tanto por neuronas del SNS y del
SNP. El rol del SNP en estas células es determinado por la acetilcolina y sus
respectivos receptores muscarinicos, mientras que la del SNS aparece a través
de sus receptores adrenérgicos a2. Este proceso provoca una reduccion en la
liberacion de la insulina, lo que provoca la estimulacion de receptores
adrenérgicos B, generando una mayor descarga de insulina (Ahrén et al., 1986;

Kahn et al., 2006).
Anadlisis de la variabilidad de frecuencia cardiaca

En el estudio de HRV resulta fundamental seleccionar qué variables son las mas
propicias en su andlisis. Dicha decision dependera del objetivo del estudio en
cuestion (Laborde et al., 2017). Concretamente, los analisis de HRV se pueden
realizar en el dominio temporal, dominio frecuencia y andlisis no lineales

(Laborde et al., 2017; Task force of the European Society of Cardiology and the
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North American Society for Pacing and Electrophysiology, 1996), los cuales se

detallan en los siguientes epigrafes.
Dominio temporal.

Este analisis cuantifica la variabilidad en las mediciones temporales de los
intervalos entre intervalos R-R. Los valores obtenidos se pueden expresar o
bien en sus unidades originales, o bien proceder con su transformacion
logaritmica con el objetivo de obtener una distribucion normal de los datos. Las

medidas mas comunes aparecen en la Tabla 1:

Tabla 1. Parametros de HRV en dominio temporal
Dominio  Variable Descripcion Implicaciones fisioldgicas

En medidas de 24 horas refleja el
balance del SNA. En medidas mas
cortas se relaciona con la actividad del
SNP. Este valor es un predictor de
Desviacion estandar morbi-mortalidad, pues valores <50ms
>DNN de los intervalos R-R  representan alto riesgo en términos de
salud cardiovascular, valores entre 50
y 100ms representan riesgo moderado
y valores superiores a 100 ms un
optimo estado de salud cardiovascular
Raiz cuadrada de la .
T i Robusta relacion con la actividad del

SNP, reflejando la variabilidad entre
RMSSD los cuadrados de las

latidos y como afectan los cambios en
la actividad del SNP a HRV

diferencias entre

intervalos R-R

Porcentaje de Robusta relacion con la actividad del

intervalos R-R SNP. Correlacion con RMSSD, aunque
PNN50 : ; e

sucesivos que este otorga un mejor analisis de la

difieren mas de 50 ms arritmia sinusal respiratoria

Abreviaturas: PNN50; porcentaje de sucesivos intervalos R-R que difieren entre si mas de 50
ms, RMSSD: raiz cuadrada de la media de la suma de los cuadrados de las diferencias entre
intervalos R-R, SDNN:; desviacion estandar de los intervalos R-R, SNP; sistema nervioso
parasimpatico, HRV; variabilidad de frecuencia cardiaca
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Dominio frecuencia.

Este andlisis estima la distribucion de potencia absoluta y relativa en diversas

bandas de frecuencia. En funcion de la via empleada para separar sus

componentes, los analisis de frecuencia pueden realizarse a través de la

transformacion de Fast Fourier (FFT) o el modelo autorregresivo (AR). En este

dominio aparecen, aparecen, entre otras, las medidas senaladas en la Tabla 2:

Tabla 2. Parametros de HRV en dominio frecuencia

Dominio

HF

LF

Variable

LF/HF

Descripcion

High Frequency
Banda de alta
frecuencia (0.15 y

0.4 Hz)

Low Frequency
Banda de baja
frecuencia (0.04-
0.015 Hz)

Ratio entre
frecuencias altas

y bajas

Implicaciones fisiolégicas

HF refleja la modulacion del SNP sobre la
FC (con influencias del ciclo respiratorio,
aunque la misma no afecte a la actividad del
SNP). Muestra correlacion con RMSSD y
PNN50, aunque HF esta mas afectado por la
respiracion. Valores disminuidos se asocian
con estrés, panico, ansiedad o preocupacion
y, en general, mayor morbilidad

Aunque se consideraba un marcador del
SNS, la banda LF se ve influida tanto por el
SNS como el SNP, ademas de por el sistema
barorreflejo

Esta ratio asume que LF es influenciado por
el SNS mientras que HF lo es por el SNP,
senalando de ese modo el balance entre
SNS y SNP. Un menor LF/HF reflejaria
dominancia del SNP. No obstante, LF no es
un indicador fiable del SNS (influye el SNP y
otros factores, ademas de las relaciones
complejas y no lineales entre SNS y SNP),
por lo que LF/HF no reflejaria de forma

optima el balance autonomo.

Abreviaturas: HF; High Frequency, LF; Low Frequency, PNN50; porcentaje de sucesivos
intervalos R-R que difieren entre si mas de 50 ms, RMSSD; raiz cuadrada de la media de la suma
de los cuadrados de las diferencias entre intervalos R-R, SNP; sistema nervioso parasimpético,
Hz; hercios, FC; frecuencia cardiaca, SNS; sistema nervioso simpatico.
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Cabe citar otras medidas de este dominio, tales como Ultra Low Frequency
(0.003 Hz), indicador de diversos procesos bioldgicos tales como los ritmos
circadianos, el sistema renina-angiotensina, la temperatura corporal o el
metabolismo; o Very Low Frequency(0.0033-0.04 Hz), considerado un predictor

de mortalidad mas preciso que LF o HF.
Medidas no lineales.

Estas medidas permiten cuantificar la impredecibilidad de las secuencias
temporales (Stein & Reddy, 2005), ya que la fisiologia humana es producto de la
interaccion de diferentes sistemas con caracter no lineal, formando un sistema
complejo. De hecho, diversos investigadores han sugerido que las
aproximaciones no lineales podrian ser mas adecuadas y precisas que las
lineales en el analisis de HRV (Piskorski & Guzik, 2005). Entre estas medidas
aparece el Grafico de Poincaré (Laborde et al., 2017), el cual relaciona la
diferencia temporal de un intervalo R-R con el intervalo inmediatamente
anterior. Este grafico ilustra de forma cuantitativa y cualitativa el
comportamiento cardiaco en forma de elipse. En el analisis de dicha elipse
aparecen dos parametros lineales en el analisis de la desviacion estandar
perpendicular (SD1) y longitudinal (SD2) a dicha elipse, de donde se obtienen las

medidas que aparecen en la Tabla 3.
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Tabla 3. Parametros de la HRV obtenidos del grafico de Poincaré

Dominio Variable Descripcion

Desviacion estandar
perpendicular a la

linea de identidad del

SD1
Grafico de Poincareé
Desviacion estandar

paralela a la linea de

identidad del Grafico

SD2

de Poincareé

Ratio
SD2/SD1

Ratio entre SD2 Y SD1

Implicaciones fisioldgicas
SD1 refleja la actividad del SNP.
Es una medida equivalente a
RMSSD, que ademas
correlaciona con la presion
sanguinea diastdlica, PNN50,
SDNN y HF
No esta clara su implicacion
fisioldgica, aunque SD2 ha sido
relacionada de forma inversa con
la actividad del SNS.

La ratio SD2/5D7 mide la
impredecibilidad de la secuencia
temporal de la serie R-R,
determinando el balance
autonomo y mostrando relacion
con la ratio LF/HF. Sin embargo,
dado que SD1y SD2 no reflejan
aisladamente SNS y SNP, no es
un parametro adecuado para el

analisis del balance autonomo

Abreviaturas: HF; high frequency, PNN50; porcentaje de sucesivos intervalos R-R que difieren
entre si mas de 50 ms, RMSSD; raiz cuadrada de la media de la suma de los cuadrados de las
diferencias entre intervalos R-R, SD1; Desviacidn estadndar perpendicular a la linea de identidad
del Gréfico de Poincaré, SD2; Desviacion estandar paralela a la linea de identidad del Grafico de
Poincaré, SDNN; desviacion estandar de los intervalos R-R, SNP; sistema nervioso

parasimpatico, HRV; variabilidad de frecuencia cardiaca

En la siguiente figura (figura 2) se puede observar un ejemplo de Grafico de

Poincareé:
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T

HHE__

Figura 2. Grafico de Poincaré

En estos andlisis no lineales cabe citar otros parametros tales como: (i) la
entropia aproximada, que mide la regularidad y complejidad de la serie
temporal, con mayores valores asociados a una menor predictibilidad de la
fluctuacion entre sucesivos intervalos R-R, mientras que valores reducidos
implican una sefial regular y predecible, (ii) la entropia simple, que busca una
medida fiable, regular y compleja de similar interpretacion pero con una
informacion menos sesgada, o (iii) el andlisis de fluctuacion sin tendencia, que
representa la correlacion entre sucesivos intervalos R-R en escalas temporales
generando dos pendientes (la pendiente al describe fluctuaciones a corto plazo
y se relaciona con el reflejo barorreceptor, mientras que la pendiente a2 refleja
las fluctuaciones a largo plazo y, por tanto, los mecanismos que regulan las

fluctuaciones del ciclo cardiaco).

Dentro de este tipo de analisis, Naranjo-Orellana y cols. (2015) propone dos
nuevos indices para el andlisis de HRV basados en el Grafico de Poincaré con el
objeto de mejorar el conocimiento del balance auténomo a través del analisis
de HRV: (i) el Stress Score (SS), calculado como 1,000 x 1/SD2, una medida que
estaria relacionada directamente con la actividad del SNS, y (i) el Ratio
Simpatico/Parasimpatico (Ratio S/PS), calculado como SS/SD1, que
corresponderia con un indicador del balance autonomo entre SNS y SNP. En
este estudio se analizo la validez de SS y Ratio S/PS como medidas de HRV vy,
ademas, se establecieron valores de referencia para jugadores de futbol

profesional. Pese al potencial de ambas medidas, hasta la fecha no hay estudios
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acerca de la validez de SS y Ratio S/PS (y sus valores normales) como

indicadores de HRV en adultos sedentarios sanos.
Factores que modulan la variabilidad de frecuencia cardiaca
Edad.

El envejecimiento se asocia a una pérdida progresiva de diversas funciones
fisioldgicas, derivando en un incremento del riesgo de mortalidad (Amaro-
Gahete, De-La-0, et al,, 2019). Conforme avanza la edad, aparece una reduccion
progresiva de la influencia del SNP sobre la funcidn cardiaca en condiciones de
reposo (Almeida-Santos et al., 2016; Navarro-Lomas et al., 2020; Valentini & Parati,
2009; Zulfigar et al., 2010). En este sentido, la reduccion de parametros de HRV
relacionados con la actividad del SNP se asocian con una mayor incidencia de
enfermedades metabdlicas cronicas (e.g., obesidad o diabetes mellitus tipo 2),
asi como un mayor riesgo cardiovascular (Hillebrand et al., 2013; Task force of
the European Society of Cardiology and the North American Society for Pacing

and Electrophysiology, 1996).
Sexo.

En términos generales, las mujeres poseen, mayores valores de FC en reposo,
generando intervalos RR mas cortos (Koenig & Thayer, 2016). Por el contrario,
los hombres generalmente tienen una menor FC. Pese a ello, los hombres
muestran una mayor predominancia del SNS en comparacion con las mujeres

de acuerdo a las medidas de HRV (Koenig & Thayer, 2016).
FC.

HRV depende de la longitud del ciclo cardiaco (Shaffer & Ginsberg, 2017). Una
mayor FC genera un descenso del tiempo entre sucesivos latidos cardiacos, v,
por tanto, de la variacion temporal de los mismos, reduciendo HRV. Por el
contrario, una menor FC incrementa el tiempo que aparece entre latidos
adyacentes y, por ende, la posibilidad de variacion en la funcion cardiaca. Debido

a esta dependencia de HRV ante la FC, en el analisis de HRV se deben aplicar
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procedimientos de correccion que ofrezcan valores de HRV independientes de

la FC (Plaza-Florido et al., 2021).
Presencia de enfermedades crdonicas cardiometabélicas.

La actividad cardiaca posee oscilaciones de caracter complejo y no lineal
(Goldberger, 1991). Esta variabilidad otorga flexibilidad y capacidad para
adaptarse a los posibles cambios a los que el organismo tiene que hacer frente
(Shaffer & Ginsberg, 2017). Un nivel dptimo de HRV en condiciones de reposo
(considerado en la literatura cientifica como un incremento de valores
asociados a actividad del SNP) se considera predictor de capacidad de
autorregulacion, adaptabilidad, menor nivel de estrés y correcto funcionamiento
del metabolismo energético (Grissler et al., 2021; Navarro-Lomas et al., 2022; Shaffer
& Ginsberg, 2017). Por contra, la desregulacion de estos valores en condiciones
de reposo se ha vinculado con numerosos problemas de salud asociados a una
mayor activacion del SNS, tales como menor adaptabilidad del sistema
cardiovascular, aparicion de eventos cardiovasculares, estrés cronico,
aceleracion de los procesos de envejecimiento celulares, deplecion de reservas
de energia o incluso muerte subita (Navarro-Lomas et al., 2022; Shaffer et al.,
2014).

Ejercicio fisico.

El ejercicio fisico es componente basico asociado a un estilo de vida saludable
(Molina-Hidalgo et al., 2019). En poblacion adulta, la practica de actividad fisica
con volumenes e intensidades adecuadas se asocia con un incremento de la
actividad del SNP (Tornberg et al., 2019), la cual puede estudiarse a través de los
parametros de HRV asociados (Buchheit et al., 2005; Felber Dietrich et al., 2008).
Este incremento se ha traducido en una mejora de la salud cardiovascular en
general, asi como una mejora del estado funcional del SNA, pudiendo
potencialmente verse reducido el riesgo tanto de padecer patologia

cardiovascular como muerte prematura (Grassler et al., 2021).

Dadas las bondades en términos de salud derivadas de la practica de actividad

fisica, la Organizacion Mundial de la Salud (OMS) establece unas
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recomendaciones internacionales para la promocion de la salud (Bull et al,
2020). De acuerdo a las mismas, se recomienda que la poblacion adulta realice
entre 150-300 minutos de actividad fisica a intensidad moderada o entre 75-150
minutos de intensidad vigorosa (o bien alguna combinacion equivalente de
ejercicio moderado-vigoroso de caracter aerodbico). Ademas, se recomienda
realizar trabajo de fuerza muscular dos veces por semana (Bull et al., 2020). Sin
embargo, la mayoria de la poblacion no cumple estas recomendaciones,
argumentando la falta de tiempo libre como principal motivo (Choi et al., 2017).
Esto ha provocado la aparicion de nuevas metodologias de entrenamiento (e.g.,
entrenamiento intervalico de alta intensidad (HIIT) o la electromioestimulacion
de cuerpo completo (EMS)) como potenciales alternativas (Amaro-Gahete, De-
La-0, et al, 2019). De hecho, investigaciones recientes llevadas a cabo en
nuestro laboratorio, han puesto de manifiesto que dichos programas de
entrenamiento mejoran de forma similar o incluso en mayor medida diversos
parametros relacionados con la salud, como los niveles plasmaticos de la
proteina S-Klotho (Amaro-Gahete, De-la-0, Jurado-Fasoli, Espuch-Oliver, et
al., 2019), la composicion corporal (Amaro-Gahete, De-la-0, Jurado-Fasoli, Ruiz,
et al., 2019), Vitamina D (De-la-0 et al., 2022), riesgo cardiometabdlico (Amaro-
Gahete, De-la-0, Jurado-Fasoli, Martinez-Tellez, et al., 2019), aptitud fisica
(Amaro-Gahete, De-La-0, et al.,, 2019) o habitos nutricionales (Jurado-Fasoli et

al., 2020).

En el andlisis del efecto del ejercicio fisico sobre HRV, una intervencion
duradera de ejercicio aerdbico parece ser una herramienta efectiva en la mejora
de dichos parametros en condiciones de reposo tantos en adultos jovenes como
seniors (Albinet et al., 2010; Grassler et al., 2021; Tulppo et al., 2003). No obstante,
hasta donde alcanza nuestro conocimiento no se ha estudiado en profundidad
el efecto de otras intervenciones de ejercicio fisico sobre HRV en términos
comparativos (Grassler et al., 2021). En este contexto, un estudio previo ha
sugerido que un programa de entrenamiento tipo HIIT de 2 semanas con una
frecuencia de 4 sesiones/semana induce mejores adaptaciones en HRV que un

programa de ejercicio aerdbico continuo de intensidad moderada en adultos
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fisicamente inactivos de entre 20 y 40 afios (Alansare et al., 2018). Sin embargo,
dado que existen numerosos protocolos de HIIT que generan diferentes
adaptaciones fisioldgicas en funcion de las caracteristicas del mismo (e.g., tipo
de ejercicio, duracion, intensidad o numero de intervalos realizados) se
requieren nuevos estudios que investiguen sus efectos sobre los parametros
de HRV. Adicionalmente, Ricci et al. (2020) encontraron que una intervencion de
6 semanas basada en entrenamiento con EMS durante 5 dias semanales no
genero beneficios adicionales sobre HRV en comparacion con el mismo tipo de
entrenamiento sin EMS en adultos de entre 18 y 50 afios de edad tras una cirugia
bariatrica (Ricci et al,, 2020), aunque los efectos de este tipo de entrenamiento

sobre HRV no han sido analizados en una poblacion adulta y sin patologias.
Ingesta de alcohol tras la realizacion de ejercicio fisico.

Socialmente, el consumo de cervezay otras bebidas alcohdlicas es una practica
comun tras la realizacion de ejercicio fisico (Molina-Hidalgo et al., 2020). La
influencia de una elevada ingesta de alcohol en la salud tras la realizacion de
ejercicio ha sido estudiada previamente en humanos, mostrando hallazgos
inequivocamente vinculados a una salud empobrecida (Barnes, 2014).
Concretamente, se ha observado en respuesta a la misma una elevacion de FC
en reposo, empeoramiento de la funcion muscular, hipertension, fragmentacion
del suefio y otros procesos metabdlicos que causan disrupcion de la
homeostasis (Barnes, 2014). Sin embargo, se desconoce el efecto de una ingesta
cronica de alcohol en dosis moderadas sobre HRV y otros marcadores de salud
tales como la funcion hepatica o factores de riesgo cardiovascular (de Gaetano
et al,, 2016a; Molina-Hidalgo et al., 2020).

Por un lado, se han senalado efectos negativos en medidas de HRV asociadas a
la actividad vagal cuando una gran ingesta de alcohol se convierte en un habito
cronico (Ralevski et al., 2019). Dichos efectos podrian producirse a través de su
influencia sobre la modulacion autonoma de la descarga sinoatrial y la
alteracion de la sintesis y liberacion de neurotransmisores que afectan a la
ritmicidad central neural (Spaak et al., 2010). Por otro lado, un estudio sugiere
que la ingesta moderada de alcohol podria incrementar parametros de HRV

asociados a la actividad vagal en jovenes adultos que consumen de forma
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moderada alcohol, un hecho que podria explicarse a partir de una reduccion de
diversos procesos inflamatorios favorecidos por ello (Quintana et al., 2013). Sin
embargo, se desconoce si un consumo moderado y diario de alcohol modifica

los potenciales efectos del ejercicio fisico sobre HRV.
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Objetivos e hipotesis

Objetivos

Objetivo general.

El objetivo principal de la presente Tesis Doctoral es analizar el efecto de

distintos programas de ejercicio fisico sobre la HRV en adultos sedentarios

33

1.

2.

Objetivos especificos.

Evaluar la asociacion de SS y Ratio S/PS con variables tradicionales de
la HRV en los analisis temporales y de frecuencia, estableciendo valores
de referencia de SS y Ratio S/PS en adultos sedentarios sanos.

Analizar el efecto de distintos programas de ejercicio [entrenamiento en
base a las recomendaciones de la Organizacion Mundial de la Salud
Organizacion Mundial de la Salud (PAR, del inglés Physical Activity
Recommendations), entrenamiento intervalico de alta intensidad (HIIT,
del inglés High Intensity Interval Training) y entrenamiento HIIT
afadiendo electroestimulacion de cuerpo completo (HIIT+EMS)] sobre la
HRV en adultos sedentarios de mediana edad (40 - 65 afnos de edad).
Examinar el efecto de un programa de entrenamiento HIIT sobre HRV en
una cohorte de adultos jovenes sedentarios y sanos que ingieren una

dosis diaria moderada de alcohol (18 - 40 anos de edad).



OBJETIVOS E HIPQOTESIS

Hipotesis

Se hipotetiza que:

1.

SS y Ratio S/PS son adecuados marcadores de HRV capaces de indicar
el estado del sistema nervioso autonomo y de salud en general en adultos
sedentarios sanos.

HRV mejorara tras la realizacion de diferentes programas de ejercicio
fisico en adultos sedentarios de mediana edad, especialmente en
aquellos entrenamientos basados en la realizacion de intervalos de alta
intensidad.

HRV se vera incrementada tras la realizacion de un programa HIIT en
adultos sedentarios jovenes, independientemente de la ingesta diaria

moderada de alcohol.
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Material y métodos

La presente Tesis Doctoral se ha desarrollado en el seno de dos proyectos de
investigacion de los cuales han derivado otras Tesis Doctorales. Por tanto,
algunos apartados de esta seccion comparten contenido con las Tesis
Doctorales de los Drs. Amaro-Gahete, De-la-0 y Molina-Hidalgo (Amaro Gahete,

2019; de la O Puerta, 2021; Molina Hidalgo, 2021).
Disefio Experimental

La presente tesis doctoral se desarrolla bajo el marco de dos ensayos

controlados aleatorizados:

(i) Estudio FIT-AGEING. (ClinicalTrials.gov ID: NCT03334357) (Amaro-
Gahete, De-la-0, Jurado-Fasoli, et al., 2018).
(ii) Estudio BEER-HIIT (ClinicalTrials.gov ID: NCT03660579).

Ambos proyectos se desarrollaron integramente en el Instituto Mixto
Universitario Deporte y Salud (iMUDS), siendo aprobados por los Comités de
Etica de Investigacion Humana de la Junta de Andalucia (FIT-AGEING; 0838- N-
2017) y de la Universidad de Granada (BEER-HIIT; 321-CEIH-2017). Ademas,
ambos siguieron las indicaciones de la revisidn en vigor (7 revision de octubre
de 2013) de la Declaracion de Helsinki (World Medical Association, 2013). Todos
los participantes firmaron un consentimiento informado escrito relativo al uso

de los datos obtenidos en ambos proyectos para su explotacion cientifica.
Estudio FIT-AGEING.

El estudio FIT-AGEING se centré en analizar el rol del ejercicio fisico en la
regulacion de la proteina Klotho y otros biomarcadores de envejecimiento en
adultos de mediana edad (45-65 afos). Los participantes fueron aleatorizados
en 4 grupos a través del método de aleatorizacion simple (Schulz & Grimes, 2002):
(a) grupo control (instruido para mantener sus habitos de vida en cuanto a nivel
de actividad fisica y habitos nutricionales), (b) grupo de entrenamiento PAR, (c)

grupo de entrenamiento HIIT, y (d) grupo de entrenamiento HIIT+EMS.
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Estudio BEER-HIIT.

El estudio BEER-HIIT investigd el efecto de un programa de entrenamiento
intervalico de alta intensidad combinado con la ingesta diaria moderada de
alcohol sobre diversos parametros de salud y rendimiento en adultos jovenes
(18-40 afios). Los participantes eligieron si preferian ser incluidos en un grupo
de no entrenamiento (N-T, del inglés Non-Training) - que mantenia sus habitos
de vida nutricionales y de niveles de actividad fisica - o en un grupo de
entrenamiento (T, del inglés T7raining). Los que seleccionaron grupo de
entrenamiento eligieron si preferian ser incluidos en un grupo que ingiriera
bebidas alcohdlicas (contenido del 5.4% de alcohol) o en un grupo que ingiriera
bebidas sin alcohol. Los participantes que seleccionaron alcohol fueron
asignados aleatoriamente a grupos que tomaron cerveza (T-Beer, de la
traduccion al inglés del término cerveza) o agua con gas mezclada con vodka
(T-Ethanol, de la traduccion al inglés del término efanol). Los que seleccionaron
bebidas sin alcohol fueron aleatoriamente asignados a un grupo que tomoé
cerveza sin alcohol (T-0.0 Beer) o agua con gas (T-Water, de la traduccion al
inglés del término agua). Cada grupo incluyé a un total de 8 hombres y 8

mujeres.
Participantes

En la presente tesis doctoral participaron 156 adultos (47.4% mujeres) de entre
18 y 65 anos de edad, pertenecientes a los estudios FIT-AGEING y HIIT-BEER. En

ambos casos, los participantes completaron una revision médica.
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Criterios de inclusion y exclusion.
Estudio FIT-AGEING.

Los criterios de inclusion y exclusion del proyecto FIT-AGEING aparecen en la

Tabla 4:

Tabla 4. Criterios de inclusion y exclusion del proyecto FIT-AGEING

Estudio FIT-AGEING
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Criterios de inclusion
Edad: 45-65 anos de edad
indice de Masa Corporal (BMI):
18.5-35 kg/m?
No practicar actividad fisica
regular >20min durante > 3
dias/semana
No participar en programas de
pérdida de peso
Mostrar un peso estable
durante los Gltimos 5 meses
(menos de 5 kg de cambio)
Los participantes deben ser
capaces de dar su autorizacion,
entender los criterios de
exclusion y aceptar la
asignacion aleatoria de grupos

Electrocardiograma normal

Criterios de exclusion
Historial de problemas
cardiovasculares
Diabetes
Embarazo o planeamiento de
quedar embarazada durante el
periodo del estudio
Uso de Beta-Bloqueantes o
Benzodiazepinas
Tomar medicacion para
tiroides
Otras condiciones
significativas que puedan ser
agravadas por la practica de
ejercicio fisico
Ser incapaz de completar los
requerimientos del estudio o
de asumir la asignacion

aleatoria de grupos
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Estudio BEER-HIIT.
Los criterios de inclusion y exclusion del proyecto BEER-HIIT aparecen en la

Tabla 5:

Tabla 5. Criterios de inclusion y exclusion del proyecto BEER-HIIT

Estudio BEER-HIIT ‘

Criterios de inclusion Criterios de exclusion
- Edad: 18-40 anos de edad
- BMI: 18.5-30 kg/m?

- No tener historial familiar de

- Historial de problemas
cardiovasculares o diabetes

- Historial de alcoholismo

alcoholismo -
personal o familiar

- No participar en un programa de - Embarazo o planeamiento de

entrenamiento o de perdida de quedar embarazada durante el

peso estructurado en los periodo del estudio

ultimos 5 meses - Uso de Beta-Bloqueantes o

- Mostrar un peso estable durante . .
Benzodiazepinas

los ultimos 5 meses (menos de .. .
- Tomar medicacion para tiroides

3 kg de cambio) - Otras condiciones significativas

- Los participantes deben ser
que puedan ser agravadas por

capaces de dar su autorizacion, - T
la practica de ejercicio fisico

entender los criterios de .
- Ser incapaz de completar los

exclusiony aceptar la requerimientos del estudio o de

asignacion de grupos . . .,
asumir la asignacion de grupos

- Electrocardiograma normal

Tamaio de muestra.

Para realizar los calculos de tamafio muestral se empleo el programa IBM-
SPSS Sample Power software (version 3.0.1). HRV es una variable secundaria
en los proyectos FIT-AGEING y BEER-HIIT por lo que los calculos de tamafio
muestral no emplearon HRV como referencia. Por ello, las conclusiones
obtenidas en la presente tesis doctoral se deben calificar como analisis
exploratorios a confirmar por futuras investigaciones que cuenten con un

tamano muestral propicio para ello.
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Estudio FIT-AGEING.

El tamafio muestral fue calculado en base a un tamafo del efecto de 100 pg/ml
en los niveles plasmaticos de la proteina S-Klotho. Para los calculos se
establecio potencia estadistica del 85% asumiendo una pérdida de participantes
del 25 %. Con estos datos y teniendo como referencia una participacion
equitativa entre géneros (=50% mujeres), se determind una participacion de 80

personas.
Estudio BEER-HIIT.

El tamaho muestral fue calculado en base a un cambio del 15% en el VO.max. Se
establecio potencia estadistica del 80%, asumiendo una pérdida de participantes
del 20% (BEER-HIIT). Tomando como referencia una participacion equitativa

entre géneros (=50% mujeres), se establece una participacion de 80 sujetos.
Reclutamiento y adherencia de participantes.

El reclutamiento de los participantes siguié estrategias similares en ambos
proyectos. Ambos estudios fueron publicitados a través de las redes sociales,
medios de comunicacion locales y pdsteres. Ademas, se organizaron reuniones
informativas donde se detallaron: (i) los objetivos de cada estudio, (ii) criterios
de inclusion y exclusion, (iii) datos a evaluar, (iv) caracteristicas de los
diferentes programas de entrenamiento a realizar, (v) potenciales riesgos
derivados de la participacion en ambos proyectos y (vi) resolucion de las dudas
de los potenciales participantes. Aquellos que cumplieron los requisitos de
inclusion fueron invitados a una segunda sesion orientativa, donde se otorgd por
escrito informacion detallada sobre la metodologia a seguir y se firmo el
consentimiento informado. Finalmente, antes de realizar la primera evaluacion,
todos los participantes fueron informados de las condiciones a cumplir antes de

llevar a cabo la misma.
Estudio FIT-AGEING.

Durante la intervencion, en el proyecto FIT-AGEING, los participantes tuvieron

la posibilidad de abandonar el proyecto en cualquier momento. Con objeto de
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evitar dicho abandono y maximizar la adherencia a los diferentes programas de
entrenamiento, se implementaron diferentes estrategias. Concretamente, para
evitar periodos vacacionales durante la intervencion, el estudio se desarrolld
entre los meses de septiembre y diciembre en dos oleadas por motivos
practicos. Las sesiones fueron desarrolladas en grupos reducidos (<8
participantes) y dirigidas por entrenadores cualificados que supervisaron
detalladamente la correcta ejecucion de cada ejercicio, ademas de apoyar
moralmente a los participantes. Igualmente, cabe destacar que las sesiones
fueron desarrolladas en lugares ventilados e iluminados, acompanadas de
musica y con equipamiento deportivo en dptimas condiciones. La asistencia al
entrenamiento se registro diariamente, exigiendo una participacion de al menos
el 90% para emplear los datos en los analisis finales. En la Figura 3 se muestra

el diagrama de flujo de los participantes del proyecto FIT-AGEING:
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247 personas manifestaron interés para
particinar en el estudio FIT-AGEING oo T T T T Y
1 Envio de informacion
b ................................. JI sobre estudio FIT- 1
I AGEING :
N o o o o - - - 4
224 personas confirman asistencia a
reuniones informativas
Y 2 ~
' 6 reuniones :
[ L ssssssssssmssssssssessns >
| informativas
196 personas asistieron a reuniones
informativas
e N
]
| ! 29 personas :
* : rechazan participar 1
\ e ____ 1
Se remite cuestionario previo a 167
- personas
1 \
I 26personas ' |
1 <
no responden
I\ _________ 7 * ,’ ______________ \\
I .
141 completan el cuestionario previo i 13incumplen edad o BMI
: 5 historial problemas CDV
| al 2 diabetes
v ': 4 hiper-hipotiroidismo
| 9 otros
108 personas cumplieron los criterios de ! Total=33 personas
________ inclusion S
[ AY
I 6rechazan :: |
:\ participar ! *
102 personas realizaron la evaluacion STt TTTTTTmmmTTT T m
previa ! 3 ECG en ejercicio
: anormales
| > 4 exclusiones por razén
* | médica
| 6 rechazan participar
N=89 aleatorizados N

v v v v

N=22 Control N=21 PAR N=23 HIIT N=23 HIIT+EMS

N=7 abandonos N=4 abandonos N=5 abandonos N=4 abandonos

N=15 completan N=17 completan N=18 completan N=19 completan

intervencion intervencion intervencion intervencion

& N\ N\

N=15 incluidos N=17 incluidos en N=18 incluidos en N=19 incluidos en

en andlisis analisis analisis analisis

E

Figura 3. Diagrama de flujo de los participantes en el estudio FIT-AGEING. Abreviaturas. BMI,
indice de masa corporal, CDV; cardiovascular, ECG; electrocardiograma, n= numero de
participantes.
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Estudio BEER-HIIT.

De igual forma, los participantes podian abandonar el estudio de intervencion
en cualquier momento. De cara a reducir estos casos y maximizar la adherencia
al programa de entrenamiento, se desarrollaron numerosos procesos para
generar un ambiente positivo. Las sesiones fueron acompafiadas de musica
escogida por los participantes, ademas de desarrolladas en ambientes
iluminados y ventilados. Entrenadores cualificados supervisaron
cuidadosamente el desarrollo de las sesiones. Las mismas se desarrollaron en
grupos reducidos (<8 personas) para garantizar la adecuada realizacion e
intensidad de los ejercicios. Ademas, de cara a garantizar la participacion se
ofrecieron diferentes horarios para realizar los entrenamientos. Si algln
participante no acudia a alguna sesidn se realizaron llamadas telefonicas vy, si
la participacion bajaba del objetivo (90% de sesiones), se aplicé un plan de
contingencias especifico para incrementar la asistencia a las sesiones.
Finalmente, de cara a evitar periodos vacacionales que dificultasen la
participacion, el programa de intervencion se desarrollé entre los meses de
febrero y mayo. En la Figura 4 se muestra el diagrama de flujo de los

participantes del proyecto BEER-HIIT:
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112 personas manifestaron interés para
participar en el estudio BEER-HIIT e N
i Envio de informacién |
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reuniones informativas
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|
I

| N
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90 personas cumplieron los criterios de e e e e -
N inclusion
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————
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N=14 incluidos en
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Figura 4. Diagrama de flujo de los participantes en el estudio BEER-HIIT. Abreviaturas. BMI;
indice de masa corporal, CDV; cardiovascular, ECG; electrocardiograma, n= numero de

participantes.
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Protocolos de entrenamiento
Estudio FIT-AGEING.

El estudio FIT-AGEING se disefid con objeto de analizar el efecto de 3
metodologias de entrenamiento diferentes durante 12 semanas, comparando

diferentes volumenes e intensidades de entrenamiento.
Entrenamiento PAR.

Este grupo realiza un programa de entrenamiento concurrente (i.e., un
entrenamiento que combina ejercicio aerobico y de fuerza), en base a las

recomendaciones de la OMS (WHR, 2010).
Volumen, intensidad, frecuencia y tipo de entrenamiento - PAR

Durante 12 semanas consecutivas, los participantes realizaron 3 sesiones de
entrenamiento concurrente por semana, con una separacion entre sesiones de
al menos 48 horas de recuperacion. Este volumen de entrenamiento se
establecio siguiendo las recomendaciones minimas de la OMS [150 minutos de
entrenamiento aerdbico por semana a una intensidad de entre el 60 y el 65% de
la frecuencia cardiaca de reserva (FCR) y ~60 minutos por semana a una
intensidad de entre el 40 y el 50% de la repeticion maxima (RM) para el

entrenamiento de fuerzal.

El entrenamiento aerdbico se desarrolldé empleando tapices rodantes,
cicloergometros y elipticas. El entrenamiento de fuerza fue realizado a través
de ejercicios con autocargas y maquinas neumaticas guiadas, tales como press
de banca, sentadilla o peso muerto, entre otros. Ademas, buscando reducir el
riesgo de lesion y promover la adherencia al programa, se realizaron ejercicios

compensatorios, asi como de flexibilidad y estabilidad de la zona CORE.
Sesiones de entrenamiento - PAR

Las sesiones del grupo PAR comenzaban con un calentamiento dinamico
estandarizado, que incluia ejercicios de activacion de diferentes grupos
musculares. Tras el calentamiento, se iniciaba una fase de ejercicio aerdbico,

con intervalos de 10 minutos que, en el caso de sesiones combinadas, eran
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alternados con ejercicios de fuerza (que a su vez variaban en funcion de la
sesion; ver Tabla 6). Los participantes tenian la posibilidad de elegir el
ergometro en el que realizar estos intervalos aerdbicos (i.e., cicloergémetro,
eliptica o tapiz rodante). En cuanto a las sesiones de ejercicio aerdbico, los
participantes realizaban un total de 60 minutos, incluyendo ejercicios
compensatorios. En todos los casos, las sesiones finalizaban con un protocolo
de vuelta a la calma, consistente en estiramientos globales activos con cinco

ejercicios de cadenas musculares anterior y posterior alternativamente.
Variacion de la carga de entrenamiento - PAR

Debido a las caracteristicas de los participantes (sedentarios), se realiz6 una
progresion gradual en la carga de entrenamiento respecto a su volumen e

intensidad. La progresion del programa de entrenamiento PAR fue la siguiente:

- Entrenamiento aerdbico: El volumen inicial fue de 75 minutos por semana al
60% de la FCR, incrementando progresivamente 30 minutos por semana hasta

llegar a los 150 minutos por semana en la cuarta semana de intervencion.

- Entrenamiento de fuerza: La intervencion comenzdé con dos semanas de
familiarizacion que buscaban la adquisicion de los patrones de movimiento de
los ejercicios propuestos. Ademas, se realizaron ejercicios complementarios

para prevenir lesiones.

El desarrollo del programa PAR fue generando un incremento en la forma fisica
de los participantes, lo que obligé a incrementar la carga de entrenamiento
aerdbica y de fuerza. Para ello, se incrementd la intensidad del entrenamiento
para mantener la misma FCR en las sesiones aerdbicas mientras que, para las
sesiones de fuerza, se realizo una valoracion de la RM al inicio de cada fase de

la intervencion (ver Tabla é).
Periodizacion del entrenamiento - PAR

La periodizacion del programa de entrenamiento en el grupo PAR se organizo

en 3 fases:
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Fase de familiarizacion: Durante dos semanas, los participantes
adquirieron los patrones de movimiento de los ejercicios Ainge,
bridge, squat, y pulls and pushs horizontales y verticales. Dicho
proceso de familiarizacion fue clave para realizar una correcta
evaluacion de la RM de dichos ejercicios, a la vez que mejoraban su
condicion fisica.
Fase |: Durante 5 semanas, los participantes desarrollaron una sesion
de entrenamiento aerdbico y dos sesiones de entrenamiento
concurrente, que alternaban 4 ejercicios de fuerza de grandes grupos
musculares, 2 ejercicios de estabilidad de zona CORE, y 2 ejercicios
compensatorios entre los intervalos de 10 minutos de ejercicio
aerabico, incluyendo:

- Entrenamiento aerobico: Volumen de 150 minutos por semana
(excepto en semanas de evaluacion de la RM, donde se realizaron
120 minutos por semana) y una intensidad del 60% FCR.

- Entrenamiento de fuerza: Se incluyeron ejercicios de grandes
grupos musculares, asi como patrones de movimiento genéricos,
como el press de banca, sentadilla o peso muerto.

Fase Il: Durante las restantes 5 semanas, las sesiones de

entrenamiento concurrente siguieron una organizacion diferente

buscando generar diferentes estimulos de entrenamiento. Para ello,
los participantes realizaron ejercicios similares a los citados en la

Fase |, aunque ademas se incluyen algunos ejercicios que implicaron

a otros grupos musculares, como elevaciones laterales o press

francés, llevando a cabo dos tipos de sesiones en funcion de su

objetivo:

- Sesiones Tipo |, con el objetivo de generar tension mecanica y dafio
muscular.

- Sesiones Tipo Il, centradas en generar estrés metabadlico.
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Tabla 6. Periodizacion del entrenamiento PAR

Entrenamiento aerdbico Entrenamiento de fuerza

_ Volumen (min /sem) | Intensidad (%FCR) Intensidad (%RM) Tipo de ejercicio Objetivo

Fase de Familiarizacion

75 60 Movimientos Adquirir patrones de movimiento
Autocargas y bandas : -
i globales y patrones y realizar ejercicios
60 elasticas

de movimiento compensatorios

60 Evaluacion RM
Generar adaptaciones iniciales al
60 50 Ejercicios de
entrenamiento de fuerza y
60 50 grandes grupos : -
realizar ejercicios
Semana 6 60 50 musculares _
compensatorios
60 50
Semana 8 60 Evaluacion RM
Ejercicios de , 5
Semana 9 60 50 Promover tension mecanica,
grandes grupos :
Semana 10 60 50 daho muscular y estres
musculares y otros ,
60 50 metabolico
ejercicios

60 50

Abreviaturas. min; minutos, sem; semana, %; porcentaje, FCR; frecuencia cardiaca de reserva, RM; repeticién maxima

)
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Entrenamiento HIIT.

El entrenamiento HIIT se describe como la ejecucion de intervalos de trabajo de
intensidad vigorosa intercalados con intervalos de recuperacion activa o pasiva.
De acuerdo con la literatura cientifica, el entrenamiento HIIT es considerado una
estrategia efectiva para conseguir mejoras en diversos biomarcadores de salud,
como la composicion corporal o el fitness cardiorrespiratorio de igual o incluso
superior efecto en comparacion a la realizacion de ejercicio aerdbico continuo

de intensidad moderada (Gibala, Little, Macdonald, & Hawley, 2012; Ulbrich et al.,
2016).

Volumen, intensidad, frecuencia y tipo de entrenamiento - HIIT

Los participantes del grupo HIIT realizaron 2 sesiones semanales durante 12
semanas con una recuperacion entre sesiones de, al menos, 72 horas. Se
realizaron dos protocolos de entrenamiento HIIT diferentes, incluyendo
sesiones con intervalos de mayor duracion (sesiones tipo A) y sesiones con

intervalos de menor duracion (sesiones tipo B).

Por un lado, las sesiones tipo A tuvieron un volumen de entrenamiento de entre
40 y 65 minutos por semana a una intensidad superior al 95% del VO.max. Estas
sesiones se realizaron utilizando un tapiz rodante con una pendiente
personalizada a la condicion fisica de cada participante. Por otro lado, las
sesiones tipo B tuvieron un volumen de entrenamiento de entre 40 y 65 minutos
por semana a una intensidad de entre 6 y 9 en una escala (1-10) de percepcion
subjetiva de esfuerzo (RPE) (Borg, 1982). En estas sesiones, los participantes
realizaron 8 ejercicios, basados en la autocarga, en forma de circuito (i.e.,
sentadilla, rodillas arriba, talones arriba, flexiones, remo horizontal, plancha

frontal, plancha lateral, peso muerto y remo horizontal).
Sesiones de entrenamiento - HIIT

- Sesiones Tipo A: comenzaron con un calentamiento dindmico
estandarizado que incluia ejercicios de activacion de diferentes
grupos musculares, seguidos de 5 minutos de ejercicio aerobico

en un ergémetro a una intensidad correspondiente al 60% del
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VO:;max. Tras el calentamiento, los participantes ejecutaron los
diferentes intervalos y series en funcion de la periodizacion
descrita en la tabla 7.

- Sesiones tipo B: comenzaron con un calentamiento dindmico
estandarizado tras el cual se realizo un entrenamiento en forma
de circuito con 8 ejercicios con autocargas. El circuito se realizé
dos veces por sesion con un descanso activo entre éstos,
consistente en caminar a una intensidad correspondiente al 60%

del VO,max, siguiendo la metodologia descrita en la tabla 7.
Variacion de la carga de entrenamiento

Debido a las caracteristicas de los participantes (sedentarios), se determind una
progresion gradual de las caracteristicas del entrenamiento con objeto de crear

las adaptaciones fisioldgicas esperadas.

En las sesiones tipo A, los participantes comenzaron con un volumen menor a
40 minutos por semana al 80-90% del VO.max (fase de familiarizacion). Tras
ello, hubo un incremento progresivo en el volumen (hasta los 50 minutos por
semana) e intensidad (superior al 95% del VO:max) en la Fase I. Finalmente, en
la Fase Il, los participantes alcanzaron los 65 minutos por semana a dicha

intensidad.

En las sesiones tipo B, se siguié la misma metodologia por fases, avanzando
desde la fase de familiarizacion (menos de 40 minutos por semana al 80-90%
del VO,max) hasta las fases 1 (50 minutos por semana al 120% del VO,max) y 2

(65 minutos por semana al 120% del VO,max).
Periodizacion del entrenamiento - HIIT
El entrenamiento HIIT se dividio en 3 fases de 4 semanas cada una:

(i) Fase de familiarizacion: Las sesiones tipo A se componian de entre 6
y 7 intervalos de 4 minutos (alternando 2 minutos al 80% del VO.max)
con 2 minutos de descanso. El tiempo maximo de sesion fue de 14

minutos. Las sesiones tipo B consistieron en 2 series de 16 ejercicios
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correspondientes a dos vueltas al circuito senalado anteriormente. En
estas sesiones se alternaron 15-20 segundos a una intensidad del
120% del VO:max con 15-20 segundos de recuperacion. La duracion
total de la serie fue de entre 8-10.5 minutos de trabajo y la duracion
total de la sesion fue de 21 minutos. Entre series se realizé una
recuperacion activa de 5 minutos caminando al 60% del VO.max. En la
tercera y cuarta semana de la intervencion se incrementaron tanto la
intensidad como el volumen en las sesiones tipo A, realizando entre
8y 9 intervalos al 90% del VO,max (alternando 2 minutos de trabajo y
2 minutos de recuperacion) hasta completar un total de 18 minutos.
En las sesiones tipo B se mantuvieron el mismo volumen de trabajo e
intensidad citados previamente.

Fase I: En las sesiones tipo A, la intensidad se incrementé a >95% del
VO,max completando entre 8 y 10 intervalos de 4 minutos (alternando
2 minutos de trabajo y 2 minutos de recuperacion), siendo la duracion
maxima por sesion de 20 minutos. En las sesiones tipo B, la intensidad
se mantuvo la intensidad en el 120% del VO:max, realizando 2 series
(8-16 minutos) de 16 ejercicios con una ratio de 15-30 segundos de
trabajo y 15-30 segundos de recuperacion. El tiempo total por sesion
ascendio hasta un total de 32 minutos. Entre series se realizo una
recuperacion activa caminando durante 5 minutos al 60% del VO,max.
Fase II: En esta fase, la intensidad se mantuvo respecto a la fase |
(>95% del VO.max en sesiones tipo A y 120% del VO.max en sesiones
tipo B), pero se incrementd el volumen del entrenamiento. En las
sesiones tipo A, se realizaron entre 6-8 intervalos de 5 minutos (3
minutos de ejercicio y 2 minutos de recuperacion), alcanzando los 24
minutos por sesion. Las sesiones tipo B consistieron en 3 series (con
una duracion de entre 8 y 13.5 minutos cada una) de 16 ejercicios
(llegando hasta un total de 40-5 minutos por sesion). La ratio fue de
15-30 segundos de trabajo y 15-30 segundos de recuperacion. Entre
series se realizd una recuperacion activa caminando durante 5

minutos al 60% del VO,max.
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Tabla 7. Periodizacion del entrenamiento HIIT

FASE DE FAMILIARIZACION

Semana 1 2 3 4
Sesion (tipo) 1(A) 2 (B) 3 (A) 4 (B) 5 (A) 6 (B) 7 (A) 8 (B)
Volumen 12 min 16 min 14 min 21 min 16 min 16 min 18 min 21 min

80% 80% 90% VO:max 90% VO:max 90% VO.max
Intensidad 80% VO.max 80% VO.max 90% VO.max

VO;max VO,max

Intervalos 6 2 7 2 8 2 9 2
Duracion

4 min 8 min 4 min 10.5 min 4 min 8 min 4 min 10.5 min
intervalo
Tiempo

2 min 15 seg 2 min 20 seg 2 min 15 seg 2 min 20 seg
trabajo
Tiempo

. 2 min 15 seg 2 min 20 seg 2 min 15 seg 2 min 20 seg

recuperacion
Descanso 5 min 60% 5 min 60% 5 min 60% 5 min 60%
intervalos VO,max VO,max VO;max VO;max
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FASE I

Semana
Sesion (tipo)

Volumen
Intensidad

Intervalos
Duracion
intervalo
Tiempo
trabajo
Tiempo
recuperacion
Descanso

intervalos

9 (A)
16 min

>95%
VO:max

8

4 min

2 min

2 min

5
10 (B)
16 min
120%
VO;max

2

8 min

15 seg

15 seg

5 min 60%

VO;max

11 (A)
18 min
>95%
VO:max

9

4 min

2 min

2 min

6
12 (B)
21 min
120%

VO,max
2

10.5 min

20 seg

20 seg

5 min 60%

VO;max

13 (A)
20 min
>95%
VO:max

10

4 min

2 min

2 min

7
14 (B)
27 min
120%
VO:max

2

13.5 min

25 seg

25 seg

5 min 60%

VO;max

15 (A)
20 min
>95%
VO:max

10

4 min

2 min

2 min

8
16 (B)
32 min
120%
VO:max

2

16 min

30 seg

30 seg

5 min 60%

VO;max
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FASE Il

Semana 9 10 N 12
Sesion (tipo) 17 (A) 18 (B) 19 (A) 20 (B) 21 (A) 22 (B) 23 (A) 24 (B)
Volumen 18 min 24 min 21 min 31.5 min 24 min 40.5 min 24 min 40.5 min
>95% 120% >95% 120% >95% 120% >95% 120%
Intensidad
VO;max VO,max VO;max VO,max VO,max VO;max VO;max VO;max
Intervalos 6 3 7 3 8 3 8 3
Duracion
5 min 8 min 5 min 10.5 min 5 min 13.5 min 5 min 13.5 min
intervalo
Tiempo
3 min 15 seg 3 min 20 seg 3 min 25 seg 3 min 25 seg
trabajo
Tiempo
. 2 min 15 seg 2 min 20 seg 2 min 25 seg 2 min 25 seg
recuperacion
Descanso 5 min 60% 5 min 60% 5 min 60% 5 min 60%
intervalos VO.max VO;max VO;max VO,max

Abreviaturas. min; minuto, >, mayor que, %; porcentaje, VO2max, consumo maximo de oxigeno, seg; segundos

95



MATERIAL Y METODO

Entrenamiento HIIT+EMS.

El entrenamiento EMS ha surgido en los ultimos afios como una novedosa
modalidad de entrenamiento. Esta tecnologia permite estimular externa y
simultaneamente de forma bipolar, simétrica, y rectangular, entre 14 y 18
regiones o 8-12 grupos musculares, con la posibilidad de configurar diferentes
intensidades a cada region y ocupando sus electrodos hasta un total de 2800cm?
(Filipovic et al., 2015). El uso de esta tecnologia puede derivar en diversas
complicaciones y problemas de salud, por lo que es fundamental seguir las
recomendaciones cientificas en su utilizacion (Kemmler, Froehlich, et al., 2016;
Malnick et al., 2016), especialmente en una poblacion sedentaria y sin

experiencia previa con este tipo de entrenamiento.

Volumen, intensidad, frecuencia, tipo de ejercicio, sesiones de entrenamiento y

periodizacion - HIT+EMS

Los participantes de este grupo completaron un programa de entrenamiento
basado en la misma metodologia de entrenamiento que el grupo HIIT en cuanto
al volumen, intensidad, frecuencia, tipo de ejercicio, tipos de sesiones y
periodizacion del entrenamiento, con la diferencia de la utilizacion de impulsos
eléctricos a través de un dispositivo inaldmbrico de electromioestimulacion de

cuerpo completo (Wiemspro®, Malaga, Spain)
Parametros eléctricos

La periodizacion de los parametros eléctricos durante las 12 semanas de
intervencion aparece reflejada en la Tabla 8. En la elaboracion de la misma se
tuvieron en cuenta los siguientes parametros tomando como referencia las
recomendaciones que aparecen en la literatura cientifica sobre esta tipologia

de entrenamiento (Filipovic et al., 2011):

(i) Frecuencia. se define como el nimero de pulsos eléctricos por unidad
temporal. De acuerdo a estudios anteriores, la frecuencia ideal para
reclutar fibras musculares tipo | es de entre 7 y 33 Hz, mientras que

para activar fibras musculares tipo Il es de entre 35 y 100 Hz. Por ello,
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(ii)

(iii)

(iv)

se propuso una frecuencia de entre 15 y 33 Hz para sesiones tipo |l y
35-75 Hz para sesiones tipo |l

Amplitud de impulso. La amplitud del impulso determina la intensidad
de la contraccion muscular, siendo especifica para cada grupo
muscular. Su rango, de acuerdo a previas investigaciones, se debe
localizar entre 200-400 us dependiendo de la musculatura inervada
por lo que se determind la siguiente amplitud de impulso: muslos (400
us), gluteos (350 us), zona abdominal (300 us), zona dorsal (250 us),
zona cervical (200 ps), pecho (200 ps), y brazos (200 us).

Intensidad: se define como el porcentaje de maxima contraccion
voluntaria. Fue establecida en una intensidad >50 mA, de acuerdo a
previas investigaciones que tuvieron por objetivo mejorar la forma
fisica y la composicion corporal. Por ello, dependiendo del tipo de
sesion se establecid una intensidad de entre 80 y 100 mA. Ademas, la
intensidad fue adaptada individualmente en una escala de percepcion
subjetiva (Borg, CR-10 (Borg, 1982)) con valores entre 5y 9 sobre 10,
de forma similar a la realizada por otras investigaciones (Filipovic et
al., 2015; Gibala, Little, Macdonald, Hawley, et al., 2012; Kemmler et al.,
2010; Kemmler, Teschler, et al., 2016) .

Ciclo de trabajo. se define como la ratio entre el tiempo que se recibe
estimulo eléctrico respecto al tiempo total del ciclo. El ciclo de trabajo
se relaciona con la frecuencia seleccionada de forma inversa. Se
establecio un ciclo de trabajo del 99% para el entrenamiento aerobico
(sesiones tipo A) y del 50-63% para el entrenamiento de fuerza

(sesiones tipo B)

. . ) Total ]
%Ciclo de Trabajo = 100/(Tiempo T de trabajo)

iempo

A modo resumen, el impulso eléctrico programado para cada tipo de sesion fue:
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- Sesiones tipo A: Frecuencia de 15-20 Hz, intensidad de 100 mA,
amplitud de impulso de 200-400 ps y ciclo de trabajo de 99%.
- Sesiones tipo B: Frecuencia de 35-75 Hz, intensidad de 80 mA,

amplitud de impulso de 200-400 ps y ciclo de trabajo de 50-63%.
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Tabla 8. Parametros eléctricos entrenamiento HIIT+EMS

FASE DE FAMILIARIZACION

Semana 1 2 3 4

Sesion (tipo) 1(A) 2 (B) 3 (A) 4 (B) 5 (A) 6 (B) 7 (A) 8 (B)
Frecuencia 15 Hz 35 Hz 15 Hz 35 Hz 15 Hz 40 Hz 15 Hz 40 Hz
Intensidad 100 mA 80 mA 100 mA 80 mA 100 mA 80 mA 100 mA 80 mA
RPE impulso 5-6 5-6 6-7 6-7 7-8 7-8 7-8 7-8

99% 50% 99% 57% 99% 50% 99% 57%
(59":1") (15":15") (59"1")  (20™15")  (59™1")  (15™15") (59"1")  (20"15")

FASE |

Ciclo de trabajo

Semana 5 6 7 8

Sesion (tipo) 9 (A) 10 (B) 11 (A) 12 (B) 13 (A) 14 (B) 15 (A) 16 (B)
Frecuencia 20 Hz 45 Hz 20 Hz 45 Hz 20 Hz 50 Hz 20 Hz 55 Hz
Intensidad 100 mA 80 mA 100 mA 80mA 100 mA 80 mA 100mA 80 mA
RPE impulso 7-8 7-8 7-8 7-8 7-8 7-8 7-8 7-8

99% 50% 99% 57% 99% 63% 99% 67%

Ciclo de trabajo
(591" (15™:15") (5917 (20"15") = (59™1") = (25™15") (59%1") | (30™15")
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Semana 9 10 n 12
Sesion (tipo) 17 (A) 18 (B) 19 (A) 20 (B) 21 (A) 22 (B) 23 (A) 24 (B)
Frecuencia 20 Hz 60 Hz 20 Hz 65 Hz 20 Hz 70 Hz 20 Hz 75 Hz
Intensidad 100 mA 80 mA 100 mA 80 mA 100 mA 80 mA 100 mA 80 mA
RPE impulso 8-9 8-9 8-9 8-9 8-9 8-9 8-9 8-9
99% 50% 99% 57% 99% 63% 99% 67%

Ciclo de trabajo

(59™1") (15"15") (59™:1") (20":15") (59™:1) (25"15") (59™1") (307:15")

Abreviaturas. Hz; hercios, mA; miliamperios, %; porcentaje, “; segundos
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Estudio BEER-HIIT.
Entrenamiento HIIT.
Volumen, intensidad, frecuencia y tipo de entrenamiento

Los participantes realizaron 2 sesiones semanales durante 10 semanas, con al
menos dos dias de recuperacion entre sesiones. Pese a que, tradicionalmente,
el HIIT se ha recomendado 3 dias/semana (Buchheit & Laursen, 2013; Lunt et al.,
2014), teniendo en consideracion el nivel de forma fisica inicial de los
participantes (individuos no entrenados) y en base a la experiencia previa del
grupo de investigacion (Amaro-Gahete, De-la-0, Jurado-Fasoli, et al., 2018;
Amaro-Gahete, De-la-0, Sanchez-Delgado, et al.,, 2018; Sanchez-Delgado et al,,
2015), se establecio una frecuencia semanal de 2 entrenamientos, garantizando

de este modo la adecuada recuperacion entre sesiones

Los participantes completaron un volumen de entrenamiento de entre 16 y 32
minutos por semana a una intensidad superior al 8 RPE (Borg, 1982). En estas
sesiones, los participantes realizaron 8 ejercicios basados en autocargas en
forma de circuito que repitieron en dos ocasiones (i.e., sentadilla, rodillas arriba,
flexiones, battle rope, remo horizontal con TRX, plancha frontal, peso muerto y
burpees). Entre ejercicios se realizé un descanso pasivo, mientras que entre
series se realizo un descanso activo a una intensidad de 6 RPE, correspondiente
al 60% del VO,max (Gillach et al., 1989; Lamb, 1995) tal y como aparece en la tabla
9.

Sesiones de entrenamiento

Las sesiones se realizaron a ultima hora de la tarde y primera hora de la noche,
entre los lunes y los viernes. Las sesiones comenzaron con un calentamiento
dinamico estandarizado incluyendo numerosos ejercicios de activacion
muscular. Ademas, las sesiones de entrenamiento finalizaban con un protocolo
de vuelta a la calma consistente en estiramientos globales activos. Se

realizaron 7 estiramientos de cadenas musculares anteriores y posteriores.
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Periodizacion del entrenamiento

La periodizacion del programa de entrenamiento aparece en la tabla 9. La

misma se dividia en dos fases:
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(i)

(ii)

(iii)

Fase de familiarizacion: la intensidad seleccionada fue el 80% del
VO;max., completando 2 series (8 - 10.5 minutos) de 16 ejercicios (15-
20 segundos de trabajo /15 - 20 segundos de recuperacion), con una
recuperacion activa de 5 minutos a una intensidad del 60% del VO,max.
Fase I: la intensidad seleccionada fue el 120% del VO.max.,
completando 2 series (8 - 16 minutos) de 16 ejercicios (15 - 30
segundos de trabajo / 15 - 30 segundos de recuperacion), con un
descanso activo de 5 minutos a una intensidad del 60% del VO.max., y
completando un maximo de 32 minutos de duracion por sesion

Fase Il: En esta fase, la intensidad era la misma que en la fase
anterior, incrementando el volumen de entrenamiento. Los
participantes realizaron 3 series (8 - 13.5 minutos) de 16 ejercicios (15
- 30 segundos de trabajo / 15 - 30 segundos de recuperacion), con
una recuperacion activa de 5 minutos a una intensidad del 60% del

VO;max. y una duracion maxima de 40.5 minutos por sesion



Tabla 9. Periodizacion del programa de entrenamiento BEER-HIIT

FASE DE FAMILIARIZACION

Semana
Sesion
Volumen
Intensidad
Intervalos
Duracion
intervalo
Tiempo
trabajo
Tiempo
recuperacion
Descanso

intervalos

16 min

8 RPE

8 min

15 seg

15 seg

5 min (6 RPE)

1

16 min

8 RPE

8 min

15 seg

15 seg

5 min (6

RPE)

21 min

8 RPE

10.5 min

20 seg

20 seg

5 min (6
RPE)

2

21 min

8 RPE

10.5 min

20 seg

20 seg

5 min (6
RPE)

16 min

9 RPE

8 min

15 seg

15 seg

5 min (6
RPE)

3

16 min

9 RPE

8 min

15 seg

15 seg

5 min (6
RPE)

MATERIAL Y METODO

21 min

9 RPE

10.5 min

20 seg

20 seg

5 min (6
RPE)

4

21 min

9 RPE

10.5 min

20 seg

20 seg

5 min (6
RPE)

62



MATERIAL Y METODO

FASE |

Semana 5 6 7 8
Sesion (tipo) 9 10 1 12 13 14 15 16
Volumen 16 min 16 min 21 min 21 min 27 min 27 min 32 min 32 min
Intensidad 10 RPE 10 RPE 10 RPE 10 RPE 10 RPE 10 RPE 10 RPE 10 RPE
Intervalos 2 2 2 2 2 2 2 2
Duracion

8 min 8 min 10.5 min 10.5 min 13.5 min 13.5 min 16 min 16 min
intervalo
Tiempo

15 seg 15 seg 20 seg 20 seg 25 seg 25 seg 30 seg 30 seg
trabajo
Tiempo

. 15 seg 15 seg 20 seg 20 seg 25 seg 25 seg 30 seg 30 seg
recuperacion
Descanso 5 min (6 5 min (6 5 min (6 5 min (6 5 min (6 5 min (6 5 min (6
5 min (6 RPE)

intervalos RPE) RPE) RPE) RPE) RPE) RPE) RPE)
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Semana 9 10
Sesion (tipo) 17 (A) 18 (B) 21 (A) 22 (B)
Volumen 24 min 24 min 31.5 min 31.5 min
Intensidad 10 RPE 10 RPE 10 RPE 10 RPE
Intervalos 3 3 3 3
Duracion

8 min 8 min 10.5 min 10.5 min
intervalo
Tiempo

15 seg 15 seg 20 seg 20 seg
trabajo
Tiempo

. 15 seg 15 seg 20 seg 20 seg
recuperacion
Descanso
5 min (6 RPE) 5 min (6 RPE) 5 min (6 RPE) 5 min (6 RPE)

intervalos

Abreviaturas. min; minuto, >, mayor que, %; porcentaje, RPE; percepcidn subjetiva del esfuerzo, seg; segundos
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Protocolo de ingesta de alcohol.

La ingesta de bebidas se realizo diariamente entre el lunes y el viernes. El
volumen de liquido ingerido fue el mismo en todos los grupos (660 ml para
hombres y 330 ml para mujeres). Los hombres ingirieron 330 ml con la comida
y 330 ml con la cena, mientras que las mujeres ingerian 330 ml con la cena.

El grupo T-Beer ingiri6 cerveza Lager (5.4% alcohol-Alhambra Especial,
Granada, Spain). El grupo T-0.0Beer tomo cerveza sin alcohol (0.0% alcohol-
Cruzcampo®, Sevilla, Spain). El grupo T-Water ingirié agua con gas (Eliqua 2@,
Font Salem, Spain). El grupo T-Ethanol tomo agua con gas, incorporando
exactamente la misma cantidad de alcohol destilado que en el grupo T-Beer. El
alcohol destilado usado en este estudio fue vodka debido a la pureza de su
composicion (37.5% etanol y 62.5% agua).

Estas cantidades de alcohol se basaron en la evidencia cientifica previa, la cual
sugiere que una cantidad moderada se corresponde con 2 o 3 bebidas por dia (o
entre 24 y 36 gramos de etanol por dia) en hombres y con una o dos bebidas
diarias (12 y 24 gramos de etanol por dia) en mujeres (de Gaetano et al., 2016b;
Poli, Marangoni, Avogaro, Barba, Bellentani, Bucci, Cambieri, Catapano,
Costanzo, Cricelli, de Gaetano, di Castelnuovo, et al., 2013). Las bebidas eran
otorgadas por el staff al inicio de cada semana. Entre lunes y viernes, los
participantes no debian ingerir otro tipo de bebidas alcohdlicas. Durante el fin
de semana se solicitaba a los participantes incluidos en los grupos que ingerian
alcohol que no tomasen mas de la dosis ingerida entre semana. Los
participantes de los grupos que ingirieron bebidas sin alcohol debian
abstenerse de tomar alcohol durante el fin de semana. Ademas, la ingesta de

alcohol se registro antes y después de la intervencion.
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Variables dependientes

En la tabla 10 aparecen las variables dependientes principales y secundarias

que aparecen en los estudios que conforman la presente tesis doctoral.

Tabla 10. Variables dependientes

Variable dependiente Variables dependientes

Estudio

principal secundarias

- Antropometria y composicion
corporal.

FIT-AGEING [N (3" - Presion sanguinea

- Pardmetros sanguineos

- Riesgo cardiometabdlico

- Antropometria y composicion
BEER-HIIT BENz1:Y
corporal.

Abreviaturas. HRV; Variabilidad de Frecuencia Cardiaca

Variable dependiente principal: HRV.

En la obtencion de datos de HRV se tomaron como referencia los factores
contextuales sefialados en la introduccion de esta tesis doctoral, a lo que hay

que sumar las siguientes especificaciones:

Los participantes acudieron al laboratorio entre las 7.00 y las 11.00 a.m. Las

condiciones establecidas para la toma de datos fueron:

(i) Situacion de ayuno.

(ii) Mantener un patron de suefio normal la noche anterior.

(iii) No ingerir alcohol, drogas o estimulantes en las 24 horas anteriores.
(iv) Evitar la realizacion de actividad fisica moderada las 24 horas previas

y actividad fisica intensa las 48 horas previas al test.

La medicion de la sefial R-R se realizé con los participantes en posicion tendido
supino, sobre una camilla médica, en una habitacion con una temperatura de
entre 22 y 23° C. Para el registro de HRV, se utiliz6 el pulsometro Polar RS800CX

(Polar Electro, Kempele, Finland), que, aunque no es una herramienta

66



MATERIAL Y METODO

considerada como “gold-standard” en la determinacion de HRV, se ha
establecido como una herramienta valida y fiable para determinar HRV en
adultos (Williams et al., 2017). De cara a obtener medidas de HRV replicables, se
registraron 15 minutos tras un periodo de 10 minutos de aclimatacion
(Schroeder et al., 2004), durante los que los participantes fueron instruidos para
no hablar ni moverse, buscando una maxima relajacion, pero manteniéndose

despiertos.

Los archivos resultantes fueron descargados con el software Polar Pro Trainer
5 ® (Polar Electro, Finland), y analizados con el software Kubios HRV Standard
®, free version 2.2 software (University of Eastern Finland, Kuopio, Finland)
(Tarvainen et al., 2014), siguiendo la metodologia descrita por estudios previos
(Alcantara et al., 2020; Plaza-Florido et al., 2021; Shaffer & Ginsberg, 2017). Para este

analisis, se aplico:

(i) Filtro medio ofrecido por el software Kubios.

(ii) Suavizacion de datos con un valor Lambda de 500.

(iii)  Interpolacion cubica al valor por defecto de 4 Hz.

(iv) Para obtener datos de HRV reproducibles y validos, de acuerdo a un
estudio previo (Plaza-Florido et al., 2020), un Unico investigador
entrenado en el andlisis de HRV realizo dicha funcion (los datos
obtenidos en el estudio FIT-AGEING mostraron un coeficiente de
correlacion de entre 0,951y 0,995, y un coeficiente de variacion menor

aun13,7%).

Para la presente tesis doctoral, se emplearon variables de HRV en los dominios
temporales (i.e., SDNN y RMSSD) y anélisis no lineares (Grafico de Poincaré)
siguiendo los procedimientos estandarizados en su obtencion (Task force of the
European Society of Cardiology and the North American Society for Pacing and

Electrophysiology, 1996).

Con objeto de eliminar la influencia de FC sobre HRV se calcularon parametros
corregidos de HRV (Plaza-Florido et al., 2021). Para ello, se tomaron como

referencia 3 supuestos:
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(i) Si los parametros de HRV poseen una correlacion negativa con FC, la
correccion se calcula a través de ratios entre los parametros de HRV
y diferentes potencias de la media de los intervalos R-R.

(ii) Si los parametros de HRV tienen una correlacion positiva con FC, la
correccion se calcula multiplicando los parametros de HRV y
diferentes potencias de la media de los intervalos R-R.

(iii) Para analizar las diferencias obtenidas en la intervencion, los valores
de HRV previos y posteriores a la misma fueron normalizados con las
mismas potencias. Con ello, las formulas empleadas en la correccion

fueron las expresadas en la tabla 11:

Tabla 11. Correccion de valores de HRV en los estudios FIT-AGEING y BEER-HIIT

Estudio FIT-AGEING Estudio BEER-HIIT

SDNN corregido = SDNN / Media SDNN corregido = SDNN / Media
intervalos R-R' intervalos R-R'2
RMSSD corregido = RMSSD / Media RMSSD corregido = RMSSD / Media
intervalos R-R?’ intervalos R-R"

SS Corregido = SS * Media intervalos =SS Corregido = SS* Media intervalos

R-R" R-R
Ratio S/PS Corregido = Ratio S/PS* | Ratio S/PS Corregido = Ratio S/PS *
Media intervalos R-R Media intervalos R-R ??

Abreviaturas: Ratio S/PS; Ratio Simpatico Parasimpéatico, RMSSD; Raiz cuadrada de la media de
la suma de los cuadrados de las diferencias entre intervalos R-R, SDNN; desviacidon estandar
de los intervalos R-R, SS; Stress Score

Variables dependientes secundarias.
Antropometria y composicion corporal.

La altura y el peso se determinaron empleando una escala electronica (model
799, Electronic Column Scale, Hamburg, Germany). La circunferencia de cintura
se obtuvo con la media de dos medidas en el punto intermedio entre la cresta
iliaca y la base de la caja toracica al final de una expiracion normal. La
composicion corporal fue determinada a través de una Absoptiometria Dual de
Rayos-X (DXA; Discovery Wi, Hologic, Inc.,, Bedford, MA, USA). Para ello se
siguieron las instrucciones del fabricante en los controles de calidad,

68



MATERIAL Y METODO

posicionamiento de participantes y el analisis de los resultados. En cada dia de
estudio se realizaba un control de calidad del escaner usando una fantoma

espinal de prueba para osteodensitometria.

Ademas, se calcularon 3 indices de composicion corporal en base a la altura:
indice de Masa Corporal (BMI, del inglés Body Mass Index), como peso corporal
/ altura? indice de Masa Magra (LMI, del inglés Lean Mass Index), como masa
magra / altura? e indice de Masa Grasa (FMI, del inglés Fat Mass Index), como

masa grasa / alturaZ
Presion sanguinea.

La presion sanguinea fue determinada en el brazo derecho utilizando un monitor
automatico HEM 705 CP (Omron Healthcare Co., Kyoto, Japan) mientras los
participantes permanecian sentados y siguiendo las recomendaciones de la
“European Heart Society” (Carey et al., 2018). La medicion se realizo dos veces,
obteniendo la media de ambas. Finalmente, la presion sanguinea media se
calculdo como la presion sanguinea sistélica menos un tercio de la presion

sanguinea diastolica (Carey et al., 2018).
Parametros sanguineos.

Las muestras sanguineas se obtuvieron ente las 8.30 y las 10.00 a.m. después
de un ayuno nocturno de minimo 12 horas y en dias diferentes a la medida de
HRV. Antes de obtener las muestras sanguineas, los participantes
permanecieron 10 minutos en posicion tendida supina. Las muestras se
recolectaron en tubos EDTA (acido etilendiaminotetraacético) (Vacutainer SST,
Becton Dickinson, Plymouth, UK) e inmediatamente después fueron
centrifugadas durante 15 minutos a 3.000 rpm, alicuotadas y almacenadas a
-80°C hasta su analisis. En el mismo se determinaron, entre otras variables, la
glucosa, HDL-C vy triglicéridos empleando un espectrofotometro (model

AU5800, Beckman Coulter, Brea, CA, USA).

Riesgo Cardiometabolico.
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Siguiendo las recomendaciones de la Federacion Internacional de Diabetes y el
“Adult Treatment Panel /Il for definying metabolic syndrome”, se calculd un
indicador de riesgo cardiometabdlico empleando como variables la
circunferencia de cintura, presion sanguinea media, glucosa plasmatica,
colesterol de alta densidad (HDL-C) y triglicéridos (Carracher et al., 2017). En
este calculo, cada variable fue estandarizada como (valor - media) / desviacion
estandar. En el caso del HDL-C, sus valores estandarizados se multiplicaron
por -1 con objeto de indicar mayor riesgo con el incremento de sus valores. A
continuacion, se calculd el indice de riesgo cardiometabdlico a través de una
media de los 5 valores estandarizados, obteniendo por definicion una media de
0 y una desviacion estandar de 1, con valores mas bajos asociados a un menor

riesgo cardiovascular (Carracher et al., 2017).
Cronologia de evaluacion de variables.
Estudio FIT-AGEING.

En el estudio FIT-AGEING, la toma de datos duro 4 dias. Las variables que

componen esta tesis doctoral fueron obtenidas durante los dos primeros.

1. Dia F Examen médico (anamnesis, determinacion de la presion
sanguinea, etc.) y analisis de sangre.
2. Dia 2- Determinacion de HRV durante 15 minutos, analisis de la

composicion corporal con DXA, y medidas antropométricas.
Estudio BEER-HIIT.

En el estudio HIIT-BEER, la toma de datos de las variables que componen esta

tesis doctoral fue obtenidas en un Unico dia de evaluacion.
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Abstract

Background. Heart rate variability (HRV) is a psycho-physiological phenomenon
with broad health implications. Different data analysis methods have been used
to assess the autonomic nervous system activity, but the validation of new
indexes that accurately describe its balance through non-invasive methods (i.e.,
HRV analysis) is of clinical interest. This study aimed: (i) to evaluate the
association of the Stress Score (SS) and the Sympathetic/Parasympathetic
Ratio (S/PS) with time domain and frequency domain analysis of HRV, and (ii) to
set the reference values of SS and S/PS in sedentary healthy adults.

Methods. A total of 156 sedentary healthy adults (38.4 = 15.57 years old, 81
women), were involved in this study. HRV was measured for 15 minutes in a
supine position at rest. SS and S/PS were calculated from the non-linear HRV
analyses based on Poincare Plot.

Results. SS showed a non-linear negative power-law relationship with SDNN
(B= -0.969; R?= 0.963; P<0.001), RMSSD (B= -0.867; R?= 0.722; P<0.001), High
Frequency (B=-0.834; R?=0.752; P<0.001), Low Frequency (B= -0.627; R?= 0.330;
P<0.001), SD1 (B= -0.867; R?= 0.722; P<0.001) and SD2 (B= - 1.000; R? >0.999;
P<0.001). There was observed a negative cubic relationship between SS with
PNN50 (B= -1.972; R?= 0.644; P<0.001). A linear regression model was conducted
between SS with Ratio Low/High Frequency (B= 0.026; R?<0.001; P= 0.750). Non-
linear power-law regression models were built between S/PS and SDNN (B= -
0.990; R?= 0.981; P<0.001), RMSSD (B= -0.973; R?= 0.939; P<0.001), High Frequency
(B=-0.928; R?= 0.970; P<0.001), Low Frequency (B= -2.344; R?= 0.557; P<0.001), SD1
(B= -0.973; R?= 0.939; P<0.001) and SD2 (B= -0.611; R?= 0.908; P<0.001). A non-
negative regression model was built between S/PS and PNN50 (B= -3.412; R%=
0.868; P<0.001). A linear regression model was conducted between S/PS and
SD2/SD1 (B= 0.075; R?= 0.006; P<0.001).

Conclusion: Our results support the use of SS as a sympathetic activity marker,
and S/PS as an indicator of the sympathetic and parasympathetic activity of the

autonomic nervous system in sedentary healthy adults.
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Introduction

Heart Rate Variability (HRV) describes the differences between successive heart
beats, and it is commonly assessed by measuring electrocardiographic RR
intervals (Task force of the European Society of Cardiology and the North
American Society for Pacing and Electrophysiology, 1996). According to Dantas
et al. (Dantas et al,, 2018), HRV is a psycho-physiological phenomenon with
broad implications, that include physiological, neuro-psychological,
pathological, environmental, and lifestyle issues, in addition to non-modifiable
factors such as age or gender (Ernst, 2017, Fatisson et al., 2016). HRV is an
accepted non-invasive method commonly used to describe the influence of the
Autonomic Nervous System (ANS) on heart function (Almeida-Santos et al., 2016;
German-Sallé & German-Sallé, 2016; Sztajzel, 2004). Increased HRV is linked to
reduced stress and good health, while decreased HRV is associated with chronic

diseases and high cardiovascular risk (Tsuji et al., 1996).

HRV characteristics can be determined by three different data analysis methods:
(i) Time-Domain analysis, that includes, among others, standard deviation of RR
intervals (SDNN), root mean square of successive differences (RMSSD), and
percentage of successive RR intervals that differs in more than 50 ms (PNN50);
(ii) Frequency-Domain analysis, that includes High Frequency (absolute values
of power in 0.15 - 0.4 Hz band in milliseconds), Low Frequency, (absolute values
of power in 0.04 - 0.15 Hz band in milliseconds) and Ratio Low/High Frequency
(calculated as a quotient between Low and High Frequency) ; and (iii) Non-linear
analysis, an approach which aims to quantify the structure and complexity of RR
interval time series (Task force of the European Society of Cardiology and the

North American Society for Pacing and Electrophysiology, 1996).

The HRV signals are non-stationary and non-linear in nature. The analysis of
HRV dynamics by methods based on chaos theory and non-linear system theory
is established on observations clearly indicating that the mechanisms involved
in cardiovascular regulation likely interact with each other in a non-linear
manner (German-Sallé & German-Sallé, 2016). Poincare Plot is widely considered

as a non-linear method to analyse HRV (Tulppo et al., 1996) although there is still
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controversy about this regard (Brennan et al., 2001). The RR intervals are
represented against the previous one in a two-dimensional dispersion plot,
showing a qualitative picture of the variations between RR intervals (Woo et al,,
1992) and a quantitative HRV outcome (Brennan et al., 2001). SD1 is defined as
the standard deviation orthogonal to the line of identity in Poincare Plot and SD2
is defined as the standard deviation along the line of identity (Shaffer & Ginsberg,
2017). SD1is directly associated with parasympathetic activity (Hoshi et al., 2013).
SD2, although is less well defined, seems to be inversely proportional to
sympathetic activity (Naranjo-Orellana, Torres, et al., 2015). Some studies have
reported an association of SD2 with sympathetic and parasympathetic activity
(De Vito et al,, 2002), while others have shown a negative strong association
between SD2 and sympathetic activity (de la Cruz Torres et al., 2008; Naranjo-

Orellana, Torres, et al., 2015).

Naranjo-Orellana et al. (Naranjo-Orellana, Torres, et al., 2015) proposed two
new indexes from the Poincare Plot that should help for a better understanding
of the autonomic balance through HRV analysis: (i) Stress Score (SS), calculated
as 1000 * 1/SD2, as a direct assessment of sympathetic activity, and (i)
Sympathetic/Parasympathetic Ratio (S/PS Ratio), calculated as SS/SD], as an
indicator of autonomic balance. Naranjo-Orellana et al. (Naranjo-Orellana,
Torres, et al,, 2015) studied the validity of SS and S/PS as HRV measurements
and also set normal values for elite soccer players. However, to our knowledge,
there are not studies investigating the validity of SS and S/PS as HRV indicators

in sedentary healthy adults.

Therefore, we aimed (i) to evaluate the association of SS and S/PS with time
domain and frequency domain analysis and (ii) to set the reference values of SS
and S/PS in sedentary healthy adults. We hypothesized that high levels of SS
and S/PS would be related to lower values of parasympathetic activity

outcomes.
Materials & Methods

Participants and study design

16
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A total of 156 participants (81 women) aged between 18-65 years old participated
in the current cross-sectional study. Participants were sedentary (<20min of
physical activity on <3 days/week) and healthy individuals from the province of
Granada (Spain). The inclusion criteria were to show a stable body weight over
the previous 3 months (changes <5 kg) and to have no chronic metabolic disease,
cancer, or any problem that could be aggravated by physical activity.
Participants were enrolled in two different randomized control trials,
respectively: the FIT-AGEING study (ClinicalTrials.gov ID: NCT03334357) and the
BEER-HIT study (ClinicalTrials.gov ID: NCT03660579) which mainly aimed to
investigate the effects of different exercise training modalities on health-related
parameters. Both projects were approved by the Ethics Committees on Human
Research of both the government authority and the University of Granada (0838-
N-2017 and 321/CEIH/2017) and followed the principles of the last revised
Declaration of Helsinki (7th revision of October 2013) (“World Medical
Association Declaration of Helsinki,” 2013). All participants signed a written
informed consent and agreed to transfer their scientific data for other scientific

purposes or research studies.

Evaluation tests were performed at the Sports and Health Research Centre
(CIDS)), University of Granada (Spain). Participants came to our laboratory
between 7.00 and 11.00 a.m. meeting the following pre-conditions: (i) normal
sleep the night before, (ii) abstaining from alcohol intake and drugs or stimulant
consumption, including coffee and others stimulant 24h before, and (iii) avoiding
strenuous physical exercise during the two days before the test. The

environmental conditions were standardized (22-23°C).
HRYV analysis

(i) HR assessment: The assessment of HRV was carried out in a supine position.
Polar RS800CX (Polar Electro, Kempele, Finland) was used to evaluate HRV (R-
R series activated). Heart activity was recorded for 15 minutes, and participants
were instructed not to talk or move and to relax as much as possible. The
participants were in a supine position for 5 minutes prior to the start of the HRV

test.
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(ii) HRV analysis: Data were downloaded by the Polar Pro Trainer 5 @ software.
HRYV files were analysed with the Kubios HRV Standard @ (University of Eastern
Finland, Kuopio, Finland) software (Tarvainen et al, 2014). Artefacts of the
recordings were excluded eliminating RR intervals which differed more than
25% from the previous and the subsequent RR intervals and were replaced with
conventional spline interpolation following the methodology described by
previous studies and applying the medium filter provided by the Kubios HRV
Standard @ (Shaffer & Ginsberg, 2017). The smoothness prior approach with a
Lambda value of 500 was used to remove not valid low-frequency baseline trend

components (Tarvainen et al., 2014).

(iii) Time-domain frequency-domain and non-linear domain analysis: Results
from the Time-Domain methods (SDNN, RMSSD and PNN50), the Frequency-
Domain methods (HF, LF and LF/HF ratio) and the non-linear analyses (SD1, SD2
and SD2/SD1 ratio) were obtained by the HRV Kubios software following
standard procedures (Task force of the European Society of Cardiology and the
North American Society for Pacing and Electrophysiology, 1996). SS and S/SP

were also calculated.
Statistical analyses

Data are expressed as mean * standard deviation. Mann-Whitney tests were
carried out in order to assess the homogeneity of genders. Both linear and non-
linear regression models were built to study the relation of SD1, SD2, SS and
S/PS with variables traditionally used for HRV analysis. The relationship of SS
and S/PS with age was also assessed. Normality of SS and S/PS was checked
(i.e., Shapiro-Wilk test, visual check of histograms, and Q-Q plots) and Student
Unpaired Test was used to look for differences between genders in SS and S/PS.
Effect Size was calculated with Hedges’ G correction formula, categorizing the
results as trivial (<0.2), small (0.2-0.5), medium (0.5-0.8) and large (>0.8) based
on a modification by Sullivan and Feinn (Sullivan & Feinn, 2012). Acceptance
intervals categorized by age group (18-25, 35-45, 45-55 and 55-65 years old)
were calculated setting confidence (1-a) at 0.95 and proportion of observations

within the interval () at 0.90.
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Statistical analyses were performed using the Statistical Package IBM
Statistical Package for Social Sciences (IBM Corp. Released 2017. IBM SPSS
Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp.) and the Software
Graph Pad Prism version 7.0 (Graph Pad Software Inc., San Diego, CA.). Type |

error (a) was set at 0.05.
Results

Descriptive parameters of the study sample can be found in Table 12. Women
showed lower Low/High Frequency Ratio and SD2/SD1 ratio than men (all
P<0.05).
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All (n=156) Men (n=75) Women (n=81)
Age (years) 38.4 £15.57 39.1+15.60 37.8+15.6
Weight (kg) 72.3 £16.7 85.2+17.6 64.2 £10.9
Height (m) 1.68 = 0.09 1.76 £ 0.06 1.62 £ 0.05
Heart Rate (bpm) 66.2 + 997 65.1+10.15 67.4 972
SDNN (ms) 413 = 21.49 429 £ 22.96 39.87 + 20.06
RMSSD (ms) 43.2 £ 27.57 43.4 = 29.42 4313 +259
PNN50 (%) 21.3 £ 21.15 2.4 = 21.24 21.23 £ 21.21
High Frequency (ms?) 941 = 1225 945 £ 1454 937 £ 97
Low Frequency (ms?) 941 + 1099 1076 = 1259 817 = 919
Low/High Frequency Ratio 1.6 +1.96 1.8 £ 1.63* 1.5 £ 2.24*
SD1 (ms) 30.6 £19.53 30.7 + 20.84 30.6 +18.4
SD2 (ms) 49.0 £ 24.56 51.3 £ 26.4 46.9 =227
SD2/SD1 Ratio 1.7 + 0.59 1.91+ 0.67* 1.7 = 0.47*
SS (ms) 26.3 £14.05 25.9 £15.24 26.7 £12.91
S/PS Ratio 1.6 £2.11 1.8 = 2.65 1.5 £ 1.43

Data are presented as Mean + Standard Deviation. Abbreviations. SDNN; Standard Deviation of RR intervals, RMSSD; Square root
of the mean squared differences between successive RR intervals; PNN50, Percentage of successive RR interval pairs that differ
more than 50 ms, SD1; Standard deviation of Poincare Plot orthogonal to the line-of-identity, SD2; Standard Deviation of Poincare
Plot along the line-of-identity, bpm; beats per minute, ms; milliseconds, ms?; milliseconds square, %; percentage, *; P<0.05 between

gender on Mann-Whitney Test.
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The associations of SD1 with the Time-Domain, Frequency-Domain and non-
linear analyses of HRV are presented in Figure 5. Linear regression models
were established between SD1 with SDNN (B= 0.932; R?= 0.868; P<0.001), RMSSD
(B= 1.000; R%0.999; P<0.001), Low Frequency (B= 0.674; R?= 0.454; P<0.001), and
SD2 (B= 0.846; R?= 0.715; P<0.001). Non-linear regression models were built
between SD1 and PNN50, High Frequency and Ratio SD2/SD1. SD1 showed a
sigmoid relationship with PNN50 (B= 0.683; R?= 0.945; P=0.028), while a positive
power relationship was observed between SD1 with High Frequency (B= 1.988;
R2=0.858; P=0.028). SD1 showed a negative power relationship with Ratio
SD2/SD1 (B= -0.591; R?= 0.358; P= 0.028). We did not observe a significant
relationship between SD1 and Low/High Frequency Ratio (B= -0.129; R?= 0.016; P=
0.116).
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Figure 5. Association between SD1and SDNN (A), RMSSD (B), PNN50 (C), high frequency (D), low
frequency (E), ratio low-high frequency (F), SD2 (G) and ratio SD2/SD1 (H). B (standardized
regression coefficient), R? (determination coefficient) and P (level of significance) from simple
linear regression and non-linear regression analysis respectively. Abbreviations. SDNN,
standard deviation of RR intervals; RMSSD, root mean square of successive differences; PNN50,
percentage of successive intervals that differs more than 50 ms; SD1, standard deviation of
Poincare plot orthogonal to the line-of-identity; SD2, standard deviation of Poincare plot along
the line-of-identity; ms, milliseconds; %, percentage and ms?, milliseconds square.

The relationships between SD2 with the Time-Domain, Frequency-Domain and
non-linear analysis outcomes can be seen in Figure 6. A linear regression model
was established between SD2 with SDNN (B= 0.968; R?= 0.963; P<0.001), RMSSD
(B=0.846; R?= 0.716; P<0.001), PNN50 (B= 0.797; R?= 0.635; P<0.001), Low Frequency
(B= 0.763; R?= 0.599; P<0.001), and SD1 (B= 0.846; R?= 0.715; P<0.001). A non-linear
regression model was established between SD2 and High Frequency showing a

positive power relationship between them (B= 0.834; R?= 0.690; P<0.001). There
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was no relationship between SD2 and Low/High Frequency ratio (B= -0.004;
R2<0.001; P= 0.958), as well as between SD2 with SD2/SD1 ratio (B= -0.114; R%=

0.014; P= 0.156).
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Figure 6. Association between SD2 and SDNN (A), RMSSD (B), PNN50 (C), high frequency (D),
low frequency (E), ratio low-high frequency (F), SD1 (G) and ratio SD2/SD1 (H). B (standardized
regression coefficient), R? (determination coefficient) and P (level of significance) from simple
linear regression and non-linear regression analysis respectively. Abbreviations. SDNN,
standard deviation of RR intervals; RMSSD, root mean square of successive differences; PNN50,
percentage of successive intervals that differs more than 50 ms; SD1, standard deviation of
Poincare plot orthogonal to the line-of-identity; SD2, standard deviation of Poincare plot along
the line-of-identity; ms, milliseconds; %, percentage and ms?, milliseconds square.

The associations of SS with the Time-Domain, Frequency-Domain and non-
linear analyses of HRV are presented in Figure 7. Non-linear regression models
were stablished between SS with SDNN, RMSSD, High Frequency, Low

Frequency, SD1 and SD2. SS showed a non-linear negative power-law
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relationship with SDNN (B= -0.969; R?= 0.963; P<0.001), RMSSD (B= -0.867; R?=
0.722; P<0.001), High Frequency (B=-0.834; R?=0.752; P=<0.001), Low Frequency
(B= -0.627; R?= 0.330; P<0.001), SD1 (B= -0.867; R?= 0.722; P<0.001) and SD2 (B= -
1.000; R?>0.999; P<0.001). There was observed a negative cubic relationship
between SS with PNN50 (B= -1.972; R?= 0.644; P<0.001). A linear regression model
was conducted between SS with Ratio Low/High Frequency (B= 0.026; R?<0.001;
P= 0.750). No linear association was observed between SS and Ratio SD2/SD1
(B= 0.112; R?= 0.010; P= 0.204).

84



RESULTADOS Y DISCUSION

Y = 87007807 ¥ m {021 8008 ¥ om GEATE 8 SE8K +0.105% . 0.001%3
p=-0.088 p=-0.827 p=-1872
Rl 083 f'=0.722 Re=() B44
150 180 Fe0.001 B0 P=0.001
— 120 4
T 100 E
= 2 &0
- wy
H @
= 50 :
: E 4
0 ; r : , ¢ T T ' §
0 20 40 &0 &0 0 40 _Ge ) o 20 40 &0 &0
Siress Score (ms) Siress Seore (m3) Stress Score (ms)
D Y = 352040 45752112 E ¥ = 40594.7127% 7 F Y = 0.002°¥ + 0.03
p=-0.834 p=-0827 Bl 026
R0, 752 RP=D, 330 R=0.001
4504 + P=0.00 4500 P=0.001 44 P=0.750
3
—. 3000 4
4
=< 1500
-3
L . -4 T T T 1
o 20 4l &0 0 20 40 &0 80
Siress Score ims) Stress Seore (ms) Slreds Saong (me)
G ¥ = 724 75301088 H ¥ = {pDgTKo0E | ¥ = 0.004°K + 1,58
[=-0.887 p=-1,000 p=0.112
Rmg,722 R0, 000 Rm0,010
130 4 P=0.00 120 - P=0.001 54 P=0.204
24 30 | g
g? B,y
= 60 &0 o
= 2 2
ol i}
30 30 a
L] . — : L : . : . a . . . .
o 20 4l &0 &0 0 20 &0 &t 80 o 20 40 &0 &0

Sirass Scora (ms) Stress Score (ms) Stress Score (ms)

Figure 7. Association between SS and SDNN (A), RMSSD (B), PNN50 (C), high frequency (D), low
frequency (E), ratio low-high frequency (F), SD1 (G), SD2 (H) and ratio SD2/SD1 (). B
(standardized regression coefficient), R? (determination coefficient) and P (level of significance)
from simple linear regression and non-linear regression analysis respectively. Abbreviations.
SDNN, standard deviation of RR intervals; RMSSD, root mean square of successive differences;
PNN5O, percentage of successive intervals that differs more than 50 ms; SD1, standard deviation
of Poincare plot orthogonal to the line-of-identity; SD2, standard deviation of Poincare plot along
the line-of-identity; Ln, Napierian logarithm; ms, milliseconds; %, percentage and ms?
milliseconds square.

The associations of S/PS with the Time-Domain, Frequency-Domain and non-
linear analyses of HRV can be seen in Figure 8. Non-linear power-law
regression models were built between S/PS and SDNN (B= -0.990; R?= 0.981;
P<0.001), RMSSD (B= -0.973; R?= 0.939; P<0.001), High Frequency (B= -0.928; R?=
0.970; P<0.001), Low Frequency (B= -2.344; R?= 0.557; P<0.001), SD1 (B= -0.973; R%=
0.939; P<0.001) and SD2 (B= -0.611; R?= 0.908; P<0.001). A non-linear negative
regression model was built between S/PS and PNN50 (B= -3.412; R*= 0.868;
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P<0.001). A linear regression model was conducted between S/PS and SD2/SD1
(B= 0.075; R?= 0.006; P<0.001). We did not find any association between S/PS with
Ratio Low/High Frequency (B= 0.075; R?= 0.006; P<0.357).
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Figure 8. Association between SS and SDNN (A), RMSSD (B), PNN50 (C), high frequency (D), low
frequency (E), ratio low-high frequency (F), SD1 (G), SD2 (H) and ratio SD2/SD1 (). B
(standardized regression coefficient), R? (determination coefficient) and P (level of significance)
from simple linear regression and non-linear regression analysis respectively. Abbreviations:
SDNN, standard deviation of RR intervals; RMSSD, root mean square of successive differences;
PNN50, percentage of successive intervals that differs more than 50 ms; SD1, standard deviation
of Poincare plot orthogonal to the line-of-identity; SD2, standard deviation of Poincare plot along
the line-of-identity; ms, milliseconds; %, percentage and ms?, milliseconds square; Ln, Napierian

logarithm.
The associations of SS and S/PS with the participants’ age are presented in

Figure 9. There was a linear positive association of SS and S/PS with the
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participants’ age (B= 0.424; R?= 0.180; P<0.001; B= 0.460; R?= 0.212; P<0.001,

respectively).
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Figure 9. Association between age and SS (A) and S/PS ratio (B) for central 90% of distribution
of each dependent variable. B (standardized regression coefficient), R? (determination
coefficient) and P (level of significance) from a simple linear regression analysis. Abbreviations:
ms, milliseconds

We performed a comparative analysis of SS and S/PS normalized by logarithmic
transformation between sexes in Figure 10. No significant differences were
found between sexes (all P>0.425), and a trivial effect size was detected in both

cases (0.052 and 0.171, respectively).
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Figure 10. Differences between sexes in SS (A) and S/PS ratio (B). Data are represented as Mean
£ 95% Cl. Abbreviations. P, level of significance calculated by Student T-Test; Ln, Napierian
logarithm; ms, milliseconds; *, correction of Hedges’ G effect size formula.
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SS and S/PS acceptance intervals calculated by age groups are presented in
Table 13. The acceptance intervals were generally wide in older than younger

participants.

Table 13 Acceptance intervals for SS and S/PS ratio dividing by age group.

Age groups SS (ms) S/PS Ratio
18 - 25 years old (n= 55) (6.89; 46.42) (0.06; 4.12)
25 - 35 years old (n = 20) (6.62; 55.77) (0.06; 5.79)
35- 45 years old (n= 8) (6.60; 63.35) (0.07; 8.65)
45 - 55 years old (n = 44) (12.10; 66.18) (0.27; 8.28)
55 - 65 years old (n = 28) (12.16; 89.73) (0.14; 21.14)

Note: Acceptance intervals were calculated with a = 0.05 and mt = 0.90. Abbreviations. n, number
of participants; ms, milliseconds.

Discussion

The main results of this study suggested that SS could be considered an
excellent indicator of the sympathetic activity, and that S/PS can accurately
determine the relationships between the sympathetic and parasympathetic

activities of the ANS.

It has been previously reported that SD1 showed a positive relationship with
RMSSD, PNN50 and High Frequency, which are related to the parasympathetic
activity (Thayer et al., 2010), and also with SDNN, which is considered a global
HRV marker (Michael et al., 2017). Our findings concurred with those observed
in previous investigations suggesting SD1 as a good parasympathetic activity

marker (Hoshi et al., 2013; Tulppo et al., 1996).

There is controversial evidence about the physiological implications of SD2 as
an HRV outcome. Previous studies have considered SD2 as an inverse indicator
of the sympathetic activity (Naranjo-Orellana, Torres, et al.,, 2015). Considering
the almost perfect negative correlation between SD2 and SDNN in addition to a
strong negative correlation of SD2 with RMSSD, PNN50 and High Frequency

observed in our study, our findings support the notion that SD2 can be
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considered an excellent index of the inverse sympathetic activity (Naranjo-

Orellana, Torres, et al., 2015).

SS showed a strong negative relationship with well-known parasympathetic
activity markers (i.e., SDNN, RMSSD, PNN50, High Frequency and SD1) (Thayer
et al, 2010). Assuming the relationships between the sympathetic and
parasympathetic activity of the ANS (Almeida-Santos et al., 2016; Sztajzel, 2004),
SS could be considered a good indicator of sympathetic activity. Our results
concurred with those reported by a previous study developed in professional
soccer players (Naranjo-Orellana, Torres, et al., 2015) observing slightly higher
values of SS in our study. These differences could be explained because our
participants were sedentary healthy adults, and a predominance of sympathetic
activity related to age and physical fitness level has been previously described
(Lanfranchi & Somers, 2002; Valentini & Parati, 2009) compared with professional

soccer players (Naranjo-Orellana, Torres, et al., 2015).

S/PS has been proposed as an indicator of autonomic balance (Naranjo-
Orellana, Torres, et al, 2015). The HRV outcomes proposed to assess the
relationship between sympathetic and parasympathetic activity of the ANS are
(i) Low/ High Frequency Ratio (Montano et al., 1994) and (ii) SD2/SD1 ratio (Guzik
et al., 2007). On the one hand, we did not find any significant relationship between
S/PS and Low/High Frequency ratio, thus, taking together our finding and those
obtained by a previous study (Michael et al., 2017), Low Frequency should not be
considered a good sympathetic activity indicator. Consequently, the Low/High
Frequency ratio should not be considered a valid index to analyse the
relationship between the sympathetic and parasympathetic activities(Billman,
2013; Medeiros et al., 2018). On the other hand, Naranjo-Orellana et al. (Naranjo-
Orellana, Torres, et al., 2015) suggested that SD2/SD1is not a good measurement
of sympathetic and parasympathetic function, since it would rather provide
information about the inverse of the sympathetic function and the
parasympathetic function (Naranjo-Orellana, Torres, et al., 2015). In this sense,

the relationship of S/PS Ratio behaviour with the time-domain HRV outcomes
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observed in our study concurred with the findings reported by Naranjo-Orellana

et al. (Naranjo-Orellana, Torres, et al., 2015).

We found a trivial effect size in SS and S/PS between sexes that concurred with
the results reported in a recent meta-analysis in which a small effect size
between sexes in SD1 and SD2 was observed (Koenig & Thayer, 2016). The aging
process is accompanied by a loss of global autonomic regulation and a
prevalence of the sympathetic activity of the ANS according to Almeida-Santos
et al. (Almeida-Santos et al., 2016). Therefore, the positive and strong linear
relationship between SS and S/PS with age supports the use of both parameters

as an excellent sympathetic activity and ANS balance markers.

We divided our participants cohort into five age groups and we calculated
acceptance intervals for each one. The normal values of SS and S/PS were
higher in older participants, which is consistent with the age-related effects on
ANS balance previously described. Naranjo-Orellana et al. (Naranjo-Orellana,
Torres, et al., 2015) set reference values for SS and S/PS of professional soccer
players through percentiles. However, we calculated acceptance intervals for
our study cohorts. Acceptance intervals are an inference statistical method that
shows up tolerance limits of each variable (calculated in function of the average,
standard deviation and K factor) determined on the base of the sample size,
confidence (a), and the proportion of observations within the interval (1) (Andres
& del Castillo, 1998). Therefore, the use of acceptance intervals allows us to give

reference values more accurately than using percentiles.

The results of the current study should be considered cautiously, since some
limitations are present. We conducted the FIT-AGEING and the HIIT-BEER
projects in two different seasons (autumn vs. winter). Kristal-Boneh et al.
(Andres & del Castillo, 1998) reported a variation coefficient lower to 3% over
SDNN, RMSSD and PNN50 between different seasons of the year (winter vs.
summer), but to our knowledge, there are no studies that have investigated the
effects of seasonal variation on non-linear HRV outcomes in sedentary healthy
adults. Moreover, these findings cannot be extended to older and/or younger

individuals.
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Conclusions

In summary, the results of our study support the use of SS as a sympathetic
activity marker and S/PS as an indicator of the sympathetic and parasympathetic
activities of the ANS in sedentary healthy adults. These findings have important
clinical implications since the determination of SS and S/PS by HRV assessment
seems to be a simply, cheap and valuable method to study both the sympathetic

and parasympathetic activities of the ANS in sedentary but healthy adults.
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Abstract

Purpose: This study aimed to investigate the influence of different exercise
training modalities on Heart Rate Variability (HRV) in sedentary middle-aged
adults; and to study whether changes in health-related outcomes (i.e., body
composition and cardiometabolic risk) are associated with those hypothetical
HRV changes in sedentary middle-aged adults.

Methods: A total of 66 middle-aged adults (53.6 = 4.4 years old; 50% women)
were enrolled in the FIT-AGEING study. We conducted a 12- week randomized
controlled trial. The participants were randomly assigned to 4 groups: (a) a
control group (no exercise), (b) a physical activity recommendation from the
World Health Organization group (PAR), (c) a high-intensity interval training
group (HIIT), and (d) a High-Intensity Interval training group adding whole-body
electromyostimulation (HIIT+EMS).

Results: All exercise training modalities induced changes in HRV parameters
(all P = 0.001) without statistical differences between them (all P > 0.05). We
found associations between changes in body composition and cardiometabolic
risk and exercise-related changes in HRV.

Conclusion: Our results suggest that different exercise interventions (i.e., PAR,
HIIT and HIIT+EMS) induced an enhancement of HRV in sedentary middle-aged
adults. Our findings support the notion that exercise-related changes in HRV are
associated with changes in body composition and cardiometabolic risk after the

intervention program.

94



RESULTADOS Y DISCUSION

Introduction

Heart Rate Variability (HRV) describes the time differences between successive
R-R intervals (Navarro-Lomas et al., 2020; Task force of the European Society
of Cardiology and the North American Society for Pacing and Electrophysiology,
1996). HRV is commonly used as a non-invasive method to describe the influence
of the autonomic nervous system on heart function (Almeida-Santos et al., 2016;
Navarro-Lomas et al., 2020; Wong & Figueroa, 2021). Concretely, HRV is a psycho-
physiological phenomenon with broad implications (Dantas et al, 2018),
including physiological, neuro-psychological, pathological, environmental and
lifestyle factors (Ernst, 2017; Navarro-Lomas et al,, 2020; Zulfigar et al., 2010).
Interestingly, previous studies have reported that decreased vagal-related HRV
parameters [e.g., RMSSD (Square root of the mean squared differences between
successive RR intervals)] during resting conditions are associated with a higher
incidence of several chronic cardiometabolic diseases (e.g., obesity or type 2
diabetes), while the increase of these HRV parameters is related to a healthy
status and reduced levels of stress (Navarro-Lomas et al,, 2020; Tsuji et al,,
1996). Hence, a reduced HRV during resting conditions is associated with an
increased risk of a first cardiovascular event in populations without known
cardiovascular disease (Hillebrand et al., 2013). Furthermore, a decrease in
vagal-related HRV parameters has been related to ageing processes, especially
from 40 to 60 years (Plaza-Florido et al., 2020).

Physical exercise is currently considered a promising strategy to improve HRV
(i.e.,increase vagal-related HRV parameters during resting) (Felber Dietrich et al.,
2008; Wong & Figueroa, 2021). In addition, low levels of physical activity have been
linked to a higher risk of cardiovascular disease, obesity and co-morbidities, and
all-cause mortality (Alansare et al, 2018; Amaro-Gahete, De-la-0, Jurado-
Fasoli, Martinez-Tellez, et al., 2019; Fiuza-Luces et al., 2018). Nonetheless, the
majority of people in developed societies do not meet physical activity
recommendations from the World Health Organization arguing the lack of time
as the main reason (Choi et al., 2017; Gomez-Lopez et al,, 2010). In this context,

less time-consuming training methodologies have recently emerged, such as
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High-Intensity Interval Training (HIIT) or Whole Body Electromyostimulation
training (EMS) (Amaro-Gahete, De-la-0, Jurado-Fasoli, Martinez-Tellez, et al,,
2019) obtaining from them and its combination promising results on body
composition, cardiometabolic risk factors (i.e., metabolic syndrome markers)
and other health-related outcomes in sedentary, but healthy, middle-aged
adults (Amaro-Gahete, De-La-0, et al,, 2019; Amaro-Gahete, De-la-0, Jurado-
Fasoli, Martinez-Tellez, et al.,, 2019; Amaro-Gahete, De-la-0, Jurado-Fasoli, Ruiz,
et al,, 2019).

A long-term aerobic exercise intervention has been proposed as an effective
tool to increase vagal-related HRV parameters during resting conditions in
adults (Albinet et al., 2010; Tulppo et al., 2003). Furthermore, a HIIT program
seems to induce better adaptations in HRV compared with those obtained in
response to a moderate-intensity continuous training in physically inactive
adults aged between 20 to 40 years (Alansare et al,, 2018). Interestingly, a 6-
week EMS intervention did not promote additional benefits on HRV in addition to
those observed from a similar exercise training alone in obese patients aged
between 18 to 50 years after bariatric surgery (Ricci et al., 2020). Nevertheless,
EMS effects over HRV parameters have not been previously studied in sedentary
middle-aged adults (45-65 years old). Moreover, to the best of our knowledge,
no previous studies compared the effects of 3 different exercise training
modalities on HRV in sedentary middle-aged adults. Therefore, the present
study aimed (i) to investigate the influence of different exercise training
modalities [i.e., (a) concurrent training (aerobic + resistance training) based on
physical activity recommendation from the World Health Organization (PAR), (b)
HIIT, and (c) HIIT+EMS] on HRV in sedentary middle-aged adults, and (ii) to study
whether changes in health-related outcomes (i.e., body composition and
cardiometabolic risk) are associated with those hypothetical HRV changes in
sedentary middle-aged adults. We hypothesized (i) that all exercise
interventions will induce significant improvements in HRV, especially in HIIT and
HIIT+EMS groups; and (ii) that exercise-related changes in HRV will be related
to changes in body composition and cardiometabolic risk in sedentary, middle-

aged adults.
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Methods
Participants

A total of 66 middle-aged adults (45-65 years old; 50% women) were enrolled in
the FIT-AGEING randomized controlled trial (clinicaltrial.gov: ID: CT03334357)
(Amaro-Gahete, De-la-0, Jurado-Fasoli, et al, 2018). Participants were
sedentary (i.e., <20 min of physical activity on <3 days/week during the last 3
months) and healthy individuals from the province of Granada (Spain). The
inclusion criteria were (i) to have a stable body weight over the previous 3
months (i.e.,, changes <5 kg) and (i) to have no chronic metabolic disease,
cancer, or any health problem that could be aggravated by physical activity.
Moreover, a medical examination was done before the intervention program.

Ethics statement

The study procedures were approved by the Human Research Ethics Committee
of the “Junta de Andalucia” [0838- N-2017] and followed the principles of the last
revised Declaration of Helsinki (7th revision of October 2013). All participants
provided written informed consent.

Study design

We conducted a 12-week randomized controlled trial with a parallel-group
design following the CONSORT (Consolidated Standards of Reporting Trials)
guidelines (see Table 14). After completing the baseline (i.e., pre-exercise
intervention) measurements (see Amaro-Gahete et al. (Amaro-Gahete, De-la-
0, Jurado-Fasoli, et al., 2018) for detailed information), the participants were
randomized into four different groups using a computer-generated simple
randomization software: (a) control group (no exercise), (b) PAR group, (c) HIIT
group, and (d) HIIT + EMS group. All participants were instructed to maintain
their usual physical activity levels, lifestyle habits and not to be engaged in other
structured exercise interventions outside of the assigned program. No dietary
prescriptions or instructions to the participants in the control and exercise
groups were provided. The participants were asked to maintain their dietary

habits during the intervention period.
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Table 14. CONSORT 2010 checklist of information to include when reporting a randomized trial

s CONSORT 2010 checklist of information to include when reporting a randomis:
V[
Iltem
Section/Topic No  Checklist item
Title and abstract
la Identification as a randomised trial in the title
1b Structured summary of trial design, methods, results, and conclusions (for specific guidance
Introduction
Background and 2a Scientific background and explanation of rationale
objectives 2b Specific objectives or hypotheses
Methods
Trial design 3a Description of trial design (such as parallel, factorial) including allocation ratio
3b Important changes to methods after trial commencement (such as eligibility criteria), with re
Participants 4a Eligibility criteria for participants
4b Settings and locations where the data were collected
Interventions 5 The interventions for each group with sufficient details to allow replication, including how an
administered
Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including how .
assessed
6b Any changes to trial outcomes after the trial commenced, with reasons
Sample size 7a How sample size was determined
Tb When applicable, explanation of any interim analyses and stopping guidelines
Randomisation:
Sequence 8a Method used to generate the random allocation sequence
generation 8b  Type of randomisation; details of any restriction (such as blocking and block size)
Allocation 9 Mechanism used to implement the random allocation sequence (such as sequentially numbe
concealment any steps taken to conceal the sequence until interventions were assigned
mechanism
Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigne
interventions
Blinding Na If done, who was blinded after assignment to interventions (for example, participants, care p
outcomes) and how
11b If relevant, description of the similarity of interventions
Statistical methods 12a  Statistical methods used to compare groups for primary and secondary outcomes
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12b  Methods for additional analyses, such as subgroup analyses and adjusted analyses 9-10
Results
Participant flow (a 13a  For each group, the numbers of participants who were randomly assigned, received intended treatment, and were 12
diagram is strongly analysed for the primary outcome
recommended) 13b  For each group, losses and exclusions after randomisation, together with reasons 12
Recruitment 14a  Dates defining the periods of recruitment and follow-up 6

14b  Why the trial ended or was stopped Not applicable
Baseline data 15 A table showing baseline demographic and clinical characteristics for each group 12
Numbers analysed 16 For each group, number of participants (denominator) included in each analysis and whether the analysis was by original 12

assigned groups

Outcomes and 17a  For each primary and secondary outcome, results for each group, and the estimated effect size and its precision (such as 12
estimation 95% confidence interval)

17b  For binary outcomes, presentation of both absolute and relative effect sizes is recommended 11-12
Ancillary analyses 18 Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing pre- 11-12

specified from exploratory

Harms 19 All important harms or unintended effects in each group (for specific guidance see CONSORT for harms) 11-12
Discussion
Limitations 20  Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses 13-15
Generalisability 21 Generalisability (external validity, applicability) of the trial findings 13-15
Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence 13-15
Other information
Registration 23 Registration number and name of trial registry 6
Protocol 24 Where the full trial protocol can be accessed, if available 6
Funding 25 Sources of funding and other support (such as supply of drugs), role of funders 15

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant,
we also recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatments, herbal
interventions, and pragmatic trials. Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-

statement.org.

99



RESULTADOS Y DISCUSION

Training modalities

We have previously reported a detailed description of each training modality in
a methodological manuscript (Amaro-Gahete, De-la-0, Jurado-Fasoli, et al,
2018). In brief, each session started with a dynamic standardized warm-up and
finished with an active global stretching cooling-down protocol in all
intervention groups. To be included in the per protocol analysis, an attendance
of at least 90% of sessions was required.

PAR group completed three concurrent training (i.e., combination of endurance
and resistance training) sessions per week for 12 weeks with at least 48 h of
recovery between sessions. Endurance training consisted of 150 min/week
(organized in 10 min bouts) at 60-65% of their heart rate reserve. Resistance
training was performed at 40-50% of one-repetition maximum. Different
ergometers (i.e., treadmill, cycle-ergometer, and elliptical ergometer) were
selected to conduct the endurance training, and weight-bearing and guided
pneumatic machines were selected to conduct the resistance training (i.e.,
squat, bench press, dead lift, and lateral pull-down). Also, compensatory
exercises (e.g., flexibility or core stability) were realized to minimize the risk of
injuries.

HIT group performed an intervention program characterized by short and
intermittent efforts of high intensity, interspersed with rest periods at passive
or low-intensity exercises. The participants performed a total of 2
sessions/week for 12 weeks following 2 different complementary protocols: (i)
high-intensity interval training with long intervals (type A session), and (ii) high-
intensity interval training with short intervals (type B session). The training
volume was 40-65 min/week at >95% of the maximum oxygen uptake (VO,max)
in type A sessions, and >120% of the VO,max in type B sessions. Type A sessions
had a maximal duration of 24 min/session, where participants completed 6-10
sets of 4 or 5 min (2- or 3- min work/2 min rest). Type B sessions had a maximal
duration of 37 min/session, where participants performed 2 or 3 sets (8-12.5 min
of duration) of 16 exercises (15-30 s work/15-30 s rest) with an active rest of
5 min at 60% between sets. The exercise program for type A sessions was based

on walking on a treadmill with a personalized slope, and type B sessions

100



RESULTADOS Y DISCUSION

included a circuit workout with 8 weight-bearing exercises (i.e., squat, dead lift,
high knees up, high heels up, push up, horizontal row, lateral plank, and frontal
plank).

HIIT + EMS group completed a training program that followed the same structure
that HIIT in terms of the type of exercise, training intensity, training frequency
and training volume including EMS to check whether this additional stimulus
induces an extra effect on HRV parameters. Bipolar, symmetrical, and
rectangular electric pulse was applied with: (a) a frequency of 15-20 hertz in type
A sessions, and 35-75 hertz in type B sessions, (b) an intensity of 100 milliamps
in type A sessions, and 80 milliamps in type B sessions, (c) an impulse breadth
of 200-400 us (thigh zone = 400 us, glute zone = 350 us, abdominal zone = 300
us, dorsal zone = 250 ps, cervical zone = 200 us, chest zone = 200 us, and arm
zone = 200 ps), and (d) a duty cycle (ratio of on-time to the total cycle time: %
duty cycle = 100/ [total time/ on-time]) of 99% in type A sessions, and 50%-63% in
type B sessions. A whole-body electromyostimulation device manufactured by
Wiemspro® (Malaga, Spain) was used.

HRV

Participants came to our laboratory, by motorized vehicle and avoiding any
physical activity since they woke up, between 8.00 and 10.00 a.m. following
specific study pre-conditions: (i) fasting conditions, (ii) not altered sleep pattern
the night before, (iii) to be abstained from alcohol intake and drugs or stimulant
consumption, including coffee and other stimulants 24 h before, and (iv) to avoid
moderate-intensity physical activity (24 hours) and vigorous-intensity physical
activity (48 hours) before the test. The environmental conditions were
standardized (room temperature = 22-23 °C).

The assessment of the R-R signal was carried out with the participant lying on
a stretcher in the supine position. To obtain a repeatable HRV measure, R-R
signal recording lasted 15 minutes (after 10 minutes of acclimation) (Schroeder
et al.,, 2004). We used the Polar RS800CX (Polar Electro, Kempele, Finland) to
record the R-R signal. In previous studies, polar RS800CX has been showed as

a reliable (intraclass correlation coefficients for test-retest reliability ranges
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from 0.29 to 0.61) (Vasconcellos et al., 2015) and valid (Pearson correlation
coefficient<0.97 compared with high quality electrocardiogram) (Gamelin et al,
2008) tool for HRV assessment. Participants were instructed not to talk or to
move, and to relax as much as possible but being awake. R-R recordings were
downloaded by the Polar Pro Trainer 5 ® software (Polar Electro, Finland) and
were analyzed with the Kubios HRV Standard ®, free version 2.2
software (University of Eastern Finland, Kuopio, Finland) (Tarvainen et al., 2014),
following the methodology described in previous studies and applying the
medium filter provided by the Kubios HRV Standard @ (Plaza-Florido et al., 2021;
Shaffer & Ginsberg, 2017). The smoothness prior approach with a Lambda value
of 500, and a cubic interpolation at the default rate of 4 Hz, was used to remove
not valid low-frequency baseline trend components. Considering the findings
obtained in a previous study that analyzed the quantification of the inter-
researcher (Intraclass Correlation Coefficient ranges from 0.850 to 0.987,
Coefficient of Variation lower than 21.1%) and intra-researcher (Intraclass
Correlation Coefficient ranges from 0.951to 0.995, Coefficient of Variation lower
than 13.7%) differences in HRV of the present cohort, HRV analyses were
conducted by the same trained researcher to obtain reproducible and valid data
(Plaza-Florido et al., 2020).

HRV parameters in Time-Domain [i.e., SDNN (Standard Deviation of RR intervals)
and RMSSD] and non-linear analyses (i.e., Poincare Plot) were derived by the
HRV Kubios software following standard procedures (Task force of the
European Society of Cardiology and the North American Society for Pacing and
Electrophysiology, 1996). SDNN is an indicator of global autonomic modulation
(Shaffer & Ginsberg, 2017), while RMSSD is a contrasted marker of vagal
modulation (Shaffer & Ginsberg, 2017). Poincare Plot analysis is considered an
indicator of heart rate complexity(Tayel & AlSaba, 2015). SD1 (standard deviation
of Poincare plot orthogonal to the line-of-identity) and SD2 (standard deviation
of Poincare plot along the line-of-identity) were obtained from Poincare Plot
analysis. SD1 has been positioned as vagal activity indicator, while SD2 is
inversely related to sympathetic activity (Naranjo-Orellana, de La Cruz Torres,

et al.,, 2015; Navarro-Lomas et al., 2020). Stress Score (SS), calculated as
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1000*1/SD2, and S/PS Ratio (S/PS Ratio), computed as SS/SD1, were also
determined (Naranjo-Orellana, de La Cruz Torres, et al,, 2015; Navarro-Lomas
et al, 2020). SS has been associated with sympathetic activity (Naranjo-
Orellana, de La Cruz Torres, et al., 2015; Navarro-Lomas et al., 2020), whereas
S/PS Ratio is considered an indicator of autonomic balance (Naranjo-Orellana,
de La Cruz Torres, et al., 2015; Navarro-Lomas et al., 2020). Also, we included in
Figure 13 other HRV parameters, in Time-Domain [i.e., PNN50 (percentage of
successive intervals that differ more than 50 ms; a vagal-related HRV
parameter)] and Frequency-Domain [i.e., high frequency (0.15-0.40 Hz; a
measure of vagal activity (Shaffer & Ginsberg, 2017)), low frequency (0.04 - 0.15
Hz; a measure of baroreflex activity (Shaffer & Ginsberg, 2017)) and low/high
frequency ratio (traditionally used to estimate sympathovagal balance, although
its interpretation depends on specific measurement conditions (Shaffer &
Ginsberg, 2017))].

To remove the HRV dependence on heart rate, we calculated corrected HRV
parameters (Plaza-Florido et al., 2021) (see Figure 14). For that purpose, three
assumptions were considered: (i) if HRV parameters were negatively correlated
with heart rate, the correction procedure consisted in calculating ratios between
HRV parameters and different powers of the mean R-R interval; (ii) if HRV
parameters were positively correlated with heart rate, the correction procedure
was performed by multiplying HRV parameters by the adequate powers of mean
R-R interval; and (iii) pre and post values of the different HRV parameters were
normalized with the same powers of mean R-R intervals to calculate post-pre
differences: Corrected SDNN = SDNN/MeanRR', Corrected RMSSD
RMSSD/MeanRR?’, Corrected SS= SS*Mean RR" and Corrected S/PS Ratio
S/PS Ratio*MeanRR.

Anthropometry and body composition

We measured height and weight using an electronic scale (model 799, Electronic
Column Scale, Hamburg, Germany). Waist circumference was assessed twice at
the midpoint between the iliac crest and the bottom of the rib cage at the end of
a normal expiration. Fat mass, lean mass and visceral adipose tissue volume

(VAT) were assessed by dual-energy X-ray absorptiometry (Discovery Wi,
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Hologic, Inc., Bedford, MA, USA). We also calculated 3 height-normalized body
composition indices: body mass index (BMI), as body weight/height? lean mass
index (LMI), as lean mass/height? and fat mass index (FMI), as fat mass/height?.

Blood pressure

Blood pressure was measured in the right arm with participants resting in a
sitting position using a HEM 705 CP automatic monitor (Omron Healthcare Co.,
Kyoto, Japan) following the guidelines of the European Heart Society (Carey et
al,, 2018). Readings were taken twice and the mean was subsequently recorded.
Mean blood pressure was defined as systolic blood pressure minus 1/3 of the
diastolic blood pressure (Carey et al., 2018).

Blood parameters

All samples were collected between 8:30 and 10 am after an overnight fast (12
hours) and a 10 min rest in the supine position. We obtained blood samples from
the antecubital vein. Samples were collected in prechilled ethylene diamine
tetra-acetic acid-containing tubes (Vacutainer SST, Becton Dickinson, Plymouth,
UK), and immediately centrifuged (i.e., 15 minutes at 3,000 rpm), aliquoted and
stored at —80°C until analysis. Glucose, high-density lipoprotein cholesterol
(HDL-C) and triglycerides were assessed using a spectrophotometer (model
AU5800, Beckman Coulter, Brea, CA, USA). HRV and blood parameters were
measured on different days.

Cardiometabolic risk

A sex-specific cardiometabolic risk score was calculated based on the clinical
variables suggested by the International Diabetes Federation and the Adult
Treatment Panel Il for defining metabolic syndrome (i.e., waist circumference,
mean blood pressure, plasma glucose, HDL-C and triglycerides) (Carracher et
al., 2017). Each variable was represented in a standardized mode as (value-
mean)/standard deviation. The standardized HDL-C values were multiplied by -
1to indicate greater risk with increasing values. The cardiometabolic risk score
was calculated as the sum of these 5 standardized values divided by 5, obtaining
a mean of 0 and a standard deviation of 1 by definition. Therefore, lower values

represent a better cardiometabolic risk profile (Carracher et al., 2017).
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Statistical analysis

To verify the distribution of all variables we used the Shapiro-Wilk test, Q-Q
plots and visual check of histograms. The descriptive parameters are reported
as mean (standard deviation), excepting SDNN, RMSSD, SS and S/PS ratio, that
were presented as median and interquartile range since they do not exhibit a
normal distribution. Thereafter, these HRV parameters were normalized using
Napierian logarithm transformation. Before the intervention program, we
performed an analysis of variance (ANOVA) to study baseline differences in
heart rate, HRV parameters, body composition, and cardiometabolic risk
between intervention groups. Analysis of covariance (ANCOVA) was employed
to study the effect of the different intervention groups on HRV parameters
controlling for the HRV baseline values. All group-related changes were
additionally adjusted by sex and age. Bonferroni post-hoc tests with adjustment
for multiple comparisons were performed to determine differences between all
exercise modality groups. F (analysis of variance), P (level of significance, n?
(partial eta squared) and 95% confidence interval were reported from these
analyses. To examine the relationship of changes in HRV parameters with
changes in body composition variables and cardiometabolic risk, we conducted
a multiple linear regression analysis based on the post-pre differences,
adjusting by sex and age. B (standardized regression coefficient), R? (adjusted
determination coefficient) and p (level of significance) were obtained from these
linear regression analyses. P values of less than 0.05 were accepted to indicate
statistical significance. All analyses were performed using the Statistical
Package for Social Sciences (SPSS, v. 24.0, IBM SPSS Statistics, IBM
Corporation). The figures were created using GraphPad Prism 7 (GraphPad
Software, San Diego, CA, USA).

Results

Figure 11 shows the flowchart of the FIT-AGEING study. A total of 66 participants
(n=13 in control, n=16, in PAR, n=18 in HIIT and n=19 in HIIT+EMS) were included in

the per protocol analyses.
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Enrollment and analysis flowchart

247 Expressed interestin panticipating in FIT-AGEING
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Figure 11. Enrolment and analysis flow-chart in the FIT-AGEING study. Abbreviations. BMI - Body
Mass Index; CDV—cardiovascular disease; ECG—electrocardiogram; PAR - physical activity
recommendation from the World Health Organization group; HIT - High Intensity Interval
Training group; HIIT+EMS - HIIT plus whole-body electromyostimulation group

The baseline characteristics of all participants are described in Table 15. No

differences were observed in the baseline values among groups.
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Table 15. Descriptive values by intervention group in baseline in the FIT-AGEING study.

All (n=69) Control (n=15) PAR (n=17) HIIT (7 =18) HIIT + EMS (n=19) p Value
Age (years) 53.4 (5.0) 51.7 (4.1) 53.9 (4.5) 53.1(5.6) 53.5(5.2) 0.326
Sex (%)
Men 33 (47.8) 6 (40) 8 (47) 9 (50) 10 (53)
Women 36 (52.2) 9 (60) 9 (53) 9 (50) 9 (47)
HR and HRV
Heart Rate (bpm) 63.3 (8.3) 63.8 (6.7) 59.9 (7.6) 64.5 (7.6) 64.5 (10.3) 0.317
SDNN (ms) 27.3 (18.6) 31.0 (24.5) 23.4 (16.6) 29.8 (18.5) 24.4 (16.8) 0.291
RMSSD (ms) 26.4 (20.7) 33.4(18.1) 23.8 (20.5) 29.1(17.0) 24.6 (36.3) 0.959
SS (ms) 30.6 (20.7) 26.5(20.3) 35.2 (18.6) 27.3 (15.7) 35.7 (32.2) 0.174
S/PS Ratio 1.53 (2.62) 112 (2.13) 2.13 (2.35) 1.32 (2.45) 1.83 (6.68) 0.128
Anthropometry and Body Composition
Weight (Kg) 76.3 (8.7) 74.1(13.8) 72.6 (11.3) 78.2 (17.7) 80.2 (15.9) 0.412
Waist circumference (cm) 95.2 (12.0) 92.8 (10.5) 90.4 (11.0) 97.5 (10.9) 99.3 (13.7) 0.101
Body Mass Index (Kg/m?) 26.84 (3.83) 26.73 (3.89) 25.41(2.86) 26.43 (3.15) 28.60 (14.64) 0.083
Lean Mass Index (Kg/m?) 1.10 (0.10) 15.85 (3.11) 15.16 (2.48) 14.90 (2.88) 15.80 (2.88) 0.694
Fat Mass Index (Kg/m?) 15.42 (2.81) 10.09 (2.68) 9.60 (2.73) 10.79 (2.67) 11.96 (3.78) 0.115
VAT (cmd) 849.7 (427.2) 744.9 (288.8) 714.9 (283.9) 879.6 (488.9) 1024.6 (517.3) 0.116
Cardiometabolic Risk Score
Mean Blood Pressure (mmHg) 104.2 (12.4) 105.4 (13.4) 105.3 (13.8) 103.6 (13.8) 102.9 (12.1) 0.927
Plasma Glucose (mg/dL) 93.9 (11.4) 94.9 (10.7) 93.4 (11.6) 90.1 (5.6) 96.9 (14.8) 0.332
Plasma Insulin (Ul/mL) 8.06 (5.75) 7.03 (5.28) 7.52 (3.97) 7.09 (4.57) 10.21(7.88) 0.289
HDL-C (mg/dL) 58.7 (12.3) 61.2 (12.1) 55.2 (12.0) 57.8 (10.8) 60.6 (14.0) 0.477
Triglycerides (mg/dL) 130.8 (65.2) 131.2 (72.3) 130.9 (70.0) 134.1 (61.5) 127.6 (63.3) 0.994
Cardiometabolic Risk Score 0.002 (0.58) -0.040 (0.68) -0.008 (0.52) -0.030 (0.47) 0.073 (0.68) 0.940

Data are shown as means (standard deviation). Median (IQR: interquartile range) are presented for HRV parameters because these variables presented non-
normal distribution. Abbreviations: bpm; beats per minute, dL; deciliters, cm; centimeters, cm? centimeters square, cm?, cubic centimeters, HIIT; high intensity
interval training group; HIIT+EMS; HIIT plus whole-body electromyostimulation group, HR; Heart Rate, HRV; Heart Rate Variability, mg; miligrams, mmHG;
milimeters of mercury, ms; milliseconds, p Value; one-way ANOVA (to detect between-group differences at baseline), PAR; physical activity recommendation
from the World Health Organization group, pg; picograms, RMSSD; Square root of the mean squared differences between successive RR intervals, SDNN;
Standard Deviation of RR intervals, VAT, Visceral Adipose Tissue.
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Figure 12 shows changes in HRV parameters after the intervention study in the
four groups. We found a significant difference in SDNN (Figure 12B; F=8.223,
p<0.001, n?=0.298), RMSSD (Figure 12C; F=6.428, p=0.001, n?=0.250), SS (Figure 12D;
F=7.791, p<0.001, n?=0.287) and S/PS ratio (Figure 12E; F=8.489, P<0.001, n2=0.305)
among groups, while no differences were noted in heart rate (Figure 12A; F=2.511,
P=0.068, n?=0.115). Compared with the control group, the SDNN levels (Figure
12B) were increased in PAR [mean difference (95% confidence interval): 0.454
(0.068, 0.840), P=0.013], HIIT [0.480 (0.104, 0.857), P=0.006] and HIIT+EMS [0.688
(0.315, 1.060), P<0.001]; while the RMSSD levels (Figure 12C) were also improved
in HIIT [0.443 (0.038, 0.847), P=0.024], and HIIT+EMS [0.667 (0.266, 1.066), P<0.001].
Compared with the control group, the SS levels (Figure 12D) were reduced in
PAR [-0.457 (-0.822, -0.092), P=0.007], HIIT [-0.469 (-0.826, -0.113), P=0.004], and
HIT+EMS [-0.623 (-0.976, -0.271), P<0.001], while the S/PS levels (Figure 12E)
were also reduced in PAR [-0.864 (-1.570, -0.158), P=0.009], HIIT [-0.913 (-1.601, -
0.225), P=0.004] and HIT+EMS [-1.291 (-1.971, -0.610), P<0.001]. The results

persisted after including sex and age in the model.
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Figure 12. Changes in heart rate and heart rate variability parameters after the intervention
study in the four groups in the FIT-AGEING study. Analysis of covariance adjusting for
baseline values, with post hoc Bonferroni-corrected t-test. £, p and 7? of analysis of
variance, * p < 0.05, ** p<0.01, *** p < 0.001. Abbreviations: A Differences between post and
pretest, bpm; beats per minute, HIIT; high intensity interval training group; HIT+EMS; HIIT
plus whole-body electromyostimulation group, Ln; Napierian logarithm, PAR; physical
activity recommendation from the World Health Organization group, RMSSD; Square root of
the mean squared differences between successive RR intervals, SDNN; Standard Deviation

of RR intervals.
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The raw changes (i.e., without Napierian logarithm transformation) in heart rate
and heart rate variability parameters [i.e., SDNN, RMSSD, PNN50, high
frequency, low frequency, low/high frequency ratio, SS and S/PS ratio] after the

intervention study in the four groups are shown in Figure 13.
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Figure 13. Raw changes in heart rate and heart rate variability parameters after the intervention
study in the four groups. Analysis of covariance adjusting for baseline values, with post hoc
Bonferroni-corrected t-test. £, pand 77 of analysis of variance, * p < 0.05, ** p<0.01, *** p < 0.001.
Abbreviations: A Differences between post and pretest, %; percentage, bpm; beats per minute,
HIIT; High-Intensity Interval Training group; HIT+EMS; HIT plus whole-body
electromyostimulation group, Ln; Napierian logarithm, ms; milliseconds, ms? milliseconds
square, PAR; physical activity recommendation from the World Health Organization group,
PNN50; percentage of successive RR interval pairs that differ more than 50 ms, RMSSD; Square
root of the mean squared differences between successive RR intervals, SDNN; Standard
Deviation of RR intervals.
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Figure 14 show the raw changes in corrected HRV parameters after the
intervention. Corrected SDNN (Figure 14A; F=7.626, p<0.001, n?=0.273) and
Corrected SS (Figure 14C; F=3.826, p=0.014, n?=0.161) maintained significant
changes in post-pre differences (p<0.05), while a tendency of changes was
observed for corrected RMSSD (Figure 14B; F=2.511, p=0.067, n?=0.112). In
contrast, Corrected S/PS Ratio did not change after the intervention (Figure 14D;

F=0.620, p=0.605, n?=0.032)
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Figure 14. Raw changes in heart rate variability parameters corrected by medium R-R interval
after the intervention study in the four groups. Analysis of covariance adjusting for baseline
values, with post hoc Bonferroni-corrected t-test. £ pand 7 of analysis of variance, * p < 0.05,
** p<0.01, *** p < 0.001. Abbreviations: A Differences between post and pretest, %; percentage,
bpm; beats per minute, HIIT; High-Intensity Interval Training group; HIIT+EMS; HIIT plus whole-
body electromyostimulation group, ms; milliseconds, PAR; physical activity recommendation
from the World Health Organization group, PNN50; percentage of successive RR interval pairs
that differ more than 50 ms, RMSSD; Square root of the mean squared differences between
successive RR intervals, SDNN; Standard Deviation of RR intervals
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Table 16 shows the multiple linear regression analysis of exercise-related
changes in body composition and cardiometabolic risk with exercise-related
changes in HRV parameters. A significant association (B ranges from -0.414 to
0.387; R?ranges from 0.072 to 0.193; all p<0.05) was noted of changes in body
composition (i.e., increments in LMI and reductions in FMI and VAT) with changes
in HRV parameters (i.e., increments in SDNN and RMSSD and reductions in SS
and S/PS Ratio). Also, we found a significant relation (B ranges from -0.380 to
0.330; R? ranges from 0.072 to 0.131; all p<0.05) between decrements in
Cardiometabolic Risk Score with changes in HRV parameters (i.e., increments
in SDNN and reductions in SS and S/PS Ratio). No significant relationship was
observed between changes in BMI and changes in SDNN, RMSSD, SS and S/PS

Ratio (all p>0.05). The results persisted after including sex and age in the model.
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Table 16. Simple linear regression analysis between changes in heart rate variability outcomes and changes in, body composition variables and cardiometabolic risk score

A Heart Rate (bpm) A Ln SDNN (ms) A Ln RMSSD (ms) A Ln SS (ms) A Ln S/PS Ratio
B R? P B R? P B R? P B R? P B R? P
A BMI (Kg/m?) -0.025 <0.001 0.844 -0.006 <0.001 0.961 0.101 <0.001 0.419 0.051 <0.001 0.686 -0.030 <0.001 0.809
A LMI (Kg/m?) -0.182  0.017 0.153 0.387 0.150 0.001 0.439 0.193  <0.001 -0.326 0.107 0.009 -0.414 0.172  <0.001
A FMI (Kg/m?) 0.157 0.009 0.220 -0.347 0.121 0.005 -0.370 0.137 0.003 0.299 0.090 0.017 0.362 0.072 0.003
A VAT Volume (cm?) 0.142  0.004 0.269 -0.293 0.086 0.019 -0.295 0.082 0.023 0.267 0.072 0.034 0.299 0.090 0.017
A Cardiometabolic Risk Score  -0.114  <0.001  0.362 -0.330 0.095 0.007 -0.176 0.016 0.158 0.380 0.131 0.002 0.293 0.072 0.017

Abbreviations. A Differences between post and pretest, B; standardized regression coefficient, BMI; Body Mass Index, bpm, beats per minute, cm; centimeters, FMI; Fat Mass
Index, kg; kilograms, LMI; Lean Mass Index, Ln; Napierian logarithm, m; meters, p; level of significance, R? adjusted determination coefficient, RMSSD; Square root of the
mean squared differences between successive RR intervals, SDNN; Standard Deviation of RR intervals, S/PS; sympathetic/parasympathetic Ratio, VAT; Visceral Adipose

Tissue.
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Discussion

This study shows that different exercise training interventions (i.e., PAR, HIIT and
HIIT + EMS) similarly improved HRV parameters (i.e., increments of SDNN and
RMSSD and decrements of SS and S/PS Ratio) during resting conditions in
sedentary middle-aged adults. In addition, these exercise-related changes in
HRV parameters were associated with exercise-related changes in body
composition and cardiometabolic risk. These findings have important clinical
implications since we demonstrate that a well-designed 12-week exercise
intervention - independently of its modality - could be an adequate stimulus to
improve cardiac autonomic modulation during resting conditions (i.e., increase
of the vagal modulation), which is related to a lower risk of cardiovascular
disease and mortality in sedentary, healthy middle-aged adults (Lahiri et al,
2008).

Physical exercise has been postulated as an effective strategy to improve
cardiac autonomic function (Felber Dietrich et al., 2008; Wong & Figueroa, 2021). We
do not observe significant changes in resting heart rate after the intervention,
although a tendency toward a reduction in resting heart rate (i.e., bradycardia)
was observed in all training groups compared with the control group (~4%). In
this sense, physical exercise (including high-intensity training) has been related
to bradycardia (Cornelissen et al., 2010), thus improving cardiac function through
a lower intrinsic heart rate (Bahrainy et al., 2016). Concerning HRV parameters,
a 12-weeks PAR training at moderate intensity induces health-related changes
in different HRV parameters (i.e., increases in SDNN and RMSSD; decreases in
SS; and reductions with a dependence of heart rate in S/PS ratio) in sedentary
middle-aged adults. Previous studies reported similar changes in HRV
parameters after a 6-month moderate-intensity training program in sedentary
postmenopausal women (Earnest et al., 2008) and after a 6-month aerobic
training program performed at moderate-vigorous intensity in sedentary
healthy older and young men (Levy et al, 1998). In contrast, another study
reported no effect on HRV parameters in response to a 2-week HIIT intervention
and after a 2-week moderate-intensity aerobic training program in physically

inactive adults (Alansare et al., 2018). These controversies could be explained by
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the different training programs’ duration (2-weeks vs 12-weeks) and also by the
relatively small sample size (n=13) of the study conducted by Alansare et al.
(Alansare et al., 2018), which can be underpowered to identify changes in HRV
between groups (Earnest et al, 2008). A further explanation for these
discrepancies between studies could be the obvious differences in the exercise
interventions designs since we included resistance training sessions in both
PAR and HIIT groups once and twice a week, respectively, and this training
modality could not affect HRV in sedentary middle-aged adults according to a
review article (Kingsley & Figueroa, 2016). Also, age groups (young adults vs
middle-aged adults) and methodological considerations (Plaza-Florido et al,
2021) during the HRV assessment and processing could justify these differences.
Our study shows that a 12-weeks HIIT intervention increased SDNN (i.e., an
indicator of global autonomic modulation) and RMSSD (i.e., an indicator of vagal
modulation), decreased the SS (i.e., an indicator of sympathetic activity), and
reduced, with a dependence of heart rate, the S/PS Ratio (i.e., an indicator of
autonomic balance) (Navarro-Lomas et al, 2020). Overall, these findings
suggest a higher vagal tone during resting conditions after a 12-week exercise
intervention based on HIIT. Similar results were reported after a 12-week
(Ramirez-Vélez et al, 2020) and a 2-week (Alansare et al., 2018) training
programs in physically inactive adults. Moreover, a 6-month HIIT program
improves HRV parameters, including SDNN and RMSSD, in middle-aged adults
after a coronary intervention (Munk et al., 2010). Interestingly, we identified
similar effects of PAR and HIIT exercise interventions in HRV parameters.

Our results also show similar changes in HRV parameters after a 12-weeks
HIIT+EMS program, which could be explained by an enhancement of the
sympathovagal balance as a consequence of the HIIT+EMS program (Ricci et al.,
2020). The effects of EMS training on HRV have been recently investigated in
obese patients after bariatric surgery, observing no significant differences
compared with a control group (Ricci et al., 2020). Our results show that a
HIIT+EMS intervention did not promote additional improvements in HRV, apart
from those obtained by a HIIT intervention alone, which concur with those

obtained by the above-mentioned study (Ricci et al., 2020). Therefore, a HIIT+EMS
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training intervention seems to be a non-effective strategy to improve HRV
(RMSSD, SDNN) in sedentary middle-aged adults.

Physical exercise is a well-recognized tool to improve several health-related
outcomes (e.g., body composition (Amaro-Gahete, De-la-0, Jurado-Fasoli, Ruiz,
et al,, 2019) or cardiometabolic risk (Amaro-Gahete, De-la-0, Jurado-Fasoli,
Martinez-Tellez, et al., 2019), among others). Understanding the influence of
physical exercise on these components and its interaction with exercise-related
changes in HRV is of clinical interest. We observed a significant association
between changes in HRV parameters (i.e., increases in SDNN and RMSSD; and
decreases in SS and S/PS ratio) and changes in body composition (i.e., FMI, VAT
and LMI, but not BMI) after the intervention. Similar findings have been
previously reported by Tian et al. (Tian et al,, 2015) who found an inverse
association between HRV parameters and fat mass after a training program in
adults with overweight/obesity, which could be explained by adiposity influences
over autonomic function (Plaza-Florido, Migueles, Mora-Gonzalez, et al., 2019;
Tian et al., 2015). Also, improvements in lean mass have been related to
increments in vagal tone (Andrew et al., 2013). The autocrine, paracrine, and
endocrine actions of myokines over cardiometabolic health (i.e., lipolysis, insulin
sensitivity or general metabolism) (Barbalho et al, 2020) could justify this
association. Interestingly, we do not observe associations between exercise-
induced changes in HRV parameters with exercise-induced changes in BMI.
Although vagal-related HRV parameters have been negatively related to BMI
(Koenig et al., 2014), similar BMI values could account for different fat and lean
mass data (Felber Dietrich et al.,, 2008). Hence, to analyze changes in body
composition after different training programs, FMI, VAT and LMI seem to be
more appropriate parameters than BMI as direct indicators of total fat mass,
visceral fat and lean mass, whose associations with cardiac autonomic function
have been previously discussed. Furthermore, we found an association between
exercise-related changes in HRV (i.e., increments in SDNN and reductions in SS
and S/PS) and a decrease in cardiometabolic risk. To the best of our knowledge,
this association has not been directly tested but a recent narrative review

suggests that increased vagal-related HRV parameters could be related to a
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decreased cardiometabolic risk after an exercise intervention (Thayer et al,,
2010) which is in line with the present findings. Future studies are needed to
well-understand this relationship.

The present study had some limitations. The present analyses have an
exploratory nature and further studies are needed to investigate whether
changes in HRV in response to different training modalities have the same
maghnitude or not. Moreover, our results should not be extrapolated to other
populations since we only included sedentary middle-aged adults (i.e., 45-65
years old). In addition, although = 75% of the women participants were post-
menopausal, we did not assess ovarian hormones in the present study, a fact
that could be a potential confounder (Bai et al., 2009; Martins et al., 2001). Finally,
although the influence of different types of breathing over HRV is not clear
(Wessel et al, 2009), some studies have found that paced vs. spontaneous
breathing can differently affect HRV parameters (Hill et al., 2009; Plaza-Florido
et al., 2021). To facilitate the resting status of the participants, we decided not to
control their breathing. Further studies are needed to check whether the
present findings apply to studies that control participants’ breathing during HRV
assessment.

Conclusion

Our study suggests that different exercise interventions modalities (i.e., PAR,
HIIT and HIIT+EMS) induced an enhancement of HRV parameters (i.e., SDNN,
RMSSD, SS and S/PS Ratio) in sedentary middle-aged adults. Furthermore, we
showed that exercise-related changes in HRV parameters (i.e., SDNN, RMSSD,
SS and S/PS Ratio) were associated with changes in body composition (i.e., LMI,

FMI and VAT) and cardiometabolic risk after the intervention program.
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Abstract

Objective: This study aimed to investigate: (i) the effects of a High-Intensity
Interval Training (HIIT), on Heart Rate Variability (HRV) parameters in healthy
young adults; and (ii) the potential influence of daily alcohol consumption on
changes in HRV parameters induced by exercise intervention.

Methods: 72 healthy young adults (18-40 years old; 51.4 % women) participated
in the BEER-HIIT study. We conducted a 10-week (2 days/week) controlled trial
based on HIIT. The participants were randomized to 5 groups [i.e., a non-training
group (N-T Group) and 4 HIT groups]. Participants in training groups chose
whether they preferred to consume alcohol or not. Those choosing alcohol were
randomly allocated for receiving beer (5.4%; T-Beer group) or the equivalent
amount of alcohol (vodka; T- Ethanol group) in sparkling water. Those choosing
no-alcohol were randomly allocated for receiving alcohol-free beer (0.0%; T-0.0
Beer group) or sparkling water (T-Water group). The HIIT program was based
on eight weight-bearing exercises in circuit form. HRV parameters were
measured before and after the intervention program.

Results: We did not observe changes in HRV parameters related to HIIT or
moderate alcohol consumption (all P > 0.05) after the intervention program.
Conclusion: Our study suggests that: (i) a 10-week HIIT based on weight-bearing
exercises did not impact HRV parameters; and (ii) a moderate alcohol intake
during a 10-week HIIT program did not affect HRV parameters in healthy young

adults.
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Introduction

Heart rate variability (HRV) analyses the differences between successive R-R
intervals (Task force of the European Society of Cardiology and the North
American Society for Pacing and Electrophysiology, 1996) and is considered a
non-invasive biomarker to assess the modulation of the autonomic nervous
system on heart function (Navarro-Lomas et al, 2020). HRV is a psycho-
physiological phenomenon affected by several factors and especially by lifestyle
(Ernst, 2017; Navarro-Lomas et al, 2020). Increased vagal-related HRV
parameters during resting conditions have been associated with reduced stress
levels and a lower risk of developing cardiometabolic diseases (Hillebrand et
al,, 2013; Navarro-Lomas et al,, 2020; Tsuiji et al., 1996).

Physical exercise is an integral component of a healthy lifestyle (Molina-Hidalgo
et al., 2019), able to improve cardiac autonomic function via increasing vagal-
related HRV parameters (Buchheit et al., 2005; Felber Dietrich et al., 2008). In
this line, the World Health Organization (WHO) describes international physical
activity guidelines for health promotion, where adults should undertake 150-300
min of moderate-intensity, or 75-150 min of vigorous-intensity physical activity,
or some equivalent combination of moderate-intensity and vigorous-intensity
aerobic physical activity, including regular muscle-strengthening activity per
week (Bull et al., 2020). Nonetheless, many people in developed societies do not
meet these physical activity recommendations from the WHO, principally due to
the lack of free time (Choi et al,, 2017). In this context, novel and more time-
efficient training methodologies have emerged as an alternative to traditional
exercise recommendations such as High-Intensity Interval Training (HIIT)
(Amaro-Gahete, De-La-0, et al., 2019).

HIIT describes physical exercise characterized by short and intermittent efforts
of vigorous activity, interspersed with rest periods at passive or low-intensity
exercises (Amaro-Gahete, De-la-0, Jurado-Fasoli, et al., 2018). Some HIIT
training protocols have been demonstrated to improve health-related
parameters, including vagal-related HRV parameters in healthy adults,
according to a recent systematic review (Abreu et al., 2019). It is well-known the

existence of many HIIT methodologies, being their derived physiological
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adaptations specific to the exercise characteristics selected (e.g., type of
exercise, intensity, duration or the number of intervals performed) (Amaro-
Gahete, De-la-0, Jurado-Fasoli, et al,, 2018). Interestingly, to the best of our
knowledge, no data are available related to the influence of a HIIT program
based on weight-bearing exercises in circuit form on HRV in young adults.

One common post-exercise social practice is the consumption of beer which
can be deleterious due to its alcohol content (Molina-Hidalgo et al.,, 2020). The
influence of a high alcohol intake on human’ health after an acute bout of
exercise has been previously studied, showing unequivocal findings related to
lower health status (e.g., increased heart rate, decreased muscle function,
hypertension, sleep fragmentation and other biochemical processes) (Barnes,
2014). However, the intake of a moderate amount of beer after a bout of exercise
(Jiménez-Pavon et al., 2015) or the daily intake while training in young healthy
individuals does not seem to exert deleterious effects (Molina-Hidalgo et al.,
2019, 2020).

Regarding specifically the effect of alcohol on HRV, it has been reported negative
effects on vagal-related HRV parameters when a high alcohol intake is a chronic
habit (Ralevski et al., 2019), through effects on the autonomic modulation of
sinoatrial discharge and altered neurotransmitters influences on the sinoatrial
responsiveness, affecting the central neural outflow rhythmicity (Spaak et al,
2010). By contrast, it has been reported, in a young adult's cohort, increased
vagal-related HRV parameters in habitual drinkers compared with non-habitual
drinkers, and this has been attributed to a reduction in inflammatory processes
derived from the moderate alcohol intake (Quintana et al., 2013). However, it is
unknow whether daily alcohol consumption influence the potential effects of
training on HRV parameters. Therefore, the present work aimed (i) to investigate
the influence of a HIIT based on weight-bearing exercises on HRV parameters
in healthy young adults; and (ii) to analyze the potential influence of moderate
daily alcohol consumption during the above-mentioned training intervention on

vagal-related HRV parameters.
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Methods
Participants

A total of 72 healthy young adults (18-40 years old; 51.4 % women) were enrolled
in the BEER-HIIT registered controlled trial (ClinicalTrials.gov ID: NCT03660579).
The participants were recruited from the province of Granada (Spain), using
social networks, local media, and posters. The inclusion criteria were: (i) body
mass index (BMI) between 18.5 to 30 kg/m? (ii) not to be engaged in a training
program; (iii) to have a stable body mass during the last 5 months (body mass
changes <3 kg); (iv) to be free of disease, pregnant or lactating women; (iv) not
taking any medication for chronic diseases; and (v) no recent lesions or other
problems preventing strenuous physical activity. The study followed the latest
revision of the Helsinki Declaration and was approved by the Ethics Committee
on Human Research at the University of Granada (CEI-Granada; 321-CEIH-2017).
Before the study, all participants completed a medical exam and signed an
informed consent form.

Study design

All the baseline and follow-up tests were performed from February to May 2018,
at the same setting [Instituto Mixto Universitario Deporte y Salud (IMUDS) at the
University of Granada]. After completing the baseline measurements,
participants chose whether they preferred to be included in a non-training (N-
T), or one of the four training (T) groups. Those going for training then chose
whether they preferred to be included in a group ingesting an ethanol-containing
beverage (5.4% alcohol content) or an alcohol-free beverage group. Participants
choosing ethanol were randomly allocated either to beer (T-Beer) or sparkling
water with added vodka ethanol (T-Ethanol). Those choosing non-alcohol were
randomly allocated either to alcohol-free beer (T-0.0Beer) or sparkling water
(T-Water). Each group was composed of 8 men and 8 women. This type of non-
random (based on individual preference) and random allocation of the
participants was conducted following ethical considerations and advice made by
the ethical committee (321-CEIH-2017). The participants’ randomization

assignment was blinded to the assessment staff.
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Training protocol

A 10-week controlled trial based on HIIT was conducted. Training sessions took
place 2 days/week in the late afternoon or early evening from Monday to Friday.
Rest periods were, at least, 48 h between training sessions. 80% of attendance
was required to be included in the final analysis. Following the methodology
described by previous studies (Molina-Hidalgo et al., 2020), the training volume
was 40-65 min/week.

Training intensity was programmed considering the updated scientific evidence
related to HIIT (Gibala, Little, Macdonald, Hawley, et al., 2012; Hwang et al., 2016).
In all cases, the intensity was >8 Rating of Perceived Exertion (0-10 RPE scale)
(Borg, 1982). Training sessions started with a dynamic standardized warm-up
composed of several muscle activations exercises: child’s pose breathing, pelvis
bridge, cat camel, upper back rotation, front and side planks, arms Ts, arms Ys,
toe walks, high knee walks, walking lunges, side lunges, monster walk, sumo
walk and anti-rotational stability press. Participants performed eight weight-
bearing exercises in a circuit form twice per set (i.e., frontal plank, high knees
up, TRX horizontal row, battle rope, squat, dead lift, push up, and burpees).
Training sessions ended with a cooling-down protocol (i.e.,, active global
stretching), including anterior and posterior chain exercises (i.e., pigeon pose,
lying twist, figure four stretch, lunging hip flexor stretch, biceps stretch, and
trapezius neck stretch).

The trial was divided into two phases, starting with a familiarization phase
(Amaro-Gahete, De-la-0, Jurado-Fasoli, et al., 2018). The familiarization phase
lasted 4 weeks. Each session consisted of 2 sets (i.e., a total of 8-9.5 minutes)
of 16 exercises, with 15-20 seconds of work (training intensity was between 8
and 9 RPE), intersected with 15-20 seconds of passive rest. Phase | consisted of
4 weeks with 2 sets (i.e., 8-12.5 minutes) of 16 exercises, with 15-30 seconds of
work (training intensity was 10 RPE) and 15-30 seconds of passive rest. Finally,
phase Il lasted 2 weeks, with 3 sets (i.e., 8-12.5 minutes) of 16 exercises, with 15-

20 seconds of work (training intensity was 10 RPE) and 15-20 seconds of passive
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rest. Between sets, participants realized an active rest of 5 minutes (intensity of
6 RPE) in familiarization phase, phase | and phase Il.

Beverage intake

Beverages were daily ingested from Monday to Friday. Volumes of fluid ingested
were the same in all groups (660 mL for men and 330 mL for women). Men
ingested 330 mL with lunch and 330 mL with dinner, while women ingested 330
mL with dinner: (i) T-Beer group ingested regular Lager Beer (5.4% alcohol-
Alhambra Especial®, Granada, Spain); (ii) T-0.0Beer group ingested alcohol-free
beer (0.0% alcohol-Cruzcampo®, Sevilla, Spain); (iii) T-Water group ingested
sparkling water (Eliqua 2®, Font Salem, Spain); (iv) T-Ethanol group ingested
sparkling water with the same amount of distilled alcohol added. The distilled
alcoholic beverage used in our study was branded vodka because of the purity
of its composition (i.3.,37.5% ethanol and 62.5% water). This decision was based
on scientific evidence which defines a moderate amount of alcohol intake as two
or three drinks/day or 24-36 g of ethanol/day for men and one to two drinks/day
or 12-24 g of ethanol/day for women (Poli, Marangoni, Avogaro, Barba,
Bellentani, Bucci, Cambieri, Catapano, Costanzo, Cricelli, de Gaetano, Di
Castelnuovo, et al,, 2013). At the beginning of each week, beverages were coded
and provided by a staff member of our laboratory. Investigators who did the
evaluations were not aware of the group assignment of the participant.
Participants in alcohol groups were strictly instructed to drink a moderate
amount of alcohol during the weekend (i.e., 660 mL/day for men and 330 mL/day
for women). Participants in non-alcohol groups were requested to refrain from
alcohol also during the weekend.

HRV

Participants came to our laboratory in a motorized vehicle and avoided any
physical activity since they woke up following specific study pre-conditions: (i)
fasting conditions for more than 3 hours, (ii) to abstain from alcohol intake and
drugs or stimulant consumption 24 h before, and (iii) to avoid moderate-intensity
(24 hours) and vigorous-intensity physical activity (48 hours) before the test.
The environmental conditions were standardized (room temperature = 22-23
°C).
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The assessment of the R-R signal was carried out with the participant lying on
a stretcher in the supine position. R-R signal recording lasted 15 minutes (after
10 minutes of acclimation before the assessment). To record the R-R signal, we
used the Polar RS800CX (Polar Electro, Kempele, Finland). Participants were
instructed not to talk or to move, and to relax as much as possible but to be
awake. To download the R-R recordings, we used the Polar Pro Trainer 5
® software (Polar Electro, Finland). R-R recordings were analyzed with the
Kubios HRV Standard @, free version 2.2 software (University of Eastern Finland,
Kuopio, Finland) (Tarvainen et al., 2014), applying the medium filter provided by
the Kubios HRV Standard ® and following the methodology described in previous
studies (Alcantara et al., 2020; Plaza-Florido et al., 2021). We selected a 5
minutes interval, setting the smoothness prior approach with a Lambda value of
500, and a cubic interpolation at the default rate of 4 Hz, was used to remove
not valid low-frequency baseline trend components. To obtain reproducible and
valid data, HRV analyses were performed by the same trained researcher
(Plaza-Florido et al., 2020).

Following standard procedures, we obtained HRV parameters in Time-Domain
[i.e., SDNN (standard deviation of RR intervals) and RMSSD (root mean square
of successive RR interval differences)] and the Poincare Plot analysis using the
HRV Kubios software (Task force of the European Society of Cardiology and the
North American Society for Pacing and Electrophysiology, 1996). SDNN is an
index of global autonomic modulation (Shaffer & Ginsberg, 2017), although resting
short-term SDNN is related to vagal-activity (Shaffer & Ginsberg, 2017). RMSSD is
an indicator of vagal activity (Shaffer & Ginsberg, 2017). From Poincare Plot, we
obtained SD1 (standard deviation of Poincare plot orthogonal to the line-of-
identity) and SD2 (standard deviation of Poincare plot along the line-of-identity).
SD1 is related to vagal activity, while SD2 is inversely related to sympathetic
tone (Naranjo-Orellana, de La Cruz Torres, et al,, 2015; Navarro-Lomas et al,
2020). SS was computed as 1000*1/SD2; and the S/PS was calculated as SS/SD1
(Naranjo-Orellana, de La Cruz Torres, et al., 2015; Navarro-Lomas et al., 2020).
SSis related to sympathetic activity (Naranjo-Orellana, de La Cruz Torres, et al,,

2015; Navarro-Lomas et al., 2020). S/PS Ratio has been proved as an indicator
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of autonomic balance (Naranjo-Orellana, de La Cruz Torres, et al, 2015;
Navarro-Lomas et al,, 2020). Also, in Figure 17 were included raw changes (i.e.,
without Napierian logarithm transformation) in other HRV parameters, in Time-
Domain [i.e., PNN50 (percentage of successive intervals that differ more than 50
ms; related to vagal activity)] and Frequency-Domain [i.e., high frequency (0.15-
0.40 Hz; an indicator of vagal activity (Shaffer & Ginsberg, 2017)), low frequency
(0.04 - 0.15 Hz; a measure of baroreflex activity (Shaffer & Ginsberg, 2017)) and
low/high frequency ratio (traditionally related to sympathovagal balance,
although its interpretation is not clear (Shaffer & Ginsberg, 2017))].

To remove the HRV dependence on heart rate, we calculated corrected HRV
parameters (Plaza-Florido et al.,, 2021; Plaza-Florido, Migueles, Sacha, et al.,
2019) (see Figure 18), based on three assumptions: (i) if HRV parameters were
negatively correlated with heart rate, the correction procedure consisted in
calculating ratios between HRV parameters and different powers of the mean
R-R interval; (ii) if HRV parameters were positively correlated with heart rate,
the correction procedure was performed by multiplying HRV parameters by the
adequate powers of mean R-R interval; and (iii) pre and post values of the
different HRV parameters were normalized with the same powers of mean R-R
intervals to calculate post-pre differences. We performed the next calculations:
Corrected SDNN = SDNN/MeanRR"?, Corrected RMSSD = RMSSD/MeanRR",
Corrected SS = SS*MeanRR!, Corrected S/PS Ratio = S/PS Ratio*MeanRR?”.

Anthropometric and body composition measures

The weight and height were measured using an electronic scale (model 799,
Electronic Column Scale, Hamburg, Germany). Lean mass and fat mass were
evaluated by dual-energy X-ray absorptiometry (Discovery Wi, Hologic, Inc,,
Bedford, MA, USA) following the manufacturer’'s recommendations. We also
calculated three indices of height-normalized body composition: BMI as body
weight/height? lean mass index (LMI), as lean mass/height? and fat mass index

(FMI), as fat mass/height? BMI, LMI, and FMI were expressed in kg/m?.
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Statistical analysis

We used the Shapiro-Wilk test, visual check of histograms, and Q-Q plots to
verify the distribution of all variables. The descriptive parameters were reported
as mean (standard deviation), except in non-normal variables (i.e., SS and S/PS
ratio) where median (interquartile range) were detailed. Non-normal variables
(i.e., SS and S/PS) were normalized using Napierian logarithm transformation.
Before the intervention program, we performed an analysis of variance (ANOVA)
to study baseline differences in heart rate, HRV parameters (i.e., SDNN, RMSSD,
SS and S/PS Ratio) and body composition variables (i.e., BMI, LMI, FMI) between
intervention groups. Analysis of covariance (ANCOVA) was employed to study
the effect of the different interventions on HRV parameters (i.e., SDNN, RMSSD,
SS and S/PS Ratio) controlling for the HRV parameters baseline values. In
supplementary material are shown the raw (i.e., not normalized using Napierian
logarithm) changes in HRV parameters, including SDNN, RMSSD, PNN50, high
frequency, low frequency, low/high frequency ratio, SS and S/PS ratio (figure
17); and also, the raw changes of corrected HRV parameters (SDNN, RMSSD, SS
and S/PS ratio; figure 18). F (level of variance), p (level of significance) and n?
(partial eta squared) were obtained from these analyses. All group-related
changes were additionally adjusted by sex and age. P values of less than 0.05
were accepted to indicate statistical significance. All analyses were performed
using the Statistical Package for Social Sciences (SPSS, v. 24.0, IBM SPSS
Statistics, IBM Corporation). The graphical presentations were prepared using

GraphPad Prism 7 (GraphPad Software, San Diego, CA, USA).
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Figure 14 shows the flowchart of the BEER-HIIT study. A total of 72 participants

(n=14 in N-T, n=15 in T-Water, n=15 in T-0.0Beer, n=13 in T-Beer and n=14 in T-

Ethanol) were included in the final analysis.
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Figure 14. Flow-chart diagram in the BEER-HIIT study. Abbreviations. BMI, body mass index; ECG,
electrocardiogram; N-T, non-training group; T-Beer, group that performed High-Intensity
Interval Training (HIIT) and consumed alcohol beer; T-0.0Beer, group that performed HIIT and
consumed non-alcoholic beer; T-Water, group that performed HIIT and consumed sparkling
water; T-Ethanol, group that performed HIIT and consumed sparkling water with alcohol added.

The baseline characteristics of all participants are described in Table 17. No

differences were observed in the baseline values among groups (all p>0.079).
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Table 17. Descriptive values segmented by intervention group in the BEER-HIIT study.

All (n=172) Non training (n =15) T-Water (n T-0.0 Beer (n=15) T-Beer (n=13) T-Ethanol (n=14) pValue
=15)

Age (years) 24.5 (6.2) 20.7 (3.0) 24.7 (6.6) 25.0 (6.5) 25.9 (6.1) 26.7 (6.97) 0.079
Sex (%)

Men 35 (48.6) 8 (53.3) 8 (53.3) 6 (40) 6 (46.1) 7 (50)

Women 37 (51.4) 7 (46.7) 7 (46.7) 9 (60) 7 (53.9) 7 (50)
Anthropometry and Body Composition

Weight (Kg) 68.6 (13.4) 62.7 (9.2) 69.4 (10.5) 71.5 (16.8) 70.0 (15.3) 69.7 (13.9) 0.431
Height (cm) 168.8 (8.4) 169.9 (9.6) 167.9 (7.4) 168.3 (10.7) 170.5 (5.6) 167.6 (8.1) 0.861
Body Mass Index (Kg/m?) 24.0 (3.7) 21.7 (2.0) 24.62 (3.3) 24.99 (3.7) 23.93 (4.2) 24.74 (4.2) 0.080
Lean Mass (Kg) 44.6 (9.7) 43.4 (7.7) 43.9 (8.0) 45.4 (11.9) 45.4 (1.3) 45.3 (10.4) 0.970
Lean Mass Index (Kg/m?) 15.2 (2.0) 14.9 (1.6) 15.49 (2.0) 15.79 (2.6) 15.49 (3.1) 15.97 (2.5) 0.802
Fat Mass Percentage (%) 30.0 (7.7) 26.1(8.1) 31.9 (7.8) 32.2 (5.4) 29.8 (8.1) 30.1(8.3) 0.198
Fat Mass Index (Kg/m?) 7.2 (3.3) 5.6 (2.1) 7.79 (2.6) 7.89 (1.8) 7.01 (2.5) 7.43 (2.8) 0.085
HR and HRV parameters

Heart Rate (bpm) 69.0 (10.6) 69.7 (11.5) 69.7 (11.6) 68.5 (10.4) 69.1(10.2) 67.9 (10.46) 0.990
SDNN (ms) 52.0 (22.9) 57.9 (24.4) 47.0 (27.9) 48.2 (18.9) 53.9 (16.6) 53.2 (25.81) 0.707
RMSSD (ms) 54.7 (29.8) 60.8 (30.9) 50.4 (34.0) 51.9 (24.9) 53.6 (19.9) 56.8 (38.12) 0.892
SS (ms) 17.5 (10.9) 15.1 (11.1) 22.6 (24.0) 17.8 (10.1) 17.0 (7.0) 17.1 (16.5) 0.169
S/PS Ratio 0.49 (0.79) 0.31(0.78) 0.84 (1.81) 0.48 (0.91) 0.55 (0.45) 0.52 (1.18) 0.125

Data are shown as means (standard deviation). Median (IQR: interquartile range) are presented for SS and S/PS Ratio because these variables presented non-
normal distribution. Abbreviations. %, percentage, HR; Heart Rate, HRV; Heart Rate Variability, bpm; beats per minute, SDNN; Standard Deviation of RR intervals,
ms; milliseconds, RMSSD; Square root of the mean squared differences between successive RR intervals, p Value, one-way ANOVA (to detect between-group
differences at baseline).
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Figure 15 shows changes in HRV parameters after the intervention study in the
five groups. No significant differences of changes in heart rate (F=0.239, p=0.915,
n?=0.014), SDNN (F=0.749, p=0.562, n?=0.043), RMSSD (F=1.067, p=0.380, n?=0.060),
Napierian logarithm of SS (F=0.704, p=0.592, n?=0.040) and Napierian logarithm
of S/PS Ratio (F=0.620, p=0.650, n?=0.036) were found after the intervention

program. The results persisted after including sex and age in the model.
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Figure 15. Changes in heart rate and heart rate variability parameters after the intervention study in the five groups in the BEER-HIIT study. Analysis of
covariance adjusting for baseline values, with post hoc Bonferroni-corrected t-test. Abbreviations. A differences between post and pretest, bpm; beats per
minute, SDNN; Standard Deviation of RR intervals, ms; milliseconds, RMSSD; Square root of the mean squared differences between successive RR intervals,

F, pand 77 of analysis of variance.
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Raw changes (i.e., not normalized using Napierian logarithm) in heart rate and

HRV parameters after the intervention study in the five groups can be shown in
Figure 17 (F ranges between 0.239 and 1.905; p ranges between 0.120 and 0.915;

and n? ranges between 0.014 and 0.105).
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Figure 16. Raw changes in heart rate (Panel A) and heart rate variability parameters (Panel B, C,
D, E, F, G, H and I) after the intervention study in the five groups. Analysis of covariance adjusting
for baseline values, with post hoc Bonferroni-corrected t-test. A pand 7 of analysis of variance,
Abbreviations: A; differences between post and pretest, %; percentage, bpm; beats per minute,
ms; milliseconds, ms? milliseconds square, PNN50; percentage of successive RR interval pairs
that differ more than 50 ms, RMSSD; Square root of the mean squared differences between
successive RR intervals, SDNN; Standard Deviation of RR intervals.
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Also, in Figure 18, are presented the changes in corrected HRV parameters,

with no significant changes in HRV parameters in the different groups (F

ranges between 0.588 and 2.383; p ranges between 0.061 and 0.673; and n?

ranges between 0.034 and 0.130).
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Figure 17. Raw changes in corrected heart rate variability parameters (Panel A, B, C and D)
after the intervention study in the five groups. Analysis of covariance adjusting for baseline
values, with post hoc Bonferroni-corrected t-test. £, p and 77 of analysis of variance.
Abbreviations: A Differences between post and pretest, %; percentage, bpm; beats per
minute, ms; milliseconds, ms? milliseconds square, RMSSD; Square root of the mean
squared differences between successive RR intervals, SDNN; Standard Deviation of RR

intervals.
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Discussion

This study shows that a 10-week HIIT did not affect HRV parameters in healthy
young adults. In addition, HRV parameters were not affected by the concurrent
daily intake of beer or ethanol in moderate amounts. Therefore, our findings
suggest that the type of HIIT performed could not be an adequate stimulus to
improve cardiac autonomic function at least in young healthy individuals.
Furthermore, a moderate and daily alcohol consumption, accompanying meals,
appears not to be an issue of concern affecting HRV parameters after a HIIT
program in healthy young adults.

We did not find any influence of a 10-week HIIT training program on HRV
parameters (i.e., SDNN, RMSSD, SS and S/PS Ratio). Methodological factors,
including HIIT modality or training frequency, may explain these results. While
endurance training seems to be an adequate stimulus to improve resting HRV
parameters (Abreu et al,, 2019; Boutcher et al., 2013; Grassler et al., 2021; Heydari
et al,, 2013), it has been reported that resistance training methodologies did not
affect resting HRV parameters in healthy young adults (Bhati et al, 2019,
Kingsley & Figueroa, 2016). We implemented a circuit based on eight weight-
bearing exercises. Hence, although this type of HIIT is a promising tool to
improve other health-related parameters (i.e., body composition and physical
fitness) (Molina-Hidalgo et al., 2019, 2020), it may not be an adequate stimulus
to affect cardiac autonomic function in young adults (Bhati et al., 2019; Kingsley
& Figueroa, 2016). Moreover, training frequency (i.e., 2 days/week) could not be
enough to affect HRV parameters in young adults. In this sense, a recent
systematic review (Grassler et al, 2021) propose that higher training
frequencies are more likely to improve HRV parameters in healthy young adults.
Lastly, as indicated in this systematic review, the most important reason may
lay on the fact that HIIT would not influence HRV parameters in a population who
already has a normal cardiac autonomic function, such as our study participants
(i.e., young adults without cardiometabolic diseases and a normal cardiac
autonomic function).

Our study suggests that HRV parameters are not altered by a moderate alcohol

intake during a 10-week HIIT intervention. In contrast a moderate alcohol intake
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has been related to negative effects on vagal-related HRV parameters when a
high alcohol intake is a chronic habit (Ralevski et al., 2019), but it has also been
reported increased vagal-related HRV parameters (i.e., high frequency) in young
habitual-drinkers’ adults (Quintana et al., 2013). These results, going in opposite
directions, neither concur with our findings, since vagal-related HRV
parameters (i.e., SDNN, RMSSD, pNN50 High Frequency) are not altered by
alcohol consumption during the exercise intervention. This discrepancy could be
related to the design of the studies (cross-sectional vs. a 10-weeks controlled
trial), in which we controlled the type and the amount of alcohol consumption.
Moreover, as we reported previously, healthy young adults usually show a
normal cardiac autonomic function (Kingsley & Figueroa, 2016), which may
protect HRV parameters of changes derived from alcohol intake particularly
when taken in moderate amounts as is the case in our study. Nevertheless,
although we do not find effects of moderate alcohol consumption on HRV
parameters during the training program, the use of alcohol should be carefully
managed and not recommended (Molina-Hidalgo et al., 2020).

The present study had some limitations. Firstly, the sample size could have been
insufficient to detect significant changes in HRV parameters among groups
because HRV was a secondary outcome in the BEER-HIIT controlled trial.
Secondly, our results should not be extrapolated to other populations since we
only included healthy young adults (i.e., 18-40 years old). Thirdly, Polar RS800CX
is not a gold standard for HRV assessment but has been proved as valid and
valid (Gamelin et al., 2008) and reliable (Vasconcellos et al, 2015) for HRV
measurement in adults (Williams et al., 2017). Also, we did not control
participants’ breathing to facilitate their resting status. Some studies reported
differences between paced and spontaneous breathing over HRV parameters
(Hill et al., 2009); however, a narrative review suggest that respiration frequency
minimally impact vagal-related HRV parameters (Plaza-Florido et al.,, 2021).
Finally, participants were not purely randomized (basically due to ethical
considerations), and given the organoleptic characteristics of the different types
of beverages, a double-blind design placebo-controlled for alcohol, was not

possible.
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Conclusion

Our study suggests that a 10-week HIIT, based on weight-bearing exercises in
circuit form, does not have an impact on HRV parameters in healthy young
adults. Also, these HRV parameters are not altered by beer or alcohol
consumption, in moderate amounts, during the HIIT program. Although we did
not find negative effects of moderate alcohol consumption in HRV parameters,
alcohol intake should be managed carefully and not advised. Future studies of
the alcohol effects on exercise interventions that affect HRV parameters are

required to elucidate their association.
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Limitaciones y Fortalezas

Limitaciones

Pese a los prometedores resultados obtenidos en la presente Tesis Doctoral, se

deben mencionar algunas limitaciones para su adecuada interpretacion:

1.

139

HRV no era la variable dependiente principal de ninguno de los estudios
empleados en esta tesis doctoral, no calculandose el tamafio de muestra
en funcion de esta variable. Por tanto, el estudio del efecto de los
diferentes programas de entrenamiento sobre HRV tiene una naturaleza
exploratoria, requiriendo futuros estudios que confirmen o no la
maghnitud de los resultados.

Los resultados no se deben extrapolar a otras poblaciones, ya que
Unicamente se incluyen adultos jovenes (18-65 afos de edad), y adultos
sedentarios de mediana edad (45-65 anos).

Los proyectos FIT-AGEING y BEER-HIIT fueron desarrollados en dos
periodos temporales diferentes (otofio vs. invierno). Kristal-Boneh y cols.
(2000) senala un coeficiente de variacion menor del 3% en SDNN, RMSSD
y PNN50 entre diferentes momentos del afo (invierno vs. verano). Sin
embargo, hasta donde alcanza nuestro conocimiento, no hay estudios que
investiguen la variacion de SD1, SD2, SS y Ratio S/PS en diferentes
estaciones del afio en poblacion de adultos sedentarios sanos.

Aunque aproximadamente un 75% de las mujeres participantes en el
estudio de intervencion FIT-AGEING eran postmenopausicas, en este
estudio no se determinaron hormonas relacionadas con el ciclo
menstrual. lgualmente, no se controld este apartado en el estudio BEER-
HIIT, lo que podria ser una variable con influencia en los resultados de
ambos estudios (Martins y cols. 2001; Bai y cols. 2009).

Pese a que el efecto de diferentes tipos de respiracion sobre HRV no esta
clara cientificamente hablando, algunos estudios han sugerido que los
parametros de HRV pueden verse afectados por una respiracion
controlada frente a una respiracion espontanea (Hill y cols. 2009; Plaza-

Florido y cols. 2021). Para facilitar el estatus de descanso de los
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participantes, se decidid no controlar su respiracion. Futuros estudios
son necesarios por tanto para comprobar si nuestros resultados se
replican con el control de la respiracion en la determinacion de HRV.
Para el registro de HRV se utiliz6 un Polar RS800CX (Polar Electro,
Kempele, Finland) que, aunque no es una herramienta considerada como
“gold-standard” en la determinacion de HRV, se puede considerar una
herramienta valida y fidedigna para determinar HRV en adultos (Williams
et al,, 2017).

En el estudio BEER-HIIT, los participantes no fueron aleatorizados de
forma total debido a consideraciones éticas. Ademas, dadas las
caracteristicas organolépticas de los diferentes tipos de bebidas, no fue
posible desarrollar un disefio doble ciego con control de placebo para el

alcohol.
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Fortalezas

Pese a las anteriormente mencionadas limitaciones, esta Tesis Doctoral

también posee fortalezas importantes:

1.
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Se valida, por primera vez, un indicador directo relacionado con la
actividad del SNS (SS) y una medida de la relacion entre la actividad del
SNS y el SNP (ratio S/PS) en adultos sedentarios sanos, mostrando
también la fiabilidad de ambas medidas.

Se establecen valores de referencia para SS y ratio S/PS para una
poblacion de adultos sedentarios de entre 18 y 65 afios de edad,
empleando para ello un método de inferencia estadistica adecuado a tal
funcion (intervalos de aceptacion).

Esta tesis doctoral se desarrolla comparando, por primera vez, el efecto
de 3 metodologias de entrenamiento sobre parametros de HRV en
adultos sedentarios sin patologias.

Las sesiones de entrenamiento son planificadas, desarrolladas y
supervisadas por profesionales cualificados (licenciatura o grado) en
Ciencias de la Actividad Fisica y el Deporte, generando ademas una gran
adherencia y participacion en los diferentes grupos de intervencion.

La metodologia de andlisis de HRV sigue las indicaciones establecidas
para tal funcién en la literatura cientifica, realizando el analisis por un
solo investigador entrenado para esta tarea (obteniendo valores de
coeficiente de correlacion intraclases y coeficientes de variacion
menores que si dicha tarea la afrontan dos investigadores diferentes),
obteniendo asi valores de HRV validos fiables y replicables. El citado
estudio, ademas, se realiza empleando datos obtenidos en el estudio FIT-

AGEING vy utilizados en la presente Tesis Doctoral.
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Conclusion y Perspectivas Futuras
Conclusion

La presente tesis doctoral pone de manifiesto la importancia del ejercicio fisico
en la mejora de HRV en adultos de mediana edad, una mejora que a su vez se
relaciona directamente con otros biomarcadores de salud tales como la
composicion corporal y el riesgo cardiometabdlico. Sin embargo, la realizacion
de un programa de entrenamiento HIIT basado en ejercicios con autocargas no

generd cambios en HRV en adultos jovenes.
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Perspectivas futuras

1.

SS y Ratio S/PS son variables estudiadas, por el momento, en adultos
sedentarios sanos jovenes y de mediana edad y en futbolistas
profesionales. Futuros estudios son necesarios para evaluar si estas
variables son adecuadas para el estudio de la actividad del SNS y SNP a
través de HRV en otras poblaciones.

Se deben establecer valores de referencia para SS y Ratio S/PS en otras
poblaciones, asi como promover la determinacion de dichos valores de
referencia en estas y otras variables empleando para ello los intervalos
de aceptacion utilizados en esta Tesis Doctoral

Se requieren futuras investigaciones similares a las que conforman esta
tesis doctoral con un tamaho de muestra calculado en base a los
parametros de HRV, buscando confirmar los hallazgos obtenidos en esta
Tesis Doctoral. Del mismo modo, seria de interés cientifico y clinico
investigar si la implementacion de otros programas de ejercicio fisico
produce adaptaciones similares o incluso superiores en términos de
HRV.
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