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“El talento solo es una parte del éxito; el resto es trabajo y sacrificio.”

Dusko Ivanovic

“Obstacles don’t have to stop you. If you run into a wall, don’t turn around and give up. Figure out how
to climb it, go through it, or work around it.”

Michael Jordan

“Tarde o temprano todas las piezas acaban encajando. Hasta entonces, riete de la confusion, vive el
momento y entiende que todo sucede por algo.”

Andnimo

”

“Las cosas buenas le esperan a quien insiste y resiste.

Leo Pavoni
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principio FITT; frecuencia, intensidad,

tiempo y tipo

factores de riesgo

factor de riesgo cardiovascular
lipoproteinas de alta densidad

entrenamiento intervalico de alta

intensidad

hipertension arterial
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indice de masa corporal
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intervalico de alta

intensidad y bajo volumen
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pre-intervencién
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tensidn arterial

tensidn arterial diastélica
tensidn arterial sistélica
riesgo cardiovascular
umbral ventilatorio 1

umbral ventilatorio 2

VO2max: cONsumo de oxigeno maximo

VOapico: CONsumMo de oxigeno pico
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HV-MICT:  high-volume
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IPAQ: International Physical

Questionnaire

LV-HIIT: low-volume high-intensity
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PA: physical activity

SBP:  systolic blood pressure

SD: standard deviation
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VOypeak: peak oxygen uptake
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Resumen

Objetivos: los objetivos principales de esta tesis doctoral fueron analizar en personas
fisicamente inactivas, con hipertension arterial primaria (HTA) y sobrepeso/obesidad: 1) la cantidad y
calidad del suefio mediante acelerometria, en funcién del sexo y la capacidad cardiorrespiratoria (CCR);
asi como valorar la asociacion de los parametros de suefio con la composicién corporal, tensidn arterial
(TA) y CCR; 2) los niveles de actividad fisica (AF) y comportamiento sedentario, tanto de manera objetiva
mediante acelerometria como subjetiva mediante el cuestionario internacional de AF (IPAQ), en
personas sanas y en personas con HTA; asi como valorar el efecto de una intervencién con ejercicio
fisico (EF) aerdbico en los parametros de suefio, comportamiento sedentario y AF en personas con HTA,
y la relacion entre la AF y comportamiento sedentario valorados objetiva y subjetivamente; y 3) los
efectos de diferentes programas de 16 semanas de EF aerdbico sobre la modulacidn cardiaca auténoma
y hemodindmica; asi como las posibles diferencias entre los diferentes programas de EF y sus efectos

sobre la frecuencia cardiaca (FC), la TA y variabilidad de la TA.

Métodos: 242 personas con HTA, sobrepeso u obesidad y fisicamente inactivas participaron en
el estudio EXERDIET-HTA. Fueron asignados/as a uno de los tres grupos de intervencién (16 semanas)
de EF aerdbico supervisado, o a un grupo atencién-control con recomendaciones de AF. Todos los
grupos siguieron una dieta hipocaldrica. Antes y después de la intervencidn, cada participante fue
valorado con pruebas que incluian mediciones antropomeétricas, de la TA, de la CCR y niveles de AF,
comportamiento sedentario y calidad de suefio. Ademas, se recluté una muestra de 30 personas sanas

(HEALTHY) para comparacion antes de la intervencion.

Resultados: 1) al analizar la calidad de suefio, la muestra EXERDIET-HTA mostré una duracién
del suefio corta (6,2 h) tanto en dias laborables como en fines de semana y una mala calidad del suefio
(<85% de eficiencia de suefio); no se observaron diferencias significativas en las variables de suefio entre
mujeres y hombres, ni entre los grupos de CCR. El patrén de suefio corto se asocié negativamente (p <
0,05) con la TA sistélica (TAS) media y nocturna (mmHg, B = - 0,2), y la eficiencia de suefio con la
circunferencia de la cintura (cm, B =- 0,08, p = 0,05). El grupo HEALTHY mostrd valores superiores de AF
moderada a vigorosa (p < 0.05) y una mejor calidad del suefio (p < 0.05) que el grupo con HTA, pero sin
diferencias en el comportamiento sedentario. 2) Después de la intervencion, los niveles de AF vy
comportamiento sedentario en el grupo HTA, valorados objetivamente mediante acelerometria, no
cambiaron, pero se observé un aumento de la AF y una disminucién del comportamiento sedentario (p
< 0,05) através de IPAQ en los grupos de EF supervisado. 3) Tras la intervencidn, las variables de FC, TAS
y TA diastdlica (TAD) en reposo y submaximas, junto con los valores de TAS y TAD diurnos y nocturnos,

disminuyeron (p <0,05) en todos los grupos sin diferencias entre ellos. Cuando se combinaron los grupos
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de EF supervisado, las TAS (p = 0,048) y TAD (p = 0,004) submaximas, el VOazpico (p = 0,014) y la FC de
reserva (p = 0,030) mejoraron significativamente en comparacién con el grupo atencidn-control. La

intervencidn no tuvo efectos significativos sobre la variabilidad de la PA.

Conclusiones: 1) el andlisis del suefio medido mediante acelerometria refuerza el conocimiento
de que los trastornos del suefio (la corta duracién del suefio y la mala eficiencia de suefio) se asocian
con TA alta y obesidad abdominal en personas fisicamente inactivas con sobrepeso/obesidad e HTA. El
patron de suefio no parecio estar relacionado con el nivel de CCR en esta poblacién. 2) Las diferencias
en los niveles de comportamiento sedentario y la AF a intensidad moderada-vigorosa podrian ser utiles
para definir el perfil de salud de una poblacidn. El programa de EF aerébico supervisado fue eficaz para
aumentar los niveles de AF, reducir el comportamiento sedentario y mejorar la calidad del suefio en
personas adultas con sobrepeso/obesidad y HTA. Los datos medidos con acelerometria e IPAQ no
fueron comparables, pero si complementarios. 3) Se observaron mejoras superiores en el sistema
nervioso autdonomo cuando el EF aerdbico se disefid y superviso individualmente, con efectos similares
en todos los grupos independientemente de la intensidad y el volumen del EF. El programa de EF
intervalico de alta intensidad y bajo volumen combinado con una dieta saludable deberia considerarse

como un mecanismo seguro y eficiente para reducir el riesgo cardiovascular en personas con HTA.
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Abstract

Objectives: the main objectives of this doctoral thesis were to analyze in physically inactive
participants with primary hypertension (HTN) and overweight/obesity: 1) the quantity and quality of
sleep by accelerometer, depending on sex and cardiorespiratory fitness (CRF); as well as assessing the
association of sleep parameters with body composition, blood pressure (BP) and CRF; 2) the physical
activity (PA) and sedentary behavior (SB) in HEALTHY and HTN groups, by objective (accelerometry) and
subjective (the international PA questionnaire, IPAQ) means, as well as assessing the effects of an
aerobic exercise training (ExT) intervention on PA, SB and sleep quality in HTN; and 3) the effects of
different 16 week aerobic ExT programs with diet on cardiac autonomic modulation and hemodynamics;
as well as the possible differences among ExT programs and their effects on heart rate (HR), BP, and BP

variability (BPV).

Methods: 242 individuals with HTN, overweight or obesity and physically inactive participated
in the EXERDIET-HTN study. They were assigned to one of the three ExT intervention groups, or an
attention control group with PA recommendations. All groups followed a hypocaloric diet. Before and
after the intervention, each participant was assessed with tests that included anthropometric
measurements, BP, CRF and PA, SB, and sleep quality. Further, a sample of 30 HEALTHY people was

recruited for comparison before the intervention.

Results: 1) Short sleep duration (6.2 h) both on weekdays and weekends, and poor sleep quality
(<85% of sleep efficiency) were observed in the EXERDIET-HTA sample; no significant differences in sleep
variables were observed between women and men, nor among CRF groups. The short sleeping pattern
was negatively associated (p < 0.05) with mean and night systolic BP (SBP) (mmHg, B = - 0.2), and sleep
efficiency with waist circumference (cm, B = - 0.08, p =0.05). The HEALTHY group showed more
moderate-to-vigorous PA (p < 0.05) and better sleep quality (p < 0.05) than the HTN group, but no
difference in SB. 2) After the intervention, HTN participants’ PA and SB, objectively measured by
accelerometry, were unchanged, but increased PA and decreased SB (p < 0.05) were observed through
IPAQ in ExT. 3) Following the intervention, resting and submaximal exercise HR, SBP, and diastolic BP
(DBP), along with diurnal and nocturnal SBP and DBP values decreased (p < 0.05) in all groups, with no
differences between groups. When the EXT groups were combined, submaximal SBP (p =0.048) and DBP
(p =0.004), VOzpeak (p =0.014) and HR reserve (p =0.030) were significantly improved compared with the

attention control group. The intervention did not have significant effects on BP variability.

Conclusions: 1) Actigraphy-based sleep analysis reinforces that sleep disorders, such as short

sleep duration and poor sleep quality, are associated with high BP and abdominal obesity in physically
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inactive adults with overweight/obesity and HTN. Sleep pattern did not appear to be related with CRF
level in this population. 2) The differences in moderate-to-vigorous PA and SB may be useful in defining
the health profile of a population. The supervised aerobic exercise program was effective in increasing
PA, reducing SB, and improving sleep quality in adults with HTN and in overweight/obesity.
Accelerometer-measured and self-reported data were not comparable, but complementary. 3) Bigger
improvements in the autonomic nervous system were seen when the aerobic ExT was individually
designed and supervised with pari passu effects irrespective of exercise intensity and volume. Low-
volume-HIT EXT combined with a healthy diet should be considered a time-efficient and safe

mechanism for reducing the cardiovascular risk in hypertensive individuals.
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1. INTRODUCCION / Introduction

Durante las ultimas décadas, han ido sucediéndose una serie de cambios en los habitos y estilos
de vida que han provocado cambios drasticos que han afectado al comportamiento y estilo de vida del
ser humano.'? La mecanizacién en los puestos de trabajo, la globalizacidon de la tecnologia, la falta de
tiempo y las mejoras en el transporte, son algunos de los aspectos que han llevado a la reduccion de la
actividad fisica (AF) diaria, a un aumento en el consumo de comida rapida con un elevado aporte
caldrico, y, sobre todo, al sedentarismo.? Hoy en dia el ser humano pasa ingentes cantidades de su
tiempo sentado.* Es por ello que, en la actualidad, seis de los siete principales factores de riesgo de
muerte prematura en Europa (i. e. sedentarismo, elevada tension arterial (TA), indice de masa corporal
(IMC) elevado, niveles inadecuados de colesterol, insuficiente ingesta de frutas y verduras y abuso de
alcohol) estan relacionados con el estilo de vida propio de nuestra sociedad actual.®> Asimismo, las
sociedades en vias de desarrollo se enfrentan a un entorno hostil caracterizado por cambios en los
habitos de vida, dirigidos fundamentalmente hacia el aumento del consumo de alimentos con alta
densidad caldrica, la disminucion de la AF diaria y el incremento del habito tabaquico.® Dado el bajo
gasto energético diario caracteristico de la vida moderna, parece bastante probable que las

consecuencias de la falta de AF empeoren.’

Estar sentado es el comportamiento sedentario mas comun de las personas adultas. Sin
embargo, es posible que todavia no hayamos llegado a nuestro maximo potencial de tiempo sentados,
lo que hace pensar en las posibles consecuencias nefastas futuras.® Actualmente, los costes derivados

de la inactividad fisica se han estimado en 8.200 millones de délares por afio.’

1.1. Sedentarismo e inactividad fisica

El comportamiento sedentario, o sedentarismo, se define como cualquier comportamiento de
vigilia caracterizado por un gasto energético inferior a 1,5 equivalentes metabdlicos (METs), realizado
mientras la persona esta sentada, reclinada o tumbada.’®!! En la actualidad existe gran evidencia que
muestra al sedentarismo como un factor de riesgo independiente en el desarrollo de multiples
problemas de salud y patologias.!? Se estima que el estilo de vida sedentario es el responsable de
aproximadamente un tercio de las muertes por enfermedades coronarias, cancer de colon y diabetes

mellitus tipo Il a nivel mundial.’

Ya en el aifio 2003, la Organizacion Mundial de la Salud informdé que los estilos de vida

caracterizados por el sedentarismo eran una de las diez causas principales de mortalidad y discapacidad
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en el mundo,®®y para el afio 2020 se previé que las enfermedades cardiovasculares (ECV) causarian 25
millones de muertes a nivel mundial.® En Espafia el porcentaje de poblacién sedentaria se sitia en un
47%, alcanzandose cifras superiores al 60% de la poblacién adulta, siendo uno de los cuatro paises mas
sedentarios de Europa.® Se estima que en gran parte de los paises occidentales la poblacién adulta pasa
buena parte del dia en comportamiento sedentario, llegdndose a acumular hasta medio dia en las

personas empleadas.'

El término sedentarismo suele llevar a confusion e intercambiarse de manera errénea con el
término inactividad fisica. La inactividad fisica, por su parte, se define como la incapacidad de una
persona para cumplir con el minimo de AF recomendado por las guias mundiales de salud publica para
personas adultas.>!® Estas guias estdn promoviendo realizar al menos 150-300 minutos de AF de
intensidad moderada a vigorosa a la semana, incluyendo la importancia del fortalecimiento muscular y
6seo realizado al menos dos dias a la semana.’® Estas pautas son conceptualmente similares a las
recomendaciones anteriores, pero proporcionan mas flexibilidad en la forma en la que la AF se acumula
durante la semana. Sin embargo, los beneficios provenientes de la cumplimentacion de dichas
recomendaciones actuales pueden llegar a perderse si la persona permanece las restantes 15 horas del
dia en comportamiento sedentario. Esto se debe a que las consecuencias de "estar demasiado tiempo
sentado" son diferentes de las de "realizar insuficiente AF".2 Por lo tanto, recientemente, se ha incidido
en alentar a las personas a romper los periodos de comportamiento sedentario, introduciendo en
tramos intermitentes sus actividades diarias no ejercitantes'™!® o de intensidad ligera.™>'’ Lo que nos

lleva a la necesidad de definir los términos del siguiente punto.

1.2. Actividad fisica y ejercicio fisico

Desde una perspectiva global se considera AF cualquier movimiento corporal producido por el
sistema musculo-esquelético que tenga como resultado un gasto energético superior a los valores
basales.'® La AF es necesaria para conseguir un nivel de condicidn fisica adecuada, que nos permita vivir
con el mayor grado de autonomia personal para afrontar la vida diaria y para ejercer un mayor control
sobre nuestra propia salud.'® El ejercicio fisico (EF), por su parte, se define como toda AF planeada,
estructurada, repetitiva y dirigida con el objetivo de mejorar o mantener uno o varios de los

componentes fisicos.®
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1.3. Suenoy su relacién con la salud

A pesar de los efectos saludables asociados al estilo de vida fisicamente activo, el sedentarismo
sigue en aumento y es un factor clave en la etiologia y progresidon de las enfermedades crdnicas,
cardiovasculares y metabdlicas, debido a que es un factor de riesgo independiente para el desarrollo de
los factores de riesgo cardiovascular (FRCV) como son la obesidad, la hipertensidn arterial (HTA) y la
diabetes mellitus;** que unidos a una baja capacidad cardiorrespiratoria (CCR), son un fuerte predictor
de la mortalidad.®” Por lo tanto, la comprension de los posibles factores de riesgo es parte integral de

la prevencién de la morbilidad y la mortalidad relacionada con los FRCV.?°

En los Ultimos afios ha crecido el interés por estudiar el efecto de las conductas sedentarias en
el desarrollo y la progresién de los FRCV y de la ECV desde una perspectiva diferente. No como ausencia
o escasez de AF, sino como un concepto independiente, de forma que pueden coexistir en una misma
persona altos niveles de AF y mucho tiempo invertido en conductas sedentarias.®* Este hecho refuerza
el mensaje acerca de las consecuencias perjudiciales para la salud de un excesivo tiempo en
comportamiento sedentario, independientemente de la cantidad de AF realizada,?* debido a que el

proceso sedentario genera una serie de cambios fisioldgicos en el organismo.

El suefio, por su parte, a pesar de ser la actividad en la cual pasamos mds tiempo durante nuestra
vida, concretamente pasamos durmiendo un tercio de la vida,?? suele ser la “variable olvidada”. Del
suefio y su calidad depende en gran medida nuestro rendimiento tanto fisico como mental. Durante el
tiempo que dedicamos a dormir, en nuestro organismo se producen multiples cambios fisioldgicos
encaminados a proporcionar mayor bienestar y recuperacion.? Cada vez son méas numerosas las areas
desde las que pueden establecerse interesantes conexiones entre el suefio y diferentes aspectos
relacionados con la salud. El bajo gasto energético diario caracteristico de las sociedades desarrolladas,
consecuencia de un mermado estilo de vida activo, lleva consigo una reduccion en el tiempo de suefio

y un descanso inadecuado.’

La falta de suefio es el factor contribuyente mas importante tanto en los accidentes de trafico y
laborales, como en la tasa de mortalidad por trastornos isquémicos, infarto de miocardio, HTA, cancer
y todas sus combinaciones.?* La Fundacién Americana del Suefio informa de una reduccién en la
duracién del suefio en los Gltimos 50 afios de 1,5 a 2 horas diarias®® y el 30% de los estadounidenses
manifiestan dormir menos de 6 horas por noche.?® La cuestidn de cudntas horas de suefio son realmente
necesarias para el bienestar de la persona ha sido bastante debatida desde hace varios afios. Algunos
autores recomiendan entre 7 y 8 horas de suefio para la salud o bienestar fisico y mental; mientras otros
enfatizan que cada persona debe satisfacer su cuota de suefio individual.?” A pesar de esta disparidad

de opiniones, investigaciones recientes parecen sugerir que el alejamiento de un patrén de suefio

47



Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

intermedio, que implique dormir unas 7-9 horas (Fig. 1), se asocia al padecimiento de consecuencias

negativas para la salud y el desarrollo de patologias.?®

Sueifio y mortalidad

2,4

2,2

1,8

1,6

Riesgo de mortalidad

1,4

1,2
1
4 5 6 7 8 9 10 11

horas de sueiio diarias

Figura 1. Tasas de mortalidad en funcidn de la duracién del suefio individual.?®

Otros autores, por el contrario, afirman que las personas se diferencian principalmente por la
calidad del suefio. De esta manera, hablamos de personas con patrén de suefio eficiente o de buena
calidad y de personas con suefio no eficiente o de pobre calidad.?® El parametro de eficiencia de suefio
hace referencia al tiempo dormido dividido por el tiempo pasado en cama y multiplicado por 100, e
idealmente debe aproximarse al 100%. Suele asumirse como una mala eficiencia de suefio, incluso

clinicamente significativamente, valores inferiores al 85%.3°

En los ultimos afios, ha habido un interés creciente en una posible asociacion entre los
trastornos del suefio y comorbilidades significativas, incluyendo trastornos del metabolismo de la
glucosa y la HTA.3! Dormir menos de 4 horas o mas de 8 horas aumenta el riesgo de muerte temprana
(Fig. 1). De hecho, dormir mas de 9 horas por noche es un factor de riesgo de desarrollo de cancer,
cardiopatias y accidentes cerebrovasculares.?! También se debe mencionar que no se sabe a ciencia
cierta la direccionalidad de dicha asociacion, es decir, si el cdncer, los problemas cardiacos, etc.
modifican los patrones de suefio o si una cantidad de suefio anormal es la que genera la patologia. En
cualquier caso, si queda claro que los patrones habituales de suefio pueden afectar de forma
independiente a la mortalidad.3? Varios estudios han informado sobre la asociacidn entre la duracién

del suefio (i. e., tanto demasiado larga como demasiado corta) y la mala salud, incluyendo las relaciones
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con la sensacion de bienestar mediante auto-informe, la morbilidad y la mortalidad, asi como con
patologias crénicas como la diabetes mellitus tipo 2, trastornos respiratorios, HTA y obesidad que
producen un aumento del riesgo cardiovascular (RCV).3 El suefio, por tanto, se podria considerar uno

|ll

de los factores a estudiar y valorar de la actual “pandemia” de HTA y obesidad que afecta a diversos

paises en todo el mundo.

1.4. Métodos de valoracion de la actividad fisica y del suefo

Existen multiples maneras de analizar los niveles de AF y sueio, pero la gran variabilidad en el
método de medicién entre estudios y entre los diferentes paises genera una gran dificultad de cara ala
comparacién de los resultados. Por ello, con el objetivo de reducir la variabilidad metodolégica y generar
una estandarizacion de cara a la mejor interpretacién de los datos, surgen los cuestionarios y los
monitores de medicidn de AF y sueiio. A pesar de pertenecer a metodologias diferentes, no son

excluyentes entre si.3*

1.4.1. Metodologia subjetiva

Los cuestionarios son una manera de analisis eficaz y vdlida de cara a la evaluacién de los
pardmetros de AF y sueio. Su facil cumplimentacidn, su escaso coste y la rapidez en la obtencién de los
resultados hacen de ellos una metodologia muy utilizada en investigacion.** No obstante, debido a que
la mayoria de dichos cuestionarios deben ser realizados de manera auto-administrada y auténoma por
la persona, pueden llegar a darse una serie de factores que hagan que la medicién no sea del todo fiable.
La falta de sinceridad total al responder suele ser el inconveniente principal a la hora de utilizar
cuestionarios, por lo que una combinacién con métodos de cuantificacidn objetiva se presenta como la

metodologia mas eficaz.

La cuantificacién de la AF es un aspecto tan complejo como importante debido a que es un
comportamiento consciente, aunque en muchas ocasiones si se realiza a una intensidad ligera puede

ser llevada a cabo de manera inconsciente, por lo que es necesario valorarla y cuantificarla con

precision. El cuestionario internacional de AF (IPAQ), del inglés “International Physical Activity
Questionnaire”, es una herramienta utilizada a nivel mundial, dirigida principalmente hacia el control e
investigacion de la AF.3%3 Es un instrumento disefiado principalmente para el andlisis de la cantidad de

AF que la poblacidn adulta percibe que realiza. El intervalo de edad en el que se debe aplicar esta
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herramienta comprende desde los 15 a los 69 afios, y se encuentra disponible en dos versiones: larga y

corta.

1.4.2. Metodologia objetiva

Las pruebas directas de mediciéon tanto de los niveles de AF diaria, medida mediante

IM

seguimiento GPS, como del sueiio, medida con polisomnografia, son consideradas el “gold standard” y
la opcidon mas precisa y exacta de valoracién. En cambio, su alto coste y la necesidad de instalaciones

y/o material especifico, hacen que en muchas ocasiones sean inalcanzables.

La introduccidn de los acelerémetros como método de cuantificacion objetiva ha permitido una
valoracién mas econdmica, y a su vez exacta, del tiempo sedentario, la AF y el suefio.3® La acelerometria
es un método aceptado y validado de cuantificacidn de la AF y sueiio diario para personas de cualquier
edad y capacidad fisica. Esta metodologia evita las limitaciones que surgen en la utilizacién de
metodologias subjetivas como los cuestionarios, ofreciendo una respuesta objetiva y menos invasiva.
También permite obtener informacién sobre la frecuencia, intensidad y duracion de la AF realizada
durante varios dias, mejorando asi la precisidn para calcular la intensidad de la AF y poder determinar
si se cumplen las pautas de AF, asi como examinar la relacién entre dicha AF y posibles efectos para la
salud.® También permite analizar el patrén de suefio, pudiendo determinar el nivel de eficiencia, tiempo
de suefio, numero de despertares, etc.”’ Los acelerdmetros resuelven la problematica de la subjetividad
y, ademas, tienen como ventajas su reducido tamafo, la facilidad de transporte y una minima
interferencia en la vida diaria. Adicionalmente, disponen de una alta capacidad de almacenamiento que

permite guardar una gran cantidad de datos (desde dias a semanas).**

Un acelerdmetro es un dispositivo que mide la fuerza de aceleracién (en la unidad “g”) en uno,
dos o tres ejes (i. e. X, Yy Z). Los acelerémetros triaxiales son los mas utilizados en la actualidad para la
medicion tanto de los niveles de AF como de la calidad del suefio. Para comprender el funcionamiento

de los acelerémetros es necesario conocer algunas de sus caracteristicas:

- Epochs: Los epochs hacen referencia al intervalo de tiempo en que el acelerémetro almacena la
informacién.*® El acelerémetro habitual almacena la magnitud de las aceleraciones a intervalos
de registro fijos (1 segundo, 4 segundos, 15 segundos o 60 segundos 0 mds).** Segun el tipo de
acelerémetro utilizado o de la poblacién a la que se quiera analizar, se recomienda una u otra
medida. Por ejemplo, en investigaciones realizadas con nifos y nifias, el epoch utilizado debe
ser de corta duracién,* y el mas empleado se encuentra en torno a los 5-15 s. Esta eleccién se

basa en la evidencia de que la AF de los nifios y nifias es predominantemente intermitente, por
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lo que un epoch mayor provocaria una pérdida significativa de datos.***® Por su parte, estudios
con alumnado de 3 a 9 afos han utilizado un epoch cercano a 5 s, debido a los numerosos
tramos breves de AF moderada a vigorosa que suceden a lo largo de un dia.*® En personas
adultas, el epoch recomendado y habitualmente utilizado para el andlisis en condiciones de vida

real son 60 5.

- Puntos de corte o “Cut Points”: La unidad que permite clasificar la AF de una persona se llama
“count”. Los puntos de corte creados a partir de una determinada cantidad de counts, reciben
el nombre de “Cut Points”. Estos puntos de corte permiten clasificar la AF en diferentes
intensidades (i. e., comportamiento sedentario, ligera, moderada y vigorosa).*® Estos puntos de
corte van a variar en funcion del tipo de poblacidn, siendo los valores numéricos muy diferentes
si se trata de personas adultas, jévenes y/o nifios/as; de la investigacién llevada a cabo, del lugar
de colocacion del acelerometro (mufieca, cadera, espalda, etc.) y del modelo del acelerémetro

entre otros.*”*°

No obstante, la acelerometria, que se encuentra en constante evolucién, presenta en la
actualidad una serie de limitaciones. Algunos autores han subrayado la imposibilidad de los
acelerometros para detectar y registrar las actividades no basadas en pasos o en impactos (como por
ejemplo las actividades acudticas o en bicicleta), dando como resultado una infraestimaciéon de la
cantidad de AF realizada.® Ademas, existe una falta de acuerdo sobre el lugar de colocacién del
acelerémetro, lo que deriva en diferencias entre estudios y hace que la interpretacion de los resultados
sea mas complicada.”® A pesar de todo, la acelerometria se presenta como la metodologia de analisis y

cuantificacion adecuada para el andlisis de los niveles de AF y la calidad del suefio.
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2. MARCO TEORICO / Theoretical framework

Las enfermedades cardiovasculares (ECV), asi como las posibles consecuencias de pasar
demasiado tiempo en comportamientos sedentarios o la calidad del suefo, se han convertido en un
area de creciente interés de investigacidon. Las ECV son la causa principal de mortalidad y morbilidad en
el mundo, provocando un enorme impacto en la calidad de vida y costos relacionados con el cuidado de
la salud.”>*? De manera general, las ECV se definen como una serie de desdrdenes del corazén y de los
vasos sanguineos, que se clasifican en: cardiopatia coronaria, enfermedad cerebrovascular, enfermedad
vascular periférica, insuficiencia cardiaca, cardiopatia reumatica, cardiopatia congénita,

miocardiopatias y ateroesclerosis.>

Los FRCV estén relacionados con el desarrollo de las ECV, teniendo una relacién causal con la
muerte prematura y los eventos cardiovasculares.®® El conocimiento de los FRCV en las ECV,
especialmente los factores de riesgo modificables, tales como el consumo de tabaco, el colesterol
elevado, la HTA, el sobrepeso u obesidad, la inactividad fisica o el suefio inadecuado es algo esencial y

podria contribuir a una reduccién en la incidencia de las ECV.>®

2.1. Hipertension arterial

La TA es la presion o fuerza que ejerce la sangre a su paso por las paredes de las arterias. La TA

se cuantifica con dos valores: TA sistdlica (TAS) y TA diastdlica (TAD), medidas en milimetros de mercurio
(mmHg). La TAS representa el pico de presidn que corresponde con la contraccién ventricular durante
la sistole, mientras que la TAD representa la presién durante la relajacién ventricular, la didstole.>® El
incremento de los valores de TAS y/o TAD mantenido en el tiempo, lo que se consideraria una elevacién
cronica de la TA, puede causar lesiones y enfermedades en distintos érganos. Este tipo de TA elevada

es lo que se conoce como HTA.>%%7

La HTA es una enfermedad crénica comun en humanos, siendo el principal factor de riesgo de
morbilidad y mortalidad a nivel mundial, afectando a mas de mil millones de personas en todo el
mundo®*® y causando 10,4 millones de muertes anualmente.>® Sus complicaciones, entre las cuales se
incluyen el accidente cerebrovascular, la enfermedad coronaria, la insuficiencia cardiaca y la
enfermedad renal, son las principales causas de morbilidad y mortalidad, con importantes

consecuencias para la salud publica.””

Dependiendo de las causas que la hayan originado, se pueden distinguir dos tipos de HTA:

primaria y secundaria. La HTA primaria o idiopatica se refiere a la no existencia de una causa obvia o
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identificable que haya promovido el desarrollo de la HTA.*® El 90% de las personas con HTA padece este
tipo con origen desconocido, mientras que el 10% restante responde a la denominada HTA secundaria.
La HTA secundaria puede ocurrir por distintas causas especificas: adenoma de Conn, enfermedad reno-
vascular, feocromocitoma, hipotiroidismo o hipertiroidismo, apnea obstructiva del suefio, acromegalia,
o consumo de drogas. Los casos de HTA secundaria, donde hay una causa identificable, suelen ser mds

abundantes en personas menores de 40 afios.>®

La HTA primaria se refiere a la mayoria de la poblacion con valores de TA elevados de forma
cronica, y definida con valores >140 mmHg para la TAS y/o >90 mmHg para la TAD.*’ En la poblacion
general, la prevalencia de HTA se encuentra alrededor del 30-45% en personas adultas, pero aumenta
rapidamente con la edad avanzada.® En Espafia concretamente, la HTA constituye un importante
problema de salud publica, debido a que su prevalencia es de aproximadamente un 35%,° llegando al
40% en edades medias y a mas del 60% en los mayores de 60 afos, afectando en total a unos diez
millones de personas adultas;® y siendo mas comun en el sexo masculino (49,9%) que en el femenino
(31,5%).%% A esta gran prevalencia se afiade el hecho de que se ha observado que con cada aumento de
20 mmHg en la TAS por encima de los valores normales, el riesgo de muerte por accidente

cerebrovascular, enfermedad cardiaca u otra enfermedad vascular se duplica.®®

El umbral de HTA definido anteriormente lo concretan los valores de TA sobre los que el
tratamiento puede reducir la evolucién de la enfermedad, generando asi unos limites de TAS y TAD
(Tabla 1) que definen la HTA.>” Basandose en la evidencia cientifica, se indica que estos valores de HTA

se pueden reducir a través de tratamientos diversos, tanto farmacoldgicos como no farmacoldgicos.®*%

Tabla 1. Definiciones y clasificacién de los valores de tensién arterial.>’

CATEGORIA TAS (mmHg) TAD (mmHg)
Optima <120 <80
Normal 120-129 80-84
Normal alta 130-139 85-89
Hipertensién grado 1 140-159 90-99
Hipertensién grado 2 160-179 100-109
Hipertensién grado 3 2180 2110
Hipertensiodn sistdlica aislada 2140 <90

TAS: tensidn arterial sistdlica; TAD: tension arterial diastélica. El grado de la
hipertensidn sistdlica aislada debe ser calificado (1, 2, 3) en funcién de los valores
de TAS de los limites indicados, siempre que los valores diastélicos sean <90
mmHg. Los grados 1, 2 y 3 corresponden a la clasificacién de hipertensién leve,
moderada y grave, respectivamente.
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Se prevé que la prevalencia de HTA y la necesidad de tratamiento farmacolégico continten
creciendo, ya que la edad media de la poblacidn es cada vez de mayor, con un nivel de comportamiento
sedentario cada vez mas elevado y, como consecuencia, mas obesa.’®®%” De hecho, segtin un andlisis
realizado sobre la tendencia de la carga que supone la HTA a nivel mundial, se estima que la poblacién
adulta con HTA pasaré del 26,4% registrado en el afio 2000, al 29,2% en 2025.% Con estas cifras, se
puede afirmar que la HTA es uno de los mayores problemas de salud publica.’” Afortunadamente, a
pesar de que la incidencia de la HTA primaria ha aumentado en las sociedades desarrolladas, es también
uno de los factores mas favorecidos por la practica de AF, logrando reducir dichos niveles

hipertensivos.5®

2.2. Sobrepeso / obesidad

El sobrepeso y la obesidad se definen como una acumulacidon anormal o excesiva de grasa y que,
en la gran mayoria de los casos, puede ser perjudicial para la salud.”®’! La obesidad surge como
resultado del desequilibrio entre el consumo y el aporte de energia.”? La proporcidon y cantidad de
macronutrientes ingeridos como energia, (i. e., carbohidratos, proteinas y grasas), estad destinada a
convertirse en energia y en elementos celulares o, por el contrario, cuando el consumo excede las

demandas requeridas por el organismo, a almacenarse en forma de grasa.”®

Un estilo de vida sedentario que origina un desequilibrio calérico excesivo y sostenido, conlleva
un aumento de la masa corporal.” El exceso de dicha masa corporal es un importante factor de riesgo
de mortalidad y morbilidad por enfermedades cardiovasculares, diabetes mellitus, canceres y trastornos
musculoesqueléticos, y causa casi tres millones de muertes anuales en todo el mundo.” El exceso de
masa corporal es la base fisiopatoldgica que subyace en los FRCV y es también un factor de riesgo

independiente para las ECV.”

La obesidad se define con mayor precision como la acumulacién anormal o excesiva de
adiposidad en la medida en que la salud puede verse afectada.”® La prevalencia media de la obesidad a
nivel mundial se ha estimado en aproximadamente el 10%, pudiendo variar del 2% hasta el 30%
dependiendo del pais.” Estimaciones recientes de la Organizacién Mundial de la Salud indican que, en
2016, mas de 1900 millones de personas adultas tenian sobrepeso y, de estas, mas de 650 millones eran
obesas. Ademas, se estimd que 340 millones de nifios, nifias y adolescentes entre 5 y 19 afios y 24
millones de nifios y nifias menores de 5 afios eran obesas o tenian sobrepeso.” La obesidad ya no es un
problema de salud publica limitado a los paises de altos ingresos, sino que el mundo en proceso de

desarrollo esta experimentando un aumento de las tasas de obesidad secundado por un proceso de
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urbanizacién que produce o acentla los cambios en la dieta y la adopcion de estilos de vida
sedentarios.’”® Si las tendencias actuales continGan, se prevé que la prevalencia global de obesidad

alcance el 18% en los hombres y supere el 21% en las mujeres para 2025.”’

El sobrepeso y la obesidad son generalmente reconocidos como uno de los principales
problemas de salud publica global que aumenta la morbilidad y reduce la esperanza de vida.”® Ademas,
la obesidad contribuye a una menor calidad de vida, ya que se ha correlacionado directamente con un

mayor dolor corporal, menor funcionamiento fisico y trastornos de salud mental.”

El indice de masa corporal (IMC) es un indicador simple de la relacién existente entre la masa
corporal y la talla de un individuo, que se utiliza frecuentemente para identificar el sobrepeso y la
obesidad en las personas adultas. Dicho indice se calcula dividiendo la masa corporal de una persona en
kilogramos por el cuadrado de su talla en metros (kg/m?). A pesar de su gran utilidad y aplicabilidad en
salud, se debe mencionar que el IMC posee una serie de limitaciones a tener en cuenta debido a que no
contempla la complexidn de la persona. Es decir, no describe adecuadamente la composicidn corporal,
debido a que no hace distinciones entre la distribucion tanto de la masa grasa como de la masa
muscular.®° Sabiendo que la grasa abdominal, especialmente la intraabdominal, y la grasa de la region
gluteo femoral pueden incluso tener un impacto mayor sobre la salud,® la combinacién del IMC junto
con el perimetro de cintura se presentan como una manera valida y fiable de medicidn en el ambito de

la salud.

Pese a las limitaciones mencionadas, la Organizacién Mundial de la Salud 7* clasifica como
sobrepeso los valores de IMC iguales o superiores a 25 kg/m?y como obesidad el IMC igual o mayor que

30 kg/m? (Tabla 2).

Tabla 2. Clasificacion de la Organizacién Mundial de la Salud
del sobrepeso y la obesidad con respecto al IMC.”*

IMC (kg/m?)
Masa corporal insuficiente <18,50
Normopeso 18,50 - 24,99
Sobrepeso 225,00
Grado | 25,00 - 27,49
Grado Il 27,50 - 29,99
Obesidad 230,00
Grado | 30,00 - 34,99
Grado Il 35,00 -39,99
Grado llI/Mérbida >40,00

IMC: indice de masa corporal.
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También tiene interés conocer el patrén de distribucion de la grasa corporal por su relacion con
el RCV.® Con esta finalidad se utiliza el indice cintura-cadera (ICC), que pone en relacidn el perimetro
de la cintura con respecto al perimetro de la cadera dividiendo uno con el otro, para asi determinar si
existe riesgo de contraer determinadas enfermedades asociadas a la obesidad.®3®* La deposicién
visceral intraabdominal del tejido adiposo que caracteriza la obesidad central es un contribuyente
importante al desarrollo de HTA, concentraciones elevadas de insulina en plasma vy resistencia a la
insulina, hiperglucemia e hiperlipidemia (i. e., sindrome metabdlico).®® El ICC es aceptado como un buen
indicador de la obesidad central, y a pesar de que no estdn claramente definidos los valores a partir de
los cuales se observa un aumento del RCV, estudios epidemiolégicos han propuesto como valores
delimitadores del riesgo >1 en los hombres y >0,85 en las mujeres (Tabla 3).8%%7 Se ha sugerido también
gue valores superiores al percentil 90 suponen un riesgo muy elevado para la salud, a pesar de que este
indice no permite diferenciar si se trata de una acumulacién perivisceral o subcutdnea.®® Ademas, se
recomienda medir el perimetro de cintura como indicador propio de grasa visceral y, de este modo,
obtener informacién adicional sobre la composicidn corporal y poder detectar cambios en la misma.?
De hecho, se estima que usando solo el IMC no se detecta la mitad de la poblacidon con exceso de masa
grasa.®® Aunque los umbrales de perimetro de cintura para valorar la obesidad varian seglin grupos
étnicos y, por tanto, es dificil de estandarizar,®” en algunos trabajos se ha observado que el riesgo de
obesidad central, complicaciones metabdlicas y RCV asociadas a la obesidad aumenta en los hombres a
partir de una circunferencia de la cintura 294 cm y en las mujeres 280 cm. Este riesgo esta muy

aumentado para los hombres a partir de valores >102 cm y en las mujeres >88 cm (Tabla 3).8¢

Tabla 3. Datos antropométricos para la evaluacion de la distribucidn de la grasa corporal .

Indicador Punto de corte Complicacién de RCV
Perimetro de cintura >94 cm (H); 80 cm (M) Aumentado

Perimetro de cintura >102 cm (H); 88 cm (M) Aumentado substancialmente
indice cintura-cadera >1,00 cm (H); 0,85 cm (M) Aumentado substancialmente

H: hombres; M: mujeres; RCV: riesgo cardiovascular.

Una evidencia cada vez mayor respalda la nocién de que la obesidad es un factor causal en el
desarrollo de la HTA.® Esto proporciona una visién general de los mecanismos fisiopatoldgicos
conocidos que vinculan el exceso de adiposidad con la TA elevada.?® Tristemente, la pérdida de masa
corporal es a menudo un objetivo dificil de alcanzar a pesar de sus conocidos beneficios tanto para la
propia HTA como para sus alteraciones metabdlicas asociadas.®® Por todo ello, el exceso de grasa se ha

convertido en una de las amenazas de salud publica mas importantes a las que se enfrentan las
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sociedades actuales en los paises desarrollados.’® Por su parte, la inactividad fisica y una inadecuada
alimentacién son los principales factores que provocan el desequilibrio energético y que conducen a la
acumulacién de tejido adiposo en el organismo.®>® Por ello, un tratamiento no farmacoldgico que
combine EF y dieta se presenta como un método no solo de atenuacién de dichos FRCV, sino también

de prevencion.

2.3. Capacidad cardiorrespiratoria

Otro parametro que se ve afectado por la inactividad fisica, el estilo de vida sedentario y los
FRCV es la CCR, definida como la capacidad que tienen los sistemas respiratorio y circulatorio de aportar
oxigeno al sistema musculo-esquelético durante un esfuerzo continuado.®>®® Existe gran evidencia
cientifica que establece una asociacion entre las personas con baja CCR o “fitness”, con el desarrollo de
la enfermedad arterial coronaria independientemente de su nivel de AF. Se ha observado que las
personas en baja forma fisica tienen el doble de riesgo de muerte, independientemente de su IMC.%%
En cambio, un aumento en dicha CCR se asocia con numerosas reducciones de los FRCV como la diabetes
mellitus, HTA, sobrepeso y el riesgo metabdlico.”® La condicién fisica es un indicador muy valioso para
hacer referencia al estado de salud de una persona,® ya que una mejora de la CCR, por pequefia que
esta sea, reduce notablemente el RCV.% La relacién es directamente proporcional, es decir, que el riesgo

resulta menor y se ve reducido cuanto mayor es la CCR.*

Los parametros de referencia, mas conocidos en investigacién como los “gold standard”, para
valorar la CCR, asi como para la prescripcion y disefio del EF son el consumo de oxigeno maximo (VO2max)
0 pico (VOuico); Y €l primer y segundo umbral ventilatorios (UV1 y UV2).91% Dichos parametros
conforman los descriptores fisioldgicos sobre el transporte y utilizacién de oxigeno en respuesta al EF.2%%
103 E| VO,max €5 el método de valoracién més utilizado para medir la CCR debido a su relacién inversa con

d,’%%y es por eso que la AF es tan importante. Para la mayoria de las personas,

varios pardmetros de salu
aumentos en la intensidad, la duracién y la frecuencia de la AF generan un aumento de la aptitud fisica
y la reduccién de varios FRCV (Figura 2). Por el contrario, se ha observado que después de tres semanas
de reposo absoluto o en cama, el VOzmax se ve disminuido un 25% en los hombres sanos.?’ Ademas de
eso, se ha observado que un aumento de 1 MET se asocia con una reduccion del riesgo de mortalidad
del 13% y una reduccién del riesgo de las ECV del 15%.1% También un aumento de 1 MET en la CCR se
corresponde con una reduccion del 18% en la mortalidad cardiovascular. Por si fuera poco, se ha

observado también que personas que realizaban 150 minutos por semana de AF de intensidad

moderada en su tiempo libre tenian un riesgo 14% menor de la enfermedad arterial coronaria en
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comparacién con aquellas que no reportaban dichos niveles de actividad,?® y aquellas que llevaban a

cabo 300 minutos o mds por semana de AF de intensidad moderada, tenian un riesgo 20% menor.1%®
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Figura 2. Beneficios y funciones preventivas del ejercicio fisico.?°

De este modo, la valoracidn de la CCR supone una informacién clinica importante en la
evaluacidn del RCV. Recientemente, se ha considerado como signo vital, ya que es un predictor fuerte
de mortalidad.’>'%” Resulta fundamental la valoracién de la CCR como punto de partida para la
evaluacidn y seguimiento del RCV, asi como para la programacién de intervenciones no farmacoldgicas

que combinen tratamiento dietético y EF.1%°7

2.4. Suefo

Durante el periodo de suefio debemos pasar por diferentes fases que contribuyen a que se
produzcan una serie de cambios a nivel cardiovascular, respiratorio, hormonal, renal, digestivo y en
general de todo el organismo, esenciales para un descanso adecuado y reparador.’%1% |3 primera de
las fases es la denominada fase NREM que se caracteriza por ser un suefio de ondas lentas en el que no
existen movimientos oculares rapidos. De esta fase NREM se pasa a las fases de suefio superficial 1y 2;
y a la de sueno profundo de ondas lentas. Finalmente, se encuentra la fase del suefio caracterizada por

los movimientos oculares rapidos o fase REM.10

Los cambios que suceden en el organismo durante el periodo de suefio corresponden

principalmente al sistema nervioso autonomo. Esto es debido a que, en términos generales, en el suefio
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predomina el tono parasimpatico, ya que esta presente en el suefio NREM que constituye el 80% de
todo el periodo de sueio nocturno. La fase REM Unicamente representa el 20%. Dicho predominio vagal
estd relacionado directamente con la funcién cardiovascular en la que se produce una regulacién de la
contracciéon cardiaca, coordinacion con la respiracion y otros eventos fisioldgicos que influyen en la

TA

Durante el suefio normal ocurre una disminucién de la TA en relacién con el estado de vigilia
(Tabla 4). Aunque arbitrariamente, se considera normal una disminucion del 10% al 20% en la media de
la TA nocturna, tanto sistélica como diastélica, en comparacidn con la TA media durante el dia. Por ello,
la falta o disminucidn de un descenso de la TA nocturna es un fuerte predictor independiente de RCV.
El estudio Ohasama observé que, de media, cada deficiencia del 5% en la disminuciéon normal de la TA

nocturna se asocié con un riesgo aproximadamente un 20% mayor de mortalidad.*?

Tabla 4. Valores de normalidad habitualmente aceptados
para la tensién arterial (TA).%

LIMITES DE NORMALIDAD

TECNICA TAS (mmHg) TAD (mmHg)
TA en consulta <140 <90
MAPA

Actividad <135 <85

Suefo <120 <70

24 horas <130 <80
AMPA <135 <85

AMPA: Auto Medicién de la Presidon Arterial; MAPA: Monitor
Ambulatorio de Presidn Arterial; TAS: tension arterial sistdlica; TAD:
tensidn arterial diastolica.

Las ECV estan asociadas bidireccionalmente con las alteraciones del suefio, ya que los trastornos
del suefio pueden alterar de manera importante el sistema cardiovascular, lo que lleva a un mayor
RCV.1% Desde un punto de vista epidemioldgico, se ha demostrado que una corta duracién del suefio se
asocia con el desarrollo de enfermedad arterial coronaria e infarto de miocardio, eventos
cerebrovasculares, diabetes y obesidad, después de ajustarse por factores de riesgo socioeconémicos,
demogréficos y comorbilidades.’® Otro trastorno del suefio es la apnea obstructiva de suefio. Su
prevalencia en la poblacidon adulta es de aproximadamente 24% en hombres y 9% en mujeres,
habiéndose duplicado con respecto a sus valores anteriores durante la Ultima década, e identificdandose
la obesidad como factor de riesgo importante.!'®> Ademas, las personas con ECV tienen una mayor
prevalencia de apnea de suefio, ya que el 30-80% de las personas con HTA la padecen.'** Por este

motivo, la Sociedad Europea de Hipertensidn recomienda encarecidamente el cribado de apnea de
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suefio para todos los pacientes con HTA resistente.’'® De este modo, las alteraciones producidas en el
control del sistema nervioso auténomo juegan un papel relevante. Debido al continuo aumento vy
descenso de estallidos simpaticos durante los episodios apnéicos, el control del sistema nervioso
parasimpatico se altera no solo durante la noche, sino también durante el dia.''® Este desajuste entre el
sistema nervioso simpatico y parasimpatico puede generar problemas de insomnio nocturno vy
somnolencia diurna, encontrandose una alta prevalencia de desarrollo de HTA en personas con
insomnio.?* Por ello, en personas con apnea obstructiva de suefio o patologias cardiovasculares
altamente asociadas al desarrollo de trastornos de suefio es recomendable la valoracién de los

pardmetros de insomnio y somnolencia citados anteriormente.

Debe sefalarse también que el sueio es un factor muy importante a tener en cuenta para el
buen funcionamiento inmunoldgico de la persona, debido a que durante el suefio se altera la secrecién
de diversas citocinas que influyen en la regulacidon inmunoldgica. La privacion de suefo da lugar a una
reduccion en la respuesta inmune y a un descenso en la secrecion de linfocitos. Ello puede ocasionar
una menor capacidad de defensa y un mayor riesgo de contraer infecciones o incluso de desarrollar

enfermedades.''’

Por ello, el suefo es sin duda un excelente indicador del estado de salud general, bienestar y
calidad de vida de la poblacidn. En cualquier caso, merece la pena tomarse en serio los déficits asociados
a los modelos que se desvian de los patrones normales de suefio, para asi prevenir las graves

consecuencias que se le asocian.”®

2.5. Sistema nervioso auténomo

El sistema nervioso auténomo esta constituido por un complejo conjunto de neuronas y vias
gue controlan el funcionamiento del organismo y tienen una inervacion generalizada en casi todos los
sistemas de érganos del cuerpo (i. e., el musculo cardiaco, el musculo liso, el sistema cardiovascular y
diversas glandulas endocrinas y exocrinas).'*®11° Su funcidn global consiste en mantener la situacién de
homeostasis del organismo y efectuar las respuestas de adaptacién ante cambios del medio ambiente
externo e interno.’® La regulacion de la TA, la frecuencia cardiaca (FC), las respuestas gastrointestinales
a los alimentos, la contraccidn de la vejiga urinaria, el enfoque de los ojos y la termorregulacidn son solo

algunas de las muchas funciones homeostéaticas reguladas por el sistema nervioso auténomo.1%11°

El sistema nervioso auténomo se compone de dos divisiones anatémica y funcionalmente
distintas, el sistema simpatico y el sistema parasimpatico.?° Ambos sistemas son tonicamente activos,

pudiendo aumentar y disminuir su actividad, proporcionando un grado de informacién nerviosa a un
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tejido determinado en todo momento. Como resultado, la actividad tisular puede potenciarse o
inhibirse.’?! Esta caracteristica del sistema nervioso auténomo mejora su capacidad para regular con
mayor precision la funcién de un tejido.'*® Muchos tejidos estan inervados por ambos sistemas, debido
a que el sistema simpatico y el sistema parasimpatico tienen efectos opuestos sobre un tejido dado. Es
decir, el aumento de la actividad de un sistema disminuye al mismo tiempo la actividad del otro,

generando como resultado un control rapido y preciso de la funcién de un tejido.1112°

Cada sistema es dominante bajo ciertas condiciones. El sistema simpdatico predomina durante
las reacciones de emergencia de "lucha o huida" y durante el EF.11%'20 E| efecto principal del sistema
simpatico en estas condiciones es preparar el cuerpo para una AF intensa, aumentando el flujo de
sangre oxigenada y rica en nutrientes a los tejidos que lo necesitan, en particular el misculo-esquelético
en funcionamiento. %12 Por su parte, el sistema parasimpatico predomina durante las condiciones de
reposo y tranquilidad. El efecto general del sistema parasimpatico en estas condiciones es conservar y

almacenar energia, y regular funciones corporales basicas como la digestion y la miccidn.%120

La gran mayoria de los vasos sanguineos estan fuertemente inervados por el sistema nervioso
simpatico.'?° El es el encargado de regular la TA y distribuir el flujo sanguineo a nivel global, en estrecha
cooperacion con los mecanismos locales para el ajuste entre la oferta y la demanda.?® Los mecanismos
centrales de control de la TA requieren sefiales aferentes sobre las que actuar. Estas se encuentran en
las dreas barorreceptivas, lugares donde las paredes arteriales son sensibles y se pueden estirar.!?! El
sistema simpatico se activa cuando la TA desciende y, de hecho, ocurre cuando la persona estd en una
condicidn de estado estable, en particular en la posicién de pie. Por su parte, en el EF se produce una
vasodilatacién de los vasos sanguineos, debido a una disminucién del tono vasoconstrictor simpatico,

que en condiciones de reposo restringira el flujo muscular.?

Por otro lado, el corazdén esta bajo la influencia del sistema nervioso simpatico y parasimpatico,
que se unen para influir en la FC y el rendimiento cardiaco.!’® Esto muestra que durante la mayor parte
del dia el corazon esta principalmente bajo control parasimpatico, mostrando una FC basal reducida y
una menor contractilidad principalmente auricular y ligeramente ventricular.??! Solo durante el EF

aumentard la actividad simpéatica dando como resultado una mayor FC.'?

Ademas, el sistema nervioso auténomo juega un papel importante en el metabolismo vy la
obesidad, asociado con una reduccidn relativa o absoluta de la actividad del sistema nervioso simpatico
en el componente termogénico.'?2 Personas con obesidad mostraron una actividad del sistema nervioso
simpatico significativamente menor frente a diversas perturbaciones fisioldgicas, como la exposicion al
frio, y la ingesta de alimentos. Por ello, el EF es considerado una herramienta eficaz para modificar la

actividad del sistema nervioso auténomo en personas con obesidad.??
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2.5.1. Variabilidad de la tensién arterial

La TA es un parametro cambiante que sigue la presencia de ritmos orgdnicos intrinsecos,
factores ambientales tanto fisicos como emocionales que actuan sobre la persona, y las diferencias
producidas por los periodos de actividad y reposo.'? La TA, al igual que ocurre con la FC, es una variable
que fluctia a lo largo de las 24 horas, habiéndose observado dicho fendmeno tanto en personas con
HTA como en personas normotensas. Si bien inicialmente se hizo especial énfasis en los cambios de la
TA en relacién con el dia y con la noche, se disponia de poca informacién acerca de los cambios de TA
que tienen lugar dentro de intervalos cortos de tiempo. En las Ultimas décadas el desarrollo de técnicas
gue permiten la medicion continua o periddica de la TA, tanto sistélica como diastdlica, ha evidenciado
que experimenta variaciones espontaneas en el periodo de 24 horas.*?* Un grado de variacion diurna y
postural en la TA es parte de los procesos circadianos y homeostaticos normales regulados por el

corazén y el cerebro.'? A esta variacién se la conoce con el nombre de variabilidad de la TA.

Fisiolégicamente, los baroceptores carotideos y adrticos actian como moduladores de las
variaciones agudas de la TA. Cuando en dichos barorreceptores disminuye la inervacion nerviosa, se
produce un incremento considerable de las oscilaciones de la TA. Las sefiales emitidas por éstos son
procesadas a nivel central y permiten la regulacién de la TA a través de las vias del sistema nervioso
auténomo.'?® La variabilidad de la TA representa un rasgo fisioldgico dindmico y caracteristico de la
funcién del sistema cardiovascular. Su rango es muy diferente entre las personas en base a las
respuestas del organismo a sus desafios y condiciones estresantes diarias, y también esta determinado
por la reactividad caracteristica de sus mecanismos de control cardiovascular.'® Por otro lado, durante
las dos ultimas décadas, esta variabilidad también ha sido reconocida como un factor de riesgo potencial
independiente, debido a que se ha demostrado que la variabilidad de la TA a largo plazo era un predictor
de accidentes cerebrovasculares y eventos coronarios en pacientes de alto riesgo.?” Asimismo, parece
estar relacionada con la lesién de érganos diana inducida por la HTA. La valoracion de la variabilidad de
la TA en personas que presentan lesidn orgdnica deberia ser una de las exploraciones habituales.!?®
Estas variaciones tienen su origen en cortos episodios presores y relajantes del tono vascular que les
confieren a los registros de TA el caracteristico aspecto de irregularidad, hecho que también se origina
de la diferencia entre los mayores valores diurnos y los menores nocturnos, la cual es de alrededor de

15 a 20 mmHg.1%

Las guias actuales de HTA? resaltan el riesgo asociado con la alta variabilidad de la TA, ya que
representa un factor de riesgo adicional para complicaciones cardiovasculares’*® y es un predictor

independiente de la incidencia de ECV**' y mortalidad.!?
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Pese a su condicion de cualidad asociada a la TA, la variabilidad de la TA es cuantificable y las
cifras que se obtengan podrian depender de la forma en que sea expresada. De manera general, la
variabililidad de la TA ha sido calculada sobre la base de la desviacion estandar (SD) de la TAS, TAD y TA
media en el periodo de 24 horas.'?® Este hecho ha permitido determinar que el valor promedio en el
que oscila la variabilidad de la TA es de alrededor del 10% del valor de TA media, con grandes diferencias
entre personas; y que la variabilidad de la TAS es mayor que la de la TAD.!** Se ha reportado ademds
que la fluctuacidon es mayor en personas con HTA que en normotensas. La forma mas sencilla de
medicion de la variabilidad de la TA y por ello la mas utilizada, es la obtenida mediante la SD de la TA
media. Este método ademas se caracteriza por su la facilidad de célculo, en el cual la medida de la
variabilidad global se puede realizar de forma absoluta (medida en mmHg), o de forma relativa como
indice o coeficiente de variacion (CV). La eleccidn entre ambas medidas es una disyuntiva que no ha sido
resuelta hasta ahora, utilizdndose indistintamente en los diferentes estudios.'3313> Indudablemente, la
conversion a coeficiente homogeneiza los resultados obtenidos y hace mas sencilla su comparacién

entre estudios.

2.5.2. Frecuencia cardiaca

La FC es un signo fisico facilmente detectable que puede considerarse como un indicador de la
adaptacién cardiaca a las necesidades metabdlicas en circunstancias de salud o enfermedad.*®%37 La FC
en reposo puede verse aumentada por un incremento de la temperatura, el miedo, la inmovilidad y el
riesgo cardiometabdlico, por lo que se ha considerado a la FC de reposo elevada como un epifenémeno
que representa un "mal acondicionamiento".?*® En la actualidad existe clara evidencia para considerar
la FC basal como un factor de riesgo modificable, y no solamente como un marcador de riesgo.'3%14°
Aungque parece dificil definir un umbral para una FC elevada anormal en reposo, es razonable suponer

qgue una FC en reposo entre 80 y 85 latidos por minuto (Ipm) deberia tomarse como una sefial de

alerta.’®

Se ha demostrado que una alta FC basal se asocia con una mayor mortalidad por cualquier causa
y ECV, para un amplio espectro de personas entre la poblacion general, incluidos pacientes con ECV
como HTA, infarto agudo de miocardio e insuficiencia cardiaca congestiva.®® En patologias como la
enfermedad pulmonar obstructiva crdnica, la hipertension pulmonar, la diabetes mellitus y el sindrome
de disfuncién multiorganico, una FC basal elevada se relaciona de forma directa e independiente con la
mortalidad.'® Asi pues, estudios en humanos y animales han demostrado una asociacidon prospectiva
entre el aumento de la FC de reposo v la incidencia de obesidad, sindrome metabolico*® o anomalias

metabdlicas como la resistencia a la insulina.’®® Distintos datos epidemiolégicos han confirmado que las
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personas con una FC en reposo superior a 83 Ipm tienen un riesgo significativamente mayor de muerte

cardiovascular.'®

En la HTA, en analisis de la FC se ha abordado con menos frecuencia. A pesar de ello, se ha
demostrado que una FC basal elevada aumenta el riesgo de desarrollar HTA en poblacidén normotensa,
ademads de ser uno de los predictores mas potentes de la progresion acelerada de la rigidez arterial.*3®
En personas con HTA, se ha observado que aquellas con una FC basal superior a 85 Ipm tenian un 60%
mayor posibilidades de desarrollar HTA,'* o el doble de posibilidades.* En otro estudio encontraron
gue aquellas personas cuya FC basal aumentd al menos 5 lpm entre dos visitas clinicas tenian un 51%

m4s de riesgo de mortalidad por cualquier causa.®

Por lo tanto, el aumento de la FC puede reflejar un desequilibrio entre el aumento del tono
simpético y la disminucidn del tono vagal.®®® Todo ello indica que un aumento en el impulso simpatico
inducido por el estilo de vida puede promover cambios cardiometabdlicos; incluso se ha observado que
una FC basal elevada se asocia con un elevado dafio a los 6rganos diana.'* Por ello, la reduccién de una
FC basal elevada durante las 24 h del dia se presenta como una medida urgente a tomar, puesto que
una reduccién se asocia con una mejora de la funcidn endotelial y vascular, asi como otras afecciones

no cardiacas que también pueden verse beneficiadas.!3¢137

Por otro lado, la FC maxima, también llamada FC pico en el ambito de la salud, es uno de los
valores mas utilizados tanto en fisiologia, como en medicina clinica.*® La FC maxima es el valor més
elevado que una persona sometida a un esfuerzo maximo puede alcanzar, hasta llegar al punto de la
extenuacion fisica. También es una variable fisioldgica importante para evaluar la capacidad aerdbica
maxima en una prueba de esfuerzo.'* Por su parte, se denomina FC subméaxima al valor de FC que se
obtiene en las diferentes intensidades de EF entre la FC de reposo y la FC maxima, o en un determinado
minuto de una prueba de esfuerzo, o de un test de EF. Al igual que sucede con la FC de reposo, la practica
de EF también favorecerd una FC submaxima reducida para una misma intensidad de ejercicio debido a
una mejor eficiencia cardiaca como consecuencia del aumento del volumen sistdlico en cada latido, las
adaptaciones estructurales del corazén (i. e., dilatacién de las cavidades e hipertrofia), asi como una

mejoria de la irrigacién sanguinea del miocardio.'?®

Pero no es Unicamente importante analizar la capacidad del corazén durante el esfuerzo, sino
también al relajarse. Una respuesta de la FC maxima atenuada en una prueba de esfuerzo y/o una
recuperacion de la FC mas lenta inmediatamente después del EF se asocian con un mayor riesgo de
morbilidad y mortalidad cardiovascular en poblaciones con o y sin enfermedad crénica.'*® Ambos
pardmetros estan influenciados en gran medida por la CCR, la capacidad del sistema musculoesquelético

y la actividad del sistema nervioso auténomo. La recuperacion de la FC después del EF se ha promovido
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como un indice especifico de actividad vagal con importantes implicaciones clinicas.'*® Ademas, se ha
demostrado que una disminucion tardia de la FC durante el primer minuto después del cese del EF es
un poderoso predictor de mortalidad.' Sin embargo, la recuperacién de la FC después del EF no se ha

convertido en una medida establecida para el control de la actividad parasimpatica.

La FC de reserva, (calculada como FC méxima - FC reposo), es un claro indicador del estado de
forma de la persona y se ha mostrado también como un fuerte predictor de mortalidad por ECV, sobre
todo en hombres jévenes.'®® Asi, una alta FC en reposo, junto con una FC de reserva reducida se conoce
como un indicador de mala salud y condicidn fisica, relacionada con la regulacidon negativa del tono
parasimpatico. Por ello, esta activaciéon parasimpatica puede ser trabajada y mejorada mediante un
aumento del nivel de AF, utilizando el EF como tratamiento no farmacoldgico.***° Sin embargo,
sabemos del bajo cumplimiento de las personas con HTA o con sobrepeso con las medidas no
farmacoldgicas, por lo que un programa de EF personalizado y supervisado parece la solucion mas

adecuada.

El mejor método para la obtencién de valores reales tanto de FC como de TA, en situaciones
cotidianas y sin afeccion para la persona, es la monitorizacion ambulatoria de la presion arterial (MAPA)
medida al menos diez veces durante un periodo de 24h.3° E| MAPA permite obtener los valores de TA
y FC tanto diurnos como nocturnos. Hasta hace pocos afios se utilizaban unicamente los datos diurnos
del paciente, pero un andlisis reciente mostré que la FC nocturna era un mejor predictor de eventos
cardiovasculares que la FC diurna,! a pesar de que otros autores afirman no haber encontrado dicha

asociacion.®

2.6. Tratamiento no farmacoldgico

La base del tratamiento para la HTA y el sobrepeso u obesidad surge de una modificacién del
estilo de vida dirigida principalmente a la restriccion caldrica por medio del control de la alimentacion y
al aumento del nivel de AF, reduciendo el nivel de sedentarismo.?®*'>® Gran cantidad de literatura
cientifica describe la relacién existente entre TA elevada y los habitos y estilo de vida.*” Las medidas de
estilo de vida deben instaurarse en todas las personas con HTA con el objetivo de reducir la TA, controlar
otros factores de riesgo y trastornos clinicos,*> asi como reducir el nimero de dosis de farmacos que
se consumen o se tendrian que consumir.>”®® Entre los multiples factores del estilo de vida que se
asocian con la etiologia o el tratamiento no farmacoldgico de la HTA, asi como del sobrepeso y la
obesidad, destacan el EF y la alimentacién saludable a través de un modelo de dieta especifico para

dichas patologias.
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2.6.1. Tratamiento mediante ejercicio fisico

Se ha observado que en poblacion con HTA, un aumento en el nivel de AF produce una

I 65 155,156
’

disminucién de los valores de TA y masa corporal,® variables que estan altamente relacionadas.
Un meta-analisis de ensayos controlados aleatorios ha demostrado que el entrenamiento de resistencia
aerdbica reduce la TAS y la TAD en reposo 3,0 y 2,4 mmHg, respectivamente, llegando hasta 6,9 y 4,9
mmHg en participantes con HTA.»*” Se ha demostrado que incluso la AF regular de menor intensidad y
duracidén se asocia con una disminucidn del 20% en la mortalidad.’®” Ademds, se ha observado que
independientemente de la pérdida de masa corporal, las personas con obesidad abdominal o sindrome

metabdlico que son fisicamente muy activas tienen una reduccién del 50% en el riesgo de desarrollo de

ECV en comparacién con personas sedentarias.”®

Asimismo, la AF aerdbica regular puede ser beneficiosa tanto para la prevencién y el
tratamiento de la HTA como para la reduccién del RCV y la mortalidad.®® Este hecho es por todos

57,158

conocido, hasta el punto de que todas las organizaciones tanto nacionales como internacionales y

las guias actuales!®1>9:160

promueven la AF diaria y la practica de EF como una herramienta no
farmacoldgica esencial para la prevencion y el tratamiento de numerosas enfermedades, entre las que
destacan la HTA primaria y la obesidad; asi como para reducir el RCV y la mortalidad, induciendo mejoras

sustanciales en la salud fisica y mental 85161

Para el tratamiento del sobrepeso y la obesidad, la dosis de EF recomendada no varia en exceso
de unas guias a otras,'®? y se asemeja a las recomendaciones generales establecidas para la prevencidn
de ECV.>* La combinacién de EF y dieta, segun la evidencia cientifica, es el mejor aliado de la pérdida de
masa corporal, siendo la AF el mejor mecanismo para el mantenimiento de dicha pérdida a lo largo del
tiempo,'*? como consecuencia de un aumento de la oxidacidn de las grasas, predominantemente de la
franja central del abdomen,*>? asi como para el mantenimiento y/o el aumento de la masa muscular.1*
165 Una correcta prescripcion por parte del personal médico y un disefio adecuado del programa de EF

por parte de educadores fisico-deportivos constituye el encuadre éptimo y fundamental para la

poblacién obesa.

A continuacién se muestra desglosada la dosis de EF dptima recomendada en base al principio
FITT (i. e., frecuencia, intensidad, tiempo y tipo) en la HTA, y de este modo, poder disefar las sesiones

de entrenamiento de una forma sistematica, progresiva e individualizada.
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Frecuencia

Se define como frecuencia, al nimero de sesiones de EF a realizar por semana.!® Todas las guias

y organizaciones!8160

recomiendan hacer EF el mayor nimero de dias posibles a la semana,
preferiblemente todos los dias, ya que los valores de TA disminuyen los dias en los que se practica EF
en comparacién con los dias en los que no. Esta disminucion en la TA es una respuesta fisioldgica
conocida como hipotensién post-ejercicio, surte efecto con tan solo una sesién de EF aerdbico,”168 y
consiste en una reduccion inmediata de la TA de 5-7 mmHg en personas con HTA.'®® Una vez cesa el
estimulo de entrenamiento, el efecto anti-hipertensivo del EF aerébico es inmediato, produciendo una
disminucién en la TAS y la TAD que se puede llegar a mantener durante mds de diez horas por debajo

de los valores pre-ejercicio.®

Ademas de la hipotensidn post-ejercicio, otra razdn para la realizacién de EF el mayor nimero
de dias posibles es la estrecha relacidn de la HTA con el sobrepeso u obesidad. Por ello, un alto nimero
de dias de entrenamiento, o en su defecto, de gran cantidad de minutos a la semana de EF, es lo
necesario para lograr el gasto caldrico requerido para la pérdida inicial de masa corporal y su posterior

mantenimiento en el tiempo.1’°

Intensidad

La intensidad se define como el grado de esfuerzo al que se realiza la actividad.’®® Numerosas

instituciones®”1>81%°

avalan y respaldan que la realizacidn de EF aerdbico a intensidad moderada-
vigorosa con una duracién de 20-40 minutos reduce sistemdaticamente la TAS y la TAD en personas

adultas con HTA.*®°

El EF de intensidad moderada-vigorosa en poblaciéon con HTA puede realizarse de multiples
maneras, pero por lo general se suelen utilizar dos métodos: continuo e intervalico. El entrenamiento
aerdbico continuo se refiere a cuando la persona es capaz de llevar a cabo un EF aerdbico durante un
periodo de tiempo determinado de forma continua a una intensidad constante. En cambio, el
entrenamiento aerdbico intervalico consiste en alternar periodos intensos de EF aerdbico con periodos
de recuperacion activos de intensidad ligera-moderada o, en su defecto, pasivos.?’* La proporcidn en el
intercambio entre alta intensidad y/o intensidad ligera-moderada es la base del disefio del EF
intervdlico. De este modo, se pueden disefar entrenamiento intervalico de baja intensidad (low
intensity interval training, LIIT) y entrenamiento intervalico de alta intensidad (high intensity interval

171

training, HIIT).
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Los programas HIIT presentan un rango de intensidad superior al que se obtiene en los
programas LIIT, puesto que se intercalan periodos de alta intensidad con recuperaciones a intensidad
moderada.'’* Los programas LIIT por su parte, funcionan igual que el HIIT, aunque con un nivel de carga
inferior. En definitiva, también se llevan a cabo diversos intervalos intercalando intensidades de carga
mayor y menor, aunque en el LIIT, la intensidad alta siempre se mantiene en un rango moderado.”? En
personas mayores o desacondicionadas fisicamente que retoman la practica deportiva se recomienda
comenzar con un entrenamiento LIIT, para en posteriores sesiones hacer HIIT, debido al menor nivel de

estrés fisiolégico al que se somete al organismo.”

Por lo tanto, el EF aerdbico de intensidad moderada-vigorosa resulta beneficioso en poblacién
hipertensa, y los protocolos HIIT, en comparacién con el EF de intensidad moderada y mayor duracidn,
son una estrategia interesante y eficiente, ya que han demostrado que “menos puede ser mas” al

producir mejoras tanto en poblaciones sanas como en individuos con HTA primaria y ECV,107/150,174-176

Por otra parte, en los ultimos afios ha aumentado el interés y la relevancia de la AF “no
ejercitante” de intensidad ligera.>”’7 Asimismo, se ha observado que la AF regular de baja intensidad
se asocia con una reduccion del 14-20% de la mortalidad por cualquier causa,?'’® debido a su asociacién
directa con una reduccion en el tiempo de comportamiento sedentario.'’® También se ha observado
que aquellas personas que realizan al menos 15 minutos al dia de AF de intensidad ligera tienen una
reduccion del 10% en el riesgo de muerte por cancer y un aumento en la esperanza de vidade 2,5a 3,1
afios.'® De este modo, tampoco podemos olvidar un pardmetro que en muchas ocasiones no se
contabiliza y puede ser clave para la disminucién de la masa grasa; el NEAT, del inglés Non-Exercise
Activity Thermogenesis. EIl NEAT hace referencia a la energia que gastamos en todo lo que hacemos que
no sea dormir, comer o hacer EF programado.® Engloba todas aquellas acciones mds o menos
rutinarias que no se consideran actividades deportivas per sé, pese a que requieren de un esfuerzo fisico
para su realizacidon.’®! Por consiguiente, todas aquellas actividades fisicas de intensidad ligera
condicionan nuestro NEAT diario e inducen cambios en el equilibrio energético, el cual puede ser

importante en la fisiologia del cambio de masa corporal®®® y reduccién de la obesidad.®

Tiempo

Por tiempo se entiende la duracién o volumen de cada sesién de ejercicio.'® Todas las guias®®®
160 recomiendan como normal general realizar al menos 30 minutos de EF al dia como tratamiento no
farmacoldgico esencial para la prevencion y el tratamiento de la HTA y la obesidad. Al igual que con la
frecuencia, existe unanimidad entre las organizaciones profesionales sobre la duracién minima, que

debe alcanzar unos valores de 150-300 minutos por semana; una cantidad que es equiparable a las

69



Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

recomendaciones para la poblacidn general.*>'7° Asimismo, hasta hace muy pocos afios, las guias
recomendaban realizar la AF en bloques de al menos 10 minutos de duracidén para que tuviera efectos
beneficiosos y observables en la salud. Sin embargo, se ha observado que no necesariamente tiene que
ser acumulada en bloques de esa duracidn, y que incluso actividades con una duracién inferior producen
mejoras significativas en la TA, composicidn corporal, perfil lipidico y control glucémico, entre otras.!8
Este hecho resulta de gran importancia para la salud publica porque sugiere un cambio de paradigmay
demuestra que realizar AF, independientemente de la duracién, puede tener efectos beneficiosos para

la salud.*®

Este cambio, resulta de particular importancia para las personas que no pueden participar en
sesiones de AF debido a que la duracion es excesiva para ellos, o incluso para aquellos que buscan la
excusa de la falta de tiempo para no ejercitarse, abriendo la posibilidad de ejercitarse en varios
momentos y situaciones del dia. También da soporte a las iniciativas de salud publica que abogan por
conductas de AF que probablemente no requieran 10 minutos, como subir un tramo de escaleras o
estacionar el automdvil en un lugar mas alejado del destino. Esto puede sugerir la necesidad de un
cambio de paradigma contemporaneo en las recomendaciones de salud publica para la AF, que fomente
la participacion en actividades de intensidad moderada-vigorosa como un comportamiento de estilo de
vida importante para mejorar la salud, con beneficios potenciales que se obtienen independientemente

de la duracién.®®

En definitiva, hay suficiente evidencia que afirma que el EF aerdbico realizado de forma
continua en una sola sesién o acumulando en series mas cortas durante todo el dia tiene un efecto

hipotensivo similar en adultos con HTA. 28

Tipo

Por tipo se entiende la modalidad o el patrén de entrenamiento ejecutado.'®® Existe un amplio
consenso respaldado por una fuerte evidencia cientifica de que el EF aerdbico debe prescribirse como
el tipo de EF principal para la prevencion, el tratamiento y el control de la HTA y la obesidad.>” A pesar
de todo, las nuevas guias y sus actualizaciones, introducen la realizacién de al menos dos dias a la
semana de entrenamiento de fuerza y de flexibilidad como complemento del entrenamiento
aerdbico.’>>7158 E| entrenamiento de fuerza no disminuye la masa corporal, pero produce cambios en
la composicidn corporal, aumentando la masa muscular y disminuyendo la masa grasa.® A pesar de la

escasez de evidencia cientifica sobre los beneficios del entrenamiento de fuerza en poblacién

5 6

hipertensa, si se ha visto que tanto en poblacién sana,'®® como en mujeres mayores®® o con TA

185,187

elevada, que el entrenamiento de fuerza ayuda a disminuir los valores de TA.
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2.6.2. Tratamiento dietético

La reduccidn caldrica es el componente mds importante para lograr la pérdida de masa corporal,
mientras que un estilo de vida fisicamente activo con niveles de AF sostenidos en el tiempo es
particularmente importante en el mantenimiento de la pérdida de masa corporal.1®® La pérdida de
masa corporal depende principalmente de la reduccidn de la ingesta caldrica total, no de las
proporciones de hidratos de carbono, grasas y proteinas en la dieta.’®®!8 La distribucién de los
macronutrientes serd determinada por el nutricionista de acuerdo con la situacién clinica de la
persona,®” y puede variar de acuerdo con el perfil metabdlico de la persona y/o de los FRCV que

presente.

La calidad y la composicion de la alimentacién es un factor de riesgo modificable que tiene
efectos contrastados en la prevencidon de la ECV y la mortalidad. La modificacion de los habitos
dietéticos y la adherencia a un patrén dietético saludable es particularmente importante en personas
de edad media consideradas de alto riesgo.’®® En las dos Ultimas décadas, distintos trabajos han
mostrado la eficacia de la adherencia al patrdn dietético conocido como dieta DASH (del inglés, Dietary
Approaches to Stop Hypertension, “Estrategias dietéticas para frenar la hipertension arterial”) en la
reduccion de la TA, la mejora del estado de salud y la calidad de vida, la prevencion de la ECV, el
sindrome metabdlico, la diabetes mellitus y la mortalidad por todas las causas en distintas
poblaciones.!8% Ademas, diferentes estudios han mostrado que la combinacidn de dieta DASH con

reduccién del aporte de sodio es el tratamiento dietético mds efectivo para reducir la TA.*°

2.7. Whatis known and what remains to be known on this topic?

Physical activity (PA), sedentary behavior (SB), sleep quality, and cardiorespiratory fitness (CRF)
are indicators of a person's state of health; and a high presence of some and absence of others are
associated with an increased risk of a cardiovascular event. During the last decades, PA and SB have
gained importance and have been introduced as an important aspect of global guidelines.>”*>® Both
have been studied and assessed separately in numerous populations, including healthy individuals and

others with diverse pathologies, but never together.

Sleep is a fundamental and necessary biological function for the proper functioning of the body,
due to the existence of a close interrelation between sleep processes and the physical and psychological
state of health.?”2® However, sleep is usually the "forgotten variable" in our equation. When a person

does not get enough sleep (i.e., sleep deprivation), an imbalance occurs in the body that affects
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performance, ability to think clearly, reaction time, regeneration, and physiological recovery; sleep

deprivation even induces the development of certain pathologies.

Nevertheless, the lack of sufficient scientific evidence in aspects related to the adequate design
of the exercise programme, and the little existing evidence in other aspects such as sleep quality in both
the general population and in overweight/obese hypertensive population, highlight the need for this
doctoral thesis. As many aspects of exercise training and sleep behaviour remain discordant today, this
work can shed some light and can be used as a starting point for future research in this type of
population, as well as providing a framework for comparison with other study populations elsewhere.
Currently, no research has determined the effects of different exercise intensities and volumes
combined with a hypocaloric diet intervention and sleep quality analysis in overweight/obese,

sedentary adults diagnosed with HTN.

Finally, the autonomic nervous system is of great importance in the control and the overall
functioning of the organism.'12! |t regulates and has control over some important variables such as
blood pressure (BP) or heart rate (HR) both in healthy and in people with pathologies. In addition, there
is evidence of the loss of the autonomic nervous system’s efficacy in people with obesity,'?? such as that
presented in this doctoral thesis. For this reason, the analysis of the effects of an intervention through
physical exercise on autonomic cardiac modulation, as well as on hemodynamics, can serve as a starting

point and guide for future research in this type of population.
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3. METHODS / Métodos

3.1. Study design

The name of the EXERDIET-HTA study was obtained by the blending of the words “exercise” and

“diet”; and HTA, which is the acronym for arterial hypertension in Spanish.

The design, selection criteria, and procedures for the EXERDIET-HTA study have been previously
detailed.'® The ethics committee of the University of the Basque Country (UPV/EHU, CEISH/279/2014)
and the Ethics Committee of Clinical Investigation of Araba University Hospital (2015-030) approved the
study design, study protocols, and informed consent procedure (ClinicalTrials.gov identifier,

NCT02283047). All participants provided written informed consent before any data collection.

After baseline measurements, the participants were randomly allocated to one of the four
intervention groups. The participants were followed for 16 consecutive weeks. All follow-up,
examinations were performed in the same laboratory setting (Laboratory of Sport Performance
Analysis, Department of Physical Education and Sport, UPV/EHU) and by the same researchers as in the

baseline measurements.
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Figure 3. Flow diagram of the doctoral thesis project and relation to the articles published. Adapted
from EXERDIET-HTA controlled trials.**
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3.2. Participants and selection criteria

Two hundred and forty-two non-Hispanic white participants (152 men [62.8%] and 90 women
[37.2%]) with primary HTN and overweight or obese took part in the study from September 2013 to
June 2018 in Vitoria-Gasteiz (Basque Country, Spain). All participants were recruited from the cardiology
services, physician specialists, local media, or by personal recommendation. Interested individuals were
invited to contact the research team. Before starting the study, a screening process was performed for

all candidates and all provided written informed consent before any data collection.

Participants underwent anthropometric assessment (stature, total body mass, waist and hip
perimeters) and were selected for inclusion if they were classified as overweight showing a body mass
index (BMI) >25kg/m? or obese BMI >30kg/m?.18* Equally, sedentary behavior was determined through
the IPAQ in its short form in order to ensure personal compliance with Global Recommendations on
Physical Activity for Health made by de World Health Organization.'>*%2 Moreover, all participants were
assessed with a 12-lead electrocardiogram so as to detect left ventricular hypertrophy or any other
predictor of cardiovascular events. Echography was prescribed by the cardiologist when a more
sensitive diagnosis was needed for inclusion. Participants who took medication with beta-blockers were
eligible only if the treatment allowed a peak cardiopulmonary test at baseline. Otherwise, the
cardiologist advised the most suitable pharmacological treatment. Those participants with no diagnosis
of HTN were assessed with an ambulatory blood pressure monitor (AMBP) to confirm the HTN status by
the cardiologist, defined as systolic blood pressure (SBP) of 140-179 mmHg and/or diastolic blood

pressure (DBP) of 90-109 mmHg and/or under antihypertensive pharmacological treatment.>”1>8

In addition, thirty HEALTHY non-Hispanic white participants (13 men [43.3%] and 17 women
[56.7%]) aged 25-55 years were recruited from the community. The candidates were excluded if they
had any chronic medical illness, were taking any daily prescription medications, had current medical
symptoms, had abnormal findings on physical examination (including BP > 140/90 mmHg, or BMI > 25

kg/m?), or had abnormal results on screening test both at rest and in exercise electrocardiogram.

The inclusion and exclusion criteria for the EXERDIET-HTA study are shown in Table 5.
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Table 5. Inclusion and exclusion criteria for EXERDIET-HTA study.

Inclusion criteria

- Age: 18-65 years old.

- Diagnosis of primary HTN, stage 1-2 defined as SBP 140-179 mmHg and/or DBP of 90-109
mmHg.

- Overweight or obese (BMI 225 kg/m?).

- Sedentary lifestyle according to IPAQ scale.

-Time availability (90 min, two days a week for 16 weeks) to carry out the exercise program.

Exclusion criteria

- Secondary HTN.

- Left ventricular hypertrophy (estimated left ventricular mass up to 103 g/m? for men and up
to 89 g/m? for women).

- The presence of one severe or uncontrolled cardiovascular risk factor, or diabetes mellitus for
more than 10 years since diagnosis, or with associated organopathy.

- Other significant medical conditions, including but not limited to chronic or recurrent
respiratory, gastrointestinal, neuromuscular, neurological, or psychiatric conditions;
musculoskeletal problems interfering with exercise; autoimmune or collagen vascular diseases;
immunodeficiency diseases or a positive HIV test; anemias, bleeding disorders, chronic
thrombotic disorders, or hypercoagulable states; malignancies in the past 5 years, except for
therapeutically controlled skin cancer; endocrine and metabolic disorders, including type 1
diabetes mellitus; any other medical condition or disease that is life-threatening or that can
interfere with or be aggravated by exercise.

- Pregnancy or breast-feeding.

- Plans to be out of the city for more than 2 weeks.

- To have participated in a diet-weight-loss program during the last year.

3.3. Measurements

The measurements used in the protocol for the current study were taken before (T0) and after
a 16-week intervention period (T1). The post-intervention test was scheduled the week after finishing
the intervention period. The HEALTHY sample only performed baseline measurements with no

intervention procedures. The primary outcome variable was BP. The secondary outcome variables
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included body composition, physical fitness, SB, PA levels, and sleep quality. Both baseline and follow-

up measurements were divided into four different sessions (Table 6).

Table 6. Overview of the assessment schedule at baseline and follow-up in the EXERDIET-HTA study.

Session Measurement Methodology
DAY 1 PHYSICAL MEASUREMENTS
Stature (cm) Stadiometer
Body mass (kg) Scale
Waist and hip circumferences (cm) Non-elastic tape
Fat-free mass, fat mass, total body water Bioelectrical impedance
Systolic and diastolic blood pressure Oscillometric monitor device
Rest electrocardiogram 12-lead electrocardiogram
PHYSICAL ACTIVITY & SEDENTARY BEHAVIOUR
International Physical Activity Questionnaire Questionnaire
DAY 2 BLOOD PRESSURE ASSESSMENT
Mean systolic and diastolic blood pressure, Ambulatory blood pressure monitor
mean arterial pressure & pulse pressure (24 h) (ABPM)
DAY 3 PHYSICAL FITNESS
Cardiorespiratory fitness Modified Shuttle Walking Test
Cardiopulmonary exercise test (bike)
Dietary assessment 24 h recalls and food frequency
questionnaires
Physical Activity, Sedentary Behavior & Sleep Accelerometer
Obstructive Sleep Apnea STOP-Bang Questionnaire
Daytime Sleepiness Epworth Sleepiness Scale (ESS)
DAY 4 BIOCHEMICAL MEASURES

Glucose (mg/dL)
Insulin (UI)
Haemoglobin Alc (%)

Total-, HDL- and LDL-cholesterol (mg/dL)
Tryglicerides (mg/dL)

Alanine aminotransferase (U/L)
Aspartate aminotrnsferase (U/L)
C-reactive protein (g/dL)

Uric acid (mg/dL)

Enzymatic spectrophotometry
Immunoassay chemiluminescent
High-performance liquid
chromatography ion exchange (HPLC)
Enzymatic spectrophotometry
Enzymatic spectrophotometry
Enzymatic spectrophotometry
Enzymatic spectrophotometry
Enzyme immunoassay

Enzymatic spectrophotometry
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Blood pressure

Participants wore an ABPM over a 24-h period using an oscillometric ABPM 6100 device (Welch
Allyn, New York City, NY, USA) to evaluate BP in line with the European guidelines.”” Values of ABPM are
shown as the mean of global (24 h), day, and night hours for SBP and DBP. Blood pressure variability
(BPV), expressed as coefficient of variation (CV), was calculated by the standard deviation (SD) of the BP
values over a defined period of the 24 h and by the day and night hour periods respectively.’33!34 Resting

HR was assessed as the mean global of the 24 h measurements.

Physical fitness

A cardiopulmonary exercise test was used to determine peak oxygen uptake (VOazpeak) and
ventilatory thresholds (VT). The cardiopulmonary exercise test was performed on an electronically
braked Lode Excalibur Sport cycle ergometer (Groningen, The Netherlands). The test protocol started at
40 W for HTN individuals and at 70 W for the HEALTHY group (~70 rpm), with gradual increments of 10
W being applied every minute until volitional exhaustion. Continuous electrocardiogram monitoring was
conducted throughout each test. Expired gas was analyzed using a commercially available metabolic
cart (Ergo CardMedi-soft S.S, Belgium; Ref. USM001 V1.0). Achievement of VOjeak criteria have
previously been defined.?! Submaximal BP and HR were obtained at the fourth minute of the test and
peak values were taken from the peak at maximal effort. Ventilatory thresholds (VT1 and VT2) were
assessed using standardized methods using ventilatory equivalents.’! After completion of the test,
participants remained seated on the bike for five minutes of recovery to assess electrocardiogram, HR
and BP. Heart rate variables during the recovery period were calculated from the cardiopulmonary
exercise test as follows: heart rate reserve (HRR), the difference between HRpeak during exercise and
pre-exercise HRrest; HRrecl, HR at one-minute recovery; and HRrec, the difference between HRpeak
and HRrecl. Blood pressure recovery variables (SBP and DBP) were obtained at minute three of the
recovery period. Based on VT1 and VT2, the three exercise intensity domains (i.e., R1, light to moderate,
HR <VT1; R2, moderate to high, HR between VT1 and VT2; R3, high to severe, HR >VT2 to HRpeak) were

established.'**

Anthropometry and body composition

Anthropometry included stature (SECA 213, Hamburg, Germany), total body mass (SECA 869,
Hamburg, Germany), BMI calculated as [total body mass (kg)/stature (m?2)], and waist and hip
circumferences (SECA 200) to calculate the waist-to-hip ratio. All measurements were taken in
accordance with guidelines from International Society for the Advancement of Kinanthropometry.1%
Furthermore, fat-free mass, total body water, and fat mass were estimated with bioelectrical

impedance analysis (Tanita, BF 350, Amsterdam, the Netherlands).
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International Physical Activity Questionnaire

The short version of the International Physical Activity Questionnaire (IPAQ) was used to
objectively assess SB and PA levels. This questionnaire is an instrument developed to enable the
estimation of the level of PA in populations across different countries. The short version is composed of
eight questions that are used to estimate the time of PA spent per week performed at different
intensities. The short IPAQ records the activity at four intensity levels: (1) vigorous-intensity, (2)
moderate-intensity, (3) walking or light activity, and (4) sitting. For all intensity levels, the participants
are asked how many days per week and minutes per day they performed the activity for 2 10 minutes
continually.¥” To quantify the PA levels, the product of the duration (min/day) and frequency
(days/week) are used to estimate light, moderate to vigorous PA (MVPA), and total physical activity
(TPA).

Accelerometry

Movements during sleep and wake were objectively and continuously assessed through a
triaxial accelerometer (ActiGraph GT3X+, Pensacola, Florida, USA). Participants wore the accelerometer
on their non-dominant wrist with a velcro strap for eight consecutive days at all times (24-h), except
during water-based activities, and no other device was implemented during this period (e.g.,
ambulatory blood pressure). Each participant received oral instructions on how to wear the
accelerometer, keeping general recommendations and fulfilling the diary log, indicating the time of
reference measurements (i.e., time to: wake up, get up, breakfast, lunch, nap, PA, dinner, asleep at
night) and also to track all times when the device was removed and replaced.?® On the eighth day, after
the accelerometer was returned to the investigators, both accelerometer and daily log were collected.
In-bed and out-bed times were verified to be equal in the accelerometer and diary log for each day and
each participant. If there was any difference, the data were adjusted using diary log information. The
following sleep variables were derived from accelerometer data: bedtime (total time spent in bed); TST
(min of sleep between sleep onset and wake time); sleep efficiency (the ratio between TST and total
time spent in bed). Sleep patterns were assessed using a previously validated software algorithm based

195

on the Cole-Kripke'” scoring method that analyzes the raw accelerometer data to calculate sleep

time 40,196

For the analysis of SB, for the non-dominant wrist, the optimal cutoff point was <1853 counts
per minute.’®” For TPA, the cutoff point was >1853 counts per minute. The rest, sleep and PA measures
were calculated from raw accelerometer data for each unit. The sleep measures were calculated from
raw accelerometer data for each unit. Accelerometer data were downloaded, treated, and analyzed

using the manufacturer's software (Actilife 6.11.9) with 60-s epoch length.
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Obstructive sleep apnea

Given that obstructive sleep apnea could be a confounding factor influencing the relationship
between short sleep and BP, all participants answered the STOP-Bang Questionnaire for the screening
and to evaluate the risk of developing obstructive sleep apnea.'®® This tool consists of eight dichotomous
(i.e., yes/no) items (snoring, tiredness, observed apnea, BP medication, BMI, age, neck circumference,
and sex). The total score ranges from 0 to 8. Individuals can be classified for obstructive sleep apnea risk
based on their scores (low risk <2, moderate range 3-4, and high risk >5-8). It was considered obstructive
sleep apnea when the STOP-Bang score showed a high-risk score, together with those that upon inquiry
affirmed a medical diagnosis of obstructive sleep apnea, including treatment with Continuous Positive
Airway Pressure or not treatment. Neck circumference was measured in the midway of the neck,

between the mid-cervical spine and mid-anterior neck, with the participants standing upright.*®

Daytime sleepiness

The Epworth Sleepiness Scale (ESS) was used to evaluate the daytime sleepiness of the
participants. The ESS is a self-administered questionnaire with eight questions measuring (from 0 to 3)
the chances of dozing off or falling asleep while engaged in eight different activities of daily life. The ESS
score range from O to 24 with high scores reflecting high levels of sleepiness.’® Excessive daytime

sleepiness is defined as an ESS >10.2%°

Dietary assessment

Habitual food consumption and nutrient intake were evaluated using three questionnaires: the

dietary history, food frequency questionnaire, and 24 h recall questionnaire.

3.4. Intervention

Following baseline data collection, participants were randomly allocated to one of the four
intervention groups: the attention control (AC) group, high-volume moderate-intensity continuous
training (HV-MICT) group, high-volume high-intensity interval training (HV-HIIT) group; and low-volume
high-intensity interval training (LV-HIIT) group. Each group was stratified by sex, SBP, BMI, and age using
a time-blocked computerized randomization program.®®'! Medical staff was blinded to participant

randomization assignment.
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Attention Control group. The AC group received treatment only with a hypocaloric diet and a

standard recommendation for patients with primary HTN, including regular PA. In this sense,
hypertensive patients were advised to participate, without supervision, in at least 30 min of moderate-
intensity dynamic aerobic exercise (walking, jogging, cycling, or swimming) 5-7 days per week. Aerobic
interval training including high-intensity exercise and dynamic resistance exercise (force development
associated with movement) was also recommended.>” Participants received information related to HR
values regarding moderate and high exercise intensity domains for the self-monitoring of exercise

intensity.

Exercise groups (ExT). The three-intervention groups received double treatment (i.e., supervised

exercise + hypocaloric diet):

1) HV-MICT group: moderate intensity (HR values between VT1 and VT2 or 50-75% of HR

reserve) continuous exercise and high volume increasing gradually from 20 to 45 min;

2) HV-HIIT group: high-intensity (HR values up to VT2 to peak intensity or 276% to <95% of HR
reserve) interval training and high-volume increasing gradually from 20 to 45 min and

alternating high and moderate intensities at different protocols; and

3) LV-HIIT group: high-intensity interval training and low-volume (20 min) alternating high and

moderate intensities at different protocols.

3.4.1. Exercise intervention program

The three EXT group’s participants exercised two non-consecutive days per week during a 16-
week intervention period, under supervision by exercise specialists. All the exercise sessions started and
finished with BP monitoring and training intensity was controlled by HR monitoring (Polar Electro,
Kempele, Finland) and through the rate of perceived exertion using the Borg’s original scale (6-20 point).
Each session included a 10 min warm-up with joint mobility and coordination exercises with continuous
leg movement to facilitate the venous return and a 10-min cool-down period with basic core
strengthening exercises and passive stretching exercises on the floor to ensure a progressive return to
the resting values of both HR and BP. The main portion of the training session consisted of aerobic
exercises [i.e., one day of the week on the treadmill, and the second one on the bike (BH Fitness
equipment, Vitoria-Gasteiz, Spain)] increasing progressively both the volume (i.e., 20 to 45 min in MCT
and HV-HIIT, whereas in LV-HIIT the duration was always of 20 min) and the intensity. The intensity was
individually tailored to HR at moderate or vigorous intensities, adjusting the speed and incline of the

treadmill; or the power and speed on the bike, to achieve the planned target HR (Tables 7-9). The
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exercise specialists kept detailed records of all the exercise sessions reporting the HR and Borg scale

values of every interval. The importance of targeting moderate and high intensity was emphasized in all

sessions.

Several strategies were implemented to maximize adherence to intervention, including music

during all sessions, individualized attention, and telephone calls following missed sessions.

Table 7. Intervention program for HV-
MICT group. Volume and intensity
progression.

HV-MICT
Weeks Total Volume INTENSITY
(min) (%HRR)
1-2 20 50%
3-4 25 60%
5-6 30 65%
7-8 35 70%
9-10 40 75%
11-12 45 75%
13-16 45 75%

HRR: Heart rate reserve.

High-intensity interval training protocol on the treadmill

The high-intensity aerobic exercise groups carried out a 5-min warm-up period at a moderate-

intensity (i.e., HR values between VT1 and VT2 or 50-75% of HR reserve (HRR)) on the treadmill, before

walking two intervals of 4 min at high-intensity (i.e., HR values up to VT2 to peak intensity or 276% to

<95% of HRR). The participants exercised at the lower intensity limit for the first two weeks of the

training period before increasing the intensity towards the upper limit. Between the high-intensity

intervals, 3 min of walking at moderate-intensity was conducted. The training session ended with a 1-4

min cool-down period at moderate-intensity.?’! This gave a total exercise time of 20 min. Meanwhile,

this protocol was kept in the LV-HIIT group; every two weeks the HV-HIIT progressed to 4 intervals of 4

minutes at high intensity and 45 minutes of total volume (Table 8).
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Table 8. Intervention program for HV-HIIT and LV-HIIT groups on the treadmill. Volume and intensity
progression.

HV-HIT LV-HIIT
HIGH-INTENSITY MODERATE- HIGH-INTENSITY MODERATE-
INTERVAL INTENSITY INTERVAL INTERVAL INTENSITY INTERVAL
Weeks Volume Intensity Volume Intensity Volume Intensity Volume Intensity
(min)  (%HRR) (min) (%HRR) (min) (%HRR) (min) (%HRR)
1-2 8 80 12 60 8 80 12 60
3-4 12 80 13 60 8 80 12 60
5-6 16 85 14 65 8 85 12 65
7-8 16 85 19 65 8 85 12 65
9-10 16 95 24 70 8 95 12 70
11-12 16 95 29 70 8 95 12 70
13-16 16 95 29 70 8 95 12 70

HRR: Heart rate reserve; HV-HIIT: high volume high-intensity interval training; LV-HIIT: low volume high-intensity
interval training; min: minutes.

High-intensity interval training protocol on the bike

The high-intensity aerobic exercise groups carried out a 10-min warm-up period on the bike for
the high-volume group and 5-10 min for the low-volume group. After that participants cycled for 30 s
at high-intensity (i.e., HR values up to VT2 to peak intensity or 276% to <95% of HRR) followed by 60 s
at moderate-intensity (i.e., HR values between VT1 and VT2 or 50-75% of HRR). Four repetitions (1 rep
= 30 s high-intensity followed by 60 s moderate-intensity) were initially performed in both groups and
gradually increased to 18 repetitions in the high-volume group, while 9 repetitions were completed in
the low-volume group (Table 9). The training session ended with a 5-10 min cool-down period at

moderate-intensity.
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Table 9. Intervention program for HV-HIT and LV-HIIT groups on the bike. Volume and intensity
progression.

HV-HIT LV-HIIT
HIGH-INTENSITY MODERATE- HIGH-INTENSITY MODERATE-
INTERVAL INTENSITY INTERVAL INTERVAL INTENSITY INTERVAL
Weeks Volume Intensity Volume Intensity Volume Intensity Volume Intensity
(min) (%HRR) (min) (%HRR) (min) (%HRR) (min) (%HRR)
1-2 2 80 18 60 2 80 18 60
3-4 3 80 22 60 3 80 17 60
5-6 4 85 26 65 4 85 16 65
7-8 5 85 30 65 4:30 85 15:30 65
9-10 6 95 34 70 4:30 95 15:30 70
11-12 7 95 38 70 4:30 95 15:30 70
13-16 9 95 37 70 4:30 95 15:30 70

HRR: Heart rate reserve; HV-HIIT: high-volume and high-intensity interval training; LV-HIIT: low-volume and high-
intensity interval training; min: minutes.

3.4.2. Dietary intervention

Diet was calibrated with the Easy Diet program (www.easydiet.es) by the Spanish Foundation
of dieticians and nutritionists, obtaining caloric intake and macronutrient distribution. The resting
energy expenditure was calculated by the Mifflin-St Jeor equation to be the most appropriate for
individuals who are overweight or obese®2°2 gnd the coefficient of 1.5 corresponds to the factor of PA
for light-PA (LPA) level or sedentary individuals. All participants were treated with a diet designed to
provide 25% less energy than their daily energy expenditure. Approximately 30% of their energy intake
came from fat, 15% from protein, and 55% from carbohydrates, designed to achieve a weekly loss of
body mass between 0.5 and 1.0 kg in accordance with the recommendations of the American Diabetes
Association and the Spanish Society for the Study of Obesity.2*2%* From a qualitative point of view, the
diet was designed following the proportions and amounts of foods/food groups recommended by the

dietary pattern of the DASH diet.??°

Moreover, participants received nutritional advice regarding the restriction of foods high in
sodium according to the recommendations of the European Society of Hypertension and Cardiology.>’
The diet was also accompanied by guidance menus and the most appropriate culinary techniques to

facilitate compliance and dietary adherence. Participants were encouraged, weighed, and received
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advice and nutritional counseling every two weeks, in order to help in their compliance with the dietary

recommendations and requirements.
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4. OBJETIVOS E HIPOTESIS / Objectives and hypotheses

4.1.

4.2.

Objetivos
Analizar la cantidad y calidad del suefio mediante acelerometria en personas adultas
fisicamente inactivas con HTA y sobrepeso/obesidad, divididos por sexo y nivel de CCR;
antes de comenzar una intervencion no-farmacoldgica.
Analizar mediante metodologia objetiva (acelerometria) y subjetiva (cuestionario IPAQ)
los niveles de AF y comportamiento sedentario en una poblacion sana y en otra
fisicamente inactiva, con sobrepeso/obesidad y HTA; asi como comparar las diferencias
en el tiempo sedentario, AF y suefo de la muestra con HTA antes y después del periodo
de intervencion mediante EF aerodbico.
Evaluar los efectos de 16 semanas de diferentes programas de EF aerébico con una dieta
hipocalérica en la modulacion autonoma cardiaca y la hemodindmica en personas
adultas fisicamente inactivas con sobrepeso/obesidad y HTA.
Analizar las diferencias entre los distintos programas de EXT tras 16 semanas de EF

aerobico en las variables FC, TA y variabilidad de la TA.

Hipodtesis

Los participantes con HTA y sobrepeso u obesidad mostrardn un patrén de suefio de
corta duracion y una pobre eficiencia del suefo, lo que podria estar asociado con sus
FRCV.

Tras la intervencion, los grupos de EF supervisado habrdn reducido notablemente sus
niveles de sedentarismo y aumentado los de AF y sueifio diario, en comparacion con el
grupo de atencion-control; y los resultados obtenidos mediante la metodologia objetiva
y subjetiva no serdn similares.

El tratamiento con EF aerdbico y dieta supervisado provocard mejoras superiores a nivel
cardiaco y del sistema nervioso auténomo, con una mejor regulacion de la FC, TA y
variabilidad de la TA en personas adultas, fisicamente inactivas con sobrepeso u
obesidad y HTA primaria en comparacion con personas de iguales caracteristicas, pero

sin supervision.
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5. DISCUSION / Discussion

5.1

Referencia:

Articulo 1: “Actigraphy-based sleep analysis in sedentary and overweight/

obese adults with primary hypertension: data from the EXERDIET-HTA study”

MartinezAguirre-Betolaza A, Maldonado-Martin S, Corres P, Gorostegi-Anduaga |, Aispuru GR, Mujika I.

Actigraphy-based sleep analysis in sedentary and overweight/obese adults with primary

hypertension: Data from the EXERDIET-HTA study. Sleep Breath. 2019;23(4):1265-1273.

doi:10.1007/s11325-019-01813-7.

En este primer estudio el objetivo fue analizar mediante acelerometria la cantidad y la calidad

del suefio, asi como el comportamiento sedentario en personas fisicamente inactivas, con sobrepeso u

obesidad y HTA. Un objetivo secundario fue valorar la asociacién existente entre los parametros de

suefio y variables de composicidn corporal, TAy CCR. Tras el analisis estadistico, los principales hallazgos

del presente estudio transversal fueron:

1)

Las personas sedentarias y con sobrepeso u obesidad y HTA presentaban una duracién del
suefio mas corta (6,2 h) que la recomendada por las guias de suefio (7-9 h), tanto en dias
laborables como en fines de semana.

Mostraron una calidad del suefio deficiente (<85% de eficiencia de suefio) sin diferencias
entre mujeres y hombres.

El patrén de sueifo parece no estar relacionado con el nivel de CCR en la poblacién
estudiada.

El patron de suefio corto, cuando se examind de manera aislada (i. e., sin ajustar por
covariables), se asocié negativamente con la circunferencia de la cintura, la TAS y la TAD.
Estas relaciones siguieron siendo significativas en la TAS media y nocturna después del
ajuste.

Tras el ajuste, se observd una asociacion significativa entre la eficiencia del suefio y la

circunferencia de cintura.

Las guias de suefio basadas en el consenso recomiendan que las personas deben dormir siete o

mas horas por noche, con una eficiencia de suefio superior al 85% de forma regular para promover una
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salud dptima.?%>2% De este modo, la poblacién representada en el presente estudio, con una media de
6,2 h de tiempo de suefio, refiere una duracion media del suefio por debajo de la recomendada por las
guias. Incluso la privacién del suefio breve o moderada se asocia con un aumento de la TAy la FC basal
a través de la activacién del sistema simpdatico y un aumento de los niveles plasmaticos de
noradrenalina, junto con una concentracidn reducida de magnesio que aumenta el tono vascular.?” De
hecho, estudios previos han afirmado que cada hora de suefio reducido se asocia con un aumento del
37% en la incidencia de HTA.2% Esta observacidn es consistente con los resultados del presente estudio:
en nuestro analisis general de la duraciéon del sueiio y HTA, el patron de suefio corto (i. e., tiempo de
suefio y tiempo en cama reducidos) se asocid negativamente con la TA (i. e., aumento de la TAS media
y la TAS nocturna), incluso después del ajuste. Si bien se podria alegar que los bajos valores de R-
cuadrado del presente estudio no son suficientes para confirmar la significacion clinica. Asi, se han
presentado asociaciones graduales entre mayor TAS y TAD y aumento del riesgo de ECV, incluso con
pequefios aumentos de TA.!8* Ademds, estudios prospectivos previos han demostrado que la TA
nocturna es un mejor predictor de RCV que la TA diurna, y aumentos de 10 mmHg en la TAS nocturna
se asociaron con un aumento del 21% en la muerte cardiovascular.!*? Otros estudios mostraron una

asociacién inversa entre el tiempo de suefio y la TA en valores medios y nocturnos.?*

Por consiguiente, la presente valoracién objetiva de la duracién del sueio a partir de datos de
acelerometria brutos (i. e., sin procesar) en participantes con HTA confirma una alta prevalencia de un
patrén de suefio de corta duracién (i. e., <7 h por dia) en esta poblacién.?® Un posible factor de
confusion de la falta de suefio podria ser la aparicion de apnea obstructiva del suefio en la poblacién de
estudio; sin embargo, unicamente el 4% de los y las participantes que padecian apnea de suefio no
recibian tratamiento. Unido a esto, no se observé una somnolencia diurna excesiva en la muestra, tal y
como reveld el cuestionario ESS. Asimismo, la calidad del suefio de los y las participantes, con una

eficiencia de suefio media del 82,8%, fue deficiente,?®

sin diferencias significativas (p = 0,4) entre
hombres (82,5%) y mujeres (83,4%). Estudios previos han demostrado que la baja eficiencia de suefio
medida mediante polisomnografia nocturna se asocié con un aumento medio de 4 mmHg de la TAS, e
incluso en la poblacidn no hipertensa el riesgo de desarrollar HTA se multiplicé por 3,5.2% A pesar de
que investigaciones anteriores han informado sistemdticamente sobre el hecho de que las mujeres
pasaban mas tiempo en la cama, se acostaban mas temprano y se levantaban mas tarde que los
hombres,?'° |los parametros del suefio evaluados en nuestro estudio parecen no estar influenciados por
el sexo. Las diferencias en el disefio y los métodos del estudio, asi como una muestra mas pequefa de
mujeres en comparacion con los hombres y la variabilidad en las caracteristicas de la poblacién pueden

haber contribuido a estos resultados discrepantes. De hecho, los y las participantes del presente estudio

eran principalmente personas adultas de mediana edad (53,3 afios de media), y cambios en la
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produccién de esteroides ovdricos en las mujeres, como los que se producen durante la transicion
menopausica (en el presente estudio, el 48,5% de las mujeres se encontraban en estado
posmenopdusico), se asocian notablemente con la falta de suefio.?’® Ademads, hubo diferencias
significativas (p < 0,001) entre los dias de semanay los fines de semana en el tiempo en cama y el tiempo
de suefio entre los hombres de nuestro estudio. En este sentido, a pesar de que se encontrd un aumento
del tiempo en cama y de la duracidn del tiempo de suefio durante el fin de semana, fue insuficiente (6,4
h de tiempo de suefo) para cumplir con las pautas de suefio recomendadas y conseguir el efecto del

“suefio reparador” sobre la actividad del sistema nervioso simpdtico.?'!

Contrariamente a nuestras expectativas, el patrén de suefo no parecié estar relacionado con el
nivel de CCR. Estudios recientes que han analizado el cambio longitudinal en la CCR y las probabilidades
de incidentes de problemas de suefio han concluido que una disminucién de la capacidad fisica
normalmente acelera los problemas de suefio.?!? Por el contrario, un estudio en el que se midieron
objetivamente la CCR (i. e., VOapico) Y l0s patrones de suefio mediante acelerometria, informé que la
capacidad fisica y las variables de suefio no se correlacionaron significativamente en adultos jévenes y
participantes mayores.?'? Por tanto, se podria argumentar que el patrén de suefio no estd relacionado
con la CCR. Sin embargo, como ya hemos mostrado previamente,?'* las personas participantes
caracterizadas por una baja CCR mostraron valores de IMC (p = 0,05) y de circunferencia de cintura mas
altos que aquellas con una CCR media o alta (p < 0,001), lo que refuerza la asociacién inversa entre CCR
y obesidad.?!® En relacién con ese resultado, encontramos una asociacién inversa entre los pardmetros
del suefio, especialmente la eficiencia de suefio, y la circunferencia de cintura (r = 0,88, p = 0,05, después
del ajuste con la edad, sexo e IMC), que se considera un marcador de mayor riesgo de enfermedad
metabdlica y cardiovascular.t® Factores de confusiéon como la edad, el sexo y el IMC estdn asociados con
la circunferencia de cintura y pueden afectar a la eficiencia de suefio. La relacién entre el suefio y la

216 v podria ser bidireccional.’’ Aunque en la presente

obesidad se ha analizado previamente
investigacion no se estudiaron los posibles mecanismos por los cuales la reduccion del suefio puede
afectar la homeostasis de la masa corporal, en nuestra poblacidon podrian ser: 1) la activacion de las
respuestas hormonales del sistema de orexina que regulan el apetito, la vigiliay el equilibrio energético,
como laleptinay la ghrelina, las cuales aumentan el apetito y la ingesta y el almacenamiento de energia
en los adipocitos;?'® 2) una disminucién del gasto calérico provocada por la sensacién de fatiga que
ocasiona en una reduccién del EF?*° o de la AF espontédnea de intensidad ligera;*?°y 3) una alteracién en

el equilibrio simpatico-vagal con un aumento del sistema nervioso simpatico junto con los niveles de

catecolaminas y cortisol, que pueden afectar la sensibilidad a la insulina a la mafiana siguiente.??

En el presente estudio, por otro lado, se observd que aquellos/as participantes con un mayor

tiempo en cama por la noche también mostraron mayor tiempo de suefio y eficiencia de suefio. Por lo
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tanto, se podria pensar ingenuamente que pasar mas horas en la cama por la noche aumentara el
tiempo de sueiio y su eficiencia. Sin embargo, hay que ser cautelosos con esta conclusién teniendo en
cuenta la compleja etiologia de los trastornos del suefio y las distracciones a la hora de acostarse que

pueden provocar la falta de suefio.

En conclusién, el andlisis del suefio basado en acelerometria refuerza la evidencia acumulada
sobre los trastornos del suefio (corta duracion del suefio y mala calidad del suefio) asociados con la TA
elevada y la obesidad abdominal, que pueden tener efectos potencialmente nocivos y sinérgicos sobre
el RCV en personas adultas sedentarias con sobrepeso u obesidad y HTA. Ademas, el patrén de suefo

no parece estar relacionado con el nivel de CCR en la poblaciéon estudiada.
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5.2.  Articulo 2: “Physical activity, sedentary behavior, and sleep quality in adults
with primary hypertension and obesity before and after an aerobic exercise

program: EXERDIET-HTA Study”

Referencia:

Martinez Aguirre-Betolaza A, Mujika |, Loprinzi P, Corres P, Gorostegi-Anduaga |, Maldonado-Martin S.
Physical activity, sedentary behavior, and sleep quality in adults with primary hypertension and
obesity before and after an aerobic exercise program: EXERDIET-HTA study. Life (Basel).
2020;10(8):153. doi:10.3390/1ife10080153.

Los objetivos de este segundo estudio fueron analizar mediante metodologia subjetiva
(cuestionario IPAQ) y objetiva (acelerometria) el nivel de AF y comportamiento sedentario pre-
intervencidn, en personas sanas (HEALTHY) y en personas con HTA. También se propuso valorar el
efecto de una intervencién de 16 semanas de EF aerdbico en los niveles de AF y comportamiento
sedentario, asi como en la calidad del suefio en el grupo de personas fisicamente inactivas con
sobrepeso/obesidad y HTA. Finalmente, se evalud la relacion existente entre la metodologia objetiva y

subjetiva. Los principales hallazgos del presente estudio transversal fueron:

1) El grupo HEALTHY mostré mas tiempo de AF y mejor calidad del suefio que la muestra con
HTA, con mayor volumen de AF de intensidad moderada a vigorosa, pero sin diferencia en
el tiempo de comportamientos sedentarios.

2) Los tiempos de AF y sedentarismo de las personas con HTA medidos objetivamente
mediante acelerometria no cambiaron después de las 16 semanas de intervencién, pero se
observé un aumento de la AF de intensidad moderada a vigorosa y una disminucién de los
tiempos de comportamiento sedentario a través del cuestionario IPAQ en el subgrupo de
EF supervisado.

3) La intervencién fue eficaz para mejorar la calidad del suefio en la muestra de HTA en su

conjunto.

Teniendo en cuenta los resultados pre-intervencién obtenidos, podriamos considerar a las
personas del grupo HEALTHY de este estudio como sedentarias (8,2 h/dia en comportamiento
sedentario) pero fisicamente activas (i. e., cumplen con las recomendaciones actuales de AF), mientras

gue las personas con HTA eran sedentarias (8,6 h/dia en comportamiento sedentario) y fisicamente
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inactivas.®. Esto nos lleva a la conclusion de que vivimos en una sociedad sedentaria,
independientemente de si se cumplen o no las recomendaciones actuales de AF. Ademas, parece claro
gue los riesgos asociados con el comportamiento sedentario podrian ser mayores entre las personas
que no hacen AF con regularidad,? pero también que un alto nivel de AF de intensidad moderada a
vigorosa podria atenuar las consecuencias adversas del comportamiento sedentario, como lo
demuestra un meta analisis armonizado con datos de mas de 1 millén de hombres y mujeres.??? En el
presente estudio, la diferencia significativa en el nivel de AF de intensidad moderada a vigorosa al inicio
del estudio entre personas del grupo HEALTHY (401 min/semana o 0,9 h/dia) y HTA (65 min/semana o
0,1 h/dia), unido a niveles similares de comportamiento sedentario y AF de intensidad ligera, podria ser
reflejo del estado no saludable inicial del grupo HTA.?'* Dichos hallazgos destacan la estrecha relacién
entre la inactividad fisica y las ECV vy, a la inversa, el efecto cardioprotector de la AF de intensidad
moderada a vigorosa unido a una mayor CCR.2 Ademds, la ausencia de diferencias en el tiempo
caminando (estimado por el IPAQ) y el porcentaje de volumen de AF total (medido por acelerometria)
entre los participantes HEALTHY y HTA, no apoyan el papel de mejora en la salud de la AF ligera
mostrado por estudios previos en personas adultas mayores.'’”’” Por tanto, la AF de intensidad ligera

puede no ser suficiente para reducir los FRCV en personas adultas sedentarias y fisicamente inactivas.???

Los beneficios subjetivos y objetivos de la AF de intensidad moderada a vigorosa regular sobre

el suefio son bien conocidos,??*

al igual que la fuerte asociacidon existente entre el suefio de corta
duracién, la mala calidad del suefio y los factores de riesgo cardiometabdlicos como la HTA y el
sobrepeso u obesidad.?”>??% Los resultados del presente estudio parecen confirmar la asociacién antes
mencionada. A pesar de que ambos grupos pasaron un tiempo en cama similar (7,4 - 7,5 h/dia), el grupo
HTA mostré una peor calidad del suefio comparado con el grupo HEALTHY, debido a un tiempo de suefio
significativamente mas corto por dia (HEALTHY 6,7 h vs. HTN 6,4 h) y peor eficiencia de suefio (HEALTHY
92% vs. HTA 84%). De hecho, los y las participantes del grupo HTA no alcanzaron el minimo de 85% de
eficiencia de suefio, a partir del cual se considera saludable.2%>213226 | 3 gusencia de AF de intensidad
moderada a vigorosa y la mala calidad del suefo, junto con un riesgo moderado de apnea obstructiva
de suefio, tal y como muestra el Cuestionario STOP-Bang, podrian ser los factores clave que explican el
estado insalubre de la muestra HTA, que presentan diferencias fisicas, clinicas y fisiolégicas en
comparacién con la HEALTHY.2?228 En este sentido, nuestros resultados fueron consistentes con
estudios previos que informaron que un alto nivel de EF se asocié con una reduccidon de las
probabilidades de padecer apnea obstructiva de suefio moderada-grave, que a su vez se asocidé con una

mayor mortalidad por todas las causas.9822°

No se encontraron diferencias cuando se compararon la AF y el comportamiento sedentario

antes y después de la intervencién de 16 semanas (TO vs. T1) en ninguno de los subgrupos de HTA. Sin
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embargo, los datos obtenidos mediante la respuesta subjetiva del cuestionario IPAQ indicaron
aumentos significativos en la AF de intensidad moderada a vigorosa y disminuciones en
comportamiento sedentario en el subgrupo EF supervisado. Estos resultados sugirieron que: (1) la
acelerometria podria estar subestimando la AF total y, a su vez, sobreestimando el comportamiento
sedentario.’® Esto se podria deber, por un lado, a que no se registraron aquellas actividades que no se
realizaban a pie (en este estudio, los y las participantes se ejercitaron una vez a la semana en la bicicleta
y una vez a la semana en la cinta rodante) y, por otro lado, los puntos de corte de intensidad para
personas adultas que usaban los acelerémetros ActiGraph en la mufieca no estaban validados ni
establecidos;**% (2) las débiles correlaciones encontradas entre los datos de AF total vy
comportamiento sedentario medidos con acelerémetro y cuestionario, tanto antes como después de la
intervencidn, sugieren que estos métodos no deben usarse indistintamente, especialmente cuando se
realiza una AF sin actividad a pie, ni para la determinacién del cumplimiento o no de las
recomendaciones actuales de AF.*23° De manera similar, los datos de los histogramas ponderados
presentaron un alto desacuerdo entre el tiempo sedentario medio medido y el informado en el
cuestionario, con mas de 200 min/dia de desajuste en cada rango de diferencia de participantes con
HTA al inicio del estudio, y un desajuste similar en el subgrupo EF supervisado después de la
intervencidn. Estos resultados concuerdan con estudios previos que analizan la fiabilidad y validez de
IPAQ en comparacién con los puntos de corte del acelerémetro en la cuantificacion del comportamiento
sedentario y la AF en personas adultas mayores.®® Sin embargo, en lugar de simplemente comparar los
métodos objetivos y subjetivos, la estrategia mas eficaz puede ser beneficiarse de la informacion de

ambos métodos de manera complementaria, como se sugirid anteriormente.?!

Después de la intervencidn, el subgrupo de EF supervisado redujo notablemente el tiempo
sentado (A = -49,0%, de 6,7 a 3,4 h/dia, P=0,01) y aumentd la AF de intensidad moderada a vigorosa,
segln los datos del cuestionario. Estos resultados, junto con los andlisis publicados anteriormente sobre
la misma muestra que mostraron mejoras pasando de un perfil fisico, clinico y fisioldgico insalubre a

uno saludable,??7:2%8

respaldan aiin mas el uso de los datos mediante el cuestionario IPAQ en paralelo
con los datos medidos con el acelerometro. Ademas, los beneficios del aumento de la AF y la
disminucién del comportamiento sedentario también se observaron después de analizar la calidad del
suefio, lo que confirma que las personas que duermen mas tienen por lo general mejores perfiles
metabdlicos.?*? De hecho, la eficiencia de suefio mejoré (AC, A = 2,8%; EF supervisado, A = 4,4%) y el
tiempo de suefio aumentd (AC, A = 17,9 min/dia; EF supervisado, A = 37,3 min/dia) en ambos subgrupos
después de la intervencion. No obstante, el tiempo de suefio y el tiempo en cama fueron mayores solo

durante los dias de semana en ambos subgrupos, mientras que los dias de fin de semana solo el grupo

de EF supervisado aumenté la eficiencia de suefio (A = 4,4%). Como era de esperar, nuestros resultados
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estuvieron de acuerdo con la mayoria de los estudios que muestran que, para las personas mas sanas,
el domingo fue el dia con los niveles mas altos de comportamiento sedentario y tiempo de suefio, junto
con los niveles mas bajos de AF moderada a vigorosa, mientras que los individuos fragiles

permanecieron constantemente inactivos todos los dias de la semana.>>?33

102



Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

5.3. Articulo 3: “Effects of different aerobic exercise programs on cardiac
autonomic modulation and hemodynamics in hypertension: data from

EXERDIET-HTA randomized trial”

Referencia:

MartinezAguirre-Betolaza A, Mujika |, Fryer SM, et al. Effects of different aerobic exercise programs on
cardiac autonomic modulation and hemodynamics in hypertension: Data from EXERDIET-HTA

randomized trial. J Hum Hypertens. 2020;34(10):709-718. doi:10.1038/s41371-020-0298-4.

El tercer estudio de esta tesis doctoral tenia por objetivo el analizar los efectos de 16 semanas
de diferentes tipos de EF aerdbico junto con dieta hipocaldrica en la modulacién auténoma cardiaca y
en la hemodindmica en personas fisicamente inactivas, con sobrepeso/obesidad y HTA. A modo de
objetivo secundario se buscé comparar las diferencias pre-intervencién existentes entre el grupo de
personas con HTA y el grupo HEALTHY correspondiente a una muestra de personas sanas. Como tercer
objetivo se quiso analizar y comparar las diferencias existentes entre los diferentes programas de EF

aerdébico supervisado. Los hallazgos principales del estudio fueron:

1) Tras la intervencion todos los grupos disminuyeron la FC, TAS y TAD tanto basales como
submaximas, unido a un descenso de la TAS y TAD nocturnas, sin diferencias entre grupos.

2) Cuando los grupos de EF supervisado se analizaron de manera conjunta, el VOypico, la TAS y
TAD submdximas y la FC de reserva mejoraron significativamente con respecto al grupo de
AC.

3) Las 16 semanas de intervencidon mediante EF aerdbico e intervencidn dietética no redujeron
la variabilidad de la TA.

4) El EF intervdlico de alta intensidad y bajo volumen puede ser la intervencién mas eficiente

y adecuada para la reduccidn del RCV en esta poblacion.

Al inicio del estudio y previo a la intervencidn, los menores valores de VOyico Observados en el
grupo HTA en comparacion con el grupo HEALTHY (22,6 + 5,5 mL-kg*min vs. 48,1 + 9,0 mL-kg-min-
1),% podrian ser el resultado de un gasto cardiaco pico reducido, unido a una FC en reposo, pico y de
reserva alteradas, asi como a una diferencia de contenido de oxigeno arterio-venoso, secundado por
una alteracion de valores altos de TA.2352% Estas alteraciones se presentan como resultado de una

simpato-excitacidon sostenida y una actividad vagal reducida, lo que explica la probable asociacion de la
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FC y la HTA, facilitando una mayor ganancia de grasa corporal y la progresién de las comorbilidades
asociadas.?*%%37 por tanto, la modulacién auténoma cardiaca a través de la dieta (restriccion caldrica) y

el ejercicio aerdbico es actualmente el enfoque recomendado.'?®

Los hallazgos de las valoraciones de los diferentes grupos de intervencién apoyan lo
anteriormente mencionado, ya que se observé una disminucién de la FC de reposo (AC -5,4%, HV-MICT
-7,4%, HV-HIIT -9%, LV-HIIT -8,6%) y submaxima (AC -5,2%, HV-MICT -8,1%, HV-HIIT -10,3%, LV-HIIT -
7,0%). Ademas, se presentd una reduccion media de 5 mmHg en la TAS en reposo y de 3-4 mmHg en la
TAD en reposo, sin diferencias entre los grupos. Aunque una sesion de HIIT parece promover una mayor

hipotensién post-ejercicio en comparacion con el EF moderado,?3®

el grupo de AC y los grupos de EF
supervisado mejoraron la funcién cardiovascular auténoma al cambiar hacia un dominio vagal y una
actividad simpatica disminuida, independientemente del principio FITT (i. e. frecuencia, intensidad,
tiempo y tipo de ejercicio). Asi, se podria concluir que la intervencidn dietética junto con la medicacion
antihipertensiva en la poblacion de estudio podria haber inducido un efecto similar
independientemente del programa de AF (sin supervisién o supervisado). Por consiguiente, se podria
sugerir que el EF supervisado no proporciond ningin beneficio adicional para la salud cardiovascular
mas alld de la restriccidn caldrica para reducir la FC y la TA.%*° Sin embargo, de acuerdo con estudios
previos,?*%?%! |os valores menores en la TAS y TAD submadximas, y los valores superiores en el VOzpico Y
la FC de reserva encontrados en los grupos de EF supervisado realzan los efectos beneficiosos
adicionales del EF supervisado. Unido a esto, aunque la FC mdaxima se mantuvo sin cambios
significativos, los valores de VOapico y FC més altos junto con una FC subméxima mas baja y una reduccidn
de la FC en reposo, son factores de riesgo independientes para la reduccién de la enfermedad arterial
coronaria, asi como de la morbilidad y mortalidad por ECV.%*? Adem3s, estudios previos han demostrado
gue una CCR mas alta se asocia con respuestas de TAS mas bajas durante el ejercicio submaximo en la
poblacién con HTA, lo que lleva a una reduccién importante en el riesgo de hipertrofia ventricular

izquierda.?®

Asi, una menor TA ambulatoria y durante el esfuerzo, secundada por EF aerdbico supervisado,
lleva consigo una reduccién de la resistencia vascular sistémica y se incluye como una intervencion
conductual, ya que incluso la menor reduccién posible (1 mmHg) de la TAS se asocia con un menor
RCV.%#** Los mecanismos subyacentes que se sugiere que son los responsables de los beneficios

235 j e., una disminucion

previamente mencionados del EF supervisado se han explorado previamente,
del reflejo presor del EF, incluidos el mecano- y metaborreflejo, y una mejora de la simpaticolisis
funcional deteriorada, que deriva en un mayor flujo sanguineo a los musculos activos durante el EF y
una respuesta cardiovascular normal. Por tanto, a pesar de que en el presente estudio la funcidn

auténoma no se evalud directamente, los cambios observados en la FCy la TA podrian considerarse el
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espejo de una funcién auténoma mejorada, teniendo en cuenta que en la HTA la afectacién
parasimpatica no solo estd relacionada con el corazdn o sistema cardiovascular, sino también con todas

las funciones dependientes del sistema nervioso parasimpatico.?*®

Un aumento de la variabilidad de la TA puede conllevar algin riesgo adicional de mayor
incidencia y progresién mas rapida de la ECV."! La literatura previa ha sugerido que la variabilidad de la
TA estd altamente relacionado con la TA media de 24 horas (cuantificada como la DS de los valores
medios durante 24 h, incluidos dia y noche) y resulta ser un predictor independiente de la incidencia de
eventos cardiovasculares.?® En el presente estudio todos los grupos disminuyeron significativamente la
TAS y la TAD diurna y nocturna. Sin embargo, después de las valoraciones post intervencién, la
variabilidad de la TA a largo plazo (expresada como CV) no mostré cambios significativos, lo que es
similar a estudios anteriores.'®® Previamente, se ha observado que en personas con una DS de la TAS
diurna inferior a 16 mmHg la tasa de mortalidad cardiovascular fue significativamente menor que en
aquellas con una DS igual o superior a 16 mmHg.?*” En el presente estudio, después de la intervencidn
de 16 semanas, la DS fue inferior a 16 mmHg en todos los grupos de EF supervisado, pero no en la TAS
nocturna del grupo de AC. De este modo, parece probable que la actual intervencién de 16 semanas

podria disminuir el desarrollo de eventos de RCV.

Ademas, la TAD diurna mostré valores mas bajos en los grupos de EF supervisado en
comparacién con el grupo de AC, lo que sugiere mayores beneficios cardiovasculares para todos los
grupos de EF supervisado. Las razones exactas de la ausencia de efecto en la variabilidad de la TA de los
grupos de EF supervisado siguen siendo esquivas.’>® Informes anteriores han destacado que el nivel de
la TA medida 24 h, y no la variabilidad de la TA, debe seguir siendo el principal factor de riesgo a tener

en cuenta en la préctica clinica relacionado con la TA.2#

Todo lo mencionado anteriormente confirma que los grupos de EF supervisado mejoran de igual
manera la hemodindmica y las respuestas auténomas en la poblacién con sobrepeso u obesidad y HTA,
independientemente de la intensidad y el volumen del EF. El estudio actual agrega mas evidencia al
argumento de que el EF supervisado LV-HIIT (realizado dos veces por semana) es una alternativa 6ptima
para esta poblacion debido a su mayor eficiencia de tiempo (menos tiempo empleado para obtener

),1592% v el menor estrés de la modulacién auténoma.?*® Estos hallazgos son

resultados similares
relevantes tanto para el personal médico como practicantes en la materia (i. e., educadores fisico-
deportivos o graduados en ciencias de la AF y del deporte), debido a que se confirma que un tratamiento
dual con EF aerdbico y dieta es util para reducir la FC en reposo y submaxima, junto con los valores de

TA global, diurna y nocturna.
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7. Across the finish line

7.1.

CONCLUSIONS / Conclusiones

Actigraphy-based sleep analysis reinforces the cumulative evidence of sleep disorders
(short sleep duration and poor sleep quality) associated with high BP and abdominal
obesity, which may have potential synergistic deleterious effects on CVR in physically

inactive adults with HTN and overweight/obesity.

Sleep pattern does not appear to be related to the CRF level in hypertensive adults with

overweight/obesity.
Differences in MVPA and SB may be useful in defining the health profile of a population.

A 16-week supervised aerobic exercise program was effective in increasing self-reported

PA, reducing SB, and improving sleep quality in adults with overweight/obesity and HTN.

Accelerometer-measured and self-reported data were not comparable, but they were

complementary.

This doctoral thesis highlights the need for a regular, scheduled, and supervised PA
program to promote healthier habits in physically inactive adults with HTN and

overweight/obesity.

A dietary treatment combined with different twice a week supervised aerobic exercise
programs of both moderate intensity, as well as interspersing high- and moderate-
intensities, offers an optimal non-pharmacological tool for the control of CVRF in

physically inactive individuals with overweight/obesity and hypertension.

The three aerobic exercise training programs (HV-MICT, HV-HIIT, and LV-HIIT) pari passu
improve hemodynamics and autonomic responses in hypertensive population with

overweight/obesity, irrespective of intensity and volume.

Supervised aerobic physical activity and a healthy diet may have produced a significant
improvement in the autonomic nervous system functioning, reducing resting and

submaximal heart rate and blood pressure.

Low-volume-HIIT exercise training combined with a hypocaloric diet should be considered

as a time-efficient and safe mechanism for reducing the cardiovascular risk in
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hypertensive individuals, due to better time efficiency and lower stress of autonomic

modulation.

The bigger improvements observed when exercise training was individually designed and
supervised in individuals with overweight/obesity and hypertension empowers the

existing professional exercise recommendations.
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7.2. Limitaciones y propuestas de futuro

A pesar de lo novedoso de los resultados, esta tesis doctoral presenta algunas limitaciones a
considerar. Por un lado, teniendo en cuenta que se lleva a cabo una intervencién, la muestra es
suficiente y considerable; y aunque el estudio EXERDIET-HTA cumple con la potencia estadistica
necesaria para un estudio aleatorizado experimental, es dificil su comparacién con algunos estudios
epidemioldgicos a gran escala con muestras mucho mayores. Sin embargo, debido al menor nimero de
mujeres que han participado en el estudio, la poblacién femenina no resulta representada de igual
manera que la masculina, tanto a la hora de analizar los datos, como para estimar los efectos de cada
tipo de EF dependiendo del sexo, lo que podria ser la razdn de la falta de diferencias en las variables de
suefio. De cara a futuras investigaciones habria que intentar analizar una muestra igualitaria en relacion

al sexo de las personas participantes, o solo estudiar los efectos en las mujeres.

Otra de las limitaciones ha sido la probable sobrestimacién del tiempo de suefio y la eficiencia
de suefio mediante la acelerometria, debido a que la falta de movimiento o el estar acostado en la cama

despierto e inmavil, se codifican principalmente como suefio.

Hay que considerar también que no se pudo controlar la AF diaria del subgrupo de AC. Teniendo
en cuenta que se dieron recomendaciones de AF, de cara a futuras investigaciones seria interesante
conocer si el mero hecho de recibir tales recomendaciones puede influir de forma significativa en sus

costumbres y consecuentemente en su salud.

Para finalizar, como futuras linea de investigacion se podria valorar el efecto del entrenamiento
de fuerza junto con el EF aerdbico y sus efectos en la salud de personas con HTA primaria y sobrepeso

u obesidad, para diseiar programas de EF combinandolos adecuadamente.

Finalmente, resefiar como fortaleza de este trabajo que debido a la falta de puntos de corte de
intensidad de AF validados para acelerémetros de mufieca, la combinacidon de metodologias objetivas y
subjetivas para determinar las intensidades de las actividades diarias hizo que los presentes resultados

fueran mas completos.
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7.3. ¢Yahora qué?

Como todo en la vida, todo lo que empieza llega a su fin. Han sido cinco afios de doctorado
maravillosos en los que he vivido experiencias muy enriquecedoras, y por supuesto, he trabajado y
aprendido mucho. Me da cierto vértigo y preocupacion el pensar “Qué vendra ahora”, mucho mds con
la situacion que nos esta tocando vivir actualmente que, si algo nos ha ensefiado, ha sido a vivir y

disfrutar el presente, ya que no sabemos qué nos deparara el mafiana.

Mientras se acercaba la fecha de defensa de esta tesis doctoral, y sentia que ya no quedaba
practicamente nada para el final de esta etapa, he sentido cierto agobio. Agobio por pensar si todo el
esfuerzo y dedicacidn prestado durante todos estos afios de formacidn (10 afios en total en la facultad)
habran servido para algo o si, por el contrario, habré estado perdiendo el tiempo. Bien es cierto que
dicho sentimiento de agobio es breve y se desvanece a medida que voy recordando la cantidad de
historias, vivencias y personas con las que me he ido cruzando y disfrutando por el camino. Ha sido un
proceso de aprendizaje constante, en los que obviamente, he cometido errores de los cuales he

aprendido y me han ayudado a crecer.

La vida es una constante toma de decisiones, y cada vez estoy mas convencido de haber tomado

los caminos correctos.
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Gorostegi-Anduaga |, Aispuru GR, Mujika I. Actigraphy-based sleep analysis in
sedentary and overweight/obese adults with primary hypertension: Data
from the EXERDIET-HTA study. Sleep Breath. 2019;23(4):1265-1273.
doi:10.1007/s11325-019-01813-7.

Los indicadores de calidad de la revista del primer articulo publicado, seguin Journal Citation

Reports (JCR) y Scientific Journal Rankings (SJR) en el afio 2019 son los siguientes:
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Online ISSN 1522-1709
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Abstract

Purpose The aim of this study was to analyze actigraphy-based sleep quantity and quality in sedentary and overweight/obese
adults with primary hypertension (HTN) divided by sex and cardiorespiratory fitness (CRF) and to assess the association of sleep
parameters with body composition, blood pressure (BP), and CRF.

Methods This is a cross-sectional design utilizing data from the EXERDIET-HTA study conducted in 154 non-physically, obese adults
with HTN (53.3 + 7.8 years). Sleep parameters (total bedtime; total sleep time, TST; and sleep efficiency = (TST/total bedtime) % 100))
were calculated from raw accelerometer data (ActiGraph GT3X+). Peak oxygen uptake (VOapea) determined the CRF. Blood pressure
was assessed with the 24-h ambulatory BP monitoring. The distributions of VOZ,mk were divided into tertiles (low, medium, and high
CREF) in each sex. Series of linear regression analyses were conducted between sleep, fitness, and health-related variables.

Results Short sleep duration (6.2 h) both on weekdays and weekends, poor sleep quality (< 85% of efficiency), and no significant
differences in sleep variables between women and men, nor among CRF groups, were observed. The short sleeping pattern was
negatively associated (P < 0.05) with mean and night systolic BP (mmHg, 3 =-0.2), and sleep efficiency with waist circum-
ference (cm, 3 =-0.08, P=0.05).

Conclusions Actigraphy-based sleep analysis reinforces that sleep disorders, such as short sleep duration and poor sleep quality,
are associated with high BP and abdominal obesity in sedentary adults with overweight/obesity and HTN. Sleep pattermn did not
appear to be related with CRF level in this population.

Keywords Actigraphy - Ambulatory blood pressure - Sleep quantity - Sleep quality - Cardiorespiratory fitness

Introduction for the prevention, management, and treatment of overweight/
obesity and primary hypertension (HTN) [1]. During sleep
time, important changes occur in autonomic nervous system
functions and other physiologic events, which influence blood
pressure (BP) responses [1]. Mean nocturnal BP should de-
crease by approximately 10% to 20% during nighttime sleep
(a phenomenon known as nocturnal dipping) compared to
mean daytime BP values [1].

Current sleep quantity and quality pattems are likely due to

Sleep plays an essential role in our physical health, and some
consider sleep extension a non-pharmacological intervention
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changes in the socioeconomic environment and lifestyle [2].
In fact, the population, in general, sleeps around 1.5 to 2 h/day
less than people did a century ago [1]. Sleep efficiency, a good
indicator of sleep quality, is obtained from [(total sleep time/
total bedtime) x 100] [3], and values below 85% are usually
considered indicative of clinically significant reduced sleep
efficiency [3]. There is evidence to suggest that an inadequate
sleep pattern has adverse effects on cardiovascular, endocrine,
and immune function and to increase total mortality risk [2].
Numerous studies have shown that 7-8 h sleepers have the
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lowest risk of all-cause mortality [4]. However, many studies
show the presence of a U-shaped association, those with
shorter and longer sleep durations having a significantly
higher risk of mortality [2], cardiovascular disease, HTN [5],
and obesity [6].

On the other hand, aerobic exercise capacity referred to as
cardiorespiratory fitness (CRF) (i.e., peak amount of oxygen
that can be taken in, transported to and utilized by the working
tissue during exercise) and objectively measured by peak ox-
ygen uptake (VOspea) correlates positively with quality of
life, whereas it is negatively associated with fatal and nonfatal
cardiovascular events, independent of other risk factors [7].
Sleep and CRF influence each other through complex and
bilateral interactions. Indeed, beneficial effects of high CRF
on sleep may be explained by interactions in the circadian
rhythm, metabolic, immune, thermoregulatory, vascular,
mood, and endocrine systems. On the other hand, sleep disor-
ders may difficult the person’s capacity to exercise and also
increase the risk of exercise-induced injuries [8]. Hence, it
could be hypothesized that individuals with low CRF would
present sleep disturbances or worse sleep quality, along with
other cardiovascular risk (CVR) factors. Ideally, sleep dura-
tion and efficiency should be measured using objective tech-
niques and appliances for a representative period in free-living
conditions and regular life activity [9]. Although
polysomnography is regarded as the gold standard in the as-
sessment of sleep in medicine, this measurement presents lim-
itations due to its intricacy and costs. Accelerometers and
actigraphy are a more economical and easily available alter-
native: they allow easy recording of multiple nights, have
limited influence on natural sleep [10], and have been validat-
ed for the assessment of sleep measures in previous studies
[11].

Considering all of the above, and the lack of sleep
assessment studies with actigraphy in hypertensive popu-
lations, this study analyzed actigraphy-based sleep quan-
tity and quality in sedentary and overweight/obese adults
with HTN before starting a non-pharmacological thera-
peutic strategy divided by sex and CRF. A secondary
aim was to assess the association of sleep parameters with
body composition, BP, and CRF. We hypothesized that
hypertensive and overweight/obese participants would
have short sleep duration and poor sleep efficiency, which
could be associated with their CVR factors.

Methods

This observational study was included in the EXERDIET-
HTA study. The ethics committee of the University of the
Basque Country (UPV/EHU, CEISH/279/2014) and the
Ethics Committee of Clinical Investigation of Araba
University Hospital (2015-030) approved the study design,

@ Springer

study protocols, and informed consent procedure
(ClinicalTrials.gov identifier, NCT02283047). All
participants provided written informed consent.

Study population

A group of 186 adults took part in the study. All participants
were sedentary, overweight/obese, and had the diagnosis of
HTN [i.e., mean systolic blood pressure (SBP) > 140 mmHg
and/or diastolic blood pressure (DBP) =90 mmHg or used
antihypertensive medications], 86.9% of participants were
taking medication). Participants were recruited from the med-
ical services and local media. Participants with no diagnosis of
HTN were assessed with ambulatory blood pressure monitor-
ing (ABPM) to confirm the HTN status by a cardiologist. All
other inclusion and exclusion criteria were specified in the
study protocol [12].

Data were retained from those participants who had mea-
surements in actigraphy, anthropometry, ambulatory BP mon-
itoring (ABPM), and CRF using the metabolic gas analysis
system. Thirty-two participants did not meet the inclusion
criteria and were excluded from the analysis. Finally, a sample
of 154 individuals aged between 24 and 69 years (53.3+
7.8 years) was obtained, 101 men and 53 women.

Measurements

A full description of the study protocol was previously pre-
sented elsewhere [12]. A brief explanation of the main mea-
sures is presented below.

Anthropometry measurements for the assessment of body
composition included stature (SECA 213, Hamburg,
Germany), total body mass (BM) (SECA 869, Hamburg,
Germany), BMI, and waist and hip circumferences (SECA
200, Hamburg, Germany) to calculate the waist-to-hip ratio
(WHR).

Ambulatory BP monitoring was measured with an
oscillometric ABPM 6100 recorder (Welch Allyn, New
York, USA). The device measured BP an entire day, at 30-
min intervals during the daytime and at 60-min intervals dur-
ing nighttime, and no other device was implemented during
this period (e.g., the actigraph). The variables registered from
the ABPM were mean values of SBP and DBP during the day
and night periods and mean heart rate (HR).

Physical fitness was determined by performing a symptom-
limited cardiopulmonary exercise test (CPET). The CPET was
performed on an electronically braked Lode Excalibur Sport
cycle ergometer (Groningen, Netherlands), starting at 40 W
with a gradual increment of 10 W every minute applied until
volitional exhaustion. The expired gas was analyzed using a
commercially available metabolic cart (Ergo Card, Medi-soft
S.S, Belgium Ref. USMO001 V1.0).
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The \'/Ozpmk values were divided into tertiles (low, medium,
and high CRF) in each sex. The details regarding the range in
each group were as follows: the lowest tertile (low-CRF group),
VO2peak <21 mL kg ' min~' in men and VOszpeak <
16 mL kg ' min' in women; the medium tertile (medium-
CRF group), 22 < VOspex <26 mL kg ' min™' in men and
17 < VOzpeak <20 mL kg ' min”' in women; the highest tertile
(high-CRF group), VOspeak>27 mL kg ' min~' in men and
VOspeak >21 mL kg ' min™" in women.

Movements during sleep and wake were objectively and
continuously assessed through a triaxial accelerometer
(ActiGraph GT3X+, Pensacola, Florida, USA). Participants
wore the actigraph on their non-dominant wrist with a velcro
strap for eight consecutive days at all times (24-h), except
during water-based activities, and no other device was imple-
mented during this period (e.g., ambulatory blood pressure).
Each participant received oral instructions on how to wear the
actigraph, keeping general recommendations and fulfilling the
diary log, indicating the time of reference measurements (i.c.,
time to: wake up, get up, breakfast, lunch, nap, physical ac-
tivity, dinner, asleep at night) and also to track all times when
the device was removed and replaced. On the eighth day. after
the actigraph was returned to the investigators, both actigraph
and daily log were collected. The sleep measures were calcu-
lated from raw actigraph data for each unit. Actigraph data
were downloaded, treated, and analyzed using the manufac-
turer’s software (Actilife 6.11.9) with 60-s epoch length. In-
bed and out-bed times were verified to be equal in actigraph
and diary log for each day and each participant. If there was
any difference, the data were adjusted using diary log infor-
mation. This discrepancy only took place in “going to sleep
time” information. This is because actigraph may count as
sleeping time when participant remains laying down motion-
less. The following sleep variables were derived from
actigraph data: bedtime (total time spent in bed), TST (min
of sleep between sleep onset and wake time), and sleep effi-
ciency (the ratio between TST and total time spent in bed).
Sleep patterns were assessed using a previously validated soft-
ware algorithm based on the Cole-Kripke scoring method [13]
that analyzes the raw actigraph data to calculate sleep time.

Given that obstructive sleep apnea (OSA) could be a con-
founding factor influencing the relationship between short
sleep and BP, we included the STOP-Bang Questionnaire to
evaluate the risk of OSA [14]. Thus, participants were classi-
fied for OSA risk based on their scores (low risk < 2, moderate
range 3-4, and high risk > 5-8). It was considered OSA when
the STOP-Bang score showed a high-risk score, together with
those that upon inquiry affirmed a medical diagnosis of OSA,
including treatment with continuous positive airway pressure
or not treatment. Furthermore, the Epworth Sleepiness Scale
(ESS) was also added to evaluate the daytime sleepiness of the
participants. The ESS is a self-administered questionnaire
with eight questions measuring the degree of sleepiness that

different situations of daily life produce (from 0 to 3), and
differentiating somnolence from fatigue. The ESS results
range from 0 to 24 with high scores reflecting high levels of
sleepiness and excessive daytime sleepiness is defined as an
ESS >10[15].

Statistical analysis

Descriptive statistics were calculated for all variables. Data are
expressed as the mean + standard deviation (SD). Baseline
characteristics were compared with the use of independent
samples ¢ test to determine whether there was a significant
sex difference for all variables. A related samples ¢ test was
used to determine differences between weekdays and week-
ends in each sleep variable. One-way ANOVA was used to
examine differences among participants classified by CRF
level (low, medium, and high). A Bonferroni post hoc test
was used to determine the level of significance when a signif-
icant main effect was found.

Linear regression analysis was performed to assess the as-
sociation between sleep variables (independent variables)
with physical and physiological variables (dependent vari-
ables) with and without adjustment for covariates.
Covariates in model 2 were age, sex, and body mass index
(BMI), except when age and BMI were dependent variables.
Statistical significance was set at P <0.05. All analyses were
conducted using 24.0 version of IBM® SPSS-Statistics©
program.

Results

Table 1 displays the participants’ physical and physiological
characteristics split by sex, along with smoking and medica-
tion data. Men presented a higher waist circumference, mean
DBP, day DBP, night DBP, and VO,,., compared to women
(P<0.05), while women showed higher mean HR values
compared to men (P < 0.05). These results along with medi-
cations data are included and discussed in a previously pre-
sented sample [16].

The analysis of sleep variables from actigraphy (Table 2)
showed that our population slept around 371 min (6.2 h) per
night. Regarding bedtime and TST, men spent more time in
bed and slept more minutes on weekends compared to week-
days (P <0.001), but women did not show these differences
(P=0.2). There were no statistical differences in sleep effi-
ciency variables between weekdays and weekends or between
sexes (P> 0.05).

The assessment of OSA indicated that the mean value for
OSA score through STOP-Bang questionnaire was 3.7 + 1.4
(i.e., medium risk) with men showing higher values (4.5 + 1.3,
P <0.001) compared to women (2.8 + 1.1), and participants
stratified as 50% high, 26.3% medium, and 23.7% low risk.
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Table 1 Global characteristics of

study population and divided by All Men Women Prw
sex. Values are mean = SD n=154 n=101 n=53
Age (years) 533+78 53.5+8.1 52972 0.7
BMI (kg/m?) 324 +4.1 323+4.0 32.8+43 0.4
Waist circumference (cm) 103.7+10.9 107.0+9.8 97.4+10.1 < 0.001%*
SBP mean (mmHg) 136.0£12.1 136.6+11.8 1349+12.7 04
DBP mean (mmHg) 784 £8.0 80.3+7.3 74.8+8.2 < 0.001*
SBP day (mmHg) 1394+12.2 140.0£11.8 138.3+13.1 0.4
DBP day (mmHg) 81.1 £8.6 83.0+7.8 77.6£9.0 < 0.001*
SBP night (mmHg) 123.6+15.3 123.7+15.5 123.5+15.0 0.9
DBP night (mmHg) 68.0 £8.1 69.2+8.2 65.8+7.6 0.015%
HR mean (bpm) 720+10.3 70.6+10.0 74.6+10.5 0.019%
VO2pea (mikg "min ") 22.1+54 23.8+52 189+43 < 0.001*
Antihypertensive medication (%) 86.9 85.1 91.0 0.2
Statin (%) 12.9 12.8 13.2 0.9
Hypoglycemic (%) 53 6.4 29 0.3
ACEI (%) 36.8 34.8 412 04
ARB (%) 43.6 45.4 39.7 04
Diuretic (%) 32.1 31:2 33.8 0.7
CCB (%) 17.7 21.3 10.3 0.05
BB (%) 9.5 85 118 04
Antiplatelet (%) 3.9 43 29 0.6
Cigarette smoking (%) 114 10.6 13.2 0.6

M men, W women, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, AR heart
rate, VO, peak oxygen consumption, ACE/ angiotensin-converting-enzyme inhibitors, ARB angiotensin 11
receptor blockers, CCB calcium channel blockers, BB beta-blockers

*p<0.05

Furthermore, the 96% of those with a previous medical diag-
nosis of OSA or even high-risk OSA score were under con-
tinuous positive airway pressure, and only 4% of them were
non-treated OSA. In this sense, participants with treatment
and not treatment OSA were divided and separately analyzed.
The results showed not significant differences (P> 0.05) be-
tween groups (treated vs. not-treated OSA) in any of the stud-
ied sleep variables; therefore, all participants were all together
analyzed. Daytime sleepiness analysis showed that the mean
value for ESS in all sample was 7.9 +3.9 (men, 7.8 +3.5 and
women, 8.1 +4.3, P= 0.7), with the 22.2% of the total sample
with values considered as excessive daytime sleepiness.
After dividing our sample into tertiles by CRF values
(Table 3), there were statistical differences in BMI, waist cir-
cumference, and mean HR. Low-CRF had higher BMI than
medium-CRF (P=0.02, mean difference=2.0, 95% confi-
dence interval (CI)=0.3-3.7 kg/mz) or high-CRF
(P<0.001, mean difference=3.9, 95% CI=2.0-5.8 kg/mz),
and medium-CRF also showed higher BMI than the high-
CRF (P=0.05, mean difference=1.9, 95% CI=0-3.7 kg/
m?). The high-CRF group had lower values than the low-
CRF group on waist circumference (P < 0.001, mean differ-
ence=- 8.3, 95% CI=13.5-3.1 cm) and mean HR values

@ Springer

(P=0.03, mean difference =—5.5, 95% CI=10.5-0.5 bpm).
No significant differences were observed in sleep variables
among CRF groups.

A series of linear regression analyses were conducted to
assess the association of sleep variables (TST, bedtime and
sleep efficiency) with physical and physiological variables,
adding the dependent variables one by one (Table 4). Waist
circumference was negatively associated to TST ( =—0.2,
P =0.02) and bedtime (3 =—0.2, P=0.03) in the unadjusted
model; but, after adjustment for covariates, it was only nega-
tively associated with sleep efficiency (§ =—0.08, P=0.05,
Fig. 1). Mean SBP was negatively related to TST, both with-
out (3 =-0.2, P=0.01) and with adjustment (3 =—0.2, P=
0.02), as well as with bedtime without (f=-0.2, P=0.02)
and with adjustment (3 =— 0.2, P=0.04). Day SBP presented
an inverse association with TST in the adjusted model (3 =—
0.2, P=0.03), but it was not significantly associated with
adjustment (P=0.06). Night SBP was negatively associated
with TST without (=-0.2, P=0.01) and with adjustment
(=-0.2, P=0.01). Night SBP also had a negative relation-
ship with bedtime without (3 =—0.2, P=0.01) and with ad-
justment ($ =— 0.2, P=0.08). In addition, a significant nega-
tive association was found between mean DPB, day DBP, and
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night DBP with TST (=-0.2, f =—0.2, and $ =—-0.2, re-
spectively) and with bedtime (f =—0.2, 3 =-0.1,and B =—
0.2, respectively) when the regressions were conducted with-
out adjustment; however, no significant associations were
found following adjustment (P> 0.05). Focusing on sleep var-
iables, TST was significantly associated with bedtime and
sleep efficiency in unadjusted (3 =0.9 and  =0.7, respec-
tively) and adjusted model (3 = 0.9 and 3 = 0.7, respectively).
When the regression was conducted with adjustment, bedtime
was related to TST (3 =0.9, P<0.001) and sleep efficiency
(p=04,P<0.001).

Discussion

To our knowledge, the current research represents the first
study applying robust and objective measures analyzing sleep
(actigraphy), CRF (VOapeax), and BP (24-h ambulatory BP
monitoring). The main findings of the present cross-
sectional study were that sedentary and overweight/obese peo-
ple with HTN (1) had shorter sleep duration (6.2 h) than rec-
ommended by guidelines (7-9 h), both on weekdays and
weekends; (2) showed poor sleep quality (<85% of efficien-
cy) with no differences between women and men; (3) sleep
pattern did not appear to be related with CRF level in the study
population; and (4) the short-sleeping pattern, when examined
alone (unadjusted), was negatively associated with waist cir-
cumference, SBP, and DBP. These relationships remained sig-
nificant in mean and night SBP after adjustment. In addition,
after adjustment, a significant association between sleep effi-
ciency and waist circumference emerged. Lastly, individuals
with longer bedtime at night also showed higher TST and
sleep efficiency.

Consensus-based guidelines recommend that adults should
sleep seven or more hours per night, with sleep efficiency >
85% on a regular basis to promote optimal health [3]. Thus,
the population of the present study, with a mean of 6.2 h of
TST, refers shorter than guidelines recommended mean sleep
duration (Table 2). Even moderate or short-term sleep

deprivation is associated with increased BP and HR through
the activation of the sympathetic system and an increase in
plasma norepinephrine levels, along with reduced magnesium
concentration increasing vascular tone [17]. In fact, previous
studies stated that each hour of reduced sleep was associated
with a 37% increase in the incidence of HTN [1]. Closely
linked with this observation and consistent with our predic-
tion, in our general analysis of sleep duration and HTN, the
short-sleeping pattern (i.e., reduced TST and bedtime) was
negatively associated with BP (i.e., increased mean SBP and
night SBP), even after adjustment (Table 4). Although it could
be stated that the low R-squared values, in the present study,
are not enough for clinical significance, graded associations
between higher SBP and DBP and increase cardiovascular
disease risk have been presented (i.e., even with small in-
creases of BP) [18]. Hence, previous prospective studies have
demonstrated that nocturnal BP is a better predictor of CVR
than daytime BP, and 10 mmHg increases in nocturnal SBP
were associated with a 21% increase in cardiovascular death
[19]. Other studies showed an inverse association between
TST and BP in mean and nocturnal values [5]. Therefore,
the present objective assessment of sleep duration from raw
actigraph data in hypertensive participants reinforces a high
prevalence of short sleep duration (i.e., < 7 h per day) in this
population [4]. A possible confounder for poor sleep could be
the occurrence of OSA in the study population; however, only
4% of participants suffering from OSA were under no treat-
ment. Linked to this, there is no consideration of excessive
daytime sleepiness in the general sample, as the ESS question-
naire revealed. Likewise, participants’ sleep quality, measured
as 82.8% of efficiency, was poor [3], with no significant dif-
ferences (P = 0.4) between men (82.5%) and women (83.4%).
Previous studies have shown that poor sleep efficiency mea-
sured by nocturnal polysomnography was associated with a
mean increase of 4 mmHg of SBP, and even in non-
hypertensive population, the risk of developing HTN was
multiplied by 3.5 [1]. Further, while previous investigations
consistently report that women spent more time in bed, went
to bed earlier, and got up later than men [20], sleep parameters
in our study seemed not to be influenced by sex. Differences
in the study design and methods, smaller sample of women
compared to men, and variability in the population’s charac-
teristics may have contributed to these discrepant results.
Indeed, the present study participants were mainly middle-
aged adults (53.3 years), and changes in women’s ovarian
steroid production, such as those occurring during the meno-
pausal transition (in the present study, 48.5% of women were
on post-menopausal state), are markedly associated with poor
sleep [20]. In addition, there were significant differences
(P<0.001) between weekday and weekend bedtime and
TST among men in our study. In this sense, although an in-
creased weekend catch-up bedtime and sleep duration was
found, it was still insufficient (6.4 h of TST) to comply with
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Table 2 Sleep variables analysis of study population and divided by sex. Values are mean + SD

All P Men P Women P Pyuw

n=154 Wd-WEd n=101 Wd-WEd n=>53 Wd-WEd
Sleep efficiency (%) 828+72 825 +£7.6 83.4+6.2 0.4
Sleep efficiency Wd (%) 82.6 +7.1 0.1 822+75 0.2 83.2+64 0.4 04
Sleep efficiency WEd (%) 83.2 +£83 83.0 £9.0 83.8+7.0 0.5
Bedtime (min) 446.1 = 61.9 439.7 + 62.5 4584 + 593 0.1
Bedtime Wd (min) 439.8 £+ 66.5 < 0.001* 4324 + 639 0.001* 453.8 + 69.5 0.2 0.1
Bedtime WEd (min) 462.0 = 80.0 457.8 + 84.5 469.9 + 70.7 0.3
TST (min) 371.1 + 68.5 364.3 + 69.3 384.0 £ 654 0.1
TST Wd (min) 365.0+71.4 < 0.001* 357.3 £ 69.3 <0.001* 379.8 £ 73.8 0.2 0.1
TST WEd (min) 386.2 = 83.0 381.9 + 884 3944 +£71.7 0.3

Sleep efficiency (%): total sleep time divided by total bedtime multiplied by 100

Wd week day, WEd weekend day, TST total sleep time at night
*»<0.05

sleep guidelines and to get the effect of “recovery sleep” on
the activity of the sympathetic nervous system [21].
Contrary to our expectations, sleep pattern did not appear
to be related with CRF level (Table 4). Recent studies analyz-
ing the longitudinal change in CRF and odds of incident sleep
problems have concluded that a decline in fitness typically
accelerated sleep problems [22]. In contrast, a study that mea-
sured objectively CRF (i.e., VOspeak) and sleep patterns by
accelerometry reported that physical fitness and sleep

characteristics were not significantly correlated in young
adults and older participants [23]. Therefore, it might be ar-
gued that sleep pattern is not related with CRF. However, as
we have already shown [16], participants characterized by a
low-CRF showed higher BMI (P = 0.05) and waist circumfer-
ence values than medium- and high-CRF (P <0.001), rein-
forcing the inverse association between CRF and obesity
[24]. Related to that result, we found an inverse association
between sleep parameters (especially sleep efficiency) and

Table 3 Global characteristics

and sleep variables divided by LOW MEDIUM HIGH P

CREF tertiles. Values are mean + n=54 n=>58 n=42

SD
Age (years) 54.5+8.5 543+74 50.3+£6.7 0.01
BMI (kg/m’) 342+4.7% 322+34° 30.4+2.9 <0.001*
Waist circumference (cm) 107.3+11.5° 103.8+9.7 98.9+9.9 0.001*
VOspear (mlkg "min") 17.2+£2.8% 22.7+2.9° 27.7+£5.0 <0.001%
SBP total (mmHg) 138.1£13.7 134.9+10.2 135.0+12.4 0.3
DBP total (mmHg) 78.4+£8.6 777+7.7 793+£7.8 0.6
SBP day (mmHg) 141.0+£134 138.3+10.6 1389+128 0.5
DBP day (mmHg) 80.9+9.4 80.5+8.2 82.2+83 0.6
SBP night (nmHg) 127.8+17.6 121.5+12.7 121.1+14.5 0.05
DBP night (mmHg) 69.3+8.3 669+7.8 67.9+8.4 0.3
HR mean (bpm) 74.3+10.8" 721£112 68.8+7.2 0.033*
Sleep efficiency (%) 83.6+5.6 81.6+7.1 83.3+88 0.3
Sleep efficiency Wd (%) 83.5+54 81.1+7.1 83.3+8.7 0.1
Sleep efficiency WEd (%) 83.7+7.1 82884 83.3+9.7 0.8
Bedtime (min) 450.2+62.0 442.5+68.3 446.2+52.9 0.8
Bedtime Wd (min) 445.1+62.2 437.0+£76.9 436.7+£56.6 0.8
Bedtime WEd (min) 462.3+86.5 456.1+£80.0 469.9+72.2 0.7
TST (min) 378.1+66.1 363.0+72.9 373.4+65.5 0.5
TST Wd (min) 373.5+£65.7 356.8+79.6 365.5£66.9 0.5
TST WEd (min) 389.2+89.5 378.4+£789 393.3+£80.9 0.6
Sleep efficiency (%): total sleep time divided by total bedtime multiplied by 100
BMI body mass index; SBP systolic blood pressure; DBP diastolic blood pressure; R heart rate; VO_»,,‘.,,k peak
oxygen consumption; Wd week day, WEd weekend day, 7ST total sleep time at night
*p<0.05
“ Denotes group is significantly different (» <0.05) from MEDIUM CRF group
" Denotes group is significantly different (p < 0.05) from HIGH CRF group
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Table 4 Linear regression models. Association between sleep variables and physical and physiological variables

Sleep efficiency

Bedtime

TST

Independent variables

Adjusted

Unadjusted

Unadjusted Adjusted

Adjusted

Unadjusted

Dependent variables

| S

B
0.01
0.1
=0.1
-02
-02
-02
-02
-02
= 0.
-0,

Waist circumference

Age
VO2peak
BMI
SBP mean
DBP mean
SBP day
DBPday
SBP night
DBP night
Dipping
TST

<

0.1

<0.001

0.4 <0001 0.1 0.4

0.8
0.5

< 0.001
<0.001

0.9
0.7

0.8
0.5

< 0.001
< 0.001

0.9
0.7

Bedtime
Sleep efficiency

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, Vi

Significant values are shown in italics

peak Pk OXygen consumption, 7ST total sleep time

2,

waist circumference (r= 0.88, P=0.05, after adjustment with
age, sex, and BMI, Fig. 1), which is considered a marker for
higher metabolic and cardiovascular disease risk [25].
Confounding factors as age, sex, and BMI are associated with
the waist circumference and may affect the sleep efficiency.
The relationship between sleep and obesity has been previous-
ly analyzed [6], and it could be bidirectional [26]. Although
not studied in the present investigation, the plausible mecha-
nisms by which reduced sleep may impact body mass homeo-
stasis in our population might be (1) the activation of orexin
system hormonal responses regulating appetite, wakefulness,
and energy balance, such as leptin and ghrelin, increasing
appetite and energy intake and storage in adipocytes [27];
(2) a decreased caloric expenditure led by feelings of fatigue
resulting in reductions of exercise [28] or spontaneous phys-
ical activity [29]; and (3) altered sympathetic-vagal balance
with an increase in sympathetic nervous system along with
catecholamine and cortisol levels, which may impact on insu-
lin sensitivity the following moming [30].

It was also observed that participants with longer bedtime
at night also showed higher TST and sleep efficiency. Hence,
we could naively think that spending more nocturnal bedtime
will increase TST and efficiency. However, we should be cau-
tious about this conclusion taking into account the complex
etiology of sleep disorders and bedtime distractions that may
cause lack of sleep.

Some limitations should be considered. First, actigraphy
may overestimate TST and sleep efficiency due to that lack
of movement or lying in bed awake motionless is mostly cod-
ed as sleep. Second, the present investigation was conducted
with an unequal number of women (34.4%) and men (65.6%),
which could be the reason for the lack of differences in sleep
variables. Third, this was a cross-sectional study, which did
not totally describe the cause-effect variables, although we
included confounding factors to strengthen the results.
Fourth, although the sample size was sufficient as an initial
investigation on overweight/obese individuals with HTN, re-
sults and statistical power might not be enough and compara-
ble with larger epidemiological studies. Lastly, all the partic-
ipants of the present study were sedentary, overweight/obese,
and suffered from HTN, and a healthy control group was
lacking to compare and analyze whether differences exist be-
tween groups. Therefore, considering that optimizing sleep
seems to be part of the algorithm in the management of hy-
pertension, but it has been difficult to demonstrate the benefit
empirically, future studies should consider large-scale investi-
gations and determine the short- and long-term effects of dif-
ferent interventions on sleep patterns.

In conclusion, actigraphy-based sleep analysis reinforces
the accumulative evidence of sleep disorders (short sleep du-
ration and poor sleep quality) associated with high BP and
abdominal obesity, which may have potential synergistic del-
eterious effects on CVR in sedentary and overweight/obese
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adults with HTN. Further, sleep pattermn does not appear to be
related with CRF level in the study population.
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Abstract: Background: The purposes of the study were to: analyze, by objective {accelerometry)
and subjective (International Physical Activity Questionnaire, IPAQ) methodologies, the physical
activity (PA) and sedentary behavior (5B} in healthy adults (HEALTHY, n = 30) and individuals
with primary hypertension (HTN) and overweight/obesity (n = 218); assess the effects of an aerobic
exercise intervention on physical activity (PA), sedentary behavior (SB), and sleep quality in the
HTN group; and evaluate the relationship between objectively measured and subjectively reported
A and 5B. Methods: The measurements were performed before a 16-week exercise intervention
period in both HEALTHY and HTN groups and after the intervention period only in the HTN group,
randomized to attention control or exercise training (ExT) subgroups, Results: The HEALTHY group
showed more moderate-to-vigorous PA (p < 0.05) and better sleep quality (p < 0.05) than the HTN
group, but no difference in SB. After the intervention, HTN participants” PA and SB, objectively
measured by accelerometry, were unchanged, but increased PA and decreased 5B (p < 0.05) were
observed through IPAQ in ExT. The intervention was effective in improving sleep quality in HTN
participants. Conclusions: The differences in moderate-to-vigorous PA and 5B may be useful in
defining the health profile of a population. The supervised aerobic exercise program was effective
in increasing PA, reducing SB, and improving sleep quality in overweight/obese adults with HTN.
Accelerometer-measured and self-reported data were not comparable, but complementary.

Keywords: physical inactivity; questionnaire; objective measure; sleep; supervised exercise
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1. Introduction

There is clear and unanimous evidence on the benefits of regular physical activity (PA) for several
health conditions [1,2], but also on the deleterious effects associated with sedentary behavior (SB; i.e.,
any waking behavior characterized by an energy expenditure < 1.5 metabolic equivalents, while in a
sitting, reclining, or lying posture) and physical inactivity (i.e., when an individual does not meet the
PA recommendations) [3].

Historically, intervention efforts to counter PA have focused on moderate-to-vigorous PA
(MVPA) [4]. However, updated international PA and SB guidelines for adults are promoting not
only 150-300 min per week of MVPA and strengthening exercises, but also to reduce and interrupt
prolonged SB with episodes of light-intensity PA (LPA) [5-7].

In 2012, physical inactivity was characterized as a global pandemic [8], given that SB is associated
with a higher risk of mortality. Over the past few years, attention has been directed toward an
alternative approach consisting of frequent breaks in sedentary time to reduce SB and increase LPA.
Light-intensity PA has been shown to be relevant for those who are not regularly physically active,
and higher LPA relative to SB provides additional benefits to those meeting PA guidelines [3,9,10].
However, it seems that leisure-time MVPA may not be protective for those who spend large amounts
of time in SB [11]. The basic premise is that sitting too much is not the same as lack of exercise and,
as such, has its own unique metabolic consequences, due to the identification of unique mechanisms
that are distinct from the biological bases of exercising [12]. After the pioneering work of Dr. Jerry
Morris in the 1950s [13], numerous studies have shown that bouts of sitting time and lack of muscular
movement (i.e., SB) are strongly associated with obesity, abnormal glucose metabolism, diabetes,
metabolic syndrome, cardiovascular disease, and cancer [2,11,14]. This association is independent of
MVPA [15,16] and SB is also an independent determinant of chronic disease and all-cause mortality [17].
This observation emphasizes the beneficial effects of breaks in sedentary time, even when the same
total amount of MVPA is performed [18], suggesting that SB carries a unique and independent risk to
health that may not be reduced simply by becoming more physically active [2].

There are multiple ways of analyzing PA levels and SB, but the high variability among different
methods makes comparisons problematic. The International Physical Activity Questionnaire (IPAQ)
measures time spent sitting and PA at different intensities with demonstrated validity and reliability [16],
and an acceptable validity against accelerometers [19]. Accelerometers are indeed another reliable
and objective method to measure daily PA with no reporting bias. However, some authors have
recently highlighted the inability of some accelerometers to capture non-step based or water-based
PA (e.g., cycling or swimming), resulting in an underestimation of the amount of PA performed [20].
Besides, the lack of agreement about where the device must be placed complicates the interpretation
and comparison of results between studies [21].

Accelerometers are also a validated and practical way of capturing and analyzing sleep quality
parameters [22] due to their minimal influence on natural sleep [23]. There is clear evidence to
suggest that inadequate or poor sleep patterns have adverse effects on cardiovascular, endocrine and
immune function, body composition, and risk of mortality [24-26]. It has also been demonstrated
that inadequate sleep duration and poor sleep quality are associated with restricted PA, and their
association is bidirectional [27]. Previous studies have shown that poor sleepers are less likely to meet
PA guidelines and that better sleep quality predicted higher levels of PA [27]. Results generally suggest
that increasing PA levels will improve sleep and SB [28], although some studies found little or no
effect in reducing total SB time [29,30]. It is also unclear how variables such as exercise type, duration,
and intensity affect SB and sleep quality.

This study aimed to analyze the interactions between aerobic exercise training, PA, SB, and sleep
quality in overweight/obese adults with primary hypertension (HTN). The specific purposes of the
present study were: (1) to analyze, by objective (accelerometry) and subjective (IPAQ questionnaire)
methodologies, the PA and SB in healthy adults (HEALTHY group) and individuals suffering from
HTN and overweight/obesity (HTN group); (2) to assess the effects of a 16-week aerobic exercise

161



>

Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

Life 2020, 10, 153 30f13

intervention on PA, SB, and sleep quality in a HTN population with overweight/obesity; and (3) to
assess the relationship between objectively measured and subjectively reported PA and SB.

2. Materials and Methods

2.1. Study Design

The EXERDIET-HTA study is a multi-arm parallel, randomized, single-blind, controlled,
experimental trial comparing the effects of different 16-week aerobic exercise programs
(performed 2 days/week) in overweight/obese participants with HTN (www.clinicaltrials.gov,
number NCT02283047). The study protocol was approved by the Ethics Committee of the University
of the Basque Country (UPV/EHU, CEISH/279/2014) and clinical investigation unit of Araba University
Hospital (2015-030). Medical staff were blinded to the participant randomization process. The design,
selection criteria, and procedures for the EXERDIET-HTA study have been detailed previously [31].

2.2. Participants

Two hundred and eighteen non-Hispanic white participants (2 = 138 men (63.3%) and
n =80 women (36.7%)) with a diagnosis of HTN according to European guidelines [32] or who
were taking pharmacological treatment for HTN and who were overweight or obese (body mass index
(BMI) > 25 kg/m?) with a sedentary and physically inactive lifestyle (according to IPAQ and below
the “Global Recommendations on Physical Activity for Health” set by the World Health Organization) [33]
took part in the study. All participants provided written informed consent before any data collection.
A sample of healthy individuals (HEALTHY, n = 30) was also recruited from the community (approved
by the Ethics Committee of the University of the Basque Country, UPV/EHU, M10/2018/229) and
excluded if they had any chronic medical illness, were taking any daily prescription medications,
had current medical symptoms, had abnormal findings on physical examination (including blood
pressure (BP) > 140/90 mmHg, or overweight BMI > 25 kg/m?), or had abnormal results on a cardiac
screening test (resting and exercise electrocardiogram).

2.3. Measurements

The measurements for the study were performed before the 16-week exercise intervention period
(TO) in both HEALTHY and HTN samples, and after the intervention period (T1) only in the HTN group.

In order to assess the PA and SB, participants completed the short-form IPAQ [34], and wore a
triaxial accelerometer (ActiGraph GT3X+, Pensacola, FL, USA) on their non-dominant wrist with a
Velcro strap for eight consecutive days at all times, except during water-based activities. Each participant
was given oral instructions on how to wear the accelerometer and how to complete the diary log.
On the eighth day after the accelerometers were distributed, both accelerometers and diaries were
collected. Accelerometer data were downloaded, cleaned, and analyzed using the manufacturer’s
software (Actilife 6 desktop). For the analysis of SB, the cut-off point was <1853 counts per minute [35].
We measured the total PA (TPA), with the cut-off point >1853 counts per minute, because wrist intensity
cut-points for adults using ActiGraph accelerometers were not validated. For SB analysis, sleep data
were not included and were analyzed separately.

Sleep measures were analyzed using a validated software algorithm based on the Cole-Kripke
scoring method [36] and calculated from the raw accelerometer data for each unit at 60-s epoch length.
The following sleep variables were obtained from accelerometer data: bedtime (total time spent in bed);
total sleep time (TST, min of sleep between sleep onset and wake time); and sleep efficiency (the ratio
between TST and total time spent in bed X 100), of which values below 85% are usually considered
clinically significant [37].

All participants answered the STOP-Bang Questionnaire for the screening of obstructive sleep
apnea (OSA). This tool consists of eight dichotomous (yes/no) items (snoring, tiredness, observed
apnea, BP medication, BMI, age, neck circumference, and sex). The total score ranges from 0 to 8.
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Individuals can be classified for OSA risk based on their respective scores (i.e., low risk < 2, moderate
range 3—4, and high risk > 5-8). Neck circumference was measured in the midway of the neck, between
the mid-cervical spine and mid-anterior neck, with the participants standing upright [38].

2.4. Intervention

After baseline measurements at T, HTN participants were randomly allocated to one of the
intervention subgroups stratified by sex, systolic BF, BMI, and age using a time-blocked computerized
randomization program. The four intervention groups were: attention control group (AC) and three
supervised exercise groups (high-volume and moderate-intensity continuous training, high-volume and
high-intensity interval training, and low-volume and high-intensity interval training). A preliminary
analysis of the data used in this research showed that there were no differences in the target variables
among the three supervised exercise groups. Therefore, for the purposes of this study, all three
supervised exercise groups were pooled together in a single group called exercise training (ExT).
Comparative analyses were performed between the two HTN subgroups (AC vs. ExT). All participants
followed a hypocaloric DASH diet (Dietary Approaches to Stop Hypertension) [39]. Habitual
food consumption and nutrient intake were evaluated using three questionnaires: Dietary History,
Food Frequency Questionnaire, and 24 h Recall Questionnaire. Every two weeks, participants were
weighed and received encouragement and advice alongside nutritional counselling in order to aid
compliance. Moreover, all participants were given PA advice to meet the global PA recommendations.

The ExT subgroup trained two non-consecutive days per week under the supervision of exercise
specialists. All sessions started and finished with BP monitoring, and training intensity was dictated
by individual heart rate responses (Polar Electro, Kempele, Finland) and the rate of perceived exertion
(RPE, Borg’s 6-20-point scale). Each session lasted for approximately one hour and included a 5-10-min
warm-up and a 10-min cool-down. The main part of each training session consisted of a range of
aerobic exercises: one day of the week on a treadmill (BH Fitness, Vitoria-Gasteiz, Basque Country)
and the second day on a stationary bike (BH Fitness, Vitoria-Gasteiz, Basque Country). The intensity
of the exercise was individually tailored by adjusting the speed and/or the incline of the treadmill,
and the power output and/or the pedaling cadence on the exercise bike. Additional information on the
supervised exercise training protocols can be found elsewhere [31].

2.5. Statistical Analysis

Descriptive statistics were calculated for all variables and presented as mean + standard deviation
(SD). Comparisons between the HEALTHY and HTN groups were performed with independent ¢-tests.
Analysis of variance was used to determine if there were significant differences at baseline (T0) between
the three groups of supervised exercise.

A related two-sample {-test was used to assess the effects of the intervention (TO vs. T1) within
each HTN subgroup (AC and ExT). Analysis of covariance was used to examine the delta (A) score for
each HTN subgroup and an independent two-sample ¢-test was performed to determine the differences
between groups at T1.

Pearson correlation coefficients were used to assess the relationship between objectively measured
and subjectively reported sedentary time and TPA. Weighted histograms were used to present the
distribution of the mean difference between measured and reported SB (calculated as measured
estimate — reported estimate) in the entire HTN sample before the intervention and the ExT subgroup
after the intervention.

Data were analyzed according to the intention-to-treat principle. Statistical significance was set at
p < 0.05. All statistical analyses were performed with Statistical Package for the Social Sciences (SPSS)
version 24.0.
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3. Results

Previous reports for the EXERDIET-HTA study have already presented the baseline body
composition, BP, cardiorespiratory fitness, biochemical profile, and medication intake data of the
HEALTHY and HTN groups [40], as well as changes in these variables elicited by the intervention in
the HTN group [41-43].

At baseline, HTN participants showed significantly lower levels of vigorous (p = 0.012) and
moderate (p < 0.001) PA through IPAQ and of TPA (p = 0.042) measured by accelerometer compared
with HEALTHY participants (Table 1, Figure 1). No differences (p > 0.05) between HEALTHY and HTN
participants were found in SB irrespective of the method used. However, the weighted histograms
showed that mean difference (accelerometer-measured minus self-reported) in SB time ranged between
—22 and 188 min in 37% of HTN individuals (Figure 2). In addition, HEALTHY participants showed
better sleep quality than HTN participants due to better sleep efficiency (p < 0.001) and longer sleep
time (p = 0.017). Moreover, HTN individuals showed moderate risk for OSA, higher STOP-Bang
Questionnaire scores (3.7 + 1.3 vs. 0.6 + 1.0, p < 0.001), and neck circumference (39.3 + 3.9 vs.
33.6 +£3.0cm, p < 0.001) than HEALTHY individuals. No baseline differences were found in any
variable between HTN subgroups.

Table 1. Physical activity and sleep parameters of the study sample at baseline.

HTN SUBGROUPS
HEALTHY HTN p-Value AC ExT p-Value
(n=30) (n =218) HEALTHY vs. HTN (n =56) (n =162) ACvs. ExT
IPAQ
VPA (min/week) 3752 10 = 56 0.012* 10 = 40 10 = 85 0.947
MPA (min/week) 364 + 301 55+ 125 <0.001* 71+ 129 50 £123 0.273
Walking (min/week) 223 + 246 232 + 249 0.846 238 + 283 230 + 237 0.838
Sitting (min/week) 2863 £ 1116 2908 + 1387 0.865 3159 £ 1594 2821 + 1301 0.120
ACCELEROMETER
Physical activity
Sedentary time (min/day) 494 + 84 519 + 125 0.295 508 + 136 525 + 124 0.438
Sedentary (%) 515 +85 546 £ 10.4 0.091 527 £9.5 51.1+£10.3 0.569
TPA (min/day) 478 £90 435 + 108 0.042* 460 = 107 424 + 109 0.056
TPA (%) 485 +85 454+104 0.078 473 £9.5 489 + 10.3 0.571
Sleep
Efficiency (%) 917 £32 84170 <0.001* 850 £5.7 835+75 0.216
Bedtime (min/day) 442 £ 43 452+ 63 0.287 445 =62 455 + 64 0.372
TST (min/day) 405 = 44 38270 0.017* 380 =65 382+73 0.865
STOP-Bang score 0.6+1.0 37+13 <0.001* 39x11 36+15 0.171
Neck circumference (cm) 336 £3.0 39.3+39 <0.001 * 395 +3.6 392 +41 0.841

Values are mean + SD. HEALTHY, healthy group; HTN, primary hypertension group; AC, attention control
subgroup; ExT, exercise training subgroup; IPAQ, International Physical Activity Questionnaire—short form; VPA,
vigorous physical activity; MPA, moderate physical activity; TPA, total physical activity; efficiency (%), total sleep
time divided by total bedtime multiplied by 100; TST, total sleep time; STOP-Bang score, points obtained in the
STOP-Bang Questionnaire. * p < 0.05.

HEALTHY HTN
BEDTIME | 73 I ’ 75 ‘

o

MVPA 0.1

Figure 1. Accelerometer-measured and self-reported data for bedtime, sedentary behavior (SB),
light-intensity physical activity (LPA), and moderate-to-vigorous physical activity (MVPA) in the
healthy (HEALTHY) and primary hypertension (HTN) groups at baseline.

Hours/day

After the intervention period (T1), PA levels did not increase (p > 0.05) and SB did not
decrease (p > 0.05) with accelerometry measurements neither in AC nor in ExT subgroup (Table 2).
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On the other hand, IPAQ data indicated that the ExT subgroup significantly increased its level of
vigorous PA (A = 51 min/week, 95% confidence interval (CI) = 68, 34 min/week) and moderate PA
(A =117 min/week, 95% CI = 157, 77 min/week), and decreased sitting time (A = —381 min/week,
95% CI = 94.2, —667 min/week). However, no significant differences between the subgroups (AC vs.
ExT) were found. The mean difference (accelerometer-measured minus self-reported) in SB ranged
between 46 and 256 min in 32.9% of ExT participants (Figure 2).

- A) B)

E &

N
o

Percentage of Pasticipants
5B

-
o

SB time in HTN at basedine SB Time in EXT Post-Intervention
{Accelerometer-Measured Minus Self-Reported minutes} (Accelerometer-Measured Minus Seff-Reported minutes)

Figure 2. Distribution of the time difference between accelerometer-measured and self-reported
sedentary behavior (SB) in (A) the primary hypertension (HTN) sample at baseline and (B) the exercise
training subgroup (ExT) at post-intervention.

Table 2. Physical activity levels before (T0) and after (T1) 16 weeks of exercise intervention in the

HTN subgroups.
AC ExT -Value
(n=37) Prom (n =109) Prom AZ vs. EXT
Physical activity
ACCELEROMETER
Sedentary time (min/day)
TO 498 + 105 544 + 125
T1 504 +98 0.788 519 + 110 0.215 0.374
Sedentary time (%)
TO 52.7 + 104 55.8 + 8.9
T1 54.3 + 10.0 0.496 542 +9.7 0.276 0.250
TPA (min/day)
TO 459 + 110 435 + 92
T1 434 +94 0.265 445 + 99 0.448 0.172
TPA (%)
TO 473 +104 442 + 89
T1 45.7 £ 10.0 0.496 458 £ 9.7 0.276 0.250
IPAQ
VPA (min/week)
TO 11+43 11 + 88
T1 40 + 101 0.080 62 + 94 <0.001 * 0.221
MPA (min/week)
TO 76 + 135 47 £ 124
T1 150 + 204 0.056 163 + 200 <0.001 * 0.308
Walking (min/week)
TO 257 + 292 237 + 240
T1 337 + 397 0.286 288 + 279 0.098 0.679
Sitting (min/week)
TO 3200 + 1566 2818 + 1302
T1 2636 = 1146 0.060 1437 + 1336 0.010* 0.546

TPA, total physical activity; IPAQ, International Physical Activity Questionnaire—short form; VPA, vigorous
physical activity; MPA, moderate physical activity; HTN, primary hypertension group; AC, attention control
subgroup; ExT, exercise training subgroup. *p < 0.05.
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The sleep analysis showed (Table 3) that after the intervention both subgroups increased sleep
efficiency (AC, A = 2.8%, 95% CI = 4.9, 8.2%; ExT, A = 4.4%, 95% CI = 5.7, 3.1%) and TST (AC,
A =18 min/day, 95% CI = 32, 4 min/day; ExT, A = 26 min/day, 95% CI = 37, 14 min/day) in the
whole week, and also in the five weekdays: sleep efficiency (AC, A = 3.6%, 95% CI = 5.6, 1.5%;
ExT, A =4.5%, 95% CI = 5.8, 3.2%) and TST (AC, A = 23 min/day, 95% CI = 39, 7 min/day; ExT,
A =29 min/day, 95% CI = 42, 16 min/day). However, only the ExT subgroup increased its bedtime
values (A =13 min/day, 95% CI = 25, 1 min/day). During the weekend, only the ExT subgroup had
improved sleep efficiency (A =4.4%, 95% CI = 6.0, 2.8%). No statistical differences were apparent in
the STOP-Bang Questionnaire scores after the intervention, but both subgroups decreased the total
score, with a significant reduction in neck circumference (AC, A = —=1.1 cm, 95% CI = -0.2, —1.9 cm;
ExT, A = -0.8 cm, 95% CI = -0.4, —=1.2 cm).

Table 3. Sleep quality analysis before (T0) and after (T1) 16 weeks of exercise intervention in the

HTN subgroups.
AC ExT Value
(n=237) Prom (n =109) Prom Agvs. ExT
Sleep
Complete week (7 days)
Efficiency (%)
TO 848 £5.7 83.0+ 8.0
T1 87.6 6.7 0.007 * 875+49 <0.001 * 0.218
Bedtime (min/day)
TO 441 £59 452 + 60
T1 449 +49 0.287 461 + 62 0.128 0.978
TST (min/day)
TO 375 £ 62 378 +70
T1 393 £55 0.013* 403 + 60 <0.001 * 0403
Weekdays (5 days)
Efficiency (%)
TO 843 £6.0 829+79
T1 879 +6.7 0.001 * 87.3+4.8 <0.001 * 0.481
Bedtime (min/day)
TO 431 +61 H41+64
T1 442 +52 0.245 454+ 72 0.041 % 0.897
TST (min/day)
TO 365 + 63 367+ 72
T1 388 +£55 0.005 * 396 + 67 <0.001 * 0.633
Weekend (2 days)
Efficiency (%)
TO 855+6.4 83.3+9.0
T1 874+74 0.160 87.8+6.7 <0.001 * 0.123
Bedtime (min/day)
TO 469 +75 478 + 83
T1 462 +75 0.556 475+ 75 0.722 0.818
TST (min)
TO 402 +77 401+ 70
T1 404 +73 0.874 417+ 78 0.076 0.318
STOP-Bang score
TO 37E1.1 3.7£15
T1 3:2:41.2 0.170 35+12 0.280 0.140
Neck circumference (cm)
TO 393 +£3.6 394+40
T1 382 +3.0 0.015 38.6+3.8 <0.001 * 0.536

Efficiency (%), total sleep time divided by total bedtime multiplied by 100; TST, total sleep time; STOP-Bang
score, points obtained in the STOP-Bang Questionnaire; HTN, primary hypertension group; AC, attention control
subgroup; ExT, exercise training subgroup. * p < 0.05.

Pearson’s correlations between the accelerometer-measured variables and IPAQ were not
significant neither for TPA (TO, r = 0.117, P = 0.117; T1, r = —=0.106, P = 0.258; mean difference
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between pre- and post-values, r = —=0.067, P = 0.502) nor for SB (T0, r = 0.132, P = 0.076; T1, r = -0.189,
P =0.054; r =0.049, P = 0.624).

4. Discussion

To the best of our knowledge, this was the first study that analyzed the beneficial effect of an aerobic
exercise program with nutritional intervention on SB, PA, and sleep variables in an overweight-obese
population with HTN. The main findings of this study were: (1) the HEALTHY group showed more PA
time and better sleep quality than HTN participants, with higher volume of MVPA, but no difference in
SB time; (2) HTN individuals’ PA and SB times objectively measured by accelerometry were unchanged
after the 16-week intervention, but increased MVPA and decreased SB times were observed through
IPAQ in the ExT subgroup. IPAQ questionnaire and accelerometer results were thus not comparable;
and (3) the intervention was effective in improving sleep quality in the HTN sample as a whole.

4.1. Baseline Results in HEALTHY and HTN

Under the premise that “too much sitting” is distinct from “too little exercise” [12], we could
consider HEALTHY individuals of this study as sedentary (8.2 h/day in SB) but physically active
(i.e., meeting current PA recommendations), while HTN participants were both sedentary (8.6 h/day in
SB) and physically inactive. Arguably we are living in a sedentary society, regardless of meeting the
current PA recommendations or not. Further, it seems clear that the risks associated with SB could be
higher among people who are not regularly physically active [3], but also that a high level of MVPA
might attenuate the adverse consequences of SB, as demonstrated by a harmonized meta-analysis
of data from over 1 million men and women [44]. In the present study, the significant difference in
MVPA level at baseline between HEALTHY (401 min/week or 0.9 h/day) and HTN (65 min/week or
0.1 h/day) individuals, and similar SB and LPA levels (Table 1, Figure 1) might be reflected in the initial
unhealthy status of HTN [45]. Such findings highlight the close relation between physical inactivity
and cardiovascular disease, and conversely the cardioprotective effect of regular MVPA secondary
to high cardiorespiratory fitness [3]. Furthermore, the lack of differences in walking time (estimated
by IPAQ, Table 1) and the percentage of TPA volume (measured by accelerometry, Table 1) between
HEALTHY and HTN participants do not support the health-enhancing role of LPA showed by previous
studies in older adults [9]. Therefore, LPA may not be sufficient to reduce cardiovascular risk factors in
sedentary and physically inactive adults [17].

The subjective and objective benefits of regular MVPA on sleep are well-known [29], as is the strong
association between short sleep duration, poor sleep quality, and cardiometabolic risk factors such as
HTN and overweight/obesity [25,26]. Results of the presentstudy seemed to confirm the aforementioned
association. Although both groups spent similar time in bed (7.4-7.5 h/day, Table 1, Figure 1), the HTN
group showed poorer sleep quality than the HEALTHY group due to significantly shorter sleep
time per day (HEALTHY = 6.7 h vs. HTN = 6.4 h) and worse sleep efficiency (HEALTHY = 92% vs.
HTN = 84%). Indeed, HTN participants did not reach 85% sleep efficiency, which is considered to
be healthy [26,37,46]. The absence of MVPA and bad sleep quality, along with a moderate risk for
OSA as shown by the STOP-Bang Questionnaire, could be the key factors explaining the unhealthy
status of HTN participants, presenting with physical, clinical, and physiological differences compared
with HEALTHY participants [40,42]. In this sense, our results were consistent with previous studies
reporting that a high level of exercise was associated with reduced odds of moderate-severe OSA,
which in turn was associated with increased all-cause mortality [38,47].

4.2. Intervention Effects in HTN Subgroups

Although the use of objective methods to assess PA and SB presents several advantages over
questionnaires [48], some studies have pointed to the inability of accelerometers to capture water and
non-step based PA, likely resulting in an underestimation of overall PA [20]. A recent investigation
has even concluded that it is not possible nowadays to ascertain the prevalence of meeting the PA
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guidelines based on accelerometer data [21,49]. In this respect, no differences were found in the
present study when PA and SB were compared before and after the 16-week intervention (T0 vs. T1) in
either of the HTN subgroups. However, self-reported data from IPAQ indicated significant increases
in MVPA and decreases in SB in the EXT subgroup. These results suggested that: (1) TPA may be
underestimated and SB overestimated by accelerometry. This was due to non-step activities not being
recorded (in this study, the participants exercised once a week on the bike and once a week on the
treadmill) and wrist intensity cut-points for adults using ActiGraph accelerometers not being validated
nor established [35,48]; (2) the weak correlations between accelerometer-measured and self-reported
TPA and SB data in this study, both before and after the intervention, suggested that these methods are
not to be used interchangeably, especially when non-step based PA is performed. Similarly, data from
the weighted histograms (Figure 2) presented a high disagreement between measured and reported
SB, with more than 200 min/day mismatch in every difference range of HTN participants at baseline,
and a similar mismatch in the EXT subgroup after the intervention. These results were in agreement
with previous studies analyzing the reliability and validity of IPAQ compared to accelerometer cut-off
points in the quantification of SB and PA in older adults [50]. However, rather than simply comparing
measured and estimated methods, the most effective strategy may be to benefit from the complementary
information of both methods, as previously suggested [51].

After the intervention, the EXT subgroup markedly reduced the sitting time (A = —49.0%, from 6.7
to 3.4 h/day, p = 0.01) and increased MVPA, according to self-reported data (Table 2). These results,
along with previously published analyses on the same sample showing improvements from unhealthy
to healthy physical, clinical, and physiological profile [40—42]), further support the use of self-reported
data from IPAQ questionnaire in parallel to accelerometer-measured data. Further, the benefits of
increased PA and decreased SB were also observed after analyzing sleep quality, confirming that
longer sleepers generally have better metabolic profiles [52]. Indeed, sleep efficiency improved (AC,
A =2.8%; EXT, A = 4.4%) and total sleep time increased (AC, A = 17.9 min/day; ExT, A = 37.3 min/day)
in both subgroups after the intervention. Nevertheless, total sleep time and bedtime were higher only
during weekdays in both subgroups, whereas on weekend days only ExT increased sleep efficiency
(A =4.4%). As expected, our results were in agreement with most studies showing that for healthier
people, Sunday was the day with the highest levels of SB and sleep time, and lowest levels of MVPA,
whereas frail individuals were consistently inactive every day of the week [20,53].

The current study showed evidence for the benefits of PA on reducing SB and improving PA
levels and sleep quality, but some limitations should also be considered. Firstly, although the sample
size was sulfficient for the present study, it would not be comparable to that of larger epidemiological
studies, and future studies should expand the sample size. Secondly, the AC subgroup’s daily PA
could not be controlled, which could jeopardize the validity of the analyses in this group. Thirdly,
the sample size imbalance among AC and ExT subgroups, which could have slightly distorted the
results. As astrength, due to the lack of validated PA intensity cut-points for wrist-worn accelerometers,
the combination of both objective and subjective methodologies to determine the intensities of daily
activities made the present results more complete.

5. Conclusions

The present study showed that the differences in MVPA and SB may be useful in defining the
health profile of a population. Further, a 16-week supervised aerobic exercise program was effective
in increasing self-reported PA, reducing SB, and improving sleep quality in overweight/obese adults
with HTN. Accelerometer-measured and self-reported data were not comparable, but they were
complementary. The findings of this study highlight the need for a regular, scheduled, and supervised
PA program to promote healthier habits in adults with HTN and overweight/obesity.

Author Contributions: Conceptualization, AM.A.-B., SSM.-M.; methodology, AM.A.-B., PL., SM.-M.; data
registration, AM.A.-B., PC., L.G.-A.; analysis, A.M.A.-B.; writing-original draft preparation, AM.A-B., P.L,,

168



>

Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

Life 2020, 10, 153 100f 13

S.M.-M.; writing-review and editing, AM.A.-B.,, IM,, PL., P.C,, LG.-A., S.M.-M. All authors have read and agreed
to the published version of the manuscript.

Funding: AM.A.-B,, P.C. and L.G.-A. were supported by the Basque Government with predoctoral grants.
This study was supported by the University of the Basque Country (EHU14/08, PPGA18/15).

Acknowledgments: Our special thanks to Javier Pérez-Asenjo and G. Rodrigo Aispuru, the medical doctors
performing the medical assessments in this project. Thanks to the Department of Physical Education and Sport;
and to the Faculty of Education and Sport (Physical Activity and Sport Sciences Section) of the University of
the Basque Country (UPV/EHU) for believing in our project and providing the materials and facilities to carry
it out. Also, thanks to Exercycle S.L. (BH Fitness Company) for the machines donated to conduct the exercise
intervention. Last but not least to all the participants for their willfulness which made this project possible, and all
undergraduate and postgraduate students who collaborated in this project (2011-2018 academic years).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Ekblom-Bak, E.; Hellenius, M.L.; Ekblom, B. Are we facing a new paradigm of inactivity physiology? Br. J.
Sports Med. 2010, 44, 834-835. [CrossRef] [PubMed]

2. Marshall, S.J.; Ramirez, E. Reducing sedentary behavior: A new paradigm in physical activity promotion.
Am. |. Lifestyle Med. 2011, 5, 518-530. [CrossRef]

3. Lavie, C.J.; Ozemek, C.; Carbone, S.; Katzmarzyk, P.T.; Blair, SN. Sedentary behavior, exercise, and
cardiovascular health. Circ. Res. 2019, 124, 799-815. [CrossRef] [PubMed]

4. Pratt, M,; Varela, A.R,; Salvo, D.; Kohl, HW.,, II; Ding, D. Attacking the pandemic of physical inactivity:
What is holding us back? Br. J. Sports Med. 2019, 54, 760-762. [CrossRef] [PubMed]

5. Singh, R Pattisapu, A.; Emery, M.S. US physical activity guidelines: Current state, impact and future
directions. Trends Cardiovasc. Med. 2019. [CrossRef] [PubMed]

6.  Colberg, S.R,; Sigal, R].; Yardley, ].E.; Riddell, M.C.; Dunstan, D.W.; Dempsey, P.C.; Horton, E.S.; Castorino, K ;
Tate, D.F. Physical activity/exercise and diabetes: A position statement of the american diabetes association.
Diabetes Care 2016, 39, 2065-2079. [CrossRef]

7. Australian Government, Department of Health. Australia’s Physical Activity and Sedentary Behaviour Guidelines
for Adults; Dep Heal Website; Australian Government: Canberra, Australia, 2014.

8.  Kohl, HW,, III; Craig, C.L.; Lambert, E.V.; Inoue, S.; Alkandari, ].R.; Leetongin, G.; Kahlmeier, S. Lancet
physical activity series working group the pandemic of physical inactivity: Global action for public health.
Lancet 2012, 380, 294-305. [CrossRef]

9. Manas, A.; del Pozo-Cruz, B.; Rodriguez-Gémez, I.; Leal-Martin, J.; Losa-Reyna, J.; Rodriguez-Manas, L.;
Garcia-Garcia, EJ.; Ara, I. Dose-response association between physical activity and sedentary time categories
on ageing biomarkers. BMC Geriatr. 2019, 19, 270. [CrossRef]

10. Loprinzi, PD.; Lee, H.; Cardinal, B.]. Evidence to support including lifestyle light-intensity recommendations
in physical activity guidelines for older adults. Am. |. Health Promot. 2015, 29, 277-284. [CrossRef]

11. Owen, N. Sedentary behavior: Understanding and influencing adults’ prolonged sitting time. Prev. Med.
2012, 55, 535-539. [CrossRef]

12. Hamilton, M.T.; Healy, G.N.; Dunstan, D.W.; Zderic, TW.; Owen, N. Too little exercise and too much sitting:
Inactivity Physiology and the need for new recommendations on sedentary behavior. Curr. Cardiovasc.
Risk Rep. 2008, 2,292-298. [CrossRef] [PubMed]

13. Morris, ].N.; Heady, J.; Raffle, P.; Roberts, C.; Parks, ]. Coronary heart-disease and physical activity of work.
Lancet 1953, 262, 1111-1120. [CrossRef]

14. Raynor, H.A.; Bond, D.S.; Freedson, P.S.; Sisson, S.B. Sedentary behaviors, weight, and health and disease
risks. J. Obes. 2012, 2012, 852743. [CrossRef]

15. Stamatakis, E; Davis, M.; Stathi, A,; Hamer, M. Associations between multiple indicators of
objectively-measured and self-reported sedentary behaviour and cardiometabolic risk in older adults.
Prev. Med. 2012, 54, 82-87. [CrossRef] [PubMed]

16. Bauman, A.; Ainsworth, B.E,; Sallis, ].E,; Hagstromer, M.; Craig, C.L.; Bull, E.C.; Pratt, M.; Venugopal, K.;
Chau, J.; Sjostrom, M. The descriptive epidemiology of sitting: A 20-country comparison using the
International Physical Activity Questionnaire (IPAQ). Am. J. Prev. Med. 2011, 41, 228-235. [CrossRef]

169



>

Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

Life 2020, 10, 153 110f 13

17

18.

19;

20.

2l

24.

26.

27.

28.

29.

31.

32.

35.

Yates, T.; Henson, J.; Edwardson, C.; Dunstan, D.; Bodicoat, D.H.; Khunti, K.; Davies, M.]. Objectively
measured sedentary time and associations with insulin sensitivity: Importance of reallocating sedentary
time to physical activity. Prev. Med. 2015, 76, 79-83. [CrossRef]

Carson, V.; Wong, S.L.; Winkler, E.; Healy, G.N.; Colley, R.C.; Tremblay, M.S. Patterns of sedentary time and
cardiometabolic risk among Canadian adults. Prev. Med. 2014, 65, 23-27. [CrossRef]

Healy, G.N.; Clark, B.K.; Winkler, E.A_; Gardiner, P.A.; Brown, WJ].; Matthews, C.E. Measurement of adults’
sedentary time in population-based studies. Am. J. Prev. Med. 2011, 41, 216-227. [CrossRef]

Blodgett, ].; Theou, O.; Kirkland, S.; Andreou, P.; Rockwood, K. The association between sedentary behaviour,
moderate-vigorous physical activity and frailty in NHANES cohorts. Maturitas 2015, 80, 187-191. [CrossRef]
Migueles, J.H.; Cadenas-Sanchez, C.; Tudor-Locke, C.; Lof, M.; Esteban-Cornejo, I.; Molina-Garcia, P.;
Mora-Gonzalez, |.; Rodriguez-Ayllon, M.; Garcia-Marmol, E.; Ekelund, U.; et al. Comparability of published
cut-points for the assessment of physical activity: Implications for data harmonization. Scand. ]. Med.
Sci. Sports 2019, 29, 566-574. [CrossRef]

Full, KM.; Kerr, J.; Grandner, M.A.; Malhotra, A.; Moran, K.; Godoble, S.; Natarajan, L.; Soler, X. Validation
of a physical activity accelerometer device worn on the hip and wrist against polysomnography. Sleep Health
2018, 4, 209-216. [CrossRef] [PubMed]

Zinkhan, M.; Kantelhardt, ].W. Sleep assessment in large cohort studies with high-resolution accelerometers.
Sleep Med. Clin. 2016, 11, 469-488. [CrossRef] [PubMed]

Cappuccio, EP,; D'Elia, L.; Strazzullo, P; Miller, M.A. Sleep duration and all-cause mortality: A systematic
review and meta-analysis of prospective studies. Sleep 2010, 33, 585-592. [CrossRef]

Cappuccio, EP.; Miller, M. A. Sleep and cardio-metabolic disease. Curr. Cardiol. Rep. 2017, 19, 110. [CrossRef]
[PubMed]

MartinezAguirre-Betolaza, A.; Maldonado-Martin, S.; Corres, P.; Gorostegi-Anduaga, I.; Aispuru, G.R.;
Mujika, I. Actigraphy-based sleep analysis in sedentary and overweight/obese adults with primary
hypertension: Data from the EXERDIET-HTA study. Sleep Breath 2019, 23, 1265-1273. [CrossRef]

Stefan, L.; Vrgoc, G.; Rupcic, T.; Sporis, G.; Sekulic, D. Sleep Duration and Sleep Quality Are Associated with
Physical Activity in Elderly People Living in Nursing Homes. Int |. Environ. Res. Public Health 2018, 15, 2512.
[CrossRef]

Mead, M.P; Baron, K.; Sorby, M.; Irish, L.A. Daily associations between sleep and physical activity. Int. |.
Behav. Med. 2019, 26, 562-568. [CrossRef]

Kredlow, M.A; Capozzoli, M.C.; Hearon, B.A.; Calkins, A.W,; Otto, M.W. The effects of physical activity on
sleep: A meta-analytic review. J. Behav. Med. 2015, 38, 427-449. [CrossRef]

Lewthwaite, H.; Effing, T.W.; Olds, T.; Williams, M.T. Physical activity, sedentary behaviour and sleep in
COPD guidelines: A systematic review. Chron. Respir. Dis. 2017, 14, 231-244. [CrossRef]
Maldonado-Martin, S.; Gorostegi-Anduaga, I.; Aispuru, G.; lllera-Villas, M.; Jurio-Iriarte, B. Effects of different
aerobic exercise programs with nutritional intervention in primary hypertensive and overweight/obese
adults: EXERDIET-HTA controlled trial. J. Clin. Trials 2016, 6. [CrossRef]

Williams, B.; Mancia, G.; Spiering, W.; Rosei, E.A.; Azizi, M.; Burnier, M.; Clement, D.L.; Coca, A.;
de Simone, G.; Dominiczak, A.; et al. 2018 ESC/ESH Guidelines for the management of arterial hypertension.
Kardiol. Pol. 2019, 77, 71-159. [CrossRef] [PubMed]

World Health Organization. Global Recontmendations on Physical Activity for Health; World Health Organization:
Geneva, Switzerland, 2010; Volume 60.

Craig, C.L.; Marshall, A.L.; Sjostrom, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.;
Yngve, A.; Sallis, ].E; et al. International physical activity questionnaire: 12-country reliability and validity.
Med. Sci. Sports Exerc. 2003, 35, 1381-1395. [CrossRef] [PubMed]

Koster, A.; Shiroma, E.J.; Caserotti, P,; Matthews, C.E.; Chen, K.Y.; Glynn, N.W.; Harris, T.B. Comparison of
sedentary estimates between activPAL and Hip- and Wrist-Worn ActiGraph. Med. Sci. Sports Exerc. 2016, 48,
1514-1522. [CrossRef] [PubMed]

Cole, R].; Kripke, D.E; Gruen, W.; Mullaney, D.J.; Gillin, J.C. Automatic sleep/wake identification from wrist
activity. Sleep 1992, 15, 461-469. [CrossRef]

170



>

Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

Life 2020, 10, 153 120f 13

37.

39.

41.

43.

45.

47.

49.

51.

Schutte-Rodin, S.; Broch, L.; Buysse, D.; Dorsey, C.; Sateia, M. Clinical guideline for the evaluation and
management of chronic insomnia in adults. J. Clin. Sleep Med. 2008, 4, 487-504. [CrossRef]

Chung, E; Abdullah, HR.; Liao, P. STOP-Bang questionnaire: A practical approach to screen for obstructive
sleep apnea. Chest 2016, 149, 631-638. [CrossRef]

Blumenthal, ].A.; Babyak, M. A.; Hinderliter, A.; Watkins, L.L.; Craighead, L.; Lin, P,; Caccia, C.; Johnson, J.;
Waugh, R.; Sherwood, A. Effects of the DASH diet alone and in combination with exercise and weight loss on
blood pressure and cardiovascular biomarkers in men and women with high blood pressure: The ENCORE
study. Arch. Intern. Med. 2010, 170, 126-135. [CrossRef]

MartinezAguirre-Betolaza, A.; Mujika, L.; Fryer, S.M.; Corres, P.; Gorostegi-Anduaga, I.; Arratibel-Imaz, L;
Perez-Asenjo, J.; Maldonado-Martin, S. Effects of different aerobic exercise programs on cardiac
autonomic modulation and hemodynamics in hypertension: Data from EXERDIET-HTA randomized
trial. J. Hum. Hypertens. 2020. [CrossRef]

Gorostegi-Anduaga, I.; Corres, P; MartinezAguirre-Betolaza, A.; Perez- Asenjo, J.; Aispuru, G.R.; Fryer, SM.;
Maldonado-Martin, S. Effects of different aerobic exercise programmes with nutritional intervention in
sedentary adults with overweight/obesity and hypertension: EXERDIET-HTA study. Eur. |. Prev. Cardiol.
2018, 25, 343-353. [CrossRef]

Corres, P,; Fryer, S.M.; Aguirre-Betolaza, A.M.; Gorostegi-Anduaga, I.; Arratibel-Imaz, L; Pérez-Asenjo, J.;
Francisco-Terreros, S.; Saracho, R.; Maldonado-Martin, S. A metabolically healthy profile is a transient stage
when exercise and diet are not supervised: Long-term effects in the EXERDIET-HTA Study. Int. J. Environ.
Res. Public Health 2020, 17, 2830. [CrossRef] [PubMed]

Corres, P.; MartinezAguirre-Betolaza, A.; Fryer, S.M.; Gorostegi-Anduaga, I.; Arratibel-Imaz, I; Aispuru, GR.;
Maldonado-Martin, S. Long-term effects in the EXERDIET-HTA study: Supervised exercise training vs.
physical activity advice. Res. Q. Exerc. Sport 2020, 91, 209-218. [CrossRef] [PubMed]

Ekelund, U.; Steene-Johannessen, J.; Brown, W.].; Fagerland, M.W.; Owen, N.; Powell, K.E.; Bauman, A_;
Lee, L; Series, L.P.A. Lancet Sedentary Behaviour Working Group Does physical activity attenuate, or even
eliminate, the detrimental association of sitting time with mortality? A harmonised meta-analysis of data
from more than 1 million men and women. Lancet 2016, 388, 1302-1310. [CrossRef]

Gorostegi-Anduaga, I.; Corres, P; Jurio-Iriarte, B.; Martinez-Aguirre, A.; Perez-Asenjo, ].; Aispuru, G.R;;
Arenaza, L.; Romaratezabala, E.; Arratibel-Imaz, I.; Mujika, L; et al. Clinical, physical, physiological,
and dietary patterns of obese and sedentary adults with primary hypertension characterized by sex and
cardiorespiratory fitness: EXERDIET-HTA study. Clin. Exp. Hypertens. 2018, 40, 141-149. [CrossRef]
Oudegeest-Sander, M.H.; Eijsvogels, T.H.; Verheggen, R.J.; Poelkens, F; Hopman, M.T.; Jones, H.;
Thijssen, D.H. Impact of physical fitness and daily energy expenditure on sleep efficiency in young
and older humans. Gerontology 2013, 59, 8-16. [CrossRef]

Simpson, L.; McArdle, N.; Eastwood, PR.; Ward, K.L.; Cooper, M.N.; Wilson, A.C.; Hillman, D.R.; Palmer, L.].;
Mukherjee, S. Physical inactivity is associated with moderate-severe obstructive sleep apnea. J. Clin.
Sleep Med. 2015, 11, 1091-1099. [CrossRef]

Migueles, ].H.; Cadenas-Sanchez, C.; Ekelund, U.; Delisle Nystrom, C.; Mora-Gonzalez, ].; Lof, M.; Labayen, L;
Ruiz, J.R.; Ortega, F.B. Accelerometer data collection and processing criteria to assess physical activity
and other outcomes: A systematic review and practical considerations. Sports Med. 2017, 47, 1821-1845.
[CrossRef]

Loprinzi, PD.; Lee, H.; Cardinal, B.].; Crespo, C.J.; Andersen, R.E.; Smit, E. The relationship of actigraph
accelerometer cut-points for estimating physical activity with selected health outcomes: Results from
NHANES 2003-06. Res. Q. Exerc. Sport 2012, 83, 422-430.

Ryan, D.J.; Wullems, J.A.; Stebbings, G.K.; Morse, C.L; Stewart, C.E.; Onambele-Pearson, G.L. Reliability and
validity of the international physical activity questionnaire compared to calibrated accelerometer cut-off
points in the quantification of sedentary behaviour and physical activity in older adults. PLoS ONE 2018,
13, €0195712. [CrossRef]

Colley, R.C.; Butler, G.; Garriguet, D.; Prince, S.A.; Roberts, K.C. Comparison of self-reported and
accelerometer-measured physical activity in Canadian adults. Health Rep. 2018, 29, 3-15.

171



>

Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

Life 2020, 10, 153 13 0f 13

52. Potter, G.D.M.; Cade, ].E.; Hardie, L.J. Longer sleep is associated with lower BMI and favorable metabolic
profiles in UK adults: Findings from the National Diet and Nutrition Survey. PLoS ONE 2017, 12, e0182195.
[CrossRef] [PubMed]

53. Davis, R.E.; Loprinzi, PD. Examination of accelerometer reactivity among a population sample of children,
adolescents, and adults. J. Phys. Act. Health 2016, 13, 1325-1332. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
|@ l article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

172



Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

8.3. Anexo 3: MartinezAguirre-Betolaza A, Mujika |, Fryer SM, et al. Effects of
different aerobic exercise programs on cardiac autonomic modulation and
hemodynamics in hypertension: Data from EXERDIET-HTA randomized trial. J

Hum Hypertens. 2020;34(10):709-718. doi:10.1038/s41371-020-0298-4.

Los indicadores de calidad de la revista del tercer articulo publicado, segun Journal

CitationReports (JCR) y Scientific Journal Rankings (SJR) en el afio 2019 son los siguientes:

Revista JOURNAL OF HUMAN HYPERTENSION
ISSN 0950-9240
Online ISSN 1476-5527
Pais UNITED KINGDOM
Categoria PERIPHERAL VASCULAR DISEASE
JCR 2,260
JCR
Cuartil 3Q
SIR 0,76
SIR
Cuartil 2Q

ISSN: international standard serial number; JCR: Journal Citation Reports; SIR: Scientific Journal
Rankings.

173



Euskal Herriko
Unibertsitatea

Universidad
del Pais Vasco

Journal of Human Hypertension
https://doi.org/10.1038/541371-020-0298-4

ARTICLE

Effects of different aerobic exercise programs on cardiac autonomic
modulation and hemodynamics in hypertension: data from
EXERDIET-HTA randomized trial

Aitor MartinezAguirre-Betolaza® - Ifigo Mujika?3 - Simon M. Fryer* - Pablo Corres' - llargi Gorostegi-Anduaga’ -
IRaki Arratibel-lmaz' - Javier Pérez-Asenjo® - Sara Maldonado-Martin(®’

Received: 11 August 2019 / Revised: 2 December 2019 / Accepted: 31 December 2019
© The Author(s), under exclusive licence to Springer Nature Limited 2020

Abstract

The aims of the present study were to analyze the effects of 16 weeks of different aerobic exercise training (ExT) programs
with diet on cardiac autonomic modulation and hemodynamics in nonphysically active and overweight/obese adults (n =
249, 53.7 £ 8.0 years) with primary hypertension, and the possible differences among EXT programs and their effects on
heart rate (HR), blood pressure (BP), and long-term BP variability (BPV). Participants were randomly assigned into an
attention control (AC) group (physical activity recommendations) or one of three supervised EXT groups: high volume of
moderate-intensity continuous training, high-volume and high-intensity interval training (HIIT), and low-volume-HIIT.
Twenty-four hours of ambulatory BP monitoring was used to analyze systolic (SBP) and diastolic (DBP) BP, HR, and BPV.
A cardiopulmonary exercise test was performed to determine peak oxygen uptake (VOypey). Following intervention, resting
and submaximal exercise (HR, SBP, and DBP), along with diurnal and nocturnal SBP and DBP values decreased (P <0.05)
in all groups with no differences between groups. When the ExT groups were combined, submaximal SBP (P = 0.048) and
DBP (P=0.004), VOypeqx (P=0.014) and HR reserve (P=0.030) were significantly improved compared with AC.
Intervention did not have significant effects on BPV. In the present study better improvements in the autonomic nervous
system were seen when the aerobic EXT was individually designed and supervised with pari passu effects irrespective of
exercise intensity and volume. Low-volume-HIIT EXT combined with a healthy diet should be considered as a time efficient
and safe mechanism for reducing the cardiovascular risk in hypertensive individuals.

Introduction

Primary hypertension (HTN) is associated with dysfunc-
tional autonomic cardiovascular control (i.e., inappropriate
activation of the sympathetic and reduction of the para-
sympathetic divisions), both at rest and in response to
exercise [1]. This dysfunction is mainly due to neural fac-
tors such as an enhanced pressor reflex, decreased barore-
flex sensitivity, and impaired functional sympatholysis,
leading to a progressively greater decrease in blood flow to
the working muscles during exercise [2]. Hence, compared
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with normotensive individuals, those with HTN show a
significant increase in heart rate (HR), blood pressure (BP),
and BP variability (BPV, i.e., the variation of BP over time)
[1]. Current HTN guidelines highlight the risk associated
with high BPV, since it represents an additional risk factor
for cardiovascular complications [3] and is an independent
predictor of the incidence of cardiovascular disease and
mortality [4, 5].
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The aforementioned abnormal cardiovascular response to
exercise in those individuals with HTN may induce unto-
ward events. However, a single session of aerobic exercise
yields a reduced sympathetic outflow, which is associated
with a sustained postexercise vasodilation in the exercising
muscle, and this contributes to the fall in arterial BP;
through adaptation this can lead to potential benefits to the
individual [6]. Likewise, a recent study assessing the acute
effects of a single bout of three different exercise modalities
(i.e., moderate-intensity continuous training (MICT), high-
intensity interval training (HIIT), or combined training
including MICT and resistance training) found different
changes on BPV favoring the combined training [7]. Reg-
ular aerobic exercise training (ExT), carefully designed and
supervised by exercise specialists and a healthy diet are
known to be an excellent nonpharmacological treatment
against HTN-caused disturbances. As such EXT is strongly
recommended by current European and American HTN
guidelines [8, 9].

Whilst there is a lack of consistency between studies
regarding exercise intensity and duration [10], previous it
has been demonstrated that EXT induces positive changes in
hemodynamic, autonomic, and cardiac adaptations in indi-
viduals with HTN [11-13]. Previously, aerobic EXT pro-
grams in individuals with HTN have included MICT and
different volumes of HIIT of which all showed a significant
reduction in BP with no between-group differences [14].
Nevertheless, to the best of our knowledge, there are no
investigations analyzing the impact of aerobic EXT pro-
grams which differ in intensity and volume on resting,
submaximal exercise, peak and recovery autonomic mod-
ulation, and long-term BPV (i.e., visit-to-visit measures
spaced by months) in overweight/obese adults suffering
from HTN. Given the clinical relevance of autonomic car-
diovascular control, the aim of the present investigation was
to study the effects of 16 weeks of different aecrobic EXT
programs with a hypocaloric diet on cardiac autonomic

Fig. 1 Flow chart of the study.

modulation and hemodynamics in overweight/obese adults
with HTN. The secondary objective was to analyze the
possible differences in HR, BP, and long-term BPV vari-
ables between different EXT programs.

Methods
Study design

The EXERDIET-HTA study is a multi-arm parallel, rando-
mized, single-blind controlled experimental trial comparing
the effects of different 16-week aerobic ExT programs
(performed 2 days/week), in overweight/obese participants
with HTN (www.clinicaltrials.gov, number NCT02283047).
The study protocol was approved by the ethics committees
of the University of the Basque Country (CEISH UPV/EHU,
279/2014, 229/2018) and clinical investigation of Araba
University Hospital (2015-030). Medical staff were blinded
to the participant randomization process. The design,
selection criteria, and procedures for the EXERDIET-HTA
study have been detailed previously [15].

Participants

Non-Hispanic white EXERDIET-HTA participants (n=
249, 158 men [63.5%] and 91 women [36.5%]) took part in
the present study. All participants provided written informed
consent before any data collection. Figure 1 presents a flow
diagram of the study process for this sample. On the other
hand, a HEALTHY sample (n = 30) was recruited from the
community and excluded if they had any chronic medical
illness, were taking any daily prescription medications, had
current medical symptoms, had abnormal findings on phy-
sical examination (including BP 2 140/90 mmHg, or over-
weight 2 25 kg/mz), or had abnormal results on screening
test (rest and exercise electrocardiogram).

I Assessed for eligibility (n=302) |

Excluded, not meeting inclusion
> criteria (n=59) Excluded, declined
to participate (n=1)

l Randomization (n=242) |

| [ I I

Attention Control High-Volume Moderate- High-Volume High- Low-Volume High-
group (AC) Intensity Continuous Intensity Interval Intensity Interval
(n=59) Training group (HV-MICT) Training group (HV-HIIT) Training group (LV-HIIT)
(n=60) (n=61) (n=62)
AR R A e A s R ]
, Intervention (16 weeks) FeRRA " >
Breisaiit =11 AC (n=7), HV-MICT (n=1),
I rop-out measurements (n=11) | HV-HIIT (n=1), LV-HIIT (n=2)
I

(mmmmmmm—m—————
1 End of intervention ram— -| Follow-up measurements (T1) (n=231) |
_______________ ’
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Measurements

The measurements for the current study were taken pre (T0)
and post a 16-week intervention period (T1). The HEAL-
THY sample only performed baseline measurements with
no intervention procedures.

Blood pressure

Participants wore an ambulatory blood pressure monitor
(ABPM) over a 24-h period using an oscillometric ABPM
6100 (Welch Allyn, New York City, NY, USA) device to
evaluate BP in line with the European guidelines [5]. Values
of ABPM are shown as the mean of global (24 h), day and
night hours for systolic BP (SBP) and diastolic BP (DBP).
BP variability, expressed as coefficient of variation (CV),
was calculated by the standard deviation (SD) of the BP
values over a defined period of the 24 h and by the day and
night hour period, respectively [13, 16]. Resting HR was
assessed as the mean global of the 24 h measurements.

Cardiorespiratory fitness (CRF)

A cardiopulmonary exercise test was used to determine
peak oxygen uptake (VOppea) and ventilatory thresholds
(VT). The cardiopulmonary exercise test was performed on
an electronically braked Lode Excalibur Sport cycle erg-
ometer (Groningen, The Netherlands). The test protocol
started at 40 W for HTN individuals and at 70 W for the
HEALTHY group (~70 rpm), with gradual increments of
10 W being applied every minute until volitional exhaustion
occurred. Continuous electrocardiogram monitoring was
conducted throughout each test. Expired gas was analyzed
using a commercially available metabolic cart (Ergo
CardMedi-soft S.S, Belgium; Ref. USMO001 VI1.0).
Achievement of VOge criteria has previously been
defined [17]. Submaximal BP and HR were obtained at the
fourth minute of the test and peak values were taken from
the peak at maximal effort. Ventilatory thresholds (VT1 and
VT2) were assessed using standardized methods using the
ventilatory equivalents [17]. After completion of the test,
participants remained seated on the bike for 5min of
recovery to assess electrocardiogram, HR and BP. HR
variables during the recovery period were calculated from
the cardiopulmonary exercise test as follows: heart rate
reserve (HRR), difference between HRpe during exercise
and preexercise HRyei; HRpee, HR at 1 min recovery; and
HR ., difference between HRexx and HRej. BP recovery
variables (SBP and DBP) were obtained at 3 min of the
recovery period. Based on VT1 and VT2, the three exercise
intensity domains (i.e., R1, light to moderate, HR < VTI;
R2, moderate to high, HR between VT1 and VT2; R3, high
to severe HR>VT2 to HR,.;) were determined [17].

Medication

In the EXERDIET-HTA sample, prescribed medications
were recorded and classified into the following groups:
beta-blockers, angiotensin-converting enzyme inhibitors
(ACEIs), angiotensin II receptor blockers (ARBs), calcium
channel blockers, diuretics, and other antihypertensive
drugs. Medical staff controlled and prescribed all necessary
changes to medication before intervention. Pharmacological
treatment was not changed during the intervention.

Intervention

All participants from the EXERDIET-HTA sample under-
went a hypocaloric and controlled sodium diet (3-6 g/d)
[14]. Following baseline data collection, participants were
randomly allocated to one of the four intervention groups:
the attention control (AC) group (only received general
physical activity recommendations in one face-to-face ses-
sion, with no supervised exercise), or the three supervised
EXT groups: high-volume (HV) MICT, HV-HIIT, or low-
volume (LV) HIIT. Each group was stratified by sex, SBP,
body mass index (BMI), and age [14, 15].

The three EXT groups trained two nonconsecutive days
per week under the supervision of exercise specialists.
All sessions started and finished with BP monitoring, and
training intensity was dictated by individual HR responses
(Polar Electro, Kempele, Finland) and the rate of perceived
exertion (Borg’s 6-20 point scale). Each session included a
5-10-min warm-up and a 10-min cool-down. The core part
of each training session consisted of a range of aerobic
exercises, i.e., 1 day of the week on the treadmill, and the
second one on the bike (BH Fitness equipment, Vitoria-
Gasteiz, Spain). The HV-MICT group performed 45 min
aerobic exercise (i.e., continuous steady training at R2), the
HV- and LV-HIT groups performed 45 and 20min,
respectively. The intensity in HIIT groups was individually
tailored to each participant’s HR at moderate (R2) or vig-
orous (R3) intensities, adjusting the speed and/or incline of
the treadmill or the power and speed on the exercise bike.
Supervised ExT protocols have previously been explained
in detail [14, 15].

As participants were overweight/obese the combined
used of stationary exercise bike and treadmill was used to
avoid the osteoarticular impact of two weekly treadmill
sessions.

Statistical analysis

Descriptive statistics were calculated for all variables.
Comparison between HEALTHY vs. HTN groups was
conducted using the Student ¢ test for independent sam-

ples. Analysis of variance was used to determine if there
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were significant preintervention between-group differ-
ences. The comparison of frequencies in categorical vari-
ables among groups was performed using the chi-square
test. A two sample paired ¢ test was used to determine
whether there was a significant difference in the recorded
data between TO and T1 within each group. Analysis of
covariance was used to examine the delta (A) score for
each group (AC, HV-MICT, HV-HIIT, and LV-HIIT),
adjusting for age, sex, body mass, and the initial value of
each of the dependent variables. Helmert contrasts were
performed to analyze the difference between the three ExT
groups pooled together and the AC group. Bonferroni
correction was used to determine the significance when a
significant main effect was found. The required sample
size was determined for the primary outcome variable
(SBP). It was identified that adequate power (0.80) to
evaluate differences in our design consisting of four
experimental groups would be achieved with 164 people
(41 each group, a = 0.05, effect size f=0.27) based on the
pilot study with an SD of 9 mmHg. Data were analyzed
according to the intention-to-treat principle. Statistical
significance was set at P<0.05. All statistical analyses
were performed with SPSS version 24.0.

Results

The characteristics of the HTN population and HEALTHY
group are presented in Table 1. At baseline, mean BMI in
all HTN groups was above 30 kg/m?, which is considered
obesity, and waist circumference was >100 cm, which is
considered a cardiovascular risk factor [18]. No significant
between-group differences were found in any variable for
the groups with HTN.

Comparing the entire HTN sample with the HEALTHY
group, significant differences were found in all baseline
variables (P <0.001). BMI, waist circumference, rest BP,
and HR,, values were significantly higher in the HTN
group compared with the HEALTHY group. However,
HRpeax and VOppea Were significantly lower (Table 1).

Regarding pharmacological therapy, 87.1% of HTN
participants were taking regular medication. The percentage
of participants who took one, two, three, four or more
medications was 38.7%, 29%, 13.7%, and 5.6%, respec-
tively. Regarding medication type, 7.3% of participants
took beta-blockers, 37.7% ACEIs, 41.7% ARBs, 13.8%
calcium channel blockers, 38.5% diuretics, and 4.6% other
antihypertensive drugs. With respect to other concomitant
diseases, 6.1% had diabetes mellitus and 10.6% were
smokers. No significant differences were found among
HTN groups for any baseline variable.

Following the 16-week intervention period, resting and
submaximal HR, SBP and DBP decreased (P <0.05) in all

SPRINGER NATURE

groups (Table 2), except AC group’s submaximal SBP.
Furthermore, peak DBP decreased in the HV-HIIT group
(A=-9.9%, P<0.001) only. CRF expressed as VOypeax
(mLkg ' min~") increased in all EXT groups (HV-MICT
A=10.5%, P =0.025; HV-HIIT A = 23.8%, P < 0.001, and
LV-HIT A=17.6%; P=0.005). In addition, HV-MICT
and LV-HIIT showed an increase in HRR (A = 13.5%, P =
0.004 and A=7.7%, P=0.017, respectively), and only
LV-HIIT group decreased SBP after 3 min of recovery (A =
—4.4%, P=0.001). On the other hand, DPB at 3 min of
recovery was reduced in all EXT groups (HV-MICT A=
—5.8%, P=0.013; HV-HIIT A= —10.8% and LV-HIIT
A=—-5.2%, P<0.001) after the intervention period. Only
LV-HIT group showed an increased number of beats
between HRx and the HRy. (A=13.1%, P=0.015).
Following Bonferroni correction, there were no significant
between-group differences in any resting variable.
However, AC showed a smaller reduction compared with
HV-HIIT group in submaximal DBP (P=0.017) mean
difference 8.319, 95% confidence interval (CI) 0.968
—15.671 mmHg; VOjpeax (P =0.049) mean difference
~4.564, 95% (CD) —9.126-0.002mLkg 'min~'; and
DBPr; (P=0.041) mean difference 6.498, 95% (CI)
0.166-12.830 mmHg. Furthermore, there were significant
differences between all EXT groups as a whole and AC
group in submaximal SBP (P = 0.048), DBP (P = 0.004),
VOzpeax (P =0.014), and HRR (P = 0.030).

After the 16-week intervention, diurnal and nocturnal
SBP and DBP significantly (P<0.05) decreased in all
groups (Table 3), with no between-group differences.
However, the intervention did not have significant effects
on any of the BPV variables (i.e., CV of BP). Taking into
account all EXT groups together, a significant decrease was
found in daytime DBP’s CV (A = —4.4%, P = 0.023).

Discussion

To our knowledge, this is the first intervention investigating
the effects of different volume (HV vs. LV) and intensity
(MICT vs. HIIT) aerobic EXT programs on hemodynamics
and cardiac autonomic modulation in hypertensive and
overweight/obese individuals. The present investigation
confirms that a dual treatment with aerobic EXT and diet is
helpful to reduce resting and submaximal HR, together with
global, day and night BP values. Further, ExT groups
showed a greater improvement in CRF, HRR, and sub-
maximal BP compared with the AC group. Nevertheless,
16 weeks of aerobic ExT and diet intervention did not
reduce BPV. Importantly, the lack of post intervention
difference between-EXT groups in most of the studied
variables suggested that the most effective method was ExT
using the LV-HIIT protocol.
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Table 2 Heart rate and blood pressure responses before and after 16 weeks intervention.

AC HV-MICT HV-HIIT LV-HIIT P value P value F value Effect size
(N=52) (N=159) (N =060) (N =60) AC vs. ExT intergroups

Rest

HR,. (bpm)

TO 70.1+9.2 72.8+10.1 69.9+10.3 723+11.3

Tl 66.3 + 8.8* 674+9.1* 63.6+8.3* 66.1+10.7* 0.054 0.331 1.148 0.016
Global SBP (mmHg)

TO 138.6+13.9 135.0+11.4 134.5+11.9 136.9+135

Tl 133.7 £ 14.5* 130.2 £ 10.4* 130.3+£11.3* 130.5+11.7* 0.905 0.777 0.366 0.005
Global DBP (mmHg)

TO 78.5+8.1 76.2+79 78.5+8.0 79.1+8.3

Tl 755+ 8.9* 73.6+7.8*% 74.5+7.0* 75.4+7.7* 0.661 0.700 0.475 0.007
Submaximal

HRypimax (bpm)

TO 121.6+16.8 126.8 + 18.5 123.7+23.0 123.2+16.8

Tl 1153+ 15.5% 116.5+17.9* 110.9+13.3* 114.6 £ 16.8* 0.109 0.239 1.418 0.019
SBP (mmHg)

TO 178.9+35.8 182.8+34.9 177.8+23.3 173.6+243

Tl 169.8+25.3 164.7 + 30.4* 158.5+23.1* 155.0+25.0* 0.048 0.395 0.997 0.014
DBP (mmHg)

TO 96.0+13.6 97.8+15.2 99.6+15.6 97.6+14.7

Tl 92.1+12.9* 90.1 +15.2* 87.0+ 12.2%* 88.9+11.9*% 0.004 0.027 3.106 0.042
Peak

HR ek (bpm)

TO 1515+17.7 155.0+16.8 155.7+16.0 157.6+15.7

Tl 1525+ 15.6 157.0+16.4 157.4+13.0 158.7+13.0 0.748 0.978 0.067 0.001
SBP (mmHg)

TO 218.5+25.6 214.8+27.9 207.3+£27.6 209.5+26.1

Tl 216.7+21.8 210.0+£28.0 205.9+26.1 208.3+234 0.425 0.722 0.444 0.006
DBP (mmHg)

TO 102.1+£24.1 99.9+15.0 100.9+14.7 102.0+£16.6

Tl 98.6+174 99.1+14.7 95.1+ 14.5% 99.0+17.3 0.930 0.574 0.666 0.009
VOypea (mLkg ' min~ ")

TO 223+5.6 220+52 22.7+49 22.7+5.3

Tl 22.8+8.0 243+ 8.8%* 28.1+9.7** 26.7+11.3* 0.014 0.046 2.708 0.036
Recovery

HRR (bpm)

TO 80.2+203 81.6+16.8 85.8+16.5 85.6+17.6

Tl 79.9+278 92.6+28.2* 93.4+34.1 92.2+20.5*% 0.030 0.274 1.304 0.017
HR,.; (bpm)

TO 125.5+20.2 127.8+19.4 128.6+19.7 131.6+17.1

Tl 126.8+15.7 130.1+£20.6 129.2+15.9 129.0+159 0.608 0.353 1.092 0.015
HR,.. (bpm)

TO 26.3+8.3 270+11.2 272127 25.9+10.6

Tl 262+17.3 26.5+10.7 26.8+11.7 29.3+9.3* 0.698 0.350 1.099 0.014
SBP,..; (mmHg)

TO 1554+24.7 154.3+20.1 147.0+23.6 152.7+224

Tl 150.5+22.1 147.1+£28.1 141.3+£22.1 1423+ 18.7* 0.829 0.771 0.375 0.005
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Table 2 (continued)

AC HV-MICT HV-HIIT LV-HIT P value P value F value Effect size
(N=52) (N=159) (N =60) (N =60) AC vs. ExT intergroups

DBP,.; (mmHg)

TO 85.7+12.8 84.3+10.6 88.7+10.7 86.1+12.7

Tl 82.6+11.9 794 % 12.4* 79.1 % 10.7** 81.6+10.9* 0.141 0.039 2.833 0.039

Mean +SD

HRR heart rate reserve (peak HR-rest HR), HRrecl heart rate after recovery’s first minute, HR,,. difference between HR ., and HR.;, SBP
systolic blood pressure, DBP diastolic blood pressure, VO, peak oxygen uptake, AC attention control group, ExT exercise training group, HV
high volume, LV low volume, MICT moderate-intensity continuous training group, HIIT high-intensity interval training group

*P value < 0.05 from TO
*##P value <0.05 from the AC

The lower VOypey seen in HTN group compared with
HEALTHY group (22.6 +5.5 mLkg ' min~' vs. 48.1£9.0
mL kg_‘ min"', Table 1) [19] at baseline may be the result
of both reduced peak cardiac output, secondary to impaired
resting, peak and reserve HR, or arterialvenous oxygen
content difference, secondary to an impaired sympatholysis
with high BP values [2, 20]. These alterations are presented
as a result of sustained sympathoexcitation and reduced
vagal activity, which explains the likely association of HR
and HTN, facilitating further body fat gain and progression
of associated co-morbidities [20, 21]. Therefore, autonomic
modulation through diet (caloric restriction) and aerobic
exercise is currently the recommended approach [8]. Find-
ings from the current study support this as we report a
decrease in resting (AC = —5.4%, HV-MICT = —7.4%,
HV-HIIT = —9%, and LV-HIIT = —8.6%) and submaximal
HR (AC= —-52%, HV-MICT = -8.1%, HV-HIT =
—10.3%, and LV-HIIT = —7.0%). Further, it was found
an average net reduction of 5mmHg in resting SBP and
3—4 mmHg in resting DBP, with no between-group differ-
ences. Although one session of HIIT seems to promote a
greater postexercise hypotension compared with isocaloric
MICT [22], in the present study long-term physical activity
and EXT improved cardiovascular autonomic function by
shifting the balance toward vagal dominance and decreased
sympathetic activity, independent of FITT principle (i.e.,
frequency, intensity, time, type of exercise). Thus, the diet
intervention along with hypertensive medication in the
study population might have induced a similar effect
regardless of physical activity program (unsupervised or
supervised). Hence, it could be suggested that ExT provided
no additional benefit to cardiovascular health than caloric
restriction in lowering HR and BP [23]. However, con-
sistent with previous studies [12, 24], the lower submaximal
SBP and DBP, and higher VOy,.x and HRR found in the
supervised EXT groups (Table 2) highlights the additional
beneficial effects of supervised EXT. Adding to that,
although peak HR remained unchanged in the present study,
the higher VOj, and HRR together with a lower

submaximal HR and a reduction in resting HR are inde-
pendent risk factors for the reduction of coronary heart
disease and cardiovascular disease morbidity and mortality
[25]. Further, previous studies have shown that a higher
CREF is associated with lower SBP responses during sub-
maximal exercise in hypertensive population, leading to an
important reduction in the risk of left ventricular hyper-
trophy [26]. Thus, a lower ambulatory and exercise BP,
secondary to aerobic EXT, is driven by a reduction in sys-
temic vascular resistance and is included as a behavioral
intervention, since even the smallest reduction (1 mmHg) in
SBP is associated with lower cardiovascular risk [27]. The
underlying mechanisms suggested to be responsible for the
aforementioned benefits of ExT have previously been
explored [2], i.e., a decrease of the enhanced exercise
pressor reflex, including mechano- and metaboreflex, and
an improvement of the impaired functional sympatholysis,
leading to a greater muscle blood flow to the active muscles
during exercise and normal cardiovascular response.
Therefore, although in the present study the autonomic
function was nondirectly assessed, the changes observed in
HR and BP could be considered the mirror of an improved
autonomic function taking into account that in HTN the
parasympathetic impairment is not only related to the heart
or cardiovascular system, but also to all parasympathetically
dependent functions [1].

An increased BPV may carry some additional risk for
higher incidence and faster progression of cardiovascular
disease [28]. Previous literature has suggested that BPV is
highly related to 24-h mean BP (quantified as the SD of the
24-h, day and night mean values) and is found to be an
independent predictor of the incidence of cardiovascular
events [4]. In the present study (Table 3) all groups sig-
nificantly decreased day- and nighttime SBP and DBP.
However, after the intervention visit-to-visit long-term BPV
(expressed as CV, Table 3) was not significantly changed
which is similar to previous studies [13]. Previously, it has
been observed that in individuals with an SD of daytime
SBP lower than 16 mmHg, the rate of cardiovascular
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Table 3 Changes of ambulatory blood pressure and blood pressure variability after 16 weeks intervention period.

AC HV-MICT HV-HIT LV-HIT P value AC P value F value Size effect
(N=52) (N=59) (N=60) (N=60) vs. ExT intergroups
Daytime SBP (mmHg)
TO 141.9+14.0 1380+11.6 138.4+12.1 140.3 + 14.0
Tl 137.1 £ 14.4* 1332+ 11.0% 133.0+11.2% 134.1 £ 12.0% 0.589 0921 0.163 0.002
Daytime DBP (mmHg)
TO 81.3+8.6 78.7+8.4 82.0+7.9 81.8+9.0
Tl 78.1+9.3*% 76.2 +8.5% 772+7.0% 78.1+8.0% 0.701 0431 0.922 0.013
Nighttime SBP (mmHg)
TO 1279+179 1235+13.6 121.8+14.8 1229+152
Tl 121.8+ 18.0% 1184+ 13.5% 118.5+15.2*% 116.6 + 13.9* 0.766 0507 0.678 0.007
Nighttime DBP (mmHg)
TO 684 +8.8 66.6 8.5 685+72 67.7+8.2
Tl 65.3+9.3* 62.4+7.2% 65.7+7.1% 63.3+11.2% 0.553 0.700 0.475 0.007
CV of global SBP (%)
TO 10428 10.6+2.0 10.6+2.6 11.1+2.6
Tl 10.8+2.8 10.3+2.5 104+2.5 10.7+2.1 0.098 0450 0.884 0.012
CV of global DBP (%)
TO 14.0+3.3 14425 138+3.0 143+3.1
Tl 14.1+3.7 14.1£3.3 133+3.1 13.6+2.9 0.277 0.723 0.442 0.006
CV of daytime SBP (%)
TO 88+22 9.1+19 8.8+24 9.242.5
Tl 9025 8.6+28 9.0+2.3 88+2.0 0.283 0317 1.182 0.016
CV of daytime DBP (%)
TO 1.1+34 12.1+2.9 11.0+3.0 11.4+3.6
Tl 11.7+3.4 11.4+3.5 1L1%3.0 10.7+3.0 0.023 0072 2.364 0.032
CV of nighttime SBP (%)
TO 10.1+3.9 10.5+6.8 9.1+3.6 10.1+4.0
Tl 96+34 10.2+5.4 9.0+4.0 99+34 0.733 0974 0.073 0.001
CV of nighttime DBP (%)
TO 141+5.6 13.1+5.6 128+5.1 13.9+5.9
Tl 13.1+45 129.+54 125+4.7 13.6+4.9 0.395 0.854 0.261 0.004
Mean +SD

SBP systolic blood pressure, DBP diastolic blood pressure, CV coefficient of variation, AC attention control group, ExT exercise training group,
HV high volume, LV low volume, MICT moderate-intensity continuous training group, HIIT high-intensity interval training group

*P value < 0.05 from TO

mortality was significantly less than in those with an SD
equal to or above 16 mmHg [29]. In the current study,
following the 16-week intervention, the SD was less than
16 mmHg in all EXT groups, but not in AC group’s noc-
turnal SBP. As such, it seems likely that the current 16-
week intervention decreases the development of cardio-
vascular risk events. Further, daytime DBP showed lower
values in EXT groups compared with AC group, further
suggesting positive cardiovascular benefits to all ExT
groups. The exact reasons for the lack of effect of EXT on
BPV remain elusive [13]. Previous reports have highlighted
that the level of the 24 h BP and not BPV should remain the
primary BP-related risk factor to account for in clinical
practice [30].

All the aforementioned results and discussion confirm
that ExT pari passu improves hemodynamics and auto-
nomic responses in overweight/obese and hypertensive
population, imrespective of intensity and volume. The

SPRINGER NATURE

current study adds further evidence to the argument that
LV-HIIT (twice a week) is an efficient EXT altemative for
this population due to: (1) time efficiency (less time to get
similar results) [14, 31], and (2) lower stress of autonomic
modulation [31]. These findings are relevant for both
practitioners and clinicians alike.

Study limitations

Despite the novelty of our results providing clear evidence
for the benefits of aerobic exercise on hemodynamics and
cardiac autonomic modulation in overweight/obese popu-
lation with HTN, we should acknowledge a few limitations
of our study. First, physical activity performed by partici-
pants in the AC group could not be controlled. Second,
other BPV quantifying methods, such as the calculation of
the “residual BPV” or the average of the absolute differ-
ences between consecutive measurements (i.e., “average
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real variability”) have been proposed by other authors [3],
and the comparability between results obtained in by dif-
ferent techniques is limited.

Summary
What is known about topic

e Hypertension 1is associated with an inappropriate
activation of the sympathetic and reduction of the
parasympathetic divisions at rest and in response to
exercise.

e Regular aerobic exercise training is an excellent
nonpharmacological treatment against hypertension-
caused disturbances.

What this study adds

e Supervised aerobic physical activity and healthy diet
may have produced a significant improvement in the
autonomic nervous system functioning (reducing heart
rate and blood pressure).

e Low-volume-HIIT exercise training combined with a
hypocaloric diet should be considered as a time efficient
and safe mechanism for reducing the cardiovascular risk
in hypertensive individuals.

e The better improvements seen when the exercise training
was individually designed and supervised in overweight/
obese individuals with hypertension empowers the
existing professional exercise recommendations.
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