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“Ese instante de felicidad..., cuando has acabado una tarea pendiente y quizd te ha costado un gran
esfuerzo y no estabas seguro de lograrlo. Pero si, lo has conseguido. Y te sientes una campeona, pero
una de esas que ganan en secreto, corriendo de noche en una pista desierta, sin publico.”

Federico Moccia

“No busques cuentos con final feliz, busca ser feliz sin tanto cuento”
Andénimo

“éTe ha pasado alguna vez que estds buscando un Idpiz y lo tienes en la mano? Pues algo similar
ocurre con la felicidad.”

Andnimo
“El humor y la curiosidad son la mds pura forma de inteligencia”

Roberto Bolafio
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RECOMENDACIONES PARA LA LECTURA

La tesis doctoral que tiene entre manos se ha realizado en forma de compendio de articulos.
Para seguir el hilo de los contenidos que forman este trabajo, se debe partir de la introduccién en el
primer capitulo, que sirve como justificacion de la necesidad de este estudio, da cohesion a los
apartados siguientes, y establece el estado de la cuestion referente a un tratamiento no farmacologico

dual de dieta y ejercicio fisico en personas con hipertension arterial primaria y sobrepeso u obesidad.

En el segundo capitulo se marcan los objetivos y se plantean las hipdtesis de investigacién que

se han resuelto siguiendo la metodologia descrita en el tercer capitulo.

Los capitulos 4-7 ahondan en el estado de la cuestién de los distintos objetivos de investigacidn
de forma mads especifica, concretan la metodologia que se tiene en cuenta para cada apartado, y
presentan los resultados de investigacién con cuatro articulos cientificos publicados en revistas
internacionales. El capitulo cuarto corresponde al articulo “Clinical, physical, physiological, and dietary
patterns of obese and sedentary adults with primary hypertension characterized by sex and
cardiorespiratory fitness: EXERDIET-HTA study”, que presenta el estado de salud mediante algunos
marcadores fisicos, fisioldgicos, clinicos y nutricionales clave en personas adultas con sobrepeso u
obesidad e hipertensién arterial primaria caracterizada por sexo y capacidad cardiorespiratoria, antes
de comenzar una estrategia terapéutica no farmacolégica. En el siguiente capitulo, el articulo
“Assessment of cardiovascular risk and vascular age in overweight/obese adults with primary
hypertension: EXERDIET-HTA study” se estima el perfil de riesgo cardiovascular y edad vascular en
personas con hipertensidén primaria a través del método Framingham antes de comenzar una estrategia
terapéutica no farmacoldgica. En el capitulo sexto, el articulo “Effects of different aerobic exercise
programs with nutritional intervention in sedentary adults with overweight/obesity and hypertension:
EXERDIET-HTA study” evalua el efecto de distintos programas de ejercicio aerébico (distintos tipos,
intensidades y duraciones) con intervencién nutricional en la tension arterial, composicién corporal y
capacidad cardiorespiratoria en personas adultas con sobrepeso u obesidad con hipertensién primaria
tratados con dieta hipocaldra. Por ultimo, en el capitulo séptimo “Effects on cardiovascular risk scores
and vascular age after aerobic exercise and nutritional intervention in sedentary and overweight/obese
adults with primary hypertension: the EXERDIET-HTA randomized trial study” evalua el efecto de
distintos programas de ejercicio fisico aerdbico con intervencidn nutricional en los factores de riesgo

cardiovascular, en el riesgo cardiovascular y edad vascular, estimados a través del método Framingham
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y New Pooled Cohort Equation en personas adultas con sobrepeso u obesidad con hipertensidn primaria

tratados con dieta hipocaldra.

En la parte final de esta tesis se presentan las conclusiones (cap.8), las limitaciones del trabajo

y las propuestas para futuras investigaciones (cap.8).

Se trata de una tesis internacional, por lo tanto, a lo largo de este documento se van a encontrar
dos lenguas (castellano e inglés). En las primeras paginas del documento podrd leer dos listas de
abreviaturas, en castellano e inglés, respectivamente. El formato de los articulos ha sido cambiado para
crear un trabajo mds homogéneo y hacer mas facil su lectura, aunque existe copia de los originales en

los anexos al final del documento.
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cv:
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CT:
DM:
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FC:
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FR:

ABREVIACIONES

Colegio Americano de Cardiologia

Colegio Americano de Medicina del
Deporte

actividad fisica

Sociedad Americana del Corazén
capacidad cardiorrespiratoria
prueba de esfuerzo cardiopulmonar
cardiovascular

dioxido de carbono

colesterol Total

diabetes mellitus

dislipemia

electrocardiograma.

enfermedad cardiovascular
ejercicio fisico

Sociedad Europea de Cardiologia
Sociedad Europea de Hipertension
frecuencia cardiaca

frecuencia cardiaca de reserva

principio FITT; frecuencia, intensidad,
tiempo y tipo

factores de riesgo

FRCV:
HDL:
HIIT:

HTA:
ICC:
IMC:
LDL:
MET:
Oz
OMS:
PA:
PAD:
PAS:
RCV:
Uvi:
uva:
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factor de riesgo cardiovascular
lipoproteinas de alta densidad

entrenamiento intervdlico de alta
intensidad

hipertension arterial.

indice cintura-cadera

indice de masa corporal.
lipoproteinas de baja densidad
equivalente metabdlico
oxigeno

Organizacion Mundial de la Salud.
presion arterial

presion arterial diastdlica
presion arterial sistdlica

riesgo cardiovascular

umbral ventilatorio 1

umbral ventilatorio 2

VCO,: produccidn de diéxido de carbono

VO,: consumo de oxigeno

VO2max: cOnsumo de oxigeno maximo

VOzpico: consumo de oxigeno pico
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ABBREVIATIONS

ABPM: ambulatory blood pressure monitoring

AC: attention control group

ACEIl: angiotensin-converting-enzyme inhibitors

ACSM: American College of Sports Medicine

ALT: alanine Transaminase.

ANOVA: analysis of variance

ANCOVA: analysis of covariance

ESC: European Society of Cardiology

ESH: European Society of Hypertension

FFM: fat free mass

FITT: FITT principle; frecuency, intensity, time,
type

FM: fat mass

FRS: Framingham risk score

GGT: gamma-glutamyl transferase

HDI: healthy diet indicator

HDL-C: high-density lipoprotein cholesterol

HIIT: high-intensity interval training

HOMA-IR: homeostasis model assessment of
insulin resistance

HTN: arterial hypertension
HR: heart rate

HV-HIIT: high-volume and high-intensity
interval training

LDL-C: low-density lipoprotein cholesterol

LITT: low-intensity interval training

LV-HIIT: low-volume and high-intensity interval
training

MBP: mean blood pressure

MET: metabolic equivalent of task
MICT: moderate-intensity continuous training
MSWT: modified shuttle walk test
n: sample size

P: P-value, significant differences
PP: pulse pressure

RER: respiratory exchange ratio
SBP: systolic blood pressure

SD: standard deviation

TO: pre-intervention

T1: post-intervention

TBW: total body water

TC: total cholesterol

TG: triglycerides

UPV/EHU: University of the Basque Country
VA: vascular age

VO,: oxygen uptake

VO2max: maximum oxygen uptake
VOzpear: peak oxygen uptake

w?: omega squared

WHO: World Health Organization

WHR: waist-to-hip circumference ratio
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Abstract

Aim: The main objectives of the present doctoral thesis based on four of the EXERDIET-
HTA project’s sub-studies were: (a) to determine some key physical, physiological, clinical, and
nutritional markers of health status in obese and sedentary adults with primary hypertension
(HTN) characterized by sex and cardiorespiratory fitness (CRF) level, (b) to estimate cardiovascular
risk (CVR) and vascular age (VA) profiles analyzing potential sex differences, in order to determine
whether VA is higher than chronological age, and whether CVR is associated with a low level of
CRF, (c) to determine the effectiveness of different 16-week aerobic exercise programmes with
hypocaloric diet on blood pressure (BP), body composition, CRF and pharmacological treatment,
and (d) to evaluate the influence of diet and aerobic exercise program intervention on CVR factors
and predicted CVR and VA profiles in overweight/obese people with HTN, and to analyze the
potential sex differences in the ability to predict VA and CVR via different methods.

Methods: Sedentary overweight/obese non-Hispanic white adults (n=175) with HTN
participated in the EXERDIET-HTA study. All participants received a hypocaloric diet. Following
baseline data collection, participants were randomly allocated to one of the four intervention
groups: the attention control (AC) group (only physical activity recommendations), or the three
supervised exercise groups (high-volume and moderate-intensity continuous training [MICT],
high-volume and high-intensity interval training [HITT], or low-volume HIIT) exercising 2 days a
week during 16 weeks. Body composition, BP (by wearing an ambulatory BP monitor), CRF (by
Modified Shuttle Walking Test and a peak, symptom-limited cardiopulmonary exercise test),
biochemical profile and nutritional condition were measured before and after the intervention.
Cardiovascular risk and VA were determined using the Framingham method (FRS) and the new

equation for the prediction of 10-year atherosclerotic cardiovascular disease (ASCVD) risk.

Results: (a) The studied population showed a high CVR profile including metabolically
abnormal obese, with poor CRF level (22.5 + 5.6 mL-kg™-min~!), and with non-healthy adherence
to dietary pattern (Dietary Approaches to Stop Hypertension, 46.3%; Mediterranean Diet, 41.1%;
and Healthy Diet Indicator, 37.1%). Women showed a better biochemical and dietary pattern
profile than men (P<0.05), but physical and peak exercise physiological characteristics were
poorer (P<0.001). (b) The CVR, but not VA (P=0.339), was higher (P<0.001) in men compared with
women irrespective of age. Irrespective of sex, VA was higher than chronological age (P<0.001).
(c) Following the intervention, there was a significant reduction in BP and body mass in all groups

with no between-group differences for BP. However, there was a significantly lower reduction in
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body mass in the AC group compared with all exercise groups (AC: 6.6%; high-volume MICT: 8.3%;
high-volume HIIT: 9.7%; low-volume HIIT: 6.9%). HIT groups had significantly higher CRF than
high-volume MICT, but there were no significant differences between HIIT groups (AC: 16.4%;
high-volume MICT: 23.6%; high-volume HIIT: 36.7%; low-volume HIIT: 30.5%). Medication was
removed in 7.6% and reduced in 37.7% of the participants. (d) Participants had a significantly
lower (P<0.001) FRS-CVR score and VA post-intervention. For ASCVD risk changed neither in men
nor in women. After the intervention, women had a lower CVR score than men (p < 0.001),

irrespective of the calculation method.

Conclusions: (a) The results strongly suggest that targeting key behaviours such as
improving nutritional quality and CRF via regular physical activity might contribute to improve
health with independent beneficial effects on CVR factors. (b) ASCVD could underestimate the
risk of suffering a cardiovascular event in the following 10 years in overweight/obese non-
Hispanic white women with HTN compared with men. The VA appears to be a useful tool in
communicating CVR in this population irrespective of sex. (c) The combination of a hypocaloric
diet with supervised aerobic exercise 2 days/week offers an optimal nonpharmacological tool in
the management of BP, CRF and body composition in overweight/obese and sedentary
individuals with HTN. High-volume HIIT seems to be better for reducing body mass compared with
low-volume HIIT. The exercise-induced improvement in CRF is intensity dependent with low-
volume HIIT as a time-efficient method in this population (d) The improvement in CVR factors
after 16-week lifestyle changes reduced the risk of suffering a cardiovascular event in
overweight/obese adults with HTN through the FRS estimation tool, but not with the ASCVD
score. The risk score algorithms could underestimate CVR in women. In contrast, VA could be a

useful and easier tool in the management of individuals with CVR factors.
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1. INTRODUCCION / Introduction

Las enfermedades cardiovasculares (ECV) son la causa principal de mortalidad vy
morbilidad en el mundo provocando un enorme impacto en la calidad de vida y costos

relacionados con el cuidado de la salud.!

En 2012 murieron 17,5 millones de personas por esta causa, lo cual representa un 31%
de las muertes registradas en el mundo. De estas muertes, 7,4 millones se debieron a la
cardiopatia coronaria y 6,7 millones a los accidentes cardiovasculares (CV).? Dentro de los
denominados paises desarrollados, las ECV, suponen la mayor causa de mortalidad. La sociedad
actual acusa un alto indice de desarrollo de ECV con un alto indice, en consecuencia, de morbi-

mortalidad asociado.?

Las ECV son un grupo de desdrdenes del corazén y de los vasos sanguineos. Se clasifican
en: cardiopatia coronaria, enfermedad cerebrovascular, enfermedad vascular periférica,
insuficiencia cardiaca, cardiopatia reumatica, cardiopatia congénita, miocardiopatias y la

ateroesclerosis.*

Los factores de riesgo cardiovascular (FRCV) estan relacionados con el desarrollo de ECV,
teniendo relacidn causal con la muerte prematura y los eventos CV.° El conocimiento de los FRCV
en las ECV, especialmente los factores de riesgo modificables, tales como el fumar, colesterol,
hipertension (HTA), sobrepeso/obesidad e inactividad fisica es algo esencial y podria contribuir a

una reduccion en la incidencia de las ECV.®

Entre los factores que tienen relacién directa con las ECV estd la HTA, que afecta

aproximadamente al 35% de las personas mayores de 18 afios en Espafia.’

1.1. Hipertension arterial primaria

La presion arterial (PA) o sanguinea, también denominada tension arterial, es la presién
o fuerza que ejerce la sangre a su paso por las paredes de las arterias. La presidon sanguinea se
cuantifica con dos valores: presiones sistdlica y diastélica, medidas en milimetros de mercurio
(mmHg). La PA sistolica (PAS) representa el pico de presion que corresponde con la contraccién
ventricular durante la sistole, mientras que la PA diastdlica (PAD) representa la presion durante

la relajacién ventricular, la didstole.®
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El incremento de los valores de PAS y/o PAD mantenido en el tiempo puede causar
lesiones y enfermedad en distintos érganos, lo que se consideraria una elevacion crénica de la

PA. Este tipo de tensidn arterial alta es lo que se conoce como HTA 2

La relacion continua entre la PA y eventos CV y renales hace que la distincidn entre la
normo tensién e HTA sea dificil a la hora de poner un punto de corte natural sobre el cual se
pueda considerar la existencia de HTA. Los valores de PA tienen una distribucion normal en la
poblacién. Sin embargo, se ha demostrado en diversos estudios epidemioldgicos que el riesgo de
padecer enfermedad asociada a la PA tiene una relacion continua por encima de mediciones de
115/70 mmHg, donde 115 representa la PAS, y 70 la PAD, y que el riesgo de padecer eventos CV
se dobla por cada 20/10 mmHg que se eleva la PA.° Teniendo en cuenta estas estimaciones del
riesgo para la salud que supone la PA alta, se establece un umbral de PA como criterio que
determina la presencia de HTA. El umbral de HTA lo concretan los valores de PA sobre los que el
tratamiento puede reducir la evolucién de la enfermedad, dando asi unos limites a la PAS y PAD
para definir la HTA (Tabla 1).° La HTA se define con valores >140 mmHg en la PAS y/o >90 mmHg
en la PAD, y basandose en evidencia cientifica se indica que estos valores se pueden reducir a

través de tratamientos diversos, farmacoldgicos y no farmacolégicos.’

Tabla 1. Definiciones y clasificacion de los valores de presidn arterial (mmHg).°

CATEGORIA PAS PAD
Optima <120 <80
Normal 120-129 80-84
Normal alta 130-139 85-89
Hipertension grado 1 140-159 90-99
Hipertension grado 2 160-179 100-109
Hipertension grado 3 2180 2110
Hipertensidn sistdlica aislada 2140 <90

PAD: presion arterial diastdlica; PAS: presion arterial sistdlica. El grado de la hipertensidn sistdlica aislada
debe ser calificado (1, 2,3) en funcion de los valores de presidn arterial sistélica de los limites indicados,
siempre que los valores diastélicos sean<90 mmHg. Los grados 1, 2 y 3 corresponden a la clasificacion de
hipertensidn leve, moderada y grave, respectivamente. Estos términos se han omitido ahora para evitar
confusiones con la cuantificacidn del riesgo cardiovascular total.

Sin embargo, en 2017, el Colegio Americano de Cardiologia (ACC) y Sociedad Americana

del Corazén (AHA)X también presentaron la clasificacion de la HTA, dividiendo los grados de PA
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en cuatro grados para la toma de decisiones clinicas en la salud publica en un entorno de atencion
primaria: normal, elevada, e HTA grado 1 e HTA grado 2, ilustrando esquematicamente las
categorias de PAS y PAD que definen la PA normal, la PA elevada y la HTA en grado 1y 2 (Tabla
2).1° Esta clasificacion difiere de la previamente recomendada y validada en Europa con HTA
definida ahora con valores >130 mmHg en la PAS y/o >80 mmHg en la PAD.° La razdn para este
cambio en la clasificacidn se basé en datos observacionales relacionados con la asociacidn entre
PAS/PAD y riesgo de ECV. Se llevd a cabo un estudio controlado aleatorizado para la modificacion
del estilo de vida para descender la PA con y sin medicacion antihipertensiva, y asi prevenir la
ECV.1° Aquellos adultos en un grado 2 de HTA tienen el mayor riesgo de ECV. Sin embargo, estas
guias aun no han sido aceptadas en Europa y solo estdn validados en Estados Unidos. Cada vez
mas estudios y meta-analisis de datos observacionales han demostrado un aumento progresivo

de ECV que va desde una PA normal a una HTA grado 2.1%

Tabla 2. Categorias de la PA en adultos* (mmHg)*©

Categoria PA PAS PAD
Normal <120 y <80
Elevada 120-129 y <80

Hipertension
Grado 1 130-139 o 80-89
Grado 2 2140 o 290

*Individuos con PAS y PAD en dos categorias deben ser
designados a la categoria de PA mas alta. PA indica presion
arterial (basada en 22 cuidadosas medidas en 22 ocasiones; PAD,
presion arterial diastélica; y PAS, presion arterial sistélica)

Se pueden distinguir dos tipos de HTA, dependiendo de la o las causas que la hayan
originado: HTA primaria y secundaria. La HTA primaria o idiopatica se refiere a la no existencia de
una causa obvia o identificable que haya promovido el desarrollo de la HTA. El 90% de las
personas con HTA padece este tipo 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 sueiio, acromegalia, o consumo de drogas. Los casos de
HTA secundaria, donde hay una causa identificable, suelen ser mas abundantes en personas

menores de 40 afios.?
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La HTA primaria es sorprendentemente comun en el contexto internacional. En cuanto a
poblacién mundial, al menos un cuarto de las personas adultas padece HTA, lo cual correspondio
en el aflo 2000 a 972 millones de personas. Si se tiene en cuenta el nivel de desarrollo, 1/3 de los
afectados corresponde a paises econdmicamente desarrollados, y 2/3 a paises en vias de
desarrollo.”®1>® |3 prevalencia de HTA en la poblacién adulta de Espafia es elevada.
Aproximadamente el 42,6% de los individuos mayores de 18 afios son hipertensos (PA >140/90
mmHg o en tratamiento farmacoldgico antihipertensivo) y es mas comun en hombres (49.9%)
que en mujeres (31.5%).Y Estas cifras se elevan exponencialmente cuanto mayor es la edad de la
poblacién, subiendo al 50% en edades medias, y al 68% en mayores de 60 afios.” Se prevé que la
prevalencia de HTA y la necesidad de tratamiento farmacolégico continden creciendo, ya que la
poblacién es cada vez de mayor edad, méas sedentaria y mas obesa.”®'> De hecho, seglin un
analisis sobre la tendencia de la carga que supone la HTA a nivel mundial, se estima que la
poblacién adulta que tendrd HTA pasara del 26,4% en el afio 2000, al 29,2% en 2025.¢ Asi, se

puede afirmar que la HTA es uno de los mayores problemas de salud publica.®

La gran prevalencia de HTA en la poblacidn y el riesgo que supone una PA elevada, en un
informe de la Organizacion Mundial de la Salud (OMS) se ha citado la HTA como primera causa
de muerte en todo el mundo,® que en 2010 provocd 2.1 millones de muertes mds que en 1990;8
la pérdida del 7 % del total de aios de vida y 9.4 millones de muertes. La HTA junto con estilos de
vida cada vez mas sedentarios y unos habitos nutricionales incorrectos es la causa de ECV

modificable més potente.?®

1.2. Sobrepeso/obesidad

El sobrepeso y la obesidad se definen como una acumulacién anormal o excesiva de grasa
y que puede ser perjudicial para la salud.? La obesidad es el resultado del desequilibrio entre el
consumo y el aporte de energia.?! La proporcidn y cantidad de macronutrientes ingeridos como
energia, (i.e. carbohidratos, proteinas y grasas), esta destinada a convertirse en energia y en
elementos celulares, o cuando el consumo excede los requerimientos, a almacenarse en forma
de grasa y por lo tanto, es la grasa la principal fuente de almacén y origen de la obesidad. Los
acidos grasos son almacenados en la célula en forma de triglicéridos. Los triglicéridos son
hidrolizados por la enzima lipoproteina lipasa localizada en los capilares sanguineos, para ser
introducidos en el adipocito y re-esterificados como triglicéridos tisulares. Sin embargo, las

personas con obesidad tienen disminuida la actividad de la lipoproteina lipasa; por lo cual, se
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origina un aumento de triglicéridos y un descenso de lipoproteinas de alta densidad (HDL-C) en
sangre, acompafniandose ello de una mayor incidencia de coronopatias.??2 Ademas, en la medida
en que se acumulan lipidos en el adipocito, este se hipertrofia y en el momento en que la célula
ha alcanzado su tamafio maximo, se forman nuevos adipocitos a partir de los preadipocitos o
células adiposas precursoras, y se establece la hiperplasia.”® Se ha demostrado que estos
incrementos se asocian con un aumento de enfermedades cardiovasculares, diabetes tipo 2, HTA,
colesterol de baja densidad (LDL-C) e incluso algunos tipos de cancer.??* 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 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 acumulacidn de tejido adiposo en el organismo.?

El indice de masa corporal (IMC) es un indicador simple de la relacion entre la masa
corporal y la talla que se utiliza frecuentemente para identificar el sobrepeso y la obesidad en los
adultos. Se calcula dividiendo la masa corporal de una persona en kilogramos por el cuadrado de
su talla en metros (kg/m?). La OMS? 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 3). El IMC
proporciona la medida mds util del sobrepeso y la obesidad en la poblacién, puesto que es la
misma para ambos sexos y para los adultos de todas las edades. Los autores del Framingham
Heart Study sugieren que el riesgo relativo de desarrollar insuficiencia cardiaca en un periodo de
14 afios aumenta un 5% en hombres y un 7% en mujeres por cada incremento de 1 kg/m? en el
IMC.22 Sin embargo, hay que considerarla a titulo indicativo porque es posible que no se

corresponda con el mismo nivel de adiposidad en diferentes personas.?

Tabla 3. Clasificacion de la Organizacion Mundial de la Salud
del estado nutricional de acuerdo con el 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 IlI/Mérbida >40,00

IMC, indice de masa corporal
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También tiene interés conocer el patréon de distribucidon de la grasa corporal por su
relacién con el RCV. Con esta finalidad se utiliza el indice cintura-cadera (ICC), que pone en
relacion el perimetro de cintura con el perimetro de la cadera dividiendo uno con el otro, para
determinar si existe riesgo de contraer determinadas enfermedades asociadas a la obesidad. El
ICC es aceptado como un buen indicador de la obesidad central y, aunque no estdn claramente
definidos los valores a partir de los cuales se observa un aumento del RCV, se han propuesto como
valores delimitadores del riesgo > 1 en los hombres y > 0,85 en las mujeres (Tabla 4).%>2° Por otra
parte, se ha sugerido que valores superiores al percentil 90 suponen un riesgo muy elevado para
la salud. De acuerdo con este criterio, estudios epidemioldgicos transversales de diferentes
comunidades autdnomas espafolas sitlan este valor de riesgo para el ICC en > 1 para los hombres
y > 0,90 para las mujeres. Si bien este indice no permite diferenciar si se trata de una acumulacién
perivisceral o subcutdnea.”® Ademads, se recomienda medir el perimetro de cintura como
indicador de grasa visceral, para obtener informacién adicional sobre la composicién corporal y
poder detectar cambios en la misma.?’ De hecho, se estima que usando solo el IMC no se detecta
la mitad de la poblacidn con exceso de 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
>94 cm y en las mujeres 2 80 cm y este riesgo estd muy aumentado para los hombres a partir de
valores > 102 cm y en las mujeres > 88 cm (Tabla 4).2°> Ademas, el perimetro de cintura junto con

el IMC sirven para estimar el RCV relacionado con la adiposidad (Tabla 5).%’

Tabla 4. Datos antropométricos para la evaluacion de la distribucidn de la grasa corporal.?®

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

Perimetro de cintura >102 cm(H); 88 cm (M) Aumentado substancialmente
indice cintura-cadera >0,90cm(H); 0,85 cm (M) Aumentado substancialmente

H, hombres; M, mujeres; RCV, riesgo cardiovascular
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Tabla 5. Riesgo cardiovascular que confiere el grado de indice de masa corporal y distribucién

adiposa.”’
Riesgo relativo a partir del perimetro de cintura
IMC (kg/m?) Hombres <102 cm Hombres > 102 cm
Mujeres < 88 cm Mujeres > 88 cm
Normopeso 18,50 - 24,99 Ninguno Aumentado
Sobrepeso 25,00 - 29,99 Aumentado Alto
Obesidad 30,00 - 34,99 Alto Muy alto
Grado Il 35,00 -39,99 Muy alto Muy alto

Obesidad moérbida  >40,00 Extremadamente alto

Extremadamente alto

IMC, indice de masa corporal. Adaptado de Nacional Institutes of Health3, The National Heart, Lung, and
Blood Institute Expert Panel on the Identification, Evaluation, and Treatment of Overweight and Obesity in
Adults3! y Alvarez et al.?2

En la actualidad, el empleo de la impedanciometria multifrecuencia, tiene un interés
complementario a la valoracion de la composicidn corporal para la estimacién de la composicién
corporal y el grado de adiposidad. Existen técnicas mas precisas, como la absorciometria dual de
rayos X (DEXA), o la impedancia bioeléctrica, que determina la proporcién de masa corporal
correspondiente a masa grasa midiendo el agua corporal correspondiente a masa muscular.?® Su
coste y complejidad limitan su utilizacién generalizada.®® En funcién del porcentaje graso
corporal, se definen como personas con obesidad aquellas que presentan porcentajes por encima
del 25% en los hombres y del 35% en las mujeres. Los valores comprendidos entre el 20,1% y
24,9% en los hombres y entre el 30,1 y el 34,9% en las mujeres se consideran limites. Los valores

normales son del orden del 12 al 20% en hombres y del 20 al 30% en las mujeres (Tabla 6).28

Tabla 6. Clasificacion de masa grasa en adultos.?

% grasa Hombres Mujeres
Normalidad 12,0-20,0 20,0-30,0
Sobrepeso 20,1-24,9 30,1-34,9
Obesidad > 25,0 > 35,0

La obesidad es una enfermedad crdnica, multifactorial, de prevalencia creciente, que

junto con el sobrepeso, afecta a mas de la mitad de la poblacién en los paises desarrollados, por
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lo que ha sido considerada por la International Obesity Task Force y la OMS, como la epidemia
del siglo XX1.2° En Espafia la prevalencia de obesidad ha aumentado de forma constante en los
ultimos 20 afios, y que este aumento ha sido mds acentuado para los grados mds graves de
obesidad (IMC>40 kg/m2).2 Aproximadamente el 69% de poblacién adulta de Espafia tienen
sobrepeso u obesidad, siendo un 35% obesos.3* El incremento que se viene produciendo se debe
fundamentalmente a dos factores, por un lado, el consumo excesivo de alimentos de gran
contenido caldrico®* vy, por otro, la disminucidn de la AF,% imponiéndose un estilo de vida cada
vez mas sedentario.?® Las enfermedades asociadas al sobrepeso y la obesidad suponen un amplio
espectro de complicaciones, desde la HTA, hiperinsulinemia, dislipidemia (DLP), y la diabetes
mellitus (DM) tipo 2, hasta el agravamiento de enfermedades relacionadas con el asma

bronquial.?®

Asimismo, la obesidad estd vinculada al 60% de las defunciones debidas a enfermedades
no contagiosas. Asi, las consecuencias trascienden lo puramente estético para adquirir su
auténtica dimension en relacidon con las complicaciones metabdlicas y CV, de gran repercusion
econdmica y socio-sanitaria, lo que justifica sobradamente la necesidad de convergencia de
esfuerzos hacia la prevencidon primaria y secundaria.?®3* Asi, la obesidad, tiene para la sociedad
importantes costes directos e indirectos que exigen multiples recursos sanitarios y econémicos,
es responsable del 10-13% de las defunciones y del 2- 8% de los costes econdmicos en los paises

de la Unién Europea.®®

1.3. Riesgo cardiovascular

Se denomina RCV a la probabilidad de desarrollar un episodio CV, y suele expresarse en
forma de riesgo de sufrir en un plazo de 10 afios. El RCV lo determinan los valores de PA, la
presencia de lesiones en los érganos diana, ECV establecida (isquemia, insuficiencia cardiaca,
enfermedad cerebro vascular...), y otros factores de riesgo para la ECV, como estilos de vida no
saludables en cuyo cambio habrd que insistir (dieta, tabaquismo, obesidad, inactividad,

sedentarismo), DM y dislipidemia.®®

Cuando se habla de RCV hay tres conceptos para tener en cuenta: 1) la poblacién a la que
pertenecen esas personas, 2) el evento CV, siendo en la mayoria de los sistemas de clasificacion
derivados del estudio de Framingham como mortales o no mortales, y 3) el tiempo, durante el
cual puede aparecer el evento o no, generalmente en un plazo de 10 afios, aunque también hay

sistemas que calculan a 5 afios, 30 afios o durante el resto de vida. El riesgo absoluto se aplica a
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nivel individual, de manera que, si obtenemos un 10%, significa que tiene una probabilidad del
10% de presentar un evento CV en los préximos 10 afos. Epidemiolégicamente significa que de
cada 100 individuos iguales al paciente (en cuanto a la edad, el sexo y los diversos factores de
riesgo (FR) que intervengan en el cdlculo del riesgo), 10 individuos tendran un evento en los

proximos 10 afios.3®

1.3.1. Factores de riesgo cardiovascular

Los FRCV son los que se asocian a una mayor probabilidad de sufrir una ECV: edad, sexo,
herencia genética, DM, tabaquismo, colesterol e HTA. Su modificacién puede reducir los eventos
CV y la muerte prematura tanto en las personas con ECV establecida como en aquellas con alto
RCV debido a uno o mas FRCV teniendo en cuenta que algunos FR pueden cambiarse, tratarse o

modificarse y otros no.%’

Entre los FRCV no modificables, estarian la edad, el sexo y la historia familiar. Se incluye
como riesgo la edad superior a 55 afios en hombres y la superior a 65 afios en las mujeres. Por lo
que respecta a los antecedentes familiares de ECV prematura, se considera como FR el
antecedente de la misma en un familiar de primer grado en hombres antes de los 55 afios y en

mujeres antes de los 65 afios. Los FRCV modificables son la DM, el tabaquismo, la DLP y la HTA.3®
Diabetes mellitus (DM)

La DM es una enfermedad crénica que se caracteriza por la concentracién alta de glucosa
en la sangre. La DM puede estar causada por factores genéticos, autoinmunes, ambientales como
la obesidad especialmente la abdominal o grasa central y/o la falta de AF.3 Existen cuatro tipos
de diabetes: la DM tipo 1 es considerada una enfermedad autoinmune debida a la destrucciéon de
las células que producen insulina en el pancreas. Requiere inyecciones diarias de insulina, ya que
el cuerpo no produce suficiente insulina, el 10% de los casos de DM es de este tipo y puede
aparecer a cualquier edad, pero se suele diagnosticar con mayor frecuencia en nifios,
adolescentes o adultos jévenes. La DM tipo 2 se debe a la incapacidad del organismo para utilizar
la insulina, el 90% de los diabéticos son de este tipo. Es mas frecuente en la edad adulta y su
prevalencia ha aumentado entre adolescentes y adultos jovenes debido a la obesidad. La DM
gestacional es la que se inicia o reconoce por primera vez durante el embarazo y se presentan
cantidades de glucosa altas en la sangre. Finalmente, la DM 1,5 también denominada LADA

(Latent Autoimmune Diabetes in Adults) es una DM autoinmune que parece quedar justo en
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medio de los dos tipos principales, es muy parecida a la DM tipo 2 ya que afecta a personas
adultas, pero muestra muchos de los rasgos genéticos, inmunes y metabdlicos de la DM tipo 1,
afecta a personas entre 25y 35 afios de edad que no tienen sobrepeso ni antecedentes familiares
de DM. En un principio puede ser tratada como la DM tipo 2, es decir, con antidiabéticos orales,
pero al cabo del tiempo es necesario el uso de insulina debido a que el cuerpo inicia un ataque
contra las células beta y especialmente del tipo GAD 65 ubicadas en el pancreas, tal como ocurre
en la DM tipo 1.%° Siguiendo las directrices de las sociedades cientificas internacionales, se
considera como DM la presencia de una glucemia en ayunas > 7,0 mmol/l (126 mg/dl) o una
glucemia postprandial > 11,0 mmol/l (198 mg/dl). Tanto si la produccidén de insulina es
insuficiente como si existe una resistencia a su accidn, la glucosa se acumula en la sangre dafiando
progresivamente los vasos sanguineos (arterias y venas) acelerando el proceso de aterosclerosis
aumentando el riesgo de padecer una ECV: angina, infarto agudo de miocardio (asi como sus
complicaciones y la mortalidad posterior al infarto) y la muerte cardiaca subita.?®* También
incrementa la posibilidad de padecer enfermedad cerebrovascular o afectacién de las arterias
periféricas.®® Estudios previos han sugerido que el riesgo de ECV en las personas con DM es similar
al de individuos con infarto de miocardio previo. El riesgo de enfermedad coronaria de las
personas diabéticas es superior a las no diabéticas, aunque sin llegar al riesgo de las personas no

diabéticos con enfermedad coronaria previa.*
Tabaquismo

El tabaquismo es la adiccion al tabaco provocada principalmente, por uno de sus
componentes activos, la nicotina. Segun el Comité Nacional para la Prevencion del Tabaquismo,
el tabaco provoca cerca de 50.000 muertes anuales en Espafa por dolencias como la bronquitis
cronica, el enfisema pulmonar y el cancer de pulmdn y faringe. Por si esto fuera poco, es también
el FRCV mas importante, ya que la incidencia de la patologia coronaria en los fumadores es tres
veces mayor que en el resto de la poblacidn. La posibilidad de padecer una ECV es proporcional
a la cantidad de cigarrillos fumados al dia y al nimero de afios en los que se mantiene este habito
nocivo. Existen dos factores por los que el tabaco puede producir una isquemia coronaria: 1) la
nicotina, que desencadena la liberacion de las catecolaminas (adrenalina y noradrenalina) que
producen dafo en la pared interna de las arterias (endotelio), aumenta el tono coronario con
espasmo, produce alteraciones de la coagulacidn, incrementa los niveles de LDL-C y reduce los de
HDL-Cy 2) el mondxido de carbono que disminuye el aporte de oxigeno al miocardio y aumenta

el colesterol total (CT) y la agregacidn plaquetaria (su capacidad de unirse y formar codgulos).*

Dislipemia (DLP)
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Se entiende por DLP cualquier alteracién en los niveles de los lipidos en el plasma, por
exceso o por defecto. En la préctica clinica interesan las hiperlipidemias, puesto que son uno de
los principales FRCV para el desarrollo de la arteriosclerosis y de la ECV. Entendemos por
hiperlipemia la presencia de concentraciones plasmaticas de CT, triglicéridos o de ambas a la vez,
superiores a los valores considerados “normales” para la poblacidn general y por encima de las

cuales la intervencién es recomendable.*

La DLP mas frecuente e importante por su trascendencia etiopatogénica en la ECV
arteriosclerdtica es la hipercolesterolemia, que se define como la elevacién del CT y/o de las
lipoproteinas que lo transportan en plasma. Asi la hipercolesterolemia se define con valores de
CT >250 mg/dl, y valores de LDL-C > 160 mg/d| (Tabla 7). Esta elevacidon suele ocurrir por el
incremento de CT unido a las LDL-C o lipoproteinas de muy baja densidad, y mds raramente por

quilomicrones, lipoproteinas de densidad intermedia y/o descenso del CT unido a las HDL-C.*3

Tabla 7. Criterios de definicién de hipercolesterolemia.®®

Normocolesterolemia CT <200 mg/ di

LDL-C < 130 mg/ dI

p iy N Hipercolesterolemia limite CT 200-249mg/ dI
revencion primaria
LDL-C 130-159 mg/ dl
Hipercolesterolemia definida CT 2250 mg/ dl
LDL-C 2160 mg/ dI
Prevencidn secundaria Hipercolesterolemia definida CT > 200 mg/ dI

LDL-C =130 mg/ dI

CT, Colesterol total; LDL-C, lipoproteinas de baja densidad.

Las LDL-C se encargan del transporte de CT a los diferentes tejidos, pudiendo formar parte
de la membrana plasmatica o ingresando dentro de la célula para ser utilizado en la sintesis de
compuestos derivados. El problema de las LDL surge cuando hay una gran cantidad de CT que no
podemos utilizar, ni como parte de la estructura celular ni para formar derivados del mismo.
Cuando esto sucede, el exceso de CT se acumula en las arterias dando lugar a problemas como
artritis, arteriosclerosis, enfermedades cardiovasculares, cerebrales, entre otros.*

A causa de la hiperlipidemia se presenta la arteriosclerosis comunmente en la poblacion
adulta. La arteriosclerosis es la enfermedad de las arterias que consiste en la pérdida de su
elasticidad, convirtiéndose en vasos mas gruesos y rigidos.* Los FRCV influyen enormemente en

la aparicidn de este trastorno que se inicia ya en la infancia con la formacidn de las estrias grasas,
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como lesiones iniciales, que se irdn transformando a lo largo de la vida con la accién de los
FR.*46Al verse lesionada la pared de un vaso sanguineo, se ponen en marcha una serie de
acontecimientos que conducen a la acumulacién de unas células sanguineas encargadas de
taponar la lesidn, conocidas como plaquetas. La agrupacion de las plaquetas, a su vez, favorece
el depdsito de grasa (CT) en las paredes de los vasos. De esta manera, se forman las llamadas
placas de ateroma vy la calcificacion en arterias. Las primeras, provocan que las arterias se
estrechen progresivamente. La consecuencia de todo esto es que la circulacidén sanguinea quede
reducida de forma importante y, por lo tanto, exista un déficit en el aporte sanguineo a los
drganosy tejidos del cuerpo humano, que no reciben los nutrientes necesarios. Las segundas, son
depdsitos de calcio y otros minerales en las paredes de los vasos, lo que hace que haya una gran
pérdida de flexibilidad con peligro de rotura. En otras palabras, este hecho provoca ECV, como
son la cardiopatia isquémica, la enfermedad cerebrovascular, la enfermedad arterial periférica y

los aneurismas de aorta.*
Hipertension arterial (HTA)

Diversos estudios®!® han examinado y evaluado el RCV que supone la presencia en mayor
o menor medida de HTA. Se ha comprobado que la reduccion de 20/10 mmHg en la PA habitual
de hombres y mujeres con edades comprendidas entre los 40 y 89 afos, estd asociada con una
disminucién a la mitad de muertes debidas a eventos relacionados con accidentes cerebro
vasculares o enfermedad isquémica de corazoén, o que la reduccidon de 5, 7,5y 10 mmHg en la PAS
correlaciona con reducciones de accidente cerebro vascular del 34%, 46% y 56%,

respectivamente, y reducciones de enfermedad coronaria del 21%, 29% y 37%, respectivamente.

La razon de la relacién continua entre la PAy mayor RCV es a causa de que la HTA supone
una mayor resistencia para el corazén, que responde aumentando su masa muscular (hipertrofia
ventricular izquierda) para hacer frente a ese sobreesfuerzo. Este incremento de la masa
muscular acaba siendo perjudicial ya que no viene acompafiado de un aumento equivalente del
riego sanguineo y puede producir insuficiencia coronaria y angina de pecho. Ademas, el musculo
cardiaco se vuelve mas irritable y se producen mas arritmias. Esto propicia la arterioesclerosis y
fendmenos de trombosis (pueden producir infarto de miocardio o infarto cerebral). En el peor de
los casos, la HTA puede reblandecer las paredes de la aorta y provocar su dilatacion (aneurisma)
o rotura (lo que inevitablemente causa la muerte). En aquellos individuos que ya han tenido un

problema CV, la HTA puede intensificar el dafio.’
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1.3.2. Prediccién de riesgo cardiovascular

Existen distintas escalas de prediccion de RCV disefiadas para predecir la probabilidad de
sufrir un evento CV a 10 afos. Segun la escala de medida del RCV se puede hablar de métodos
cuantitativos; i.e., si dan un resultado numérico concreto (e.g., el 17%), o cualitativos; i.e., si nos

dan un valor aproximado o categdrico del riesgo (e.g., riesgo moderado).”

Un ejemplo del sistema cualitativo es el desarrollado por la Sociedad Europea de
Hipertension (ESH) y la Sociedad Europea de Cardiologia (ESC) en el que dependiendo del grado
de PA y afiadiendo ciertos FR o enfermedades que aumentan el riesgo, obtenemos una
calificacion la cual nos indica el grado de riesgo (bajo, moderado, alto y muy alto) a padecer un
evento CV. Cuantos mas altos son los valores HTA y mas FR afiadidos se observen, mayor sera el

RCV (Tabla 8).948

Tabla 8. Estratificacion del RCV en categorias bajo, moderado, alto y muy alto, en relacién a la PA

y otros FR.1°

Otros factores de riesgo, LO Presién arterial (mmHg)
asintomatica o enfermedad Normal alta HTAgradol HTAgrado2 HTA grado3
PAS 130- PAS 140- PAS 160- PAS2180or
139 or PAD 159 or 179 or PAD2110
85-89 PAD 90-99 PAD 100-
109
Sin otros factores de riesgo RCV RCV
bajo moderado
1-2 factores de riesgo RCV RCV RCV
bajo moderado moderado-
alto

3 0 mas factores de riesgo RCV RCV
bajo- moderado-
moderado alto

LO, ERC en fase 3, o diabetes RCV
moderado-
alto

ECV sintomatica, ERC fase >4, o
diabetes con LO/otros factores de
riesgo.

ECV=enfermedad cardiovascular; ERC=enfermedad renal crdnica; HTA=hipertension arterial;
LO=lesién de érganos; RCV=riesgo cardiovascular.

Dentro de los sistemas cuantitativos hay numerosos modelos para la estimacidn de la
puntuacion de RCV, asi como las escalas procedentes del sistema SCORE (Systematic Coronary

Risk Evaluation) que es aplicable en Europa, nace del estudio de Framingham y esta calibrado de
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acuerdo con las caracteristicas de los europeos. El sistema posee limitaciones, la principal es que

no tiene en cuenta la medicacidon de la PA.>*8

La escala mas utilizada es la clasica escala de Framingham, inicialmente validada en 1998
para predecir ECV: muerte de causa cardiaca, infarto agudo de miocardio no fatal, angina estable
e inestable. Esta escala fue revisada posteriormente en 2002 por el Third Adult Treatment Panel
y por ultima vez en 2008.% Desde entonces ha sido validada para predecir ECV ateroscleréticas
(i.e., infarto agudo de miocardio fatal y no fatal, angina o insuficiencia coronaria, evento
cerebrovascular isquémico/hemorragico fatal y no fatal, accidente isquémico transitorio,
claudicacion intermitente) y no aterosclerdticas (i.e, insuficiencia cardiaca).”® La ecuacion de
Framingham estd basada en una poblacion homogénea, geograficamente limitada, con un
predominio de la raza blanca, de ahi que su uso en cohortes modernas haya sido ampliamente
cuestionado. Recientemente la ACC y AHA desarrollaron las denominadas New Pooled Cohort
Equations. Este nuevo instrumento estd validado en una muestra multirracial disefado para
predecir ECV aterosclerdticas (i.e., infarto agudo de miocardio fatal y no fatal, evento

cerebrovascular fatal y no fatal), ademads de estar validado para la poblacién afroamericana.>®>?

Estos dos métodos cuantitativos que se utilizan en atencion primaria establecen el perfil
general del RCV. Sabiendo que una puntuacién del 10% significa que hay un 10% de probabilidad
de tener un ECV en los préximos 10 afios.” El riesgo absoluto de cada persona puede situarse
dentro de unos rangos segun la puntuacién conseguida; menos del 6% se considera bajo riesgo,
entre 6 y 20% se considera de riesgo medio, y una puntuacion de 20% o mayor ya se considera
alto riesgo.*® Estas ecuaciones se desarrollan a partir de modelos del riesgo proporcional
especificos de sexo y raza, los cuales incluyen variables como la edad, nivel de PAS elevada o no
elevada, CT y concentraciones de HDL-C, estado actual de tabaquismo y el historial de DM. Es de
resaltar que el porcentaje RCV es siempre mas elevado en hombres que en mujeres aun teniendo

los mismos valores en el resto de los pardmetros que definen el RCV.*

En los sistemas de cuantificacion del RCV, la edad es el FRCV que mads peso ejerce en el
calculo del RCV, de tal forma que personas jévenes (por ejemplo, menores de 40 afios) no
alcanzan los umbrales de riesgo alto aun con valores muy elevados de CT y PAS. El problema con
los jovenes es especialmente importante porque dejariamos de tratar a individuos en situacion
de riesgo importante hasta que no cumplieran cierta edad en la que alcancen el riesgo absoluto
alto, cuando tal vez ya tengan repercusidn organicay se haya perdido una oportunidad preventiva

fundamental. Esta preocupacién ya se expreso en la guia europea de prevencion CV en 2003
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proponiendo la extrapolacién del riesgo a la edad de 60 afios, y la valoracidn del riesgo relativo

como alternativas complementarias a la valoracién del riesgo absoluto en jévenes.>

A pesar de que el método Framingham es el mas difundido y utilizado y permite
desarrollar modelos predictivos matematicos?’, a dia de hoy no existe una ecuacién lo

suficientemente precisa a la hora de estimar el RCV.>*%°

1.3.3. Edad vascular (EV)

La EV segun D’Agostino, es la edad cronolégica de una persona con el mismo riesgo
predicho, pero con todos los factores de riesgo en niveles normales.>® La EV nos indica la edad
que le corresponde a las arterias de un individuo. Es una herramienta para evaluar el RCV general,
la cual se deriva de los datos del estudio de Framingham.®> En comparacién a la herramienta que
se ha usado hasta ahora (proporcién de riesgo de padecer un evento CV en los siguientes 10 afios),
la EV parece ser un instrumento mas sencillo que simplifica la comunicacién del estado de riesgo
del individuo y podria mejorar la adherencia. llustra los afios que el individuo puede ganar o
perder seguin controle o no sus FR.* La conversidn del riesgo absoluto en EV permite comparar
la edad cronoldgica y la EV y obtener una interpretacidn del riesgo absoluto en el contexto de la
edad: si la diferencia entre la edad cronoldgica y la EV es minima la situacién de riesgo del
individuo es tolerable con independencia del valor del riesgo absoluto. Del mismo modo, si la
diferencia es elevada, significa que la situacién de la persona ocasionada por sus FR es

preocupante independientemente de que el valor del riesgo absoluto sea mayor o menor.>

Para poder calcular la EV de una persona, se necesita conocer las variables: edad, HDL-C,
CT, PAS, DM y tabaquismo. El valor de cada variable recibe un puntaje especifico. La sumatoria
de los puntos obtenidos con cada variable se puede luego traducir en riesgo de padecer un evento

CV en 10 afios, o bien, la EV.*®
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1.4.  Condiciodn fisica-Capacidad cardiorrespiratoria (CCR)

La condicidn fisica es un indicador muy valioso para hacer referencia al estado de salud
de un individuo. Existe evidencia que entre otros FRCV es un predictor mas parala ECV y se asocia
directamente con una mayor esperanza de vida y longevidad.>®*>” La mejora de la condicién fisica
puede tener un rol fundamental en la prevencién y tratamiento de la HTA, del sobrepeso y la
obesidad y de los FRCV. De todas las cualidades que forman la condicién fisica vinculada con la
salud, la capacidad cardiorrespiratoria (CCR) ha sido la que mds importancia cientifica ha
adquirido.”® La CCR se conoce como la capacidad que tienen los sistemas respiratorio y

circulatorio de aportar oxigeno a la musculatura esquelética durante una AF continuada.>*®

La practica regular de ejercicio fisico mejora la CCR,*® la cual estd asociada con una
disminucién del RCV, a causa de diferentes adaptaciones fisioldgicas a nivel cardiovascular. Por
un lado, hay un aumento del tamafio de las cavidades del corazén, mejorando su capacidad de
llenado por lo que se incrementa el volumen cardiaco. Como la capacidad de llenado se
incrementa, incrementa el volumen sistdlico, es decir, la cantidad de sangre que expulsa el
corazdn cada vez que se contrae. Por lo tanto, la cantidad de sangre que expulsa el corazén cada
minuto (gasto cardiaco) también se incrementa. Teniendo en cuenta que en cada latido es capaz
de expulsar mas sangre aportando mas oxigeno a la musculatura esquelética, hay un descenso de
la frecuencia cardiaca (FC) de reposo y valores submaximos. Es decir, un mismo esfuerzo
mecanico (por ejemplo, correr a 12 km/h) antes de una intervencién no farmacoldgica podria
suponer para el organismo un esfuerzo en cuanto a FC de 140 lat/min y después de 4 semanas de
entrenamiento aerdbico suponer 130 lat/min. Ademas, hay disminucidn de la PA de reposo y PA
valores submaximos, es decir, durante el ejercicio se experimentan incrementos mas suaves. El
ejercicio aerdbico produce una vasodilatacidon que tiende a disminuir las resistencias vasculares

periféricas y en consecuencia disminuir la PA durante el ejercicio.

Asi, la valoracion de la CCR resulta una informacion clinica importante en la evaluacion
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
evaluacidon y seguimiento del RCV, asi como para programacion de intervenciones no

farmacoldgicas que combinen tratamiento dietético y ejercicio fisico (EF).°
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1.4.1. Valoracién de la capacidad cardiorrespiratoria

Los parametros estrella, conocidos como los “gold standard”, para valorar la CCR, asi
como para la prescripcién y disefio del EF son el consumo de oxigeno (VO2) maximo o pico (VOzmax
0 VOapico) Y €l primer y el segundo umbral ventilatorio (UV1 y UV2) (es decir, los descriptores
fisioldgicos sobre el transporte y utilizacién de oxigeno en respuesta al ejercicio).?*%3%* Estudios
recientes demuestran que el VOqico €5 el mejor parametro de referencia para valorar el nivel de
salud. Asi, las personas con mayor VOapico tienden a vivir mas tiempo, incluso aunque muestren
factores de riesgo ya establecidos asociados a ECV u obesidad.5>® La unidad de medida del VO,
puede expresarse de forma absoluta o de forma relativa a la masa corporal, indicando el consumo

en volumen de oxigeno por minuto: L:‘minty mL-kg'-min, respectivamente.

Otra forma para expresar la CCR es el MET, del inglés “metabolic equivalent of task”, que
expresa el costo energético del EF y equivale a 3,5 mL-kg**min’. El MET se usa como referencia
de la intensidad del EF, que se calculard a partir del gasto metabdlico de reposo, o lo que es lo
mismo, el costo energético en METs cuando no se esta practicando AF.67:%8 Se ha indicado que el
incremento de 1 MET en el VOg,ico aumenta la esperanza de vida de las personas en un 10-

25%.5969

Existen numerosas pruebas de valoracion directas e indirectas para determinar la CCR de
una persona.®® El método de referencia es a través de descriptores fisioldgicos que determinan
de forma directa la intensidad del esfuerzo metabdlico, i.e. VOapico @ través de una prueba
cardiopulmonar limitada por sintomas. Sin embargo, no siempre se dispone de la instrumentacidon
para realizar pruebas directas. Por ello, los métodos indirectos pueden monitorizar la carga
metabdlica durante una prueba de esfuerzo a través de la FC o FC de reserva (FCR=diferencia

entre la FC basal y la pico).>*%

1.4.1.1. Método directo

Los métodos directos son los métodos mds precisos para determinar el VOaico y S€ CONOCE
a través de medicion directa en una prueba de esfuerzo cardiopulmonar (CPET, del inglés
cardiopulmonary exercise test). Este método tiene lugar bajo condiciones controladas en
laboratorios y con aparatos de ergometria, supervisando la intensidad del EF mediante el andlisis
de gases (VO,y produccién de diéxido de carbono, VCO,) por la persona que realiza la prueba.>®
La CPET proporciona informacién sobre la respuesta al ejercicio. El rendimiento CV y los criterios

ventilatorios se evallan durante un estimulo de ejercicio de intensidad progresiva para
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proporcionar un analisis integrado de las respuestas fisioldgicas requeridas por los sistemas CV y
respiratorio para satisfacer las demandas metabdlicas del musculo esquelético (es decir, la
demanda de O, durante el ejercicio).”®’* La premisa fundamental de la CPET es que la evaluacién
del intercambio de gases (VO, y VCO,) durante el EF proporciona una perspectiva sobre la
fisiologia general del cuerpo. La CPET refleja la capacidad de rendimiento del corazdén, los
pulmones, y la sangre para mantener el O, y eliminar CO; que son criticos para la homeostasis
celular. Si hay patologia presente que limita la CCR, la CPET puede ayudar a identificar qué partes

del sistema fisioldgico son las responsables.”®’?

Las CPET mediante andlisis de gases han aumentado significativamente la fiabilidad,
reproducibilidad y utilidad clinica puesto que proporciona una cuantificacion de la CCR
significativamente mds precisa.’? La CPET mediante analisis de gases, nos lleva a la adquisicién de
VO, y proporciona la capacidad de medir tres respuestas durante la inspiracion y la espiracion: 1)
la concentracién de O,; 2) la concentracion de CO»; y 3) una cuantificaciéon de la ventilacion,
generalmente la ventilaciéon minuto, es decir, la cantidad de gas inhalado o exhalado por minuto,
gue se consigue a partir de volumen corriente y frecuencia respiratoria. El intercambio de O, y
CO2 se evalla mientras se respira aire usando una mascara facial que cubre la nariz y la boca
simultdneamente.’”® Los gases inhalados y exhalados se analizan en tiempo real utilizando
analizadores de respuesta rapida, conectados al ordenador. Una interpretacion de prueba valida
depende crucialmente de la calibracion del flujo de aire y los gases (O, y CO2) que se realiza antes
de la prueba.” Los nuevos sistemas también se ajustan teniendo en cuenta las condiciones
ambientales que afectan la concentracién de O, en el aire inspirado (es decir, temperatura,

presion barométrica y humedad).”

1.4.1.2. Método indirecto

El método indirecto para determinar el VOaico S€ basa en la presuncién de que existe una
relacién directa entre la FCy el VO,. Por lo tanto, se estima que el VOapico S€ puede predecir con
valores de la FC. El % de FCR ha sido adoptado por el Colegio Americano de Medicina del Deporte
como el método de referencia para la evaluacion indirecta y para establecer los rangos de disefio

del EF (Tabla 9).%

Estos tipos de pruebas son mas sencillas, requieren menos aparatos, son mds econdmicas
y tardan menos en ser preparadas y ejecutadas. Existen gran variedad de métodos para estimar

la CCR o valores de VO, subméaximos sin medicién directa, como pruebas de esfuerzo, diversos
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test de campo que simulan el CPET, y ecuaciones de regresion para estimar el VOapico. Los métodos
alternativos al CPET son cada vez mas utilizados y en poblaciones con caracteristicas especificas.
Por supuesto, el valor VOq,ico extraido de una prueba submdxima resultard menos exacto que
aquel determinado en una prueba directa,®® que conlleva un error de estimacién entre 4,2y 7,0
mL deOz-kgt-min?, por lo que se recomienda la obtencién de esta informacién a través de un
modo objetivo y directo cuando esté disponible, especialmente para la valoracion de personas

con RCV.*°

Las pruebas de campo y demas métodos de estimacién del VOyico resultan en una
valoracion eficaz que permite hacer seguimiento de la CCR a lo largo del tiempo, y en el caso de
tratamientos con EF, facilitan el disefio de la intensidad de ejercicio.®® Ejemplo de ello es la prueba
incremental de ida y vuelta caminando (incremental shuttle walk test, ISWT),’* o su variante
(modified shuttle walk test, MSWT),”® pruebas de campo de aplicacién sencilla que han sido
probadas y validadas para estimar el VO,ico €n distintas poblaciones a partir de la distancia

recorrida y otras variables registradas en la misma prueba.’®
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Tabla 9. Rangos de intensidad y modalidades para el disefio de las zonas de entrenamiento del
ejercicio fisico aerdébico

RANGOS FCo %FCR  %FCpico Escala Test del Habla  Modalidad
VO, RPE de EF
R1-Ligero- <UV1 <50 <60 <12 Facil llevar Continuo
moderado conversacion
R2-Moderado- uvi1- 50-75 60-80 12-16 Conversacion Continuo
alto uv2 con esfuerzo.
No se puede
cantar
R3-Alto-Severo uv2- 75-100 80-100 16-19 Sélo palabras Interval
Pico sueltas
R4-Severo- >Pico >100 >100 >19 No se puede Interval
Extremo hablar

FC: frecuencia cardiaca; VO2: consumo de oxigeno; FCR: frecuencia cardiaca de reserva; FCpico: frecuencia
cardiaca pico; RPE: valores escala de Borg (6-20); UV1: primer umbral ventilatorio: UV2: segundo umbral
ventilatorio. Modificado de Mezzani et al., 2012. Aerobic Exercise Intensity Assessment and Prescription in
Cardiac Rehabilitation.

1.5. Tratamiento no farmacoldgico

La HTA esta intimamente asociada al exceso de masa corporal, mientras que la pérdida
de masa corporal se acompafa de reducciones significativas en la PA.”””® En un meta-andlisis
publicado en el afo 2003 los autores concluian que una pérdida de masa corporal de 5,1 kg se
asociaba con una reduccién en la PAS y PAD media de 4,4 y 3,6 mmHg, respectivamente.”’ Los
estudios indican que la HTA y la obesidad son dos de las causas de morbilidad y mortalidad
prematura mas prevenibles a nivel mundial, que pueden ser tratadas de forma efectiva,
disminuyendo de esta forma la ocurrencia de las ECV, y que si la HTA no es tratada, estd asociada
a una elevacidn progresiva en la PA, a menudo culminando en estado resistente al tratamiento,
debido a dafio vascular y renal asociado.®%7® Asj, a los individuos con sobrepeso e HTA se les
recomienda perder masa corporal para reducir el riesgo de morbi-mortalidad.>”® La ESH y ESC
recomiendan mantener un IMC saludable (< 25 kg/m?) y evitar la acumulacién de grasa abdominal
(perimetro de la cintura <102 cm en hombres y <88 cm en mujeres) tanto en la prevencion, como
en el tratamiento de la HTA. Ademas, la pérdida de masa corporal mejora la eficacia de la

medicacidn antihipertensiva y el perfil cardiometabdlico de los individuos.®

Como medida para la reduccién del RCV, se proponen distintos tratamientos;
dependiendo de la estratificacién del RCV se recomiendan cambios en el estilo de vida, y
adicionalmente tratamiento farmacolégico.° Se calcula que el 80 % de ECV puede prevenirse
mediante cambios en los estilos de vida.'® La evidencia cientifica muestra que la combinacién de

EF y alimentacidn saludable podrian ser los mejores aliados en el tratamiento de la pérdida de
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masa corporal, consiguiendo una mejora sustancial de la salud,® siendo la AF el mejor mecanismo
en el mantenimiento de esta pérdida a lo largo del tiempo,3* gracias a un aumento de la oxidacién

de las grasas preferentemente de la regidn central del cuerpo.3

Gran cantidad de literatura cientifica describe la relacion entre PA elevada con el estilo y
habitos de vida. Las medidas de estilo de vida deben instaurarse en todas las personas con HTA
con el objetivo de reducir la PA, controlar otros FR y trastornos clinicos, asi como reducir el
nimero de dosis de farmacos anti-hipertensivos que se podria tener que consumir.® Entre los
multiples factores de estilo de vida, que se asocian con la etiologia o el tratamiento no
farmacologico 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. Se han encontrado reducciones de PA
estadisticamente significativas, en intervenciones independientes de corta duracién que
mejoraban la calidad de la dieta, implementaban EF o terapias de relajacidn, y reducian la ingesta
de sodio y el consumo de alcohol (Figura 1). Asi, se estima que una intervencién que combine

tratamiento dietético y EF podria reducir la PAS y PAD alrededor de 5 mmHg de promedio.?

Trial FU n N Systolic BP Diastolic BP
Diet Bm 14 1474 —S— A
Exercise 4m 17 1357 - Ras
Relaxation 4m 23 1481 —— e
Multiple intervention 6m 6 413 —= —5—
Alcohol reduction 1.2y 4 865 - -
Calcium 2m 11 414 -5 -
Magnesium 3m 11 504 —— O
Potassium 3m 5 410 —S—+ —&—
Sodium 3m 5 420 < S
45 40 -5 0 5 1 -5 40 5 0 5 10
. Favours Favours
mm Hg “reatment mm K control

All estimates are DerSimonian-Laird Weighted Mean Differences, see individual meta-analyses for details
+ FU: Median duration of follow up in months or years; n: number of studies; and, N: subjects randomised

Figura 1. Visidon general del efecto de los cambios en el estilo de vida sobre la presion arterial sistdlica y
diastélica en estudios realizados mediante ensayo aleatorizado en personas con presion arterial 2140/85

mmHg.2

La PAS (y en menor medida la PAD) tiende a elevarse con la edad.® Analizar el estilo de

vida ayuda a identificar posibles habitos causantes de tener una PA elevada y a comenzar con una
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vida mas saludable retrasando el comienzo del tratamiento farmacoldgico, e incluso reducirlo o

desecharlo por completo.

La toma de decisiones clinicas en relacidon con el inicio del tratamiento, la clase de
tratamiento y el objetivo de PA que se desea alcanzar se deberd basar en la evaluacion de la PAy
RCV. El tratamiento tendrd como meta alcanzar la maxima reduccién del riesgo de morbilidad y
mortalidad CV a largo plazo; esta meta requiere un tratamiento de todos los factores de riesgo
reversibles identificados.® En la Tabla 10 se muestra el tratamiento anti-hipertensivo

recomendado, dependiendo de la PA y de otros factores que aumentan el RCV.°
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Tabla 10. Inicio de cambios en el estilo de vida y tratamiento farmacoldgico. Se indican los objetivos del
tratamiento. Recuperado de: 2013 ESH/ESC Guidelines for the management of arterial hypertension

Normal alta PAS

Otros factores de 130-139
riesgo, DO o PAD 85-89
asintomatico o

enfermedad

SIN Otros FR

No intervencidn en PA

1-2 FR e Cambios en el estilo de
vida
¢ No intervencién en PA

e Cambios en el estilo de
vida

23RF e No intervencién en PA

e Cambios en el estilo de
vida
DO, ERCde grado 3,
o diabetes mellitus

ECV sintomatica,
ERC de grado >4 o
diabetes con

DO/FR

Presion arterial (mmHg)

HTA grado 1 HTA grado 2 HTA grado 3
PAS 140-159 PAS 160-179 PAS>180
o PAD 90-99 o PAD 100-109 o PAD 2110

e Cambios en el estilo ® Cambios en el estilo
de vida durante varias de vida durante varias
semanas. semanas.

Después anadir Después anadir
farmacos anti HTA con farmacos anti HTA con
objetivo <140/90 objetivo <140/90

e Cambios en el estilo e Cambios en el estilo
de vida durante varias de vida

semanas. durante varias semanas
Después afadir Después anadir
farmacos anti HTA con farmacos anti HTA con
objetivo <140/90 objetivo <140/90
e Cambios en el estilo
de vida durante varias
semanas.

. Después
afiadir farmacos anti
HTA con objetivo
<140/90

CV: Cardiovascular; DO: Dafio organico; ECV: enfermedad cardiovascular; ERC: enfermedad renal crdnica; FR:
factor de riesgo; HTA: hipertensién arterial; PA: Presion arterial; PAD: Presidn arterial diastdlica; PAS: Presion

arterial sistdlica.
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1.5.1 Tratamiento dietético

La reduccidn caldrica es el componente mds importante para lograr la pérdida de masa corporal,
mientras que el aumento y mantenimiento de la AF es particularmente importante en el mantenimiento
de la pérdida de masa corporal.®! La pérdida de masa corporal depende principalmente de la reduccién
de la ingesta caldrica total, no de las proporciones de hidratos de carbono, grasas y proteinas en la
dieta.®! La distribucién de los macronutrientes, la proporcién de calorias procedentes de hidratos de
carbono, grasas y proteinas, seran determinadas por el nutricionista de acuerdo con la situacion clinica
del individuo.?® Como se muestra en la Tabla 11, la prescripcién dietética puede variar de acuerdo con

el perfil metabdlico de la persona y de los FRCV que presente.

Tabla 11. Recomendaciones dietéticas para los distintos componentes del sindrome metabdlico en

individuos con sobrepeso u obesidad.®?

Componentes del sindrome metabdlico Recomendaciones dietéticas
Perimetro de cintura aumentada Dieta hipocaldrica
Tension arterial elevada Dieta DASH

(sistolica2130mmHg y/o diastélica 285mmHg)

Nivel de glucosa elevado en sangre Dieta hipocaldrica controlada en hidratos de
25,5mmol/L(100mg/dL) carbono

Nivel de triglicéridos elevado en sangre Dieta hipocaldrica mediterranea o cambios en el
21,7 mmol/L(2150mg/dL) estilo de vida.

Bajo nivel de colesterol HDL-C Dieta hipocaldrica mediterranea o cambios en el
<1,0 mmol/L(40mg/dL) hombres estilo de vida.

<1,3 mmol/L(50mg/dL) mujeres
DASH, Estrategias Alimentarias para Detener la Hipertension Arterial. Todas las dietasdeben ir
acompafiadas de ejercicio fisico para obtener el maximo beneficio metabolico; HDL-C, lipoproteinas de
alta densidad.

La calidad y la composicién de la dieta es un factor de riesgo modificable que tiene efectos
contrastados en la prevenciéon de la ECV y la mortalidad. La modificacion de los habitos dietéticos y la
adherencia a un patron dietético saludable es particularmente importante en las personas de edad
media consideradas como de alto riesgo.® En las dos ultimas décadas, distintos trabajos han mostrado
la eficacia de la adherencia al patron dietético conocido como dieta DASH (del inglés, Dietary
Approaches to Stop Hypertension, “Estrategias dietéticas para frenar la hipertensidn arterial”) en la
reduccion de la PA, la mejora del estado de salud y la calidad de vida, la prevencion de la ECV, el
sindrome metabdlico, la DM y la mortalidad por todas las causas en distintas poblaciones.®! La dieta

DASH es muy rica en verduras y frutas y productos lacteos bajos en grasa e incluye productos de granos
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entero, pescado y aves y frutos secos como las nueces. Sin embargo, es una dieta pobre en carnes rojas,
dulces, azlcares afiadidos y bebidas azucaradas. De esta forma, la dieta es baja en grasa (<30% de la
energia), con predominio de la grasa insaturada y con un bajo aporte de grasa saturada (<6% de la
energia), tiene una mayor proporcion de energia derivada de las proteinas que en las recomendaciones
habituales (~18% de la energia), y algo mas alta de lo habitual también en hidratos de carbono (*55%
de la ingesta energética) y fibra. Entre los micronutrientes destacan por su abundancia el potasio, calcio

y magnesio.®*

Ademads, diferentes estudios han mostrado que la combinacién de dieta DASH con reduccidn
del aporte de sodio es el tratamiento dietético mas efectivo para reducir la PA.3* Asi, las ESH/ESC
recomiendan la reduccion de los aportes de sodio en la dieta como estrategia complementaria para la

reduccidn de la PA en personas con HTA.®

1.5.2. Tratamiento mediante ejercicio fisico

98587 promueven la AF y la practica de EF como una herramienta

Todas las guias internacionales
no farmacoldgica esencial para la prevencidn y el tratamiento de la HTA primaria y obesidad; asi como
y para reducir el RCV y mortalidad, induciendo mejoras sustanciales en la salud fisica y mental.* Son
muchos los estudios realizados acerca del efecto que tiene el EF en la PA, tanto en personas con HTA
como con normo-tensiodn, asi como en la composicién corporal de personas con distintos niveles de
IMC. El EF afecta de forma favorable a los factores de RCV. Ademas de la reduccidon de la PA, trae consigo
otros beneficios para la salud CV, como reduccidn de la masa corporal, de la adiposidad visceral y total,
del perimetro de cintura, de la resistencia a la insulina, de concentraciones de LDL-C y aumento de
concentraciones de HDL-Cy CCR.? EI RCV se ve también disminuido por la mejora de la CCR, por pequefia

que esta sea;® el riesgo resulta menor cuanto mayor es la CCR, llegando a considerar que las personas

en baja forma fisica tienen el doble de riesgo de muerte, independientemente del IMC.%°

Para el tratamiento de la obesidad, la dosis de EF recomendada no varia en exceso de unas guias
a otras.”** La combinacién de EF y dieta segun la evidencia cientifica son los mejores aliados de la
pérdida de masa corporal, siendo la AF el mejor mecanismo en el mantenimiento de esta pérdida a lo
largo del tiempo,3* gracias a un aumento de la oxidacién de las grasas preferentemente de la regién
central del cuerpo.3* Prescribir programas de EF en esta direccidn constituye un enfoque fundamental

para conseguir éxito en la poblacién obesa.”
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Se ha analizado la respuesta de la PA, composicion corporal y CCR frente a los principios FITT
(i.e., frecuencia, intensidad, tiempo y tipo) con el fin de encontrar la dosis dptima de EF y poder disefar
de una forma sistematica, progresiva e individualizada. La frecuencia del ejercicio (nUmero de sesiones
por semana) y la duracién o volumen (duracién de cada sesidn o ejercicio) son caracteristicas
importantes de un programa de ejercicios, pero un factor igualmente importante es la intensidad (el
grado del esfuerzo al que se realiza la actividad) y el tipo de ejercicio (patron de entrenamiento).® A
continuacion se presentan las recomendaciones de ejercicio fisico junto a las investigaciones que

reafirman el efecto del EF en la HTA.

Frecuencia

919 recomiendan hacer EF el mayor numero de dias a la

Todas las organizaciones profesionales
semana, preferiblemente todos los dias de la semana ya que la PA es menor en los dias que las personas
hacen EF en comparacién con los dias que no hacen EF. Esta respuesta fisioldgica se conoce como
hipotensién post-ejercicio, y sucede con tan solo una sesion de EF aerdbico.’®®” La hipotensidn es la
reduccion inmediata de la PA de 5-7 mmHg en personas con HTA que ocurre después de una Unica
sesion aislada de EF aerébico de diferentes duraciones (10-50 min) e intensidades (40%-100% VO2pico).>®
Durante el EF, la PAS se eleva progresivamente a medida que la carga de entrenamiento aumenta. En
esfuerzos pico la PAS alcanza aproximadamente 200 mmHg, aunque en algunas personas se puede
elevar sustancialmente mas, como en el caso de las personas hipertensas, que parten de una PA de base
mas elevada. La PAD, en cambio, permanece alrededor de los valores de reposo.®® Una vez cesa el
estimulo de entrenamiento, el efecto anti-hipertensivo del EF aerdbico es inmediato: la PAS y la PAD
disminuyen y se pueden mantener durante mas de diez horas por debajo de los valores pre-ejercicio. %
(Figura 2). Los méritos de la hipotension post-ejercicio como estilo de vida antihipertensiva estan
respaldados por estudios recientes que han mostrado que cuando se realiza EF aerobico de forma
regular durante meses la PAS y PAD de reposo reduce hasta 8,3 y 5,2 mmHg, respectivamente, % y
mejora la salud general y los FRCV.1® Ademds de la hipotensién post-ejercicio, otra razén para la
recomendacién de hacer EF el mayor nimero de dias de la semana es que los adultos con HTA a menudo
tienen sobrepeso u obesidad, y una alta frecuencia (dias por semana) o volumen (minutos por semana)
de EF es necesario para lograr el gasto caldrico requerido para la pérdida de masa corporal inicial y el
mantenimiento prolongado de esa pérdida de masa corporal.’®® En este sentido, realizaron un estudio
en 201 mujeres con sobrepeso, durante un periodo de dos afos, las cuales fueron divididas en
diferentes grupos, combinando EF y dieta. La AF fue de 150, 200 o 275 minutos a la semana. Los
resultados mostraron que las mujeres que realizaron una media de 275 minutos de EF a la semana

mantenian la masa corporal perdida. Ademas, la pérdida de masa corporal (13 kg) fue significativamente
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superior comparando con los otros dos grupos con 200 (6,5 kg) y 150 (3,5 kg) minutos respectivamente
de EF por semana. Observando los efectos a largo plazo, las mujeres que realizaron EF durante 200

minutos/semana, mostraron tendencia a recuperar la masa corporal.%?
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Figura 2: Respuesta caracteristica de la tensién arterial durante el ejercicio fisico, periodo de
recuperacion y post ejercicio (aproximadamente 10h). PAS: presion arterial sistélica; PAD: presion
arterial diastdlica. Datos reales estudio EXERDIET-HTA (Maldonado et al., 2016. Effects of different
aerobic exercise programs with nutritional intervention in primary hypertensive and overweight/obese
adults: EXERDIET-HTA controlled trial)

Intensidad

El Comité Nacional Conjunto® y Grupo de trabajo Estilo de Vida,?> AHA,*® Colegio Americano de
Medicina del deporte (ACSM),*%® ESH/ESC® y Programa de Educacion de Hipertensidn Canadiense® estan
de acuerdo que una sesion de EF aerdbico a intensidad moderada, durante 20-40 minutos reduce
sistematicamente la PAS/PAD en los adultos hipertensos.?® Asimismo, se estima que la AF regular de
baja intensidad y duracién se asocia con una reduccién de la mortalidad del 20%.1%* Cabe destacar que
distintos estudios muestran que el EF aerdbico a intensidad vigorosa (como por ejemplo, EF aerdbico

intervélico) reducen la PA %8105-108

El entrenamiento aerdbico continuo se refiere cuando la persona es capaz de llevar a cabo un
EF aerdbico en un periodo de tiempo determinado de forma continua con una intensidad ligera-
moderada-alta. En cambio el entrenamiento aerdbico intervalico, consiste en alternar periodos intensos
de EF aerdbico con periodos de recuperacidn activos de moderada intensidad o pasivos (Figura 3).28 La

proporcién de alta intensidad/ligera-moderada intensidad es la base del disefio del EF intervalico. Asi,
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se pueden disefiar entrenamiento intervalico de baja intensidad (low intensity interval training, LIIT) y

entrenamiento intervalico de alta intensidad (high intensity interval training, HIIT).*® Los programas HIIT

presentan una proporcion superior en volumen de tiempo en el intervalo a intensidad alta con respecto

al tiempo en el intervalo en la intensidad de recuperacién. Como, por ejemplo, 4 minutos en alta

intensidad alternado con cargas de recuperacién de 3 minutos a moderada intensidad (i.e. SERIE

1=4/3minutos, Figura 4). Por el contrario, los programas LIIT presentan una proporcién inferior en

volumen de carga en minutos a intensidad alta con respecto al tiempo de recuperacién. Asimismo, el

protocolo mas utilizado, suele ser 30 seg en intensidad alta y 60 seg en intensidad moderada (i.e. SERIE

1=30/60seg, Figura 5).1
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Figura 3. Respuesta de la frecuencia cardiaca (FC) en latidos por minuto (lpm) a un ejercicio
intervalico (alternancia de intensidades altas y moderadas) y un ejercicio continuo (intensidad
moderada). Datos reales estudio EXERDIET-HTA (Maldonado et al., 2016. Effects of different
aerobic exercise programs with nutritional intervention

overweight/obese adults: EXERDIET-HTA controlled trial)

Calentamiento Recuperacion Recuperacion Vuelta a
activa activa la calma

Intensidad Intensidad Intensidad
Intensidad moderada moderada moderada
moderada (R2) (R2) (R2) (R2)

3minutos 3minutos S5minutos

S5minutos

Figura 4. Protocolo tradicional de “High Intensity Interval Training (HIT,
4/3minutos). Adaptado de Mezzani et al. 2012. Aerobic Exercise Intensity

Assessment and Prescription in Cardiac Rehabilitation

in primary hypertensive and
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Calentamiento Vuelta a la calma

(R2) (R2) (R2) (R2) (R2) (R2)

(R2)

5minutos

S5minutos

60seg 60seg 60seg 60seg 60seg

Figura 5. Protocolo tradicional de Low Intensity Interval Training (LIT, 30/60seg). Adaptado de
Guiraud et al. 2012. High-Intensity Interval Training in Cardiac Rehabilitation.

En cuanto al ejercicio de alta intensidad, algunos autores como Pescatello et al. (1991),% no
encontraron diferencias entre distintas intensidades de EF.® Quinn et al.(2000),'° sin embargo,
analizaron el efecto en la PA después de una sesion de ejercicio aerdbico a dos intensidades diferentes
(50% vs. 75% VO2max,) Y €n contraste con los hallazgos previos, los resultados mostraron que la reduccion
de la PA después de una sesién de EF aerdbico dependia de la intensidad, observando disminuciones de
la PA mas pronunciadas con intensidades de EF mayores. Los participantes hipertensos promediaron
una disminucidn de la PASy PAD de 4 y 5 mmHg al 50% VOzmax, Y una disminucion de 9y 7 mmHg al 75%
VOamax, respectivamente.® Ademas, Quinn et al. (2000),*1° observaron que el efecto hipotensivo del EF
dura mas cuando mayor es la intensidad, 4 h al 50% VOmax y hasta 13 h al 75% VOomax.”® Acorde a este
altimo, Eicher et al.,** Morais et al.,’*? y Lima et al.,!*3 afirmaron que el ejercicio a una intensidad igual
o superior al 75% VOamax produce efectos de hipotensién mayores en comparacién con una intensidad

baja 0 moderada en individuos hipertensos y prehipertensos.

No obstante, ya son varios los estudios realizados acerca del efecto que tiene el entrenamiento
aerdbico intervélico en la PA y CCR. Gunjal et al.1'* estudiaron los efectos de 12 semanas de HIIT en 30
personas con HTA y después de la intervencién, la PAS y PAD disminuyeron 12mmHg y 8 mmHg,
respectivamente (Tabla 12). Del mismo modo, Nemoto et al.,}*> analizaron a 24 personas durante cinco

meses desarrollando un entrenamiento de HIIT y vieron que el grupo que realizd6 entrenamiento
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aerobico intervalico obtuvo una reduccién significativa de la PA y ademds una mejora del 9% de la CCR
(Tabla 12). Esto ha sido reforzado por otros autores, como, Tjonna et al.,'*® Guimaraes et al.'¥’ y
Molmen-Hansen et al.’® que examinaron el efecto de HIIT en adultos hipertensos en comparacién con

entrenamiento aerdbico continuo. Por ejemplo, Molmen-Hansen et al.'®

concluyeron que después de
12 semanas de EF, la PAS/PAD se redujo 12/8 mmHg en el grupo HIITy 4,5/3,5 mmHg en entrenamiento
aerdbico continuo y que solo en el grupo HIIT se encontrd una resistencia vascular reducida.'*® Sin
embargo, Guimares et al, no observaron diferencias entre ambos grupos en la reduccidn de la PA, pero

la rigidez arterial, se redujo solo en el grupo HIIT.*Y’

Tabla 12: resumen de diferentes estudios que analizan el efecto que tiene el entrenamiento aerébico
intervalico en la PAy CCR

Estudio PAS PAD Me Tipo de HIIT Duracién Intensidad del Mejor
(mm (mm  dica ejercicio(%VOzamax/picc)) adela
Hg) Hg) cion CCR

Gunjaletal.,’* (12 8 u 3X (4’/4’RA) 12sem 75-80% NA

Cinta

Nemoto et J10 N:) U 5x(3’/3’RA) 20 sem 70-80% NA

al., 1> ™N9%

Tjonna et J9 16 u 4X(4’/3'RA) 16 sem 80% ™N35%

al., 116

Munk et al.,**° &~ N7 T 4X(4’/3'RA) 24 sem 70-80% M7%

Rognmo et &~ &~ U 4X(4’/3'RA) 10 sem 80-90% ™N18%

al., 120

Wisloff et 4 & T 4X(4’/3'RA) 12 sem 85% NA6%

al., 1!

Guimaraes et 42 J2 T 13 x (1’/2'RA) 16 sem 80-90% NA

al.,"\7

Molmen- 412 18 U 4X(4’/3'RA) 12 sem 80-90% ™N15%

Hansen et

a|_’118

CCR, Capacidad cardiorrespiratoria; HITT, high intensity Interval training; PA, presién arterial; PAS, presion arterial
sistélica; PAD, presion arterial diastdlica; RA, Recuperacion activa.

Por otro lado, los protocolos HIIT de bajo volumen resultan estrategias mas eficientes en el
tiempo que han demostrado que “menos” puede ser “mas”, mostrando mejoras tanto en poblaciones

sa nas122—124

como en individuos con HTA primaria, DM,%%6 y ECV.1? Teniendo en cuenta que la "falta
de tiempo" es una de las barreras mas comunes para las personas, un HIT de bajo volumen podria ser
una estrategia interesante al inicio de un programa de EF supervisado, si los beneficios fisiolégicos son
comparables a los HIIT de alto volumen. Parece que las cargas cortas e intensas de actividad con HIIT de
bajo volumen podrian inducir un estimulo efectivo para los componentes centrales (cardiovasculares) y

periféricos (musculo esquelético) que conducen a una mejora rapida en la CCR.1?8 Sin embargo, aldin no

se sabe si el HIIT de bajo volumen, que implica un menor gasto de energia derivado del entrenamiento
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y compromiso de tiempo, puede ser tan eficaz como el HIIT de alto volumen para mejorar la HTA, ECV

y la composicién corporal.

Los estudios afirman que el efecto reductor del EF en la HTA depende de la intensidad del
ejercicio y que el HIIT es un método efectivo para disminuir la PA, aumentar la CCR y disminuir la
resistencia vascular.114116.118120 A hesar de todo, la frecuencia, la intensidad, la duracién y la modalidad

de HIIT éptima para diferentes grupos de individuos hipertensos todavia esta sin establecerse.

Tiempo

Todas las guias internacionales®®>#’

recomiendan realizar al menos 30 minutos de ejercicio
fisico al dia como tratamiento no farmacoldgico esencial para la prevencién y el tratamiento de la HTA
y obesidad. Como en el caso de la frecuencia, de realizar ejercicio el mayor nimero de dias por semana,
preferiblemente todos los dias, existe unanimidad entre las organizaciones profesionales, que la
duracién de los ejercicios debe alcanzar un total de 150 o mas minutos por semana; una cantidad que
es equiparable con las recomendaciones para la poblacion general.?°'?° Hay suficiente evidencia que
afirme que el EF aerdbico realizado de forma continua en una sola sesién o acumulando en series mds
cortas durante todo el dia tiene un efecto hipotensivo similar en adultos con HTA.13%132 por ejemplo,
Bhammar et al.,'** compararon los efectos del EF aerdbico fraccionado (3 series de 10 minutos)
intercaladas durante el dia (mafana, mediodia y tarde) y el ejercicio aerdbico continuo (una sesion de
30 minutos) en la PA entre 11 participantes jévenes con prehipertension y descubrieron que el EF
fraccionado era tan eficaz como el EF continuo para producir un efecto hipotensivo post-ejercicio hasta
la mafiana siguiente. 33 Acorde a este Ultimo, Miyashita et al.,** encontraron que incluso series mas
cortas de EF aerdbico (10 series de 3 min) intercaladas a lo largo del dia fueron tan efectivas como una
sesién de 30 minutos de EF aerdbico continuo para provocar una reduccién de la PA.23* Algo similar
ocurre con la masa corporal, algunos autores se cuestionan realizarlo en pequefios bloques de 10 a 15
minutos.® A priori, no hay evidencia cientifica de que esto ayude o colabore a una mayor o menor
reduccion de la masa corporal. De hecho, se compararon el ejercicio continuo e intermitente, durante
un periodo de 18 meses, y su efecto sobre diferentes pardmetros, no observando diferencias en cuanto
a la pérdida de masa corporal durante los 18 meses de estudio. Un grupo de mujeres realizé 3 veces por
semana, 30 minutos al 60-75% de su mdaxima capacidad aerdbica; y otro grupo, realizé6 5 veces por
semana, paseos a un buen ritmo, dos veces al dia, 15 minutos cada vez. Los resultados marcaban
mejoras del 8 y 6 % para el grupo de trabajo continuo e intermitente respectivamente, aunque las

diferencias para el grupo de trabajo continuo fueron superiores.0213>
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Ya que la "falta de tiempo" es una de las barreras mas comunes para las personas para comenzar
y mantener un programa de EF de forma regular, la realizacidn del EF fraccionado (series de ejercicios
de corta duraciéon acumuladas a lo largo del dia), parece ser una opcidn terapéutica atractiva entre los
adultos con HTA.1*%132 No obstante, un trabajo fisico de caracter intermitente, puede estar justificado
en poblacién obesa, dado que suelen ser individuos con cierta aversién por el ejercicio en general, o por

el ejercicio continuo en particular. 10213

Tipo

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 obesidad. Esta recomendacién es hecha por todas las organizaciones y guias internacionales debido a
qgue se ha demostrado constantemente de que el EF aerdbico desciende la PA 5-7 mmHg en personas
con HTA, efectos hipotensivos que son dos veces mayores en comparacion con el efecto reductor del
entrenamiento de fuerza.® La AHA,*® ACSM,*® ESH/ESC® y el Programa de Educacidn de Hipertension
canadiense® recomiendan que los adultos con HTA realicen entrenamientos de fuerza como
complemento del entrenamiento aerdbico, mientras que otros como, Comité Nacional Conjunto,* y el
Grupo de trabajo Estilo de Vida,®? no hacen recomendaciones especificas sobre el entrenamiento de
fuerza. El entrenamiento de fuerza no disminuye la masa corporal, pero resulta en cambios de la
composicion corporal, aumentando la masa muscular y disminuyendo la masa grasa.? Por otro lado, las
guias®** para el manejo de la obesidad, aconsejan combinar el entrenamiento aerdbico con tres
sesiones no consecutivas de entrenamiento de fuerza a la semana. El entrenamiento de fuerza no
disminuye la masa corporal, pero resulta en cambios de la composicion corporal, aumentando la masa

muscular y disminuyendo la masa grasa.”

El nivel de evidencia sobre el cual las recomendaciones sobre el entrenamiento de fuerza sean
minimas, puede contribuir a la falta de consenso entre las organizaciones respecto a la efectividad del
entrenamiento de fuerza como terapia antihipertensiva. Una posible razén por la cual se debilita la
evidencia se puede atribuir principalmente a la escasez de estudios que hayan examinado el
entrenamiento de fuerza como tratamiento no farmacoldgico de la HTA.1299103106130 pe hecho,
diferentes estudios han examinado el efecto de una sesidn ejercicio de fuerza dindmica en la PA de

136

hipertensos adultos. Por ejemplo, Hardy y Tucker™® administraron un programa de fuerza dinamica en

adultos hipertensos y encontraron un pequefio efecto de hipotensidn post-ejercicio sobre la PAS que

1.1 y Melo et al.’*® que

duraba hasta 1 hora. Resultados similares fueron encontrados por Morlaes et a
encontraron un efecto de hipotensidn post-ejercicio que duraba hasta 10 h. Sin embargo, segun las

investigaciones sobre la practica regular de un entrenamiento de fuerza dindmica regular a largo plazo
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no influye en la PA de los hipertensos!®7, Hasta el momento carecemos de datos cientificos que
reafirmen estas teorias ya que el nimero de estudios que han examinado el efecto del entrenamiento

de fuerza en la PA de adultos hipertensos es minimo.1%

1.5.2.1 Recomendaciones actuales de ejercicio fisico

Las personas con HTA y sobrepeso u obesidad deben recibir consejo y asesoramiento para
realizar AF al menos 30 minutos a intensidad moderada (60-70% de FC maxima objetiva)
diariamente.%1% Aunque existe un consenso general para recomendar el EF continto de intensidad
moderada-alta como terapia antihipertensiva, las diferentes asociaciones internacionales integran
también el ejercicio de intensidad alta-severa a través del entrenamiento HIIT, debido a que la reciente
evidencia cientifica muestra su eficacia en la reduccidn de la PA.*'°Las guias de préctica clinica citadas®!®
se centran primordialmente en los indicadores de RCV mas conocidos, como la PA y composicién

corporal, y consideran otros indicadores como la CCR para barajar comorbilidades, y para evaluar y

hacer seguimiento de la condicidn fisica.120:130.139

Se ha analizado la respuesta de la PA, composicion corporal y CCR frente a los principios FITT
(i.e., frecuencia, intensidad, tiempo y tipo) con el fin de encontrar la dosis 6ptima de EF y poder disefiar
de una forma sistematica, progresiva e individualizada. La frecuencia del ejercicio (nimero de sesiones
por semana) y la duracién (duracidn de cada sesion) son caracteristicas importantes de un programa de

ejercicios, pero un factor igualmente importante es la intensidad y el tipo de ejercicio.®®

Las mas recientes recomendaciones de EF aerdbico existentes para la prevencién de FRCVS,

como la PA y exceso de masa grasa, concretan de la siguiente forma en términos del principio FITT:

- Frecuencia: minimo 3 sesiones por semana, preferiblemente a diario.
- Intensidad: moderada (64-76 % de la FC maxima) o vigorosa (77-93 % de la FCmaxima).
- Tiempo: al menos 150 minutos de AF moderada o 75 minutos de AF vigorosa por
semana, que se pueden acumular en sesiones de mas de 10 minutos. También se
pueden combinar distintas intensidades.
o Para un control mas exhaustivo de la masa corporal se recomienda mayor
volumen, en sesiones de mayor duracion (60-90 minutos al dia).
- Tipo: EF aerobico (caminar, jogging, nadar...); EFC al menos 30 minutos al dia y en la
guia de practica clinica de la ESH y en la ESC tambien se cita el modo intervilico debido

a la reciente evidencia cientifica. Ademas del entrenamiento aerdbico, se recomiendan
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al menos dos sesiones semanales de trabajo de fuerza muscular dindmica (bandas
eldsticas, calistenia, trabajo fisico intenso), realizando en cada sesion 2-3 series de 8-12
repeticiones al 60-80 % de la repeticién maxima individual, y ejercicios de equilibrio,

agilidad, coordinacién y marcha para los que no especifica la dosis recomendada.

1.6. Whatis known and not known about this topic?

Hypertension (HTN), overweight/obesity and low cardiorespiratory fitness (CRF) are associated
with an increased risk of a cardiovascular event. Both exercise training and diet are recommended to
prevent and control HTN and overweight/ obesity. During the last two decades, several studies have
shown the effectiveness of adherence to the Dietary Approaches to Stop Hypertension (DASH) dietary
pattern.>14%41 |n 3 population with HTN, the combination of the DASH diet with aerobic exercise has
resulted in a greater reduction in blood pressure (BP) and improved cardiovascular biomarkers than
DASH diet alone.’*? Exercise guidelines recommend that both moderate-intensity and high-intensity
aerobic training should be used to treat and reduce HTN.® However, there is currently a discordance
amongst studies, which have used similar methodologies to compare the effects of physical activity
interventions on BP reduction.?®18 The guidelines for the prevention of cardiovascular disease, and the
treatment of HTN and obesity recommend using different physical activity doses for different modalities
of exercise. Thus, the types of exercise, and maximum and minimum limits of intensity, and duration
vary from one to the other. As such, there appears to be contradictions in terms of recommended or
not recommended practices.®'%1%0 Due to the lack of sufficient scientific evidence in aspects related to
the design of the exercise and cardiovascular risk (CVR), the adequate characteristics for an exercise

t,1%0 since it is difficult to draw conclusions about which is the best

program remains discordan
combination of the components of the FITT principle (Frequency, Intensity, Time, and Type).** In other
words, the quantification of the dose of exercise is needed, so that the benefit transferred to health will

be optimal and/or provide the lowest risk.!

The biggest challenge for patients with HTN and overweight/obesity who wish to exercise, is to
make an optimum intervention for each case. Therefore, various combinations of FITT principle
components should be compared in order to specify the optimum intervention program that may
positively affect variables such as BP, body composition, CRF, CVR, and vascular age.®® Currently, no
research has determined the effects of different exercise intensities and volumes combined with a

hypocaloric diet intervention in overweight/ obese, sedentary adults diagnosed with HTN.
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OBJETIVOS E HIPOTESIS DE LA INVESTIGACION / Objectives and
hypotheses

Objetivos

Evaluar el estado de salud mediante algunos marcadores fisicos, fisiolégicos, clinicos y
nutricionales clave en personas adultas con sobrepeso u obesidad e HTA primaria
caracterizadas por sexo y CCR. antes de comenzar una estrategia terapéutica no
farmacoldgica.

Estimar el perfil de RCV y EV en personas con HTA primaria a través del método
Framingham y New Pooled Cohort Equations caracterizadas por sexo y CCR antes de
comenzar una estrategia terapéutica no farmacoldgica.

Evaluar el efecto de distintos programas de EF aerdbico en la PA, composicidén corporal y
CCR en individuos adultos con sobrepeso u obesidad con HTA primaria tratados con dieta
hipocaléra.

Evaluar la influencia de una intervencién de dieta y ejercicio fisico aerébico en los FRCV,
RCV y EV, en personas adultas con sobrepeso/obesidad e HTA, asi como analizar las
diferencias entre sexos en la prediccién de RCV y EV.

Hipdtesis

La poblacién estudiada presentard patrones fisicos, fisiolégicos, clinicos y nutricionales
especificos que sugerirdn comportamientos clave tales como mejorar la calidad
nutricional y la CCR a través de la AF regular.

Los resultados mostraran un RCV y una EV relativamente altos. El riesgo en los hombres
serd mayor que el riesgo en las mujeres. La EV de las personas sera superior a su edad
cronoldgica. Una nivel favorable de CRF contribuira a la atenuacion del RCV.

El tratamiento con dieta y EF aerdbico provocard mejoras superiores en la PA,
composicion corporal, condicidn cardiorespiratoria, RCV y EV en personas adultas con
sobrepeso u obesidad e HTA primaria en comparacién con un tratamiento exclusivamente
dietético.

El programa de EF de mayor intensidad (intervalico) provocard mejoras superiores en
variables de la condicidn fisica en comparacion con el EF de intensidad moderada en modo
continuo. Ademas, un programa de EF aerdbico de mayor intensidad y volumen corto
podria resultar mas eficiente afirmando que “menos” puede ser “mas”.
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3. METHODS / Métodos

3.4. Study design

The design, selection criteria and procedures for the EXERDIET-HTA study have been previously
detailed.!*® The study protocol was approved by 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), and all participants provided written informed consent before any data
collection.

After baseline measurements, they were randomly allocated to one of the four intervention
groups. The participants were followed for 16 weeks. All follow-up, examinations were performed in
the same laboratory (laboratory of Sport Performance Analysis, Department of Physical Education and
Sport, UPV/EHU) setting and by the same researchers as in the baseline measurements. Figure 6

presents a flow diagram of the study process.
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The informed consent obtained

'

Excluded, declined to participate (n=1)
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i

Figure 6: shows flow diagram of the EXERDIET-HTA study from recruitment to the end of intervention
and relation to the articles published and presented in chapters 4-6.
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3.5. Participants and selection criteria

One hundred and seventy-five non-Hispanic white participants (n=120 men and n=55 women)
with primary HTN and overweight or obesity were enrolled in the study from September 2013 to June
2016 in Vitoria-Gasteiz (Basque Country, Spain). All participants were recruited from the cardiology
services, from the physician specialists, and from local media. Interested individuals were invited to
contact the research team. Before starting the study, a screening was performed for all candidates. After
completion of the informed consent process, participants underwent anthropometric assessment
(stature, total body mass, waist, and hip circumferences) and were selected for inclusion if they were
classified as overweight (body mass index (BMI)>25kg/m2) or obese (BMI>30kg/m2).3* Likewise,
sedentary behavior was determined through the International Physical Activity Questionnaire (IPAQ) to
ensure personal compliance with "Global Recommendations on Physical Activity for Health" by the
World Health Organization.’* Moreover, all participants were assessed with a 12-lead
electrocardiogram (ECG) in order to detect left ventricular hypertrophy or any other predictor of
cardiovascular events. Echocardiography was indicated by the cardiologist when more sensitive
diagnosis was needed for the inclusion. Participants taking 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. Participants with no diagnosis of HTN were
assessed with ambulatory blood pressure monitoring (ABPM) to confirm the HTN status by the
cardiologist, defined as systolic blood pressure (SBP) of 140-179mmHg and/or diastolic blood pressure
(DBP) of 90-109mmHg and/ or under antihypertensive pharmacological treatment.® The inclusion and

exclusion criteria for EXERDIET-HTA study are shown in Table 13.
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Table 13: Inclusion and exclusion criteria for EXERDIET-HTA study.

Inclusion criteria

- Age: 18-70 years old.

- Diagnosis of primary HTN, 1-2 stage 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
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, with the
exception of skin cancer therapeutically controlled; endocrine and metabolic disorders,
including type 1 DM; 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 more than 2 weeks.

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

3.6. Measurements

The measurements used in the protocol were taken before and after the intervention period
(16-weeks) (Figure 6). The post-intervention test was scheduled the following week after finishing the
16-week intervention period. The primary outcome variable is BP. The secondary outcome variables
included body composition, physical fitness, and cardiovascular risk factors (Table 14). Both the baseline

and follow-up measurements were divided into four sessions (Table 14).
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Table 14. 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 pressures, Ambulatory blood pressure monitor
mean arterial pressure, pulse pressure (24 h)
DAY 3 PHYSICAL FITNESS
Cardiorespiratory fitness Modified Shuttle Walking Test
Cardiopulmonary exercise test (bike)
DIETARY ASSESSMENT 24 h recalls and food frequency
questionnaires
DAY 4 BIOCHEMICAL MEASURES

Glucose (mg/dL)
Insulin
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

Ambulatory BP monitoring was performed with an oscillometric ABPM 6100 recorder (Welch
Allyn, New York, USA).}* We followed the report’s recommendations by the ESH/ESC guidelines® to
ensure the best methodology. The device measured BP at 30-minute intervals during the daytime and
at 60-minute intervals during night-time. Participants had previously self-disclosed their typical bedtime
and wake-up time, and it was used to define the assessments per 30 min intervals, and the beginning
per 60 min intervals. Recorded data were downloaded with participant’s attendance in order to correct
the actual bedtime and wake-up time in case of change. The recording was accepted if at least 75% of

the recordings were obtained. If the ABP failed to measure the BP, another ABP was performed.

Physical fitness

Physical fitness includes the Modified Shuttle Walking test (MSWT) and a peak, symptom-
limited CPET.

The MSWT required the participant to walk up and down a 10 m course and it was performed
as previously described by Singh et al.”® Participants walked along a flat, indoor 10 m course marked by
two cones placed 0.5 m in from each end of the course (Figure 7). A shuttle refers to one 10 m lap.
Standardized pre-recorded instructions for the test were played from a digital recording immediately
prior to beginning the test. The test was externally paced, with signal beeps at regular intervals to
indicate when the participant should be turning around the cone to commence the next shuttle. A triple
beep signaled the next level and an increase in walking speed. Participants commenced the test at a
walking speed of 0.5 m/seconds (level 1), allowing the participant 20 seconds to complete each of the
three shuttles in level 1. There was a speed increment of 0.17 m/seconds each minute for a maximum
of 15 minutes. The test was stopped when the participant could no longer maintain the required pace
or was more than 0.5 m from the cone before the signal beep after one opportunity to catch up or if the
test was completed. Additional criteria for early termination of the test included patient distress,
dizziness, angina, or onset of severe musculoskeletal pain, failure of the heart rate (HR) to increase with
exercise or attainment of 85% of the maximum HR. The number of shuttles completed were recorded
at the completion of each test and converted to the distance walked. Prior to commencing the test, with
the participant in a seated position, baseline HR and BP were recorded. Heart rate and Borg scale (6 to
20) were monitored throughout the test, and BP and HR were continued to be recorded five more

minutes after completion of the test.'#614’
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- 10 metros -

Figure 7. Graphic diagram of MSWT

Participants were allowed a 30-minute rest break, or longer if needed, prior to commencing the

CPET test in order to get baseline HR and BP values.

The CPET was performed in the upright position on an electronically braked Lode Excalibur Sport
Cycle Ergometer (Groningen, The Netherlands). Testing protocol started with 40W with gradual
increments of 10W every minute to exhaustion with continuous ECG monitoring (Table 15). Each
participant’s bike setup (i.e., saddle height, reach, and handlebar height) was recorded and registered
to replicate at follow-up. The test was not preceded by any type of warm-up, and participants cycled at
least at 70 rpm. During the test, participants were encouraged verbally by the laboratory technician and
medical doctor. Expired gas analysis was conducted using a commercially available system (Ergo
CardMedi-soft S.S, Belgium Ref. USMO001 V1.0) that was calibrated before each test with a standard gas
of known concentration and volume. Breath-by-breath gas exchange data were measured continuously
during exercise and averaged every 60 seconds. Peak oxygen uptake was defined as the highest oxygen
uptake (VOapeak) value attained toward the end of the test. Achievement of true peak effort was assumed
in the presence of two or more of the following criteria: 1) volitional fatigue (>18 on BORG scale), 2)
peak respiratory exchange ratio (VCO,/VO,) 21.1, 3) achieving >85% of age-predicted HRmax, and 4)

failure of VO, and/or HR to increase with further increases in work rate.%

A self-reported Borg rating of perceived exertion (6 to 20 scale) was recorded at the end of each
stage. Blood pressure was measured every two minutes throughout the test. Ventilatory thresholds (i.e.,
VT1 and VT2) were assessed by standardized methods using the V-slope and ventilatory equivalents.
First ventilatory threshold (VT1) was identified as the point of transition in the carbon dioxide
production (VCO;) vs. VO, slope from less than 1 to greater than 1, or VT1 is also identifiable as the nadir
of the ventilatory equivalent (VE) of VO, vs. work rate relationship. Second ventilatory threshold (VT2)
was identifiable as the nadir of the VE/VCO, vs. work rate relationship.®* After completion of the test,
participants remained on the bike five more minutes for recovery with ECG and BP monitoring. Absolute
and relative indications for terminating the exercise test were taken into account.!*® The identification

of the two VT determined the three different exercise intensity domains or ranges for exercise design
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(R1, R2, R3): R1) light to moderate exercise intensity with HR values below VT1; R2) moderate to high
or vigorous exercise intensity with HR values between VT1 and VT2, and R3) high to severe intensity
exercise intensity with HR values up to VT2 to peak intensity. When it was not possible to identify the
VT2, exercise intensity domains were established considering percentages of HRreserve, i.e., moderate

intensity is defined between 50-75% of HR reserve, high intensity from >76% to <95% of HR reserve. 148

Table 15. CPET protocol features in Cycle

Ergometer

Time Power

(min) (W)
1 40
2 50
3 60
4 70
5 80
6 90
7 100
8 110
9 120
10 130
11 140
12 150
13 160
14 170
15 180
16 190
17 200
18 210

Anthropometry and body composition

Anthropometry included stature (SECA 213, Hamburg, Germany), total body mass (SECA 869,
Hamburg, Germany), body mass index calculated as [total body mass (kg)/stature (m?)], and waist and
hip circumferences (SECA 200) to calculate waist to hip ratio. All measurements were taken in
accordance with guidelines from International Society for the Advancement of Kinanthropometry.14
Furthermore, fat-free mass, total body water, and fat mass were estimated with bioelectrical

impedance analysis (Tanita, BF 350).

Biochemical profile
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Morning fasting blood samples were obtained from each participant by experienced nursing
staff in the Clinical Trials Unit of Tecnalia (HUA, Vitoria-Gasteiz). This procedure permitted
measurements of glucose, insulin, haemoglobin Alc (HbA;.), lipid profile (total-, high-density lipoprotein
(HDL)- and low-density lipoprotein (LDL)-cholesterol, and triglycerides), liver enzymes (ALT, AST), C-
reactive protein and uric acid. Insulin resistance was determined by the homeostasis model assessment

for insulin resistance (HOMA-IR).*°

Physical activity and sedentary behaviour

Physical activity and sedentary behaviour were subjectively assessed by (IPAQ. The short version
of IPAQ was used to assess sedentary behaviour. This questionnaire is an instrument developed to
enable the estimation of the level of physical activity in populations across different countries. The short
version is composed of eight questions that are used to estimate the time spent per week performing
different physical activity intensities. The short IPAQ record 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 were asked how many days per week and minutes per day, they performed the
activity for >10-min continually.'® To quantify the physical activity levels, the product of the duration
(min/day) and frequency (days/week) were used to estimate light, moderate-to-vigorous and total

physical activity.

Dietary assessment

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

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

After baseline testing, participants were randomized to one of the four intervention groups (AC,
MCT, HV-HIIT, LV-HIIT) stratified by gender, SBP, BMI and age using a time-blocked computerized

randomization program. Medical staff was blinded to participant randomization assignment.

Attention Control group (AC). The AC group received treatment only with hypocaloric diet and

also a standard recommendation for patients with primary HTN, including regular physical exercise. 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 be recommended.® Participants received
information related to HR values regarding moderate and high exercise intensity domains for the self-

monitoring of exercise intensity.
Exercise groups received double treatment (i.e., hypocaloric diet + supervised exercise):

1) MCT group: Moderate (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-HIT 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.

3.7.1. Exercise intervention program

The participants exercised two nonconsecutive days per week for 16 weeks under supervision
by exercise specialists. All the exercises 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,
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and the second one on the bike) developing 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 intensity. 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 16-18). The
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.

Several strategies were implemented to maximize adherence, including music in all sessions,

individualized attention at the intervention sessions and telephone calls following missed sessions.
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Table 16. Intervention program for
Moderate-intensity Continuous Training
(MICT) group. Volume and intensity
progression.

MICT

Weeks Total Volume INTENSITY
(min) (%HR res)

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%

Table 17. Intervention program for High-Volume & High-Intensity (HV-HIIT) and Low-Volume & High-
Intensity (LV-HIIT) groups on the treadmill. Volume- and intensity-progression.

HV-HIIT LV-HIIT
HIGH-INTENSITY MODERATE HIGH-INTENSITY MODERATE
INTERVAL INTENSITY INTERVAL INTENSITY
INTERVAL INTERVAL
Weeks Volum Intensity Volume Intensity Volume Intensity Volum Intensity
e (min) (%HRres (min) (%HRres (min) (%HRres) e (min) (%HRres
) ) )
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
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Table 18. Intervention program for High-Volume & High-Intensity (HV-HIIT) and Low-Volume & High-
Intensity (LV-HIIT) groups on the bike. Volume- and intensity-progression.

HV-HIT LV-HIT
HIGH-INTENSITY MODERATE HIGH-INTENSITY MODERATE
INTERVAL INTENSITY INTERVAL INTERVAL INTENSITY
INTERVAL
Weeks Volume Intensity  Volume Intensity  Volume Intensity Volume Intensity
(min)  (%HRres) (min) (%HRres) (min) (%HRres) (min)  (%HRres)
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

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) 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
HR reserve). 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 four intervals of 4

min at high intensity and 45 min of total volume (Table 17).

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 minutes 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 HR reserve) followed
by 60 s at moderate-intensity (i.e., HR values between VT1 and VT2 or 50-75% of HR reserve). Four
repetitions (1rep = 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
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were completed (Table 18) in the low-volume group. The training session ended with a 5-10 min cool-

down period at moderate-intensity.

3.7.2. Dietintervention

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’*>?

, and the coefficient of 1.5 corresponds to the factor of
physical activity for light physical activity 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.>*'>* 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.!*® In addition, participants received
nutritional advice regarding the restriction of foods high in sodium according to the recommendations
of the European Societies of Hypertension and Cardiology.® The diet was also accompanied by guidance
menus and the most appropriated culinary techniques to facilitate compliance and dietary adherence.

Participants were encouraged, weighed and receive advice and nutritional counseling every two weeks

to help in their compliance with the dietary recommendations and requirements.
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4.1. Abstract

The main purpose of this study was to determine some key physical, physiological, clinical and
nutritional markers of health status in obese and sedentary adults (54.0+8.1 years, 141 men and 68
women) with primary hypertension (HTN) characterized by sex and cardiorespiratory fitness (CRF) level.
The studied population showed a high cardiovascular risk (CVR) profile including metabolically abnormal
obese, with poor CRF level (22.5+5.6 mL-kg’*:min?), exercise-induced HTN (Systolic Blood Pressure>210
mmHg in men and >190 mmHg in women at the end of the exercise test) and with non-healthy
adherence to dietary pattern (Dietary Approaches to Stop Hypertension, 46.3%; Mediterranean Diet,
41.1%; and Healthy Diet Indicator, 37.1%). Women showed a better biochemical and dietary pattern
profile than men (lower values, P<0.05, in triglycerides, mean difference=26.3; 95% Cl=0.9-51.7 mg/dL,
aspartate transaminase, mean difference=4.2; 95% Cl=0.3-8.0 U/L; alanine transaminase, mean
difference=8.2; 95% Cl=1.6-14.8 U/L; gamma-glutamyl transpeptidase, mean difference=11.0; 95% Cl=-
1.1-23.2 U/L and higher values, P=0.002, in high-density lipoprotein cholesterol, mean difference=5.0,
95% Cl=-13.3-3.3 mg/dL), but physical and peak exercise physiological characteristics were poorer. A
higher CRF level might contribute to the attenuation of some CVR factors, such as high body mass index,
non-dipping profile, and high hepatic fat. The results strongly suggest that targeting key behaviors such
as improving nutritional quality and CRF via regular physical activity will contribute to improving the

health with independent beneficial effects on CVR factors.

Trial Registration: NCT02283047

Keywords: cardiovascular risk, metabolically abnormal obese, cardiorespiratory fitness, dietary pattern,

sex differences

4.2. Introduction

The 2013 guidelines on hypertension (HTN) of the European Society of Hypertension and the
European Society of Cardiology® and the guidelines of the American College of Cardiology and the
American Heart Association for the management of overweight and obesity in adults®** presented new
evidence on several diagnostic and therapeutic aspects of HTN and overweight/obesity, including
lifestyle modification to reduce cardiovascular risk (CVR). Obesity and HTN frequently coexist in the
same individual, and they have been recognized as a pre-eminent cause of CVR.”®¥>® |t is well known

that blood pressure (BP) and cardiovascular (CV) damage are related, and how CV mortality is modified

107



Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

by the concomitance of other CVR factors.’® Prevalence of HTN, defined as values 2140 mmHg systolic
BP (SBP) and/or =90 mmHg diastolic BP (DBP) and/or prescription of antihypertensive drug therapy,

appears to be around 30-45% of the general population.®

Specifically, in the Spanish population, HTN was found in 42.6% aged >18 years and it was more
common among men (49.9%) than women (31.5%).' In addition, current estimates suggest that 69% of
adults are either overweight or obese, with approximately 35% obese.3* Hence, for the management of
HTN and the prevention of coronary heart disease, it is mandatory to quantify the total CVR, since only
a small fraction of the hypertensive population has an elevation of BP alone, with the main portion
exhibiting additional CVR factors, thereby increasing the total CVR.® Accordingly, BP measurements (i.e.
daytime, night-time and 24-h BP), medical history (i.e. first diagnosis of HTN, biochemical profile,
medications, concomitant diseases, smoking habit, family history), physical examination (i.e.
electrocardiography and body composition), laboratory investigation with BP during exercise and

lifestyle assessment (i.e. physical activity and dietary pattern) should be implemented.®3*

Experimental studies indicate that sex affects the developmental programming of BP and CVR.
Thus, testosterone appears to serve as a pro-hypertensive factor, whereas estrogen is suggested to
contribute an anti-hypertensive influence and sensitivity to vasoactive factors.'®” However, whether
gender differences in prognosis represent a true result from differences in patient management and

diagnostic approach is not yet clarified.'*®

On the other hand, cardiorespiratory fitness (CRF) is considered a vital sign and its strong
association with CVR is well known (i.e., poor CRF level corresponds with a substantially increased
mortality risk.1>® A previous meta-analysis also indicated that the risk of death was dependent upon CRF
level and not body mass index (BMI); thus, it was asserted that fit individuals who were
overweight/obese were not automatically at a higher risk for all-cause mortality.® Therefore, it should
be of interest to assess the characteristics of overweight/obese individuals with HTN diagnosis taking

into account different CRF levels.

An unhealthy dietary pattern is also considered a CVR factor.®® Hence, nutrition research is
focusing more on the impact of dietary pattern on disease risk rather than on individual food groups or
nutrients.'®! The Healthy Diet Indicator (HDI), Mediterranean Diet (Med) and The Dietary Approaches
to Stop Hypertension (DASH) are the most well-known dietary guidelines that specifically target
lowering CV disease risk. However, to the best of our knowledge, no reports are available on the

adherence to dietary guidelines by overweight/obese individuals with HTN.
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The main purpose of this study was to determine some key physical, physiological, clinical and
nutritional markers of health status in obese and sedentary adults with primary HTN characterized by

sex and CRF before starting a non-pharmacological therapeutic strategy.
4.3. Methods

Study participants

The EXERDIET-HTA study was conducted between September 2012 and June 2016 in Vitoria-
Gasteiz (Basque Country, Spain). The current baseline study comprised a total of 209 participants aged
between 24 and 70 years (mean 54.0£8.1 years), 141 men (67.5%) and 68 women (32.5%). All
participants were overweight/obese, sedentary and had been diagnosed of HTN. Participants were
considered to have HTN if they had a mean SBP>140 mmHg and/or DBP>90 mmHg or used
antihypertensive medications. All other inclusion and exclusion criteria have been specified in the
protocol of the 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, study protocols, and informed consent procedure. (Clinical Trials.gov

identifier, NCT02283047).
Measures

Stature and body mass were measured, and BMI was calculated as total body mass divided by
height squared (kg/m?2). Waist and hip circumferences were taken, and waist to hip ratio (WHR) was
defined as waist circumference divided by hip circumference both in centimeters. Moreover, the
estimation of fat-free mass (FFM), total body water (TBW) and fat mass (FM) was made by bioelectrical

impedance (Tanita, BF 350).

Blood pressure measures were obtained by wearing an ambulatory BP monitoring (ABPM) 6100
recorder (Welch Allyn, New York, USA). The device measured BP an entire day, at 30-minute intervals
during the daytime and at 60-minute intervals during night time. The variables taken into account from
the ABPM measures were mean values of SBP and DBP, mean BP (MBP), pulse pressure (PP) and heart
rate (HR). Blood pressure mean dipping pattern was the percent of the nocturnal reduction in SBP in
relation to diurnal mean SBP, and it was calculated as ([daytime SBP-nighttime SBP]/daytime
SBPx100).'%2 Based on the % decline in nocturnal BP participants were grouped as dippers 210% or non-

dippers<10%.°

109



Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

All medications prescribed to participants were recorded and classified in their group:
angiotensin-converting-enzyme inhibitors (ACEl), angiotensin Il receptor blockers (ARB), diuretics,
calcium channel blockers (CCB,) beta-blockers (BB), statins, hypoglycemic agents, antiplatelets, and

anticoagulants.

Physical fitness measures included the Modified Shuttle Walking Test (MSWT)”® and a peak,
symptom-limited cardiopulmonary exercise test (CPET). Walked distance (m) was recorded at the
completion of each MSWT. The CPET was performed on an electronically braked Lode Excalibur Sport
Cycle Ergometer (Groningen, Netherlands) starting at 40W with a gradual increment of 10W each
minute in ramp protocol. Expired gas was analyzed with a system (Ergo CardMedi-soft S.S, Belgium Ref.
USMO0O01 V1.0) that was calibrated before each test for the determination of peak oxygen consumption

(VOZpeak)- 143

The distributions of VOapea Were divided into tertiles (low, moderate 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-kgtmintin men and VO2peak<16 mL-kgt-min™ in women; the medium tertile (Moderate-
CRF group): 21<V03peak<26 mL-kg-min’t in men and 16<V0;peak<21 mL-kg™-min’t in women; the highest

tertile (High-CRF group): VO2peak>26 in men and VOypeak>21 mL-kgt-min™t in women.

A blood sample (12.5mL) was collected from each participant in the Clinical Trials Unit of
Tecnalia (HUA, Vitoria-Gasteiz) after an overnight fast to determine the biochemical profile including
total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), triglycerides, glucose, insulin, aspartate transaminase (AST), alanine transaminase (ALT),
gamma-glutamyl transpeptidase (GGT) and C-Reactive Protein (CRP)”. Type 2 Diabetes mellitus was
defined as a fasting glucose >126 mg/dL.1®®* HOMA-IR was used to evaluate insulin resistance [fasting

serum insulin (uU/mL) x fasting plasma glucose (mg/dL)/405].*%°

For the dietary assessment, face-to-face two non-consecutive 24-h recalls were used to examine
dietary habits by trained dieticians, allowing for important correction for within-subject variability in
nutrient intake.® This is considered the most cost-effective method to implement within a pan-
European dietary survey.®> Moreover, statistical methods suggest that to achieve detailed dietary data
at least two measurements are required and also to get an equal distribution of the different days of
the week.'®® Fixed instructions to the interviewers were done to minimize the time between
registrations days and emphasizing that participants were not allowed to choose the most convenient
days for them.®> All dietary data were calibrated in Easy Diet computer program and dietary nutritional

composition was obtained. Adherence to the Med was obtained based on the score proposed by
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previous studies.'®” Nevertheless, instead of median cut-offs, mean cut-offs were used because of the
low consumption in some food groups. A sum of nine food groups and nutrients were included in
calculating the Med score. Intakes of vegetables, legumes, fruits and nuts, cereals, fish and seafood and
monounsaturated to saturated fats ratio were considered as positive dietary components, whereas,
dairy, meat products, and alcohol were considered as negative. Sex-specific mean intakes were
calculated as a cut-off in each food group to recode the components. A value of 1 was given when the
positive dietary components were above the mean and when the negative ones were below the mean.
In contrast, a value of 0 was given either when food groups considered as positive were below the mean
or when the negative components were above the mean. However, when alcohol consumption among
men and women was <2 drinks per day and <1 per day respectively, a value of 1 was given, whereas a
value of 0 was given with higher intakes of alcohol. Therefore, with the sum of all the recoded dietary
elements, the adherence to the Med score was ranged from 0 (minimal adherence) to 9 points (maximal
adherence). The adherence to the DASH dietary pattern was calculated with the sum of eight dietary
elements, considering the consumption of fruits, vegetables, nuts and legumes, whole grains and low-
fat dairy products as positive components and intakes of sodium, red and processed meat and
sweetened beverages as negative.'®! As above, values of 0 or 1 were given when the intakes were above
or below the sex-specific means. Thereby, the adherence to the DASH dietary pattern was ranged
between 0 and 8 (from lowest to highest adherence). The adherence to HDI proposed by the World
Health Organization was calculated following healthy diet recommendations for the general
population.®? This score is composed of seven dietary nutrients, and food groups and values of 1 or 0
were also given depending on the meeting established criteria. The components of this dietary pattern
were the following: saturated fatty acid (210% of total energy intake = 0, <10% of total energy=1),
polyunsaturated fatty acids (<6% or >10% of total energy =0, 6-10%=1), cholesterol (= 300 mg=0, <300
mg=1), protein (<10% or >15% of total energy=0, 10-15% of total energy=1), fiber (<25g= 0, 225g = 1),
fruits and vegetables (<400 g=0, 2400 g=1) and free sugars (210% of total energy= 0, <10% of total

energy=1).

Statistical analyses

Descriptive statistics were calculated for all variables. Data are expressed as
meanzstandard deviation (SD). All variables were deemed normally distributed using a
Kolmogorov-Smirnov apart from age, BMI, waist circumference, WHR, FM, TBW, FFM, DBP
means, %BP dipping, VOazpeak (L-min’t and mL-kg-min), metabolic equivalent of task (MET),
TC, HDL, TG, glucose, AST, ALT and GGT which had a skewed distribution and were therefore

log transformed prior to any analysis. The Chi-square test was used to test differences in
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categorical variables between sexes. An independent samples t-test was used to determine
whether there was a significant sex difference for all parametric variables. Analysis of
covariance (ANCOVA) was used to examine dependent variables of the participants classified
by CRF level (low, medium and high), adjusting the analysis for age, sex and body mass. A
Bonferroni post-hoc test was used to determine the level of significance when a significant main
effect was found. Cohen’s d was calculated to describe the standardized mean difference
between sex effect sizes. Omega squared (w?) was calculated to describe the standardized
mean difference of an effect between CRF groups. The effect sizes were interpreted as small
(d=0.2), medium (d=0.5), and large (d=0.8) based on benchmarks suggested by Cohen.®®
Statistical significance was set at P<0.05. The statistical analyses were performed with the SPSS

version 22.0 software package.
4.4. Results

Characteristics of the study population are shown in Table 19. Although one of the inclusion
criteria was to be overweight/obese, after statistical analysis the mean BMI>30 kg/m?, what is
considered obesity and the mean WHR was 0.96+0.11 which is considered a CVR factor in accordance
with guidelines for the management of overweight and obesity in adults.?* Significant differences were
observed between men and women in body mass, WHR and body composition variables (P<0.001). Men
showed a higher proportion of FFM (P<0.001, A=16.1%) and TBW (P=<0.001, A=17.7%) compared to

women, whereas women had a higher proportion of FBM (P=<0.001, A=32.2%) compared to men.

No differences were found in mean SBP between sexes. However, mean DPB values were
significantly higher in men (P=0.001, A=5.0%) compared to women. Consequently, MBP was significantly
lower in women (P=0.027, A=-3.14%) compared to men. Mean HR was lower (P=0.005, A=-5.6%) in men
compared to women, showing 4.1 beats less per minute. Taking into account the mean of sleep—time-
relative SBP decline (i.e., 2%10), all individuals were broadly classified as BP dippers in accordance with
ESH/ESC Guidelines for the management of arterial HTN.?

Related to medication-pharmacological therapy, 87.1% of participants received
antihypertensive and/or other medications, while 12.9% did not. The percentage of participants who

took one, two, three or four, or more medications was 40.2%, 27.3%, 12.9% and 6.7%, respectively.

Referring to the antihypertensive drugs, 36.8% of participants took ACEI, 43.5% ARB, 32.1% diuretics,
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17.7% CCB and 9.57% BB. Chi-square test analysis revealed no significant differences between sexes

(Table 19).

Table 19. Characteristics of the study population and medication-pharmacological therapy.

AP Men Women P m-w d Cohen

Variables

(n=209) (n=141) (n=68)
Age (yrs) 54.018.1 54.347.9 53.418.6 0.4 0.1
Body mass (kg) 90.1+15.5 95.0+14.07 80.0+13.5 <0.001*** 1.1
BMI (kg/m?) 31.3%4.6 31.3+4.3 31.5+5.2 0.9 0.04
WHR (cm) 0.96%0.1 1.0+0.1 0.91+0.1 <0.001*** 1
FFM (%) 66.718.7 69.9+8.0 60.2+5.9 <0.001*** 1.4
TBW (%) 48.7+6.6 51.2+5.5 43.5+5.5 <0.001*** 1.4
FBM (%) 33.318.7 30.1+8.0 39.815.9 <0.001*** 1.4
SBP (mmHg) 135.9+14.1 136.4+12.9 134.8+16.3 0.4 0.1
DBP (mmHg) 78.918.6 80.1+7.8 76.319.6 <0.001*** 0.5
Mean HR (beats:min) 71.0+£10.0 69.8+9.9 73.949.7 0.005** 0.4
MBP (mmHg) 97.949.5 98.91+8.7 95.8+10.9 0.027* 0.3
PP (mmHg) 57.0+10.4 56.3+9.5 58.5+11.9 0.2 0.2
BP Dipping (%) 11.447.0 11.6%7.0 11.0¢7.0 0.6 0.1
Cigarette smoking (%) 114 10.6 13.2 0.6
DM (%) 4.5 5 3 0.5
ACEI (%) 36.8 34.8 41.2 0.4
ARB (%) 43.6 454 39.7 0.4
DIURETICS (%) 32.1 31.2 33.8 0.7
CCB (%) 17.7 213 10.3 0.05
BB (%) 9.6 8.5 11.8 0.4
STATINS (%) 12.9 12.8 13.2 0.9
HYPOGLYCEMIC AGENTS (%) 53 6.4 2.9 0.3
ANTIPLATELETS (%) 3.9 4.3 2.9 0.6
ANTICOAGULANTS (%) 1 0.7 15 0.6

Abbreviations: AP, all participants; BMI, body mass index; WHR, waist to hip ratio; FFM, fat free mass; TBW, total
body water; FBM, fat body mass; SBP, systolic blood pressure; DBP diastolic blood pressure; HR, heart rate; MBP,
mean blood pressure; PP, pulse pressure; BP, blood pressure; DM, diabetes mellitus. ACEl, angiotensin-converting-
enzyme inhibitors; ARB, angiotensin Il receptor blockers; CCB, calcium channel blockers; BB, beta-blockers. P<0.05:

Significant difference between men (M) and women (W)

*P<0.05, ** P<0.01, *** P<0.001
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When exercise capacity was objectively analyzed (i.e., through CEPT), all participants made an
exhaustive exercise effort (RER=1.1+0.1). According to the American College of Sport Medicine,
participants of the present study were classified as “very poor” CRF level'®® taking into account VOapeak
values (22.545.6 and mL-kg*-min), and presented “exercise HTN” with SBP values higher than 210
mmHg in men and >190 mmHg in women at the end of the exercise test.'’° Higher values in men
compared to women were observed in peak workload (W, P<0.001, A=47.3%), VO2peak (L-mint, P<0.001,
A=53.3% and mL-kglmin, P<0.001, A=24.2%), VCOapeax (L'min’t, P<0.001, A=38.9%), RER, and MET.

However, no differences (P=0.3) were found for MSWT distance between sexes (Table 20).

Table 20. Participants’ peak exercise function.

AP Men Women P m-w d Cohen
Variables
(n=209) (n=141) (n=68)

Workload (W) 131.1+39.6 146.4+36.1 99.4+25.0 <0.001*** 15
SBP (mmHg) 211.6%+29.9 210.7£31.6 213.6%+26.1 0.7 0.1
DBP (mmHg) 101.00+18.5 99.9+16.9 105.7+21.1 0.05 0.3
HR (beats-min?) 151+19.2 150.3+20.0 154.8+17.3 0.2 0.2
VO2zpeak (L-min‘t) 2.00.5 2.3+0.4 1.540.3 <0.001*** 2.3
VOzpeak (mL-kg*-mint) 22.5£5.6 24.1+5.4 19.4+4.6 <0.001*** 0.9
VCOzpeak (L:min‘t) 2.2310.6 2.540.5 1.8+0.4 <0.001*** 1.6
RER 1.1+0.1 1.1+0.1 1.2+0.1 <0.001*** 1
MET 6.4+1.7 6.811.6 5.5¢1.3 <0.001*** 0.9
MSWT (m) 834.14265.0 848.3+264.8 804.74265.0 0.3 0.2

Abbreviations: AP, all participants; SBP, systolic blood pressure; DBP diastolic blood pressure; MBP, mean blood
pressure; HR, heart rate; PP, pulse pressure; VOapeak, peak oxygen uptake; VCOzpeak, peak carbon dioxide production;
RER, respiratory exchange ratio; MET, metabolic equivalent of task; MSWT, modified shuttle walk test distance.
P<0.05: Significant difference between men (M) and women (W)

*** p<0.001

Regarding participants’ biochemical profile characteristics and according to the Adult
Treatment Panel I11*%, LDL-C values were upper to optimal values (<100 mg/dL), TC showed higher values
than desirable (<200 mg/dL), and also “cholesterol ratio” (i.e., TC/HDL-C) presented values above the
ideal (<3.5). On the other hand, there were normal triglycerides (<200 mg/dL) and HDL-C (>40 mg/dL)
values. Furthermore, according to the new International Diabetes Federation definition,’ participants
showed slightly raised fasting glucose (>100mg/dL). The 90" percentile for the HOMA-IR was lower than
3.8, which is not considered diagnostic of IR.}’? Although evidence has shown that CRP concentrations,
a proinflammatory biomarker, could be modulated by dietary fatty acid intake,'’® levels of CRP>3mg/L
were considered cardiometabolic abnormal*’®. Therefore, taking into account Wildman Modified

criteria, participants of the present study were classified as metabolically abnormal obese (i.e.,
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BMI>30kg/m? and 22 cardiometabolic abnormalities).t”> Furthermore, among the three hepatic
enzymes, which are indices for the diagnosis of non-alcoholic fatty liver disease (i.e., AST; ALT; and GGT),
only ALT showed abnormal criteria (>30 U/L)'"® (Table 21). Triglycerides (mean difference=26.3; 95%
Cl=0.9-51.7 mg/dL), AST (mean difference=4.2; 95% CI=0.3-8.0 U/L), ALT (mean difference=8.2; 95%
Cl=1.6-14.8 U/L), GGT (mean difference=11.0; 95% Cl=-1.1-23.2 U/L) and AST/ALT (mean difference=-
0.1; 95% Cl=-0.2-0.0) were significantly lower in women than men. Moreover, HDL-C was higher
(P=0.002) in women than in men (mean difference=5.0, 95% Cl=-13.3-3.3 mg/dL) (Table 21), but both

sexes presented healthy values.

Table 21. Biochemical profile characteristics of study’s participants.

AP Men Women P m-w d
Variables
(n=209) (n=141) (n=68) Cohen

TC (mg/dL) 213.0+134.1 214.1+162.8 210.834.0 0.2 0.03
HDL-C (mg/dL) 50.7+33.2 49.1+39.2 54.1+13.9 0.002** 0.2
LDL-C (mg/dL) 127.7£32.2 124.8+33.6 133.5+28.8 0.1 0.3
Triglycerides (mg/dL) 133.9+78.4 142.5+85.4 116.1#57.9 0.03* 0.4
TC/HDL-C ratio 4.7+4.1 5.05.3 4.1#1.1 0.1 0.2
Glucose (mg/dL) 106.4+82.4 108.7+100.0 102.1+20.6 0.9 0.1
Insulin (LU/mL) 9.845.4 9.445.3 11.046.0 0.2 0.3
HOMA-IR 2.5+1.6 2.241.1 3.0£2.3 0.3 0.4
CRP (mg/L) 4.5+4.5 4.1#4.3 5.4%4.9 0.4 0.3
AST (U/L) 25.3212.0 26.6213.0 22.529.4 0.01* 0.4
ALT (U/L) 31.9420.7 34.6+21.2 26.4+18.7 0.01* 0.4
GGT (U/L) 37.3#£38.5 40.6%42.8 29.5425.2 0.006** 0.3
AST/ALT (U/L) 0.9+0.5 0.9+0.5 1.00.3 0.029* 0.2

Abbreviations: AP, all participants; TC, Total cholesterol; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-
density lipoprotein cholesterol; HOMA-IR, Homeostasis model assessment of insulin resistance; CRP, C-Reactive
Protein; AST, Aspartate Transaminase; ALT, Alanine Transaminase; GGT, Gamma-glutamyl transferase. P<0.05:
Significant difference between men (M) and women (W)

*P<0.05, ** P<0.01, *** P<0.001

The adherence to different healthy dietary patterns was calculated to examine the diet quality
of the participants (Table 22). The highest adherence was observed in DASH dietary pattern (46.3%),
followed by Med (41.1%), and HDI (37.1%) dietary pattern. A higher adherence to Med (P=0.022) was
shown in women compared to men, with no significant differences between sexes concerning DASH

(P=0.464) and HDI dietary (P=0.406) pattern.
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Table 22. Adherence to the Mediterranean (Med), Dietary Approaches to Stop Hypertension
(DASH) and Healthy Diet Indicator (HDI) dietary patterns among participants of the study.

Variables AP Men Women P m-w d Cohen
(n=165) (n=114) (n=51)

Med-score (0-9) 3.7£1.7 3.5£1.5 4.2+1.8 0.022* 0.4
Adherence (%) 41.1 38.9 46.7

DASH score (0-8) 3.7¢1.7 3.6x1.6 3.8+1.7 0.5 0.1
Adherence (%) 46.3 45 47.5

HDI score (0-7) 2.6%1.3 2.611.3 24114 0.4 0.2
Adherence (%) 37.1 37.1 34.3

*P<0.05

Characteristics of all participants divided by CRF levels are indicated in Table 23. Significant

differences were found in age between high and low CRF level participants (P<0.05, A=-9.7%). High CRF

level participants had lower BMI than those with medium or low CRF level (P<0.001, A=-8.7% and

P<0.01, A=-16.2%, respectively). Although no significant differences were found in mean SBP and DBP,

there were differences in % of BP dipping (P=0.048). Those with low CRF level were broadly designated

as non-dippers, whereas those in medium and high CRF level were designated as dippers in accordance

with ESH/ESC Guidelines for the management of arterial HTN.® According to biochemical profile,

significant differences were found in ALT, GGT and AST/ALT ratio. Thus, participants with low CRF level

showed elevated ALT, GGT and lower AST/ALT ratio (P=0.001, P=0.030, and P=0.018 respectively)

compared to medium (ALT: P<0.05, A=50.8%, and GGT: P=0.085, A=41.2%) and high (ALT: P<0.001,

A=118.8%, GGT: P=0.035, A=76.4% and AST/ALT ratio: P=0.014, A=27.3%) CRF level. No significant

differences were observed in the rest of biochemical parameters among CRF levels.
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Table 23. Characteristics of the study population classified by cardiorespiratory fitness level (low,
medium, high).

Cardiorespiratory fitness groups

Low w-
Medium High
Variables (M=48,W=2 P-value squared
(M=51,W=23) (M=42,W=21)
4)

Age (yrs) 56.7£1.0 53.84£0.9 51.2+1.1 0.003** 0.00995
BMI (kg/m?) 34.0£0.5 31.2+0.5 28.5+0.5 <0.001*** 0.206
WHR (cm) 0.97+0.1 0.98+0.13 0.95+0.08 0.8 -0.0807
SBP (mmHg) 136.6+1.8 135.8+1.6 135.2+1.9 0.9 -0.005
DBP (mmHg) 78.4+1.0 78.610.9 79.7¢1.1 0.7 0.0006
BP DIPPING (%) 9.7t7.3 12.516.8 12.1+6.6 0.048* 0.0228
VOapeak (ML-kg™-min™) 17.81£0.5 22.6+0.5 27.740.6 <0.001*** 0.6739
MET peak 5.0+0.2 6.5+0.2 7.5+0.2 <0.001***  0.59183
TC (mg/dL) 202.4+19.2 233.5+20.2 206.0+22.1 0.7 -0.0024
HDL-C (mg/dL) 48.9+4.6 46.8+4.6 57.2+5.2 0.4 -0.08124
LDL-C (mg/dL) 127.6+4.5 120.8+4.7 134.915.1 0.1 0.01376
Triglycerides (mg/dL)  134.0+10.6  144.2+10.6 122.74#12.0 0.3 0.00191
TC/HDL-C 4.4+1.2 5.6+7.8 4.1+1.4 0.3 0.012357
Glucose (mg/dL) 117.6£11.5 101.0+11.1 99.1+12.7 0.7 0.00255
Insulin (uU/mL) 7.9+1.3 11.8+1.2 9.4+1.5 0.2 0.97905
HOMA-IR 1.910.4 3.1+0.4 2.310.4 0.1 0.000739
CRP (mg/L) 5.9+5.3 4.2+4.3 2.5%1.6 0.5 0.0565
AST (U/L) 28.4%2.2 25.312.3 25.5+2.8 0.5 -0.0032
ALT (U/L) 46.6t4.4 30.9+4.5 21.345.1 0.001** 0.06250
GGT (U/L) 49.4+59.02 33.1+21.0 28.0+14.4 0.030* 0.04139
AST/ALT ratio 0.8+0.3 0.9+0.2 1.1+0.8 0.018* 0.04567

Abbreviations: BMI, body mass index; WHR, waist to hip ratio; SBP, systolic blood pressure; DBP diastolic blood
pressure; MBP, mean blood pressure.; VOa2peak, peak oxygen uptake; TC, Total cholesterol; HDL-C, High-density
lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; HOMA-IR, Homeostasis model assessment
of insulin resistance; CRP, C-Reactive Protein; AST, Aspartate Transaminase; ALT, Alanine Transaminase.

P<0.05: Significant difference between men (M) and women (W)
*P<0.05, ** P<0.01, *** P<0.001
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4.5. Discussion

This was the first study showing the clinical, physical, physiological and dietary patterns of
overweight/obese and sedentary adults diagnosed with primary HTN characterized by sex and CRF level.
The data collected provide a thorough understanding of the physiopathology of the studied population
and emphasize the importance of CVR screening for CV disease prevention in clinical practice. Overall,
the assessed individuals suffered from resting HTN, were metabolically abnormal obese with poor CRF
level, exercise-induced HTN, and the majority of them lacked a healthy dietary pattern, which confirms
a high CVR profile. Specifically, women showed a better biochemical and dietary pattern profile than
men, but physical and exercise physiological characteristic were poorer; hence, calling into attention
the sex differences in physiology between women and men. Finally, a favorable CRF level seems to
contribute to the attenuation of some CVR factors, such as high BMI, non-dipping profile, and high

hepatic fat.

All population. In addition to HTN and obesity, the results of the present study clearly showed
additional CVR factors, which may potentiate each other, leading to a total CVR that may be greater
than the sum of its individual components.® Potentially, some of the modifiable risk factors were very
present in the studied population (i.e., HTN, obesity, physical inactivity, atherogenic diet) along with
non-modifiable risk factors related to age (men >45 years, women >55years).*? As a result, although the
population of this study presented favorable metabolic features such as low levels of HOMA-IR and
fasting triglycerides as well as normal HDL-C, a clustering of cardiometabolic risk factors are shown (i.e.,
BMI 230 kg/m? and >2 cardiometabolic abnormalities: HTN, elevated glucose level and systemic
inflammation) along with non-healthy levels of TC, ALT and TC/HDL-C ratio. These results lead to
categorizing the individuals as metabolically abnormal obese according to Wildman Modified criteria.}”
Indeed, both inflammation (exemplified by high C-reactive protein levels, 4.5+4.5 mg/dL), and TC/HDL-
C ratio (4.744.1) are factors associated with the development of atherosclerosis and the pathogenesis
of CV disease in the general population.®® Furthermore, previous studies have also shown that high ALT
values (31.9%£20.7 U/L, in the present study) were related to higher levels of hepatic fat, abdominal fat,
and insulin resistance,'’® and it was also independent predictor of Diabetes Type I1.Y77 Adding to that,
knowing that the risk of CV disease and death is often more related to fitness level than BMI,*® the very
poor CRF level in this population could be another important, yet not recognized, clinically risk marker.3®
On the other hand, even though there is currently no consensus on the normal BP response during
dynamic exercise testing, participants of the present study showed “exercise-induced HTN” (i.e., SBP
peak values >210 mmHg for men and >190mmHg for women).'’° Related to that, proposed

pathophysiologic factors include excessively high sympathetic tone during exercise, decreased aortic
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distensibility, increased left ventricular mass, and endothelial dysfunction.?’®!”® These results may
identify those individuals that are not well controlled in resting HTN in clinical practice and could present
a cardiac “end-organ” manifestation of HTN in the future. Thus, some authors have even proposed
exercise SBP as being an effective and more convenient technique than ABPM for identifying the

prehypertensive state and to predict future risk for adverse CV events.'’°

There is increasing evidence that sex differences are important in pathophysiology treatment,
and more relevant for noncommunicable diseases as HTN. With regards to body composition, the
heterogeneity by sex in the relationship between hormones and body composition is well known. Thus,
women present increased subcutaneous fat accumulation promoted by estrogen, and men feature a
greater trunk and visceral and liver fat.'® The aforementioned was corroborated by the results of the
present study in relation to a “better” body composition in men (i.e, higher FFM and lower FBM, Table
19) compared to women, but women showing a better metabolic profile (higher values in HDL-C, and
lower triglycerides and hepatic enzymes, Table 21) than men. However, taking into account the
percentage of FBM, both sexes were obese according to cut off points for body fat percentage (i.e.,
>25.0% for men and 235.0% for women).?® Hence, men could present a higher CV or metabolic risk
profile mainly due to the higher liver enzyme activities (i.e., ALT, ALT, GGT and AST/ALT ratio), and
specifically with ALT values upper to healthy cutoff (<30 U/L), which is closely associated with non-
alcoholic fatty liver disease.'® Furthermore, even though both sexes presented HDL-C and triglycerides
values within the normal healthy range, the indirect vascular effect of estrogen in women may have had
an influence on serum lipid concentrations with better values compared to men (Table 21), leading to a
cardioprotective effect.'® Likewise, circulating estrogen in women may potentiate the vasodilatory
effect of B-adrenergic activation by a nitric oxide mechanism causing vasodilation and favoring a lower

resting DBP (P=0.001) compared to men (Table 19).183

Regarding the exercise function, this study showed that there are natural physiological
differences between men and women when objective variables are considered (i.e., VOzpeak), but not
when the physical capacity is evaluated through a field test (i.e. MSWT) (Table 20). These results may
question the validity of using this or similar field tests to evaluate CRF in this population. Thus, sex
differences in body fat, hemoglobin, dimensions of the oxygen transport system and musculature could
account for the different CRF level.’®* However, according to ACSM’s Guidelines for Exercise Testing and
Prescription,®® both sexes presented “very poor” CRF level (Table 20), which is associated with a high

risk of CV disease and all-cause mortality.>®

The adherence to healthy dietary patterns in relation to CV disease has been previously

examined. In this way, the Med pattern, which shares many of the characteristics of the DASH diet, was

119



Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

inversely associated with arterial BP,*> knowing that a higher adherence leads to 70% less prevalence
of HTN.'® However, in a representative Spanish population, only 17.3% of those diagnosed with HTN
had a DASH-accordant diet and 17.2% Med-accordant diet.’®” These results are in keeping with other
population studies showing that a lower adherence to HDI and DASH diet was associated with the
prevalence of HTN.18&18% A similar adherence to the Med compared to the present study (41.1%, Table
22) was observed in a Balearic adult population (43.1+5.8%),**° thus confirming the association between
adherence to a healthy diet and HTN, and the higher adherence to Med diet in women with better

metabolic profile than men.

It has been proposed that CRF should be incorporated as a vital sign in CV disease risk factor
evaluation and management®*® and that the addition of CRF to traditional risk factors would significantly
improve the classification of risk for adverse outcomes.>® Previous studies have suggested that low CRF
appeared to have an indirect effect on the risk for subsequent CV events moderated through higher
metabolic risk.’®! In the current study, similarly, it was found that CRF could significantly moderate some
CVR factors. Thus, the low CRF group was older (P=0.003), had higher BMI (P<0.001), no-dipping profile
(P=0.048), and higher hepatic fat (ALT, P=0.001; GGT P=0.030; AST/ALT ratio P=0.018) compared to
moderate and high CRF level (Table 23). Taking into account that other studies have also demonstrated
that the least fit individuals (<6 METS for those without CV disease) had >4-fold increased risk of all-
cause mortality compared with the fittest,*® it could be stated that the addition of CRF to established
risk scores would further improve risk prediction.>® Results of the present study reinforce previous
investigations showing that worse CRF was associated with increasing non-alcoholic fatty liver disease
represented by non-healthy values of ALT, GGT and AST/ALT ratio.'’® Furthermore, previous studies also
showed that an absent normal dipping BP pattern (i.e., <10% fall in nocturnal BP relative to diurnal BP)
was independently predicted by increasing age, BMI and treated HTN (among other factors). These
results confirm that non-dipping BP pattern, 1) is associated with increased CV mortality risks'®? and 2)

is determined mainly by non-genetic factors.**3

This study has limitations. Firstly, although our sample size was sufficient as an initial
investigation for the EXERDIET-HTA study; it would not be comparable with that of larger
epidemiological studies. Secondly, the current study only had 32.5% of women, which does not
represent an equal gender split of the sample. However, even though female is usually lower than male
enrolment in clinical trials, we have got significant differences, which adds knowledge in the gap for BP

management to improve women’ health.
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4.6. Conclusions

In summary, the studied population diagnosed with primary HTN presented a high CVR profile
showing the following characterization: obesity metabolically abnormal with poor CRF level, exercise-
induced HTN and non-healthy dietary pattern. Specifically, women showed a better biochemical and
dietary pattern profile than men did, but physical and exercise physiological characteristics were poorer.
Furthermore, a favorable CRF level seemed to contribute to the attenuation of some CVR factors, such

as high BMI, non-dipping profile, and high hepatic fat.

In closing, by analyzing a hypertensive, obese and sedentary population, we have identified
specific clinical, physical, physiological and dietary patterns that strongly suggest that targeting key
behaviors such as improving nutritional quality and CRF through regular physical activity will contribute

to getting a “healthy population” with independent beneficial effects on CVR factors.

121



>l

Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

122



Universidad Euskal Herriko

Capitulo 5 / chapters

Assessment of cardiovascular risk and vascular
age in overweight/obese adults with primary
hypertension: the EXERDIET-HTA study.

llargi Gorostegi-Anduaga, Javier Pérez-Asenjo, G. Rodrigo Aispuru,
Simon M. Fryer, Ainara Alonso-Colmenero, Estibaliz Romaratezabala,

Sara Maldonado-Martin.

BLOOD PRESSURE MONITORING 2017; 22:154~160.

123



>l

Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

124



Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

5.1. Abstract

Objectives: Hypertension (HTN), obesity and low cardiorespiratory fitness (CRF) are associated
with an increased risk of a cardiovascular event. Taking part overweight/obese individuals with HTN the
aims of the current study were: to estimate cardiovascular risk (CVR) and vascular age (VA) profiles
analyzing potential sex differences; to determine whether VA is higher than chronological age (CA) and,

whether CVR is associated with a low level of CRF.

Methods: Overweight/obese non-Hispanic white participants (n=209; 141 men and 68 women)
with primary HTN had their CVR and VA determined using the New Pooled Cohort Risk Equations and
The Framingham method, respectively. Considering values of peak oxygen uptake, participants were

divided into tertiles for each sex.

Results: The CVR, but not VA (p=0.339), was higher (p<0.001) in men compared to women
irrespective of age. Irrespective of sex VA was higher than CA (p<0.001). Age and body mass index were
higher (p<0.05) in the low CRF group compared to other groups. There were no differences in CVR

(p=0.907) and VA (p=1.643) when values were separated into CRF groups.

Conclusions: Pooled Cohort Equations could underestimate the risk of suffering a cardiovascular
event in the following 10 years in overweight/obese non-Hispanic white women with HTN compared to
men. The VA appears to be a useful tool in communicating CVR in this population irrespective of sex.

The CRF alone may not be enough to moderate the CVR.
Trial Registration: NCT02283047

Keywords: Cardiovascular disease; Chronological age, Cardio-respiratory fitness.
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5.2. Introduction

Cardiovascular disease (CVD) is the leading cause of early morbidity and hospitalization in the
world.> According to World Health Organization, 17.5 million people died from CVD in 2012,
representing 31% of all deaths, of which 7.4 and 6.7 million were due to coronary heart disease and
cardiovascular (CV) events, respectively.® Furthermore, a large number of individuals have a

heightened risk of CVD because they have two or more associated risk factors.*>°

Several attempts have been made to determine CV risk (CVR) factors associated with having a
cardiac event. Guidelines indicate that age, sex, diabetes, smoking, cholesterol, and hypertension (HTN)
have a causal relationship with CV events and premature death.*%*> High blood pressure (BP), often
referred to as HTN, is the most common CVR factor that leads to heart failure, stroke, angina, and
premature death if not detected early and treated adequately.’® Additionally, population-based
research suggests that obesity is directly related to HTN.?>> An appreciation of the clinical significance
of obesity-related HTN has since grown substantially over time. As such, obesity is now recognized as a
major cause of HTN (at least 75% of all cases), and the combination of both are well known to increase
CVR.'> Additionally, CVR factors, associated with the development of CVD, are similar in both sexes.!%
However, with the same risk factors, CVR is two to five times more common in men than in women, i.e.,
women have a lower predicted 10-year risk.? It has previously been suggested that this discrepancy may

be due to the protective action of estrogens®®®

or because substantial disparities exist in the prevention,
recognition, management and clinical outcomes of CVD in women.? A CVR score can be used to
determine CVD using the Pooled Cohort Equations and the Framingham Heart Study, which are tools
commonly, used to define the 10-year risk of developing CVD.® An additional tool for evaluating the
overall CVR is vascular age (VA). This is a quite novel concept derived from Framingham CVR tables,
which indicates the biological age of an individual’s arteries (i.e., the age of the vascular system of a
person with different CVR factors).>* This process is accelerated with the presence of additional CVR

factors and is associated with changes in the mechanical and the structural properties of the vascular

wall, which leads to poor endothelial health and the loss of arterial elasticity.>*°

The relationship between poor lifestyle and increased CVR is well documented. As such, there
is a persistent need to discuss cardio metabolic lifestyle factors with all patients, in order to reduce CVD
and control the CVR factors. Cardiovascular risk factors can be classified as modifiable and non-
modifiable. Non-modifiable risk factors are (but not limited to) age, sex and family history. Modifiable
CVR factors are cardio metabolic lifestyle factors and can be altered during the cause of one life; these

include but are not limited to smoking, alcohol, diet and importantly physical activity.3® Higher levels of
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physical activity can improve the CVR in diseased or at-risk patients. Cardio-respiratory fitness (CRF) can
be used to quantify these positive effects as it is negatively associated with a reduction in CV morbidity

and mortality.®

Currently, there is no known research that measures CVR and VA and its association with CRF in
primary hypertensive and overweight/obese adults. Considering the importance of CVR factors and the
limited scientific literature, the aims of the study were: 1) to estimate CVR and VA profiles of
overweight/obese patients with HTN, analyzing potential sex differences, (2) to determine whether VA

is higher than chronological age (CA) and, (3) to determine whether CVR is associated with a low level

of CRF.
5.3.  Methods
Study design

Baseline data from EXERDIET-HTA randomized controlled experimental trial were taken for the
purpose of this study.* The design, selection criteria, and procedures for the EXERDIET-HTA study have
been previously detailed.'® The study protocol was approved by 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), and all participants provided written informed consent prior to

any data collection.
Participants

Non-Hispanic white participants (n=209) with primary HTN (2140 Systolic BP (SBP) and =90
diastolic BP)°, who were classified as being overweight (body mass index, BMI>25) or obese (BMI>30)3*

were recruited from the cardiology services and local media.
Cardio-respiratory fitness

Cardio-respiratory fitness was determined using a cardiopulmonary exercise test to assess
VOypeak- Briefly, the test was performed on an electronically braked Lode Excalibur Sport Cycle
Ergometer (Groningen, The Netherlands). The testing protocol was started at 40W (70 rpm) with gradual
increments of 10W every minute until exhaustion with continuous electrocardiogram monitoring.
Expired gas analysis was determined using a commercially available metabolic cart (Ergo CardMedi-soft
S.S, Belgium Ref. USMO001 V1.0) which was calibrated before each test with a standard gas of known

concentration and volume. Breath by-breath data were measured continuously during exercise before
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being averaged over each 60 second periods. Blood pressure was measured every two minutes
throughout the test. At the end of each stage, the rate of perceived exertion (6 to 20) was recorded
(Borg Scale). Peak oxygen uptake was defined as the highest oxygen uptake value attained toward the
end of the test. Achievement of VOa,eak Was assumed with the presence of two or more of the following
criteria: 1) volitional fatigue (>18 on Borg scale), 2) peak respiratory exchange ratio (VCO,/V0,) >1.1, 3)
achieving >85% of age predicted maximum heart rate, and 4) failure of VO, and/or heart rate to increase

with further increases in work rate.**

The distributions of VOapeak Were divided into tertiles for each sex: The lowest tertile (Low-CRF
group); VOapeak <21 in men and VOzpeak <16 in women; the intermediate tertile (Medium-CRF group);
21.1<VOzpeak <26 in men and 16.1<V03peak<21 in women and the highest tertile (High-CRF group);

VO2peak>26 in men and VOypeak>21 mL-kg-min in women.
Measurement of CVD Risk Factors

Established CVR factors used in the present study to determine the CVR and VA of participants

were defined as follows:

Blood pressure. Ambulatory BP monitoring was conducted over a 24 hour period using an
oscillometric ABPM 6100 recorder (Welch Allyn, New York, USA) to evaluate SBP (as used to determine
CVR).2 The device was used in line with the recommendations set by the ESH/ESC guidelines. As such BP
was measured at 30-minute intervals during the awake-time and at 60-minute intervals during periods
of sleep. Data were only used if at least 75% of the awake-time and sleep periods were successfully

recorded.'®®

Blood sampling. Fasting venous blood (12.5ml) was obtained from each participant. Diabetes
mellitus (DM) was defined as a fasting glucose of 2126 mg/dL. Additionally, measurements of glucose

and lipid profile (total-, HDL- and LDL-cholesterol) were assayed.

Self-report. Age and cigarette smoking status were assessed by self-report. All medicines were

ascertained from the participant’s physician.

Cardiovascular risk. The Framingham Heart Study is a quantitative method used in primary care
for assessment of general CVR profile. The absolute risk applies to the individual, a score of 10% means
that there is a 10% chance of having a CV event within the next 10 years.>*° Under 6% is considered low
risk; between 6 and 20% medium risk, and >20% high risk.*® Recently, New Pooled Cohort Risk Equations

have been developed from the Framingham Heart Study.>* The equation to estimate the 10-year risk
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of developing a first atherosclerotic CVD event was developed from sex- and race-specific proportional-
hazard models that included the covariates of age treated or untreated high SBP level, total cholesterol
and HDL-C concentrations, current smoking status, and history of DM. For the equation, the values for
age, lipids, and SBP were log transformed. Interactions between age and lipids or age and SBP used the
natural log of each variable. Calculation of the 10-year risk estimate for hard atherosclerotic CVD is

described as a series of steps.?

Vascular age. The Framingham method was used to determine the VA of all participants.*® The
VA indicates the biological age of the individual’s vascular system, as the age a person would be with
the same calculated CVR but whose risk factors were all within normal ranges. The sex-specific risk
factors considered were age, HDL-C, total cholesterol, SBP, DM, and smoking status. Each variable
received a weighted score; the sum of the score for each variable was then translated to the risk of a CV

event in 10 years and the VA.*
Statistical analysis

Descriptive statistics were calculated for all variables. Data are expressed as meantstandard
deviations (SD). All variables were deemed normally distributed using a Kolmogorov-Smirnov apart
from, age, total cholesterol, HDL-C, CVR and VA which had a skewed distribution and were. Therefore,

log transformed prior to any analysis.

A 2 sample t-test was used to determine whether there was a significant sex difference for the
variables: age, BMI, SBP, total cholesterol, HDL-C, antihypertensive medication, cigarette smoking, and
DM. Analysis of covariance (ANCOVA) was used to examine the dependant variables (age, BMI, SBP,
total cholesterol, HDL-C, antihypertensive medication, cigarette smoking, DM, CVR, and VA) of the
participants classified by CRF level (low, medium and high). A Bonferroni test was used to determine
the level of significance when a significant main effect was found. Statistical significance was set at

p<0.05. The statistical analyses were performed with the SPSS version 22.0 software package.

5.4. Results

The characteristics of CVR factors classified by sex are presented in Table 24. The mean age
(£SD) of participants was 54.0+8.1 yrs with 67.5% and 32.5% being men and women, respectively. All
participants were classified as obese (BMI>30 kg/m?) in accordance with AHA/ACC/TOS guidelines for
the Management of Overweight and Obesity in Adults.?* Although 87.1% of all participants were taking
anti-hypertensive medication, mean SBP suggested that all participants irrespective of sex were pre-

hypertensive. However, there was a trend to suggest that women had a lower SBP compared to men
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(mean difference=1.6; 95%, confidence interval (Cl)=-2.5-5.7 mmHg). Mean total cholesterol was similar
in men and women with both sexes exceeding cut-off values set by the ESH/ESC guidelines,® but there
was also a trend to suggest that women had lower total cholesterol than men (mean difference=3.3;
95% Cl=-30.6-37.3 mmHg). Moreover, HDL-C was significantly higher (p=0.002) in women than men
(mean difference=5.0, 95% Cl=-13.3-3.3 mg/dL), but both were inside the healthy cut-off values
suggested by the ESH/ESC guidelines.® Smoking was present 11.4% of the participants and 4.5% of the

sample was suffering from DM.

Table 24. Characteristics of risk factors and cardiovascular risk classified
by sex. Values are meanSD or percentage (%)

Dependant variable All participants Men Women P v
(n=209) (n=141) (n=68)
Age (yrs) 54.0+8.1 54.3+7.9 53.418.5 0.426
BMI (kg/m?) 31.3%4.6 31.3%4.3 31.545.2 0.873
SBP (mmHg) 135.9+14.1 136.4+12.9 134.8+16.3 0.433
Total cholesterol (mg/dL) 213.0+£126.1 214.14162.8 210.8434.0 0.245
HDL-C (mg/dL) 50.7+33.1 49.1+39.2 54.1+13.8 0.002*
Antihypertensive medication (%) 87.1% 85.1% 91.2% 0.220
Cigarette smoking (%) 11.4% 10.6% 13.2% 0.581
DM (%) 4.5% 5% 3% 0.500
Cardiovascular risk (%) 8.116.3 10.0£6.5 4.313.6 <0.001*

BMI, body max index; SBP, systolic blood pressure; HDL-C High-density
lipoprotein cholesterol; DM, diabetes mellitus.
*Significant difference (p<0.05) between men and women.

The absolute CVR was significantly different (p<0.001) between sexes with women having a
lower CVR than men (mean difference 5.8, 95% Cl=-3.8-7.7 %, Table 24). Additionally, in accordance
with the Framingham study and ACC/AHA Guideline on the Assessment of CVR**° men were considered
to be at medium risk whereas women were considered low risk. As shown in Table 25, there were no
sex differences in VA (mean difference=1.4, 95% Cl=-2.4-5.1 yrs). However, VA was significantly higher
(p=0.001) than CA (mean difference=8.8, 95% Cl=7.2-10.3 yrs).

Table 25. Results of vascular and chronological age. Values are mean + SD.

Dependant variable VA (y) CA(y) PVA-CA
Total (n=209) 61.7+9.5 54.0+8.1 <0.001*
Men (n=141) 62.1+8.5 54.3+7.9 <0.001*
Women (n=68) 60.8+11.1 53.448.5 <0.001*
P M-F 0.339 0.426

Y, years old; VA, vascular age; CA, chronological age.
*Significant difference (p<0.05) between vascular and chronological age.

Characteristics of the participants separated into CRF groups are presented in Table 26.

Bonferroni analysis revealed that age was higher (p<0.05, A=-9.7%) in the low CRF group compared to
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the high CRF group. Moreover, BMI was higher in the low CRF group compared to the medium CRF
group (34.0+0.5 vs. 31.2+0.5 kg/m?; mean difference=2.8, 95% Cl=1.1-4.4 kg/m?) and to the high CRF
group (34.0+0.5 vs. 28.5+0.5 kg/m?% mean difference=5.5, 95% Cl=3.8-7.2 kg/m?). No significant
differences were observed among CRF groups for SBP, total cholesterol, antihypertensive medication,

smoking, DM or HDL-C (p>0.05).

Bonferroni analysis revealed that no significant differences were observed in CVR (p=0.907) and
VA (p=1.643), when values were separated into CRF groups (Table 26). However, the low CRF group
showed an upward trend in VA with higher values than those with medium CRF group (mean

difference=0.5, 95% Cl=-4.1-5.0 yrs) or higher CRF group (mean difference=3.4, 95% Cl=-1.5-8.4 yrs).

Table 26. Cardiovascular risk factors, cardiovascular risk and vascular age classified
by fitness level. Values are mean £ SD or percentage (%)

Cardiorespiratory fitness groups One-way ANOVA
Dependant Low Moderate High P-value  F-value %Variance
variable (M=48,W=24) (M=51,W=23) (M=42,W=21)
Age (yr old) 56.7+1.0 53.8+0.9 51.241.1 0.003* 6.5 6.0
SBP (mmHg) 136.6+£1.8 135.811.6 135.2+1.9 0.882 0.126 0.1
BMI (kg/m?) 34.0+0.5 31.2+0.5 28.5+0.5 <0.001* 29631 22.5
Total cholesterol ) 11192 23354202 20608221 0744 0272 1.0
(mg/dL)
HDL-C (mg/dL) 48.9+4.6 46.8+4.6 57.245.2 0.363 1.185 15
Antihypertensive  gg o, 86.5% 85.7% 0.845
medication (%)
Clgarette 15.3% 10.8% 8% 0.400
smoking (%)
DM (%) 1.4% 6.7% 4.8% 0.273
Cardiovascular 8.10.6 8.440.6 7.940.7 0907  0.253 0.4
risk (%)
Vascular age (y) 62.9+1.3 62.5+1.3 59.4+1.4 1.643 1.710 2.9

% variance is the estimated variance explained by the mean effects within each group for the named
variable.

M, men; W, women; SBP, systolic blood pressure; BMI, body max index; HDL-C, High-density lipoprotein
cholesterol; DM, diabetes mellitus.

* Shows the significantly different (p<0.05) among groups.

5.5. Discussion

To our knowledge, this is the first known study to estimate the CVR and VA in overweight/obese
people with HTN and its association with CRF level using the recently developed Pooled Cohort

Equations® and the original 2008 Framingham model. The main findings of this study were: 1) CVR is
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significantly higher in men than in women despite them having same CVR values, and this is not effected
by age; 2) predicted VA is significantly higher than CA in overweight/obese people with primary HTN
with no sex differences, and 3) CRF alone did not appear to significantly moderate CVD. These findings
highlight the importance of being able to determine the CVR and VA of overweight/obese people with
primary HTN. Considering the known increase in CVD in hypertensive patients and the relative ease of
predicting 10-year CVR; defining CVR and VA in a hypertensive population would likely be a useful tool

for clinicians.

Although the role of major CVR factors in the development of CVD and VA were similar in both
sexes, Table 24 shows that CVR is 57% higher in men than in women (p=0.001), with an estimated 10-
year risk of hard atherosclerotic CVD event of 10% in men and 4.3% in women, which represents
medium and low risk, respectively. As such, it is likely that men have a higher risk of suffering a CV event
in the following 10 years. The difference in the HDL-C level could be one of the determinants of the sex
difference in CVR profile in the present study, with women showing higher concentrations compared to
men. It is well known that high concentrations of HDL-C prevent the development of atherosclerosis
and CVD. In particular, the transport of reserve cholesterol and the inhibition of oxidized LDL-induced
monocyte infiltration can avoid this development.?®® In addition, the Framingham Heart Study showed
that HDL-C was the most powerful lipid predictor of CHD risk in both sexes >49 yr old. For every 1mg/dL
increment in HDL-C, there was an associated 2% decrease in the risk of CHD in men, and a 3% decrease
in women.* Previous studies have shown that the increased CVR in men was hidden behind an almost-
normal classic lipid profile, being total cholesterol, LDL-C, and TG higher, and HDL-C concentrations
significantly lower than women (pre or post menopausal status), with all values within the normal
range.? In our study, both sexes presented hyperlipidemia values (total cholesterol>190mg/dL) and
prehypertensive SBP values with slight, but concomitant variation (i.e., an upward trend in men
compared to women), which has been shown to increase the risk of coronary heart disease and
promotes a poor cardio metabolic profile.?® It seems that there is a cardio protective effect of
endogenous estrogens in premenopausal women, when compared with age-matched men, due to an
enhanced HDL quality. However, in postmenopausal women, there is a trend to present with a
significantly increased BMI, BP, LDL-C, and total cholesterol, along with a reduction of absolute HDL-C
concentration, with changes in the composition of HDL particles.'®2% |n the present study, 51.5% of
women were premenopausal state. Therefore, it should take into account that in the current study: 1)
both men and women were in normal HDL-C values (>40 mg/dL for men, and >46 mg/dL for women),’
along with obesity, hyperlipidemia and primary HTN diagnostic, 2) almost half of the women were on
postmenopausal state, and 3) the sex-specific risk prediction model used in the Pooled Cohort Equation

always calculates a higher risk in men compared to women, despite them having the same CVR values

132



Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

and regardless of age.® As such, women could show an underestimated CVR profile with less aggressive
treatment strategies. Nowadays, a greater number of women die annually from CVD compared with
men.?! Thus, although sex differences are well documented in the prevalence of the?® factors, the
clinical manifestation and incidence of CVD and the impact of risk factors on outcomes in women is

often underestimated due to the misperception that females are “protected” against CVD.2%

As expected, VA was significantly higher (p=0.001) than CA (Table 25) (VA=62 vs. CA=54 yrs). As
such, people with primary HTN and obesity are “older” for their VA when compared with their CA. It is,
therefore, likely that the health of the heart and blood vessels are more deteriorated than they should
be in this population.* There is good evidence that CA is strongly and independently related to CVR, but
this is not necessarily so for the VA. Repeated exposure to CVR factors across the lifespan leads to
between-subject differences in VA and CA.2%* Previous research has shown that in apparently healthy
and asymptomatic people, 72.45% of the individuals had a greater VA than the CA, suggesting that this
risk may be underestimated.?®® The current study suggests that key contributors of an increased VA in
a hypertensive population are dyslipidemia, SBP, treatment for HTN, obesity, and smoking (87.2% of
them showing a greater VA than CA). Thus, VA seems to be a useful tool in communicating about risk to
individuals, such as hypertensive and obese patients, who are at a greater risk of a CVD event and
warrant early intervention of modifiable CVR factors (i.e., healthy eating, increasing physical activity,

cessation of cigarette smoking and alcohol).

It is well recognized that physical activity is an important factor for reducing CVR and CvD.>38
Previous research has suggested that people with sedentary behaviors are at a higher risk of all-cause
mortality compared with those who do at least 150 minutes of moderate-intensity, or 75 minutes of
vigorous-intensity aerobic physical activity per week, as recommended by WHO.3® In the current study,
it was found that CRF alone does not significantly moderate CVR, due to no differences among the three
CRF groups (Table 26). However, mean difference and Cl suggest that those who are in the low CRF
group, have meaningfully higher VA (although no significant) (Table 26); which suggests that CVR may
in-part be moderated by CRF but in conjunction with other CVR factors such as BMI and age. Aging and
inactivity are associated with a decrease in both CRF and morphological changes in all layers of the
vascular tree, and these are accompanied by increased arterial stiffness and aortic pressure, leading to
a higher VA.2%® Furthermore, in the present study, BMI explained the 22.5% and age 6% of the variance
between the CRF groups. The current study reinforces the evidence linking obesity, age and CRF level

with VA in primary hypertensive population,’®*>>

suggesting that low CRF could potentially be used in
conjunction with other CVR factors to help determine predisposal of CVD, but not as a factor in its own

right. Previous studies have concluded that physical activity is associated with beneficial changes in
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circulating lipids and lipoproteins, body weight, BP and insulin sensitivity, having a significant reduction
in CVR.3878 |n line with that, the last 2016 European Guidelines on CVD prevention in clinical practice
highlight the CRF as a factor that might influence the relationship between adiposity and clinical
prognosis in the “obesity paradox”. Thus, normal-weight individuals with a low CRF have a higher risk

of mortality than fit individuals, regardless of their BMI.>8°

Although our study has highlighted the importance of determining CVR factors in a hypertensive
population, several limitations should be acknowledged. Firstly, although our sample size was sufficient
as an initial investigation into CVR and HTN; it would not be comparable with that of larger
epidemiological studies, and future studies should consider large-scale investigations as well as
determining the short and long-term effects of different interventions. Secondly, the current study only
had 32.5% of women, which does not represent an equal gender split. As this poses statistical issues,
future studies, particularly those using interventions should look to recruit equal numbers. Lastly,
although CRF did not sufficiently moderate CVR in the current study, the effects of physical activity in
hypertensive patients with a broader range of VOpeak should be further investigated in conjunction with
other modifiable risk factors to determine the effectiveness of moderating CVR and VA. Additionally,
future studies should look to determine whether VA and CVR can be used to more easily inform patients

of their cardiovascular health than current methods.

5.6. Conclusions

Findings suggest that male non-Hispanic white overweight/obese individuals with diagnosed
HTN have a higher risk of suffering a CV event in the following 10 years compared to females according
to the greater CVR assessed using the Pooled Cohort Equations. However, CVR in women could be
underestimated when both sexes present with the same CVR values and age. Those who are
overweight/obese with HTN have an “older” VA compared to their CA irrespective of sex. Finally,
although CRF alone did not moderate CVR in the current study, further research into the effect of
physical activity alongside additional modifiable CVR factors in HTN populations, particularly those who
are the least active is warranted. Predictions of CVR and VA estimation may represent as a useful clinical
tool for detecting patients at risk of a cardiac event, but estimation equations should be more focused

on sex-related differences.
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6.1. Abstract

Background: Both exercise training and diet are recommended to prevent and control

hypertension (HTN) and overweight/obesity.

Purpose: To determine the effectiveness of different 16-week aerobic exercise programs with
hypocaloric diet on blood pressure (BP), body composition, cardiorespiratory fitness (CRF) and

pharmacological treatment.

Methods: Overweight/obese, sedentary participants (n=175, 54.0+£8.2 yrs) with HTN, were
randomized into attention control group (AC, physical activity recommendations) or one of three
supervised exercise groups [two days/week: high-volume with 45 min of moderate-intensity continuous
training (HV-MICT), HV and high-intensity interval training, alternating high and moderate intensities
(HV-HIIT), and low volume-HIIT (LV-HIIT, 20 min)]. All variables were assessed pre and post intervention.

All participants received the same hypocaloric diet.

Results: Following the intervention, there was a significant reduction in BP and body mass in all
groups with no between-group differences for BP. However, body mass was significantly less reduced
in the AC group compared with all exercise groups (AC=-6.6%, HV-MICT=-8.3%, HV-HIIT=-9.7%, LV-HIIT=-
6.9%). HIIT groups had significantly higher CRF than HV-MICT, but there were no significant between-
HIIT differences (AC=16.4%, HV-MICT=23.6%, HV-HIIT=36.7%, LV-HIIT=30.5%). Medication was removed

in 7.6% and reduced in 37.7% of the participants.

Conclusions: The combination of hypocaloric diet with supervised aerobic exercise 2 days/week
offers an optimal non-pharmacological tool in the management of BP, CRF and body composition in
overweight/obese and sedentary individuals with HTN. HV-HIIT seems to be better for reducing body
mass compared to LV-HIIT. The exercise-induced improvement in CRF is intensity dependent with LV-

HIIT as a time-efficient method in this population.
Trial Registration: NCT02283047

Keywords: Obesity; hypertension; high-intensity interval training; low-volume training; blood pressure;

cardiorespiratory fitness; body composition
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6.2. Introduction

Due to the recent changes in both eating habits and lifestyles (i.e., the abandonment of
traditional dietary patterns and culinary techniques, increased sedentary time, and decreased volume
and intensity of physical activity, which results in an imbalance in the energy balance), primary
hypertension (HTN), overweight/obesity, and being sedentary often coexist in the same person.’81%
Obesity has been considered the driving force of this response culminating in a significant increase in
direct and indirect healthcare costs.3 It is, therefore, important to develop cost-effective strategies for
the treatment of obesity in order to reduce the prevalence of obesity-related HTN.>’® The European
Societies of Hypertension (ESH) and Cardiology (ESC) recommend appropriate lifestyles changes for the
prevention and treatment of HTN, alongside the use of drug therapy in individuals at a high risk.® One
benefit of losing body mass is the concomitant reduction in blood pressure (BP),>3*78 especially in
individuals taking antihypertensive medication.”” Although individual BP responses to a reduced body
mass are variable depending on “fat-sensitive” or “fat-resistant” BP,*>* it has been demonstrated that
combining exercise and diet may be the most effective treatment for reducing body mass.
Consequently, the combination appears to be a logical step in facilitating a substantial improvement in

cardiometabolic health, including HTN.>78

During the last two decades, several studies have shown the effectiveness of adherence to the
Dietary Approaches to Stop Hypertension (DASH) dietary pattern.>!4%%4 |n 3 population with HTN, the
combination of DASH diet with aerobic exercise has resulted in a greater reduction in BP and improved
cardiovascular biomarkers than DASH diet alone.'*? Exercise guidelines recommend that both
moderate-intensity and high-intensity aerobic training should be used to treat and reduce HTN.?
However, there is currently no agreement with respect to the optimal Frequency, Intensity, Time, and
Type (FITT principle) of exercise prescription.** Previously, aerobic high-intensity interval training (HIIT)
produced a significant improvement in BP and cardiorespiratory fitness (CRF) compared to moderate-
intensity continuous training (MICT).118207.208 pAdditionally, a dose-response curve for physical activity
volume and intensity has previously been reported, this is especially important for sedentary individuals
and those with a moderate level of physical condition,?*® suggesting that “some is good but more is
better.” There is also evidence to support the use of low-volume HIIT (LV-HIT) (i.e., €10 min of high-
intensity effort) vs. high-volume (HV) as a potent and time-efficient training method suggesting “less is

more” 128

Currently, no research has determined the effects of different exercise intensities and volumes
combined with a hypocaloric diet intervention in overweight/obese, sedentary adults diagnosed with

HTN. Therefore, the aim of this study was to determine changes in BP, body composition, CRF and
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pharmacological treatment following three different (HV-MICT, HV-HIIT, LV-HIIT) 16-week aerobic

exercise programs performed twice a week, all combined with hypocaloric diet.
6.3. Methods
Study design

EXERDIET-HTA study is a multi-arm parallel, randomized, single-blind controlled experimental
trial comparing the effects of different 16-weeks aerobic exercise programs (performed two days per
week) combined with a dietary intervention in sedentary, overweight/obese individuals suffering 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 of Araba University Hospital (2015-030), and all participants provided written informed
consent before any data collection. Medical staff were blinded to the participant randomization process.
The design, selection criteria, and procedures for the EXERDIET-HTA study have been previously

detailed.'®®
Participants

One hundred and seventy-five non-Hispanic white participants (n=120 men and n=55 women)
were enrolled in the study from September 2013 to June 2016 in Vitoria-Gasteiz (Basque Country,
Spain). Figure 8 presents a flow diagram of the study process. All participants were classified as
overweight (body mass index, BMI>25 kg-m) or obese (BMI>30 kg-m2)** and diagnosed with stage 1 or
2 HTN, defined as a systolic blood pressure (SBP) of 140-179 mmHg and/or a diastolic blood pressure
(DBP) of 90-109 mmHg and/or under antihypertensive pharmacological treatment®. Physical activity
behavior was determined by the International Physical Activity Questionnaire (IPAQ), and only
participants who did not comply with the "Global Recommendations on Physical Activity for Health***

by the World Health Organization were selected.
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Measurements
The measurements for the study were taken pre (TO) and post (T1) each 16-week intervention period.

Blood Pressure. Ambulatory BP monitoring (ABPM) was conducted over a 24-hour period using
an oscillometric ABPM 6100 (Welch Allyn, New York City, NY, USA) device to evaluate BP in line with the
guidelines set by the ESH/ESC.° Blood pressure (ABPM) values are displayed as the mean of the day.

Cardiorespiratory fitness. A cardiopulmonary exercise test (CPET) was used to determine peak
oxygen uptake (VOapeak) and ventilatory thresholds (VT). The CPET was performed on an electronically
braked Lode Excalibur Sport Cycle Ergometer (Groningen, The Netherlands). The test protocol started
at ~70 rpm and 40W, with gradual increments of 10W every minute applied until volitional exhaustion
occurred. Continuous electrocardiogram monitoring was conducted throughout each test. Expired gas
analysis was assessed using a commercially available metabolic cart (Ergo CardMedi-soft S.S, Belgium
Ref. USMO001 V1.0). Achievement of VO criteria has been previously defined.®* Ventilatory
thresholds (i.e., VT1 and VT2) were assessed by standardized methods using the ventilatory
equivalents.%* After completion of the test, participants remained stationary on the bike for five minutes
recovery with electrocardiogram and BP monitoring throughout. The identification of the two VT
determined the three different exercise intensity domains, or ranges for the exercise intervention

design (i.e., R1, light to moderate; R2, moderate to high; R3, high to severe).*

Dietary assessment. Habitual food consumption and nutrient intake were evaluated using three
questionnaires: a dietary history, food frequency questionnaire and two face-to-face non-consecutive
24-h recalls. Trained dieticians conducted the necessary correction for within-subject variability in
nutrient intake.® All nutritional data were calibrated in the Easy Diet computer program. Resting
energy expenditure was calculated by the Mifflin St Jeor equation, which has previously been deemed

the most appropriate for individuals who are overweight or obese.

Medication. Prescribed medications were recorded and classified into the groups: angiotensin-
converting-enzyme inhibitors (ACEl), angiotensin Il receptor blockers (ARB), diuretics, calcium channel
blockers (CCB,) beta-blockers (BB), statins, hypoglycemic agents, antiplatelets, and anticoagulants.

Medical staff controlled all necessary changes to medication pre, during and post-intervention.
Intervention

All participants underwent a hypocaloric diet. Following baseline data collection, participants were

randomly allocated to one of the four intervention groups: the Attention Control (AC) group, or the

141



Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

three supervised exercise groups (HV-MICT, HV-HIIT, or LV-HIIT). Each group was stratified by gender,
SBP, BMI, and age. All participants were asked to continue with their normal physical activity patterns
outside of the study protocol. However, in addition to treatment for the hypocaloric diet, the AC
received the standard guidelines for physical activity recommendations in order to comply with ethical

procedures regarding health.’

Intervention procedures. All exercise groups trained for 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 heart rate (HR) responses (Polar Electro, Kempele, Finland)
and rate of perceived exertion (Borg’s 6-20 point). 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., one
day of the week on the treadmill, and the second one on the bike (BH Fitness equipment™). The HV-
MICT group performed 45 min aerobic exercise, whereas the HV-HIIT and LV-HIIT conducted 45 and 20
min, respectively. The intensity was individually tailored to each participant’s HR at moderate (R2) or
vigorous intensities (R3), adjusting the speed and/or incline of the treadmill or the power and speed on
the exercise-bike. The rationale of mixing stationary exercise-bike and treadmill was to avoid the
osteoarticular impact of two treadmill days taking into account the nature of the HIIT program and the
impact derived from overweight/obese participants. The HV-MICT group performed 45 min continuous

steady training at R2. Supervised exercise-training protocols have been previously explained in full.}#

Considering the average VOpeak at baseline for all participants (2.01+0.5 L-min’!), the total work
performed by the three exercise groups was calculated using the VO,-time relationship. As such, the
moderate intensity at R2 was taken as 65% of VOypeak (1.3 L'min) and the high intensity at R3 as 90% of
VOypeak (1.8 L:‘mint). Thus, the HV-MICT performed 45 min at R2 twice per week representing ~117 L.
The HV-HIIT performed 45 min twice per week, one day on the treadmill (4x4 min at 1.8 L-min™* at R3
and 29 min at 1.3 L'min’* at R2, representing ~66.5 L), and one day on the exercise-bike (18x30 s at R3
and 36 min at R2 representing ~63 L-min! resulting a total work of ~129.5 L). The LV-HIIT group
performed 20 min twice per week, exercising one day on the treadmill (2x4 min at R3 and 12 min at R2
representing ~30 L) and one day on the exercise-bike (9x30 s at R3 and 15:30 min at R2 representing
~28 L resulting a total work of ~58 L). A criterion for completing the study was set at 100%. Thus, all
participants in the supervised-exercise groups performed 32 sessions; if a session was missed (a
maximum of four were allowed), these were added on to the end of the 16-week program, maintaining

the two sessions per week.

Diet intervention. Hypocaloric and controlled sodium diet (3-6 g/d) was prescribed for each

participant. The diet was designed to provide 25% less energy than their daily energy expenditure and
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to achieve a weekly loss in body mass of 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.’>® The diet contained ~30% fat, 15% protein, and 55% carbohydrates and was designed in
accordance with the DASH diet.}*® Every two weeks participants were weighed and received

encouragement and advice alongside nutritional counseling in order to aid compliance.
Statistical analysis

Descriptive statistics were calculated for all variables. Data are expressed as meantstandard
deviations (SD) and the range. All variables that were not normally distributed using a Kolmogorov-
Smirnov test and so they were log transformed prior to any analysis. Analysis of variance (ANOVA) was
used to determine if there were significant pre-intervention between-group differences. The
comparison of frequencies in categorical variables among groups was performed using Chi-Square test.
A 2 sample t-test was used to determine whether there was a significant difference in the recorded data
between pre and post intervention within each group. Analysis of covariance (ANCOVA) was used to
examine the delta (A) score for each group (AC, HV-MICT, HV-HIT, LV-HIIT), adjusting for age, sex,
changes in body mass and the initial value of each of the dependent variables. Helmert contrasts were
performed to analyse the difference between the three exercise groups pooled together and AC group.
Bonferroni correction was used to determine the level of significance when a significant main effect was
found. Data were analysed according to the intention-to-treat principle. Statistical significance was set
at P<0.05. All statistical analyses were performed with the SPSS version 22.0. Power calculation was
completed using G*Power 3 analysis program.?'® 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.

6.4. Results

Baseline characteristics. Participants and medications were classified by groups and presented
in Table 27. Baseline data for all participants have been previously published.?!! At baseline, 86.9% of
participants were taking medication irrespective of group. The percentage of participants who took one,
two, three or >four medications were 40%, 26.3%, 13.1%, and 7.4%, respectively. With respect to
medication type, 32.3% of participants took ACEI, 41.1% ARB, 34.3% diuretics, 15.4% CCB, 9.8% BB,
13.7% statins, 6.3% hypoglucemic, 4.6% antiplatelets, and 1.1% anticoagulants. There were no

significant between-group differences observed for anthropometric, body composition, hemodynamic,
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cardiorespiratory and pharmacological treatment at baseline. No major complications or cardiac events

occurred during any part of the study.

Table 27. Physical, physiological and pharmacological therapy characteristics at baseline for each group
of participants (N=175). Values are mean+SD, percent (%) or number.

AC HV-MICT HV-HIIT LV-HIT P
(N=45) (N=42) (N=44) (N=44)

Sex (men/women) 30/15 28/14 32/12 30/14 0.9
Age (yrs) 53.1+8.3  54.7t7.6  53.5#9.1 54.7+88 0.7
Body mass (kg) 91.2+15.9 93.4+16.4 90.3+x15.6 91.6x14.6 0.8
BMI (kg m?) 31.9t4.6 32.2t4.4 31.2+3.6 32.0t4.6 0.7
Waist (cm) 103.1+11.6 105.5+12.6 102.0+11.0 103.5+104 0.6
Hip (cm) 107.5+9.7 108.819.4 106.2+7.6  108.9+10.7 0.5
Waist/hip ratio 0.96+0.7 0.97+0.1 0.96+0.8 0.96+0.1 0.8
FFM (%) 66.218.1 64.618.6 67.716.3 67.0£8.1 0.3
FBM (%) 33.718.1 35.418.6 32.316.4 32.918.1 0.3
FFM/FBM 2.14+0.8 1.98+0.7 2.210.6 2.18 £0.7 0.5
Rest SBP (mmHg) 139+13 133112 13310 135+13 0.06
Rest DBP (mmHg) 7948 7618 79+7 779 0.1
Rest HR (beats:min™) 69+10 7419 70+11 69110 0.08
Rest MBP (mmHg) 9919 9418 9747 97+10 0.1
VO2zpeak (L min) 2.04+0.59  2.01+0.55  2.0%0.5 2.01+0.5 0.9
VO2peak (ML kg* min) 22.5¢6.0  21.6%5.2  22.4+#4.8  22.0#56 0.9
VT1 (mL kg min?) 13.1+5.8 12.2+3.9 12.7t4.6 12.7t4.4 0.8
VT2 (mL kg min) 17.1+6.6 17.7£5.6 17.916.5 17.816.4 0.9
MET 6.4 1.7 6.13t1.4 6.4+1.4 6.3t1.6 0.8
Medication (%) 84 93 82 89 0.6
ACEI (%) 37.8 45.3 40.9 29.5 0.5
ARB (%) 46.7 40.5 27.3 50.0 0.1
Diuretics (%) 33.3 38.1 34.1 31.8 0.9
CCB (%) 8.9 21.4 13.7 18.2 0.4
BB (%) 133 11.9 9.1 4.5 0.5
Statins (%) 11.1 16.7 16.0 114 0.8
Hypoglycemic (%) 6.7 2.4 23 13.6 0.09
Antiplatelets+anticoagulants 4.4 9.5 2.3 2.3 0.3
(%)

Cigarette smoking (%) 2.2 9.8 20.9 9.3 0.08
DM (%) 4.4 4.9 7.0 11.6 0.5

BMI, body mass index; FFM, fat free mass; FBM, fat body mass; SBP, systolic blood pressure; DBP diastolic
blood pressure; HR, heart rate; MBP, mean blood pressure; VOzpeak, peak oxygen uptake; VT, ventilatory
threshold; MET, metabolic equivalent of task; ACEI, angiotensin-converting-enzyme inhibitors; ARB,
angiotensin Il receptor blockers; CCB, calcium channel blockers; BB, beta blockers; DM, diabetes mellitus.
BP values show the mean BP calculated by 24 hours ambulatory blood pressure monitoring. P<0.05. AC,
attention control group; HV-MICT, high-volume and moderate-intensity continuous training group; HV-
HIIT, high-volume high-intensity training group; LV-HIIT, low-volume high-intensity training group.

Physiological changes (Table 28). Following the 16-week intervention, resting SBP, DBP, mean
BP and HR decreased (P<0.05). Further, in all groups, CRF expressed as VOzpeak (L min™) (AC, A=10%;
P<0.05; HV-MICT, A=15%; HV-HIIT, A=25%; and LV-HIIT, A=25%; P<0.001), VOspeax (ML kg min) and
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METs (P<0.001) increased. All groups increased at least one MET (Table 28 and Figure 9). However, at
VT1 and VT2 (mL kg'* min') improvements were observed in HV-HIIT for VT1 (P=0.003) and both HIIT
exercise groups for VT2 (HV-HIIT, P<0.001 and LV-HIIT, P=0.016). In contrast, no significant changes were
seen in the AC and HV-MICT groups for either VT1 or VT2. Following Bonferroni correction, there were
no significant between group differences in any hemodynamic variables (i.e., BP and HR) (Table 28).
However, AC showed a smaller but significant improvement in VOjpeak (P<0.001) compared with all
exercise groups (HV-MICT, mean difference=0.606, 95% Cl=-2.193-3.405 mL kg* min't; HV-HIIT, mean
difference=3.215, 95% CI=0.418-6.012 mL kg* min'}; and LV-HIIT, mean difference=2.846, 95% C|=0.082-
5.610 mL kg* min) and MET (P<0.001). Furthermore, both HIIT groups, showed a greater (P=0.008)
VOypeak and MET (P=0.018) than HV-MICT. In contrast, there were no significant between group

differences in any VT variables.

Anthropometric and body composition (Table 28). Following 16-weeks intervention body mass,
BMI, waist and hip circumferences, waist-to-hip ratio (WHR), and fat body mass (FBM) decreased
(P<0.05) in all groups. In addition, fat-free mass (FFM) and FFM/FBM ratio increased (P<0.05). Following
Bonferroni correction, there were significant between-group differences in anthropometric and body
composition. The AC had a smaller body mass reduction (TO vs. T1 difference%, A=-6.6%; P=0.029) and
change in BMI (A=6.7%; P=0.030) compared to those in all exercise groups: HV-MICT (A=-8.3%), HV-HIIT
(A=-9.7%) and LV-HIIT (A=-6.9%). Further, HV-HIT had a greater reduction in body mass (P=0.011, mean
difference=2.436, 95% Cl=-4.972-0.099 kg) and BMI (P=0.015, mean difference=0.805, 95% Cl=-0.066-
1.675 kg:m2) compared with LV-HIIT. However, there were no significant between-group differences
observed for WHR. With respect to body composition, there were no significant differences in %FFM
between AC and all exercise groups (A=4.0%; P=0.062): HV-MICT (A=6.2%), HV-HIIT (A=6.8%) and LV-
HIIT (A=4.6%). However, the %FFM gain in the HV-HIT was greater than the AC (P=0.039) group.
Similarly, there were no significant differences in %FBM when exercise groups were compared together
with AC (A=-8.1%; P=0.062): HV-MICT (A=-11.3%), HV-HIIT (A=-14.1%) and LV-HIIT (A=-9.6%). However,
HV-HIIT resulted in a greater reduction of %FBM than the AC group (P=0.038).
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Table 28. Physiological data and body composition for all groups before and after intervention period. Mean+SD

AC HV-MICT HV-HIIT LV-HIIT P P E 9%Varian
(N=40) (N=40) (N=42) (N=41)  ACvs. Intergro ?
value ce
EG ups
Rest SBP (mmHg)
T0 140.0+£13. 132.7+12. 131.7%10. 135.6+13.
2 7 4 2
T1 133.0+£15. 125.4+8.9 127.1+9.7 127.1#10. 0.897 0.418 1.611 1.9
3* * * 5*
Rest DBP (mmHg)
T0 79.917.2 75.418.0 79.0£6.9 78.218.2
T1 75.1+9.1* 72.046.7* 74.1+6.2%* 73.9+7.4% 0.544 0.762 0.050 0.8
Rest HR
(beats-min‘?)
TO 68.9+9.9 73.619.2 70.5£11.0 69.2+10.5
T1 65.2+9.2* 68.1+8.1* 63.7+8.8* 64.4+10.0 0.747 0.485
. 0.819 1.7
Rest MBP (mmHg)
T0 99.9+8.4 94.518.5 96.617.2 97.319.1
Tl 4.4+10.4 .8+6.2%* 1.8.4+6. 1.6+7.6* .694 .
9 £ 0 89.816 9 8* 6.9 91.617.6 0.69 0.808 0.567 0.7
VOZpeak (L min'l)
TO 2.0+£0.6 2.0£0.6 2.0+£0.4 2.0+0.5
T1 2.2+0.7* 2.310.7**  2.5+0.7%¢  2.54+0.6** 0.001 0.001 5.329 9.8
VOZpeak (mL kg'l
min)
T0 22.616.1 21.615.2 22.4+4.9 22.315.2
Tl 26.3+8.3*  26.7+7.4* .6+8.5*%%  29,1+6.7*X . .
6.318.3 6 : 306385 9 56 0.009 0.003 4.828 36
MET
TO 6.4+1.7 6.1+£1.5 6.4+1.4 6.4+1.5
T1 7.5+2.4%  7.6£2.1*  8.7+2.4*° 83+1.9%°  0.011 0.007  4.209 7.6
VT1 (mL kg min-
Y)
TO 13.1+5.8 12.2+3.9 12.7+4.6 12.7+4.4
T1 13.317.2 12.945.8 15.746.8* 14.2+7.0 0.754 0.238 1.4 2.7
VT2 (mL kg min-
Y)
TO 17.1+6.6 17.715.6 17.946.5 17.816.4
T1 19.5+10.2 19.718.6 24.5+9.6* 21.6+10.3 0.843 0.057 2.6 4.7

*
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Table 28. Continued
Body mass (kg)
TO 89.5t14.8  94.0t16.6 90.5+15.7 91.2+14.6
+ * + + +
T1 83.6x14.9 86.2*_x15.8 81.7;)(14.0 84.9*_X¢13.6 0.029 0.010 3.909 6.9
BMI (kg m™2)
T0 31.2+3.9 32.414.4 31.213.6 31.614.3
T1 29.1+4.1%* 29.7+4.1* 28.2+3.4*¢ 29.4+4.1**  0.030 0.012
X + 3.846 6.7
Waist (cm)
T0 102.2+11.3 105.1+11. 102.1+11. 102.8+10.
7 1 0
+ * + + +8.7*
T1 96.2+11.3 97.6;10.5 93.8;11.4 96.218.7 0.146 0.279 1.480 24
Hip (cm)
T0 107.0+8.8 108.8+9.1 106.2+7.7 107.318.2
Tl 103.448.9* 103.949.1 102.6%7.2 103.417.2 4 51
03.4+8.9 0329 0 S 03* 0.456 0.510 0.440 15
Waist/hip ratio
T0 0.96+0.08 0.97+0.09 0.96+0.08 0.96+0.09
Tl 0.93+0.08* 0.94+0.08 0.91+0.08 0.93+0.07 0.461 0.188
. . N 1388 3.1
FFM (%)
T0 66.8+7.9 64.618.6 67.5t6.4 67.7t7.0
T1 69.5+8.2* 68.618.4*% 72.1+7.0** 70.8%8.1%* 0.062 0.035 2.935 5.3
FBM (%)
T0 33.2¢7.9 35.418.6 32.5t6.4 32.3t7.7
Tl 30.5+8.2* 31.448.3* 27.9+7.0** 29.248.1* 0.062 0.034 2.959 54
FFM/FBM
T0 2.1+0.8 2.0£0.7 2.210.6 2.2+0.7
T1 2.5+1.0* 2.4+0.9* 2.8+0.9* 2.6+1.0* 0.061 0.067 2.439 4.5

SBP, systolic blood pressure; DBP, diastolic blood pressure, HR, heart rate; MBP, mean blood pressure; VOzpeak, peak
oxygen uptake; MET, metabolic equivalent; VT, ventilatory threshold; BMI, body mass index; FFM, fat free mass;
FBM, fat body mass; AC, attention control group; HV-MICT, high-volume and moderate-intensity continuous
training group; HV-HIIT, high-volume and high-intensity training group; LV-HIIT, low-volume and high-intensity
training group; EG, exercise groups. BP values show the mean BP calculated by 24 hours ambulatory blood pressure
monitoring. *P-value<0.05 from TO. *P-value<0.05 from the AC. *P-value<0.05 from the HV-MICT. *P-value<0.05
from the HV-HIIT.
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Figure 9. Peak Metabolic Equivalent of Task (MET) differences after the 16-week intervention period
for each group.

The horizontal line indicates a minimal of 1 MET increase.* P-value<0.05 from the AC. ® P-value<0.05
from the HV-MICT

Pharmacological therapy. Following the 16-week intervention, medication was reduced from
86.9% to 79.3%. Further, 37.7% of participants, which still took medication, had their dose reduced. The
percentage of participants who took one, two, three or more than four medications was also reduced
to 35.4%, 29.9%, 8.5%, and 5.4%, respectively. Specifically, 32.3% of participants took ACEI, 39 % ARB,
30.5% diuretics, 15.2% CCB, 6.1% BB, 11.0% statins, 6.7% hypoglucemic, 3.7% antiplatelets, and 1.2%
anticoagulants. Chi-square test revealed that there were no significant between-group differences in

medication reduction.

6.5. Discussion

To our knowledge, this is the first known study to investigate the impact of exercise
programmes, which use different intensities and volumes in conjunction with a dietary intervention in
overweight/obese, sedentary adults diagnosed with HTN. The main findings of the study were: 1) all
groups significantly improved BP, CRF, body composition following 16-weeks intervention; 2) a
substantial decrease of pharmacological treatment was observed; 3) hypocaloric diet and two days of
supervised exercise showed improved body mass and CRF compared to a diet only intervention (AC

group), but no significant between-group differences were observed in BP; 4) the HV-HIIT exercise
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elicited a greater improvement in body mass and body composition than the LV-HIIT exercise, and 5)

the exercise-induced improvement in CRF is more dependent on intensity than volume.

In this study, a 16-week lifestyle intervention significantly improved cardiovascular risk factors
(i.e., BP, CRF, and adiposity) in all groups and pharmacological therapy was largely reduced or removed
completely. Hence, the hypocaloric DASH diet along with both supervised aerobic exercise and no
supervised physical activity recommendations could offer an optimal non-pharmacological tool in the
management of HTN. As such, this could result in a cost-effective model for cardiovascular disease
prevention!* and healthcare cost reduction. These results corroborate those of previous investigations
that suggested overweight/obese people with above-normal BP could improve BP, and body mass,
vascular and autonomic function when they combine exercise and DASH diet with calorie
restriction.'*>1’° Further, we provide evidence that the combined effects of physical activity and
hypocaloric diet enhance BP and reduce the need for pharmacological therapy.?? To this end, contrary
to our hypothesis, all supervised exercise groups had a reduced BP similar to the AC group post-
intervention (7-9 mmHg in SBP and 3-5 mmHg in DBP). As such, the potential of the DASH diet to elicit
significant improvements in SBP and DBP in individuals with HTN who are overweight/obese is
confirmed!*, and it appears to be independent of the FITT principle. However, the lack of between-
group differences in BP in the current study could in part be explained by 1) the role physical activity
plays in augmenting baroreflex dysfunction, which may result in a reduced sympathetic outflow with a
lowered BP and HR response,?'3?1* 2) the different exercise interventions appear to be medication

207 - and 3) two

dependent with similar BP reduction following all exercise intensities (i.e., MICT or HIIT)
days of supervised exercise may not be enough to differentiate between exercise modalities over the
16-week period. Previously, it has been reported that there is a greater antihypertensive effect seen in
response to high-intensity exercise when compared to lower exercise intensities.?’” Previous research
found that HIIT three times a week elicited greater significant reductions in BP than MICT and a control
group following a 12-week intervention.!® However, it should be noted that participants using the

antihypertensive drug in the mentioned study performed a wash-out before inclusion and so a greater

effect may have been seen.

To achieve a negative energy balance is to challenge and target specific pathways in order to
produce beneficial changes in the pathogenesis of obesity-related HTN.”® In the present study, despite

2155 3 dual treatment of

the antihypertensive medication and the metabolic potential side effects,
hypocaloric diet combined with supervised exercise twice a week was the optimal way to reduce body
mass compared to AC. More specifically, HV-HIT significantly enhanced body mass reduction (kg,

4.9.7%), and fat distribution the most (%FFM="1"6.8 and %FBM=1,14.1). Given that, HV-MICT and LV-
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HIIT exercise programs were performed with the same frequency but a reduced intensity and volume,
respectively, the improvements seen in HV-HIIT compared to the other two exercise programs were
likely caused by enhanced energy expenditure. These data suggest that sedentary people with
overweight/obesity and HTN can adapt and respond to exercise training during an energy deficit
program with a dose-response curve related to volume and intensity. Furthermore, it has been shown
that high levels of moderate-to-vigorous-intensity physical activity are associated with long-term body
mass loss maintenance,?’®> despite the probable adaptive metabolic response caused by the
compensatory down-regulation in resting energy expenditure following exercise-induced body mass

loss.2%®

Cardiorespiratory fitness is an independent predictor of all-cause and disease-specific mortality
in various populations irrespective of BMI.?Y” Thereby; the fat-but-fit paradigm has been gven much
attention with respect to reducing the risk of illness and death.?”-?8 Thus, in the present study (Table
27), while all participants were overweight/obese and considered unfit at baseline with CRF classified
as poor (<24.4 mL kg mintin men and <19 mL kg min?in women),*®%2!! following the 16-week
intervention CRF was improved and classified as “fair-good”.'®® Further, all groups improved by at least
1 MET (Figure 9) during the course of the intervention. As such, although participants were still classified
as overweight their CRF increased by 16-36%, which is associated with a considerable improvement in
cardiovascular risk and reduced all-cause mortality.?’® In addition, the magnitude of change in CRF
improvement was significantly different between exercise groups. Specifically, both HIIT programmes
elicited significantly greater improvements in CRF than the HV-MICT and AC (Table 28 and Figure 9)
groups. Additionally, HIIT groups showed significant improvements in submaximal variables such as VT
(Table 28). These enhanced improvements in CRF may be due to stress adaptations, which have been
previously shown to cause notable cellular, vascular and metabolic adaptations during HIIT.??° One
remarkable finding of the present study was that HIIT improved CRF irrespective of the training volume
(LV vs. HV). Our findings reinforce previous studies, which suggest LV-HIIT is a time-efficient and
effective protocol in clinical populations answering the question “Can less be more? 222222 As such, it
may be that LV-HIIT is more appealing for individuals who do not have enough time to train for long
periods, or for those who have medical conditions which prevent them from performing exercise for
prolonged periods of time.2%®22° However, taking into account the urgent need of increasing caloric
expenditure and CRF in this population, LV-HIIT could be an option to tailor supervised exercise along

with daily recommendations of lower intensities physical activities.'*®

Although the current study has provided clear evidence for the benefits of combining a

hypocaloric DASH diet with exercise, there are some limitations which should be considered: 1) though
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every effort was made to manage unsupervised time, physical activity performed by participants in AC
could not be controlled, and 2) it is difficult to regulate and monitor the adherence of participants to

the diet.
6.6. Conclusions

In summary, the present study has shown that the combination of hypocaloric DASH diet with
different supervised aerobic exercise programs twice a week offers an optimal non-pharmacological
tool in the management of risk factors in sedentary individuals with overweight/obesity and HTN.
Benefits include an enhanced control of BP, body mass composition, CRF and pharmacological
treatment. A dose-response curve related to volume and intensity in the form of 2-weekly bouts of HV-
HIIT provided significantly greater reductions in body mass compared to LV. However, the key to
enhancing CRF in this population appears to be linked with exercise intensity irrespective of duration.

As such, LV-HIIT may be a time-efficient and effective method of improving health.
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7.1. Abstract

Aims To evaluate the influence of diet and aerobic exercise program intervention on
cardiovascular risk (CVR) factors and predicted CVR and vascular age (VA) profiles in overweight/obese
people with primary hypertension (HTN), and to analyze the potential sex differences in the ability to

predict VA and CVR via different methods.

Methods The CVR and VA determined (n=167, 53.7+7.8 yr) using the Framingham Risk Score
(FRS) and the new equation for the prediction of 10-year atherosclerotic cardiovascular disease (ASCVD)
risk, before and after the 16-week intervention period (different aerobic exercise programs+hypocaloric
diet). The sex-specific risk factors considered were age, high-density lipoprotein cholesterol (HDL-C),

total cholesterol, systolic blood pressure (SBP), diabetes mellitus (DM) and smoking status.

Results From baseline to follow-up, participants reduced (p<0.001) FRS-CVR score and VA, and
SBP. Total cholesterol decreased significantly, but specifically in men (p<0.001), and antihypertensive
medication (%) in women (p=0.047). No significant differences over time were observed for HDL-C,
smoking, DM overall for either sex. For ASCVD-CVR there was no overall change or for either sex. After
the intervention, women had a lower CVR score than men (p<0.001), irrespective of the calculation

method.

Conclusions The improvement in CVR factors after 16-week lifestyle changes reduced the risk
of suffering a cardiovascular event in overweight/obese adults with HTN through the FRS estimation
tool, but not with the ASCVD score. The risk score algorithms could underestimate CVR in women. In

contrast, VA could be a useful and easier tool in the management of individuals with CVR factors.

Keywords: Lifestyle intervention; sex; systolic blood pressure
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7.2. Introduction

Cardiovascular disease (CVD) is a non-communicable disease, which represents the main cause
of disability and death in the world, including Europe.>?? Globally, between 2006 and 2016 deaths from
CVD increased by 14.5%, although the age-standardized death rate decreased.® These data suggest that
this condition needs to receive greater priority in prevention policy to reduce avoidable risk factors.>8®
Prevention is effective, and so, healthy lifestyle behavior promotion in the general population should
directly target unhealthy lifestyles, such as poor-quality diet, physical inactivity, and smoking, at the
individual level.> Cardiovascular risk (CVR) factors assessment is the first step guiding therapeutic
strategy for the prevention of CVD,® and strategy effectiveness depends on each patient’s CVR profile

and predictive risk.??*

There are several risk factor assessment tools for estimating a patient’s 10-year risk of
developing CVD.>?** However, the most well-established risk score algorithm is the Framingham Risk
Score (FRS), which was initially validated in 1998 to predict CVR*>%%® and subsequently revised.*
Recently, the American College of Cardiology and the American Heart Association developed a new
equation for the prediction of 10-year atherosclerotic cardiovascular disease (ASCVD) risk, the called
“Pooled Cohort Risk Equations”.>*° This new tool was aimed at providing sex- and race-specific
estimation of the 10-year risk of ASCVD for African-American and non-Hispanic white men and women
aged 40 to 70 years old.>*° On the other hand, vascular age (VA, i.e., the age of the vascular system of a
person with different CVR factors, calculated as the age a person would be with the same calculated
CVR but whose risk factors were all within normal ranges??’) is an easily understood concept related to

CVR and calculated according to the definition of D’Agostino from FRS.*

The common prediction factors for CVR models that have a relationship with cardiovascular
events and premature death are age, sex, total cholesterol, high-density lipoprotein cholesterol (HDL-
C), systolic blood pressure (SBP, including treated or untreated status), diabetes mellitus (DM), and

current smoking status.?

Many observational studies have demonstrated graded associations between primary
hypertension (HTN) and increased CVD risk??® Additionally, adults with HTN usually present other
modifiable CVR factors such as obesity, hypercholesterolemia, DM, smoking, physical inactivity, and
unhealthy diet.??® Therefore, correcting the dietary habits, lack of exercise and excessive consumption
of alcohol through nonpharmacological interventions alone or in combination with pharmacological

therapy is fundamental for the management of HTN.??
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A previous study evaluating CVR using the “Pooled Cohort Equations” (sex-specific risk
prediction model) and VA in overweight/obese people with HTN found that CVR was significantly higher
in men than in women despite them having the same CVR values, whereas no differences were found
between sexes in VA.2° As such, women could have an underestimated CVR profile based on the
misperception that women are “protected” against CVD.2%® Hence, one of the biggest criticisms of the
prediction scales of CVR accuracy is their capacity to overestimate or underestimate the risk.>> Currently,
there is no known research that measures the effects of an aerobic exercise program with nutritional
intervention on CVR and VA in sedentary and overweight/obese adults with HTN. Considering the
importance of CVR assessment, the objectives of this study were: 1) to evaluate the influence of 16-
week diet and different aerobic exercise programs intervention on CVR factors and predicted CVR and
VA profiles in sedentary and overweight/obese people with HTN, and 2) to analyse the potential sex

differences in the ability to predict VA and CVR via different methods resulting from changes in lifestyle.
7.3.  Methods

The EXERDIET-HTA study was a multi-arm parallel, a randomized, single-blind controlled
experimental trial comparing the effects of 16 weeks of different aerobic exercise programs two days
per week, and dietary intervention in a hypertensive, overweight/obese and non-physically active

population (www.clinicaltrials.gov, NCT02283047).14*%! The design, selection criteria, and procedures

for the EXERDIET-HTA study have been previously detailed.!*® The study protocol was approved by 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), and all participants
provided written informed consent prior to any data collection. All follow-up examinations were
performed in the same laboratory setting and by the same researchers as the baseline measurements.

Medical staff was blinded to participant randomization.

One hundred and sixty-seven non-Hispanic white participants (=108 men and n=59 women) with
stage 1 or 2 HTN [>140 SBP and >90 diastolic blood pressure (DBP)] and/or under antihypertensive
pharmacological treatment,® and classified as overweight (body mass index (BMI) 225 kg/m? or obese
(BMI >30 kg/m?).3* Participants were recruited from cardiology services and via local media and were

enrolled in the study in Vitoria-Gasteiz (Basque Country, Spain).

The measurements for CVR factors used in the present study to determine the CVR and VA of
participants were taken before (T0) and after (T1) the 16-week intervention period and were defined as

follows:
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Ambulatory blood pressure monitoring was conducted over a 24 hour period using an
oscillometric ABPM 6100 recorder (Welch Allyn, New York, USA) to evaluate SBP (as used to determine
CVR).® The device was used in line with the recommendations set by the European Society of
Hypertension and the European Society of Cardiology guidelines. As such, BP was measured at 30-
minute intervals during awake-time and at 60-minute intervals during the sleep period. Data were only

used if at least 75% of the awake-time and sleep periods were successfully recorded.’

Fasting venous blood (12.5mL) was collected from each participant following an overnight fast.
Diabetes mellitus was defined as fasting glucose of >126 mg/dL'®® and/or under pharmacological
glycemic control treatment. Additionally, measurements of glucose and lipid profile (total-, and HDL-C)
were assayed (ABBOTT, Architect c16000, Orlando, FL, USA). The intra- and inter-assay coefficients of
variation were: for glucose 0.65% and 0.84%; for total cholesterol 0.6% and 0.8%; and for HDL-C 1.7%

and 1.1%, respectively.

Age and cigarette smoking status were assessed by self-report. All medicines being taken were

ascertained from the participant’s physician.

Cardiovascular risk and vascular age parameters’ assessment have been previously analyzed in
the sample at baseline, and the same procedures were applied for the follow-up study.?® Briefly, the
Framingham Heart Study assesses the absolute risk to the individual with a percentage score (i.e., 10%
means that there is a 10% chance of having a cardiovascular event within the next 10 years, <6%=low
risk; 6-20%=medium risk, and >20%=high risk).* The Pooled Cohort Risk Equations to estimate the 10-
year risk was described as a series of steps.? The Framingham method was used to determine the VA of
all participants,* which indicates the biological age of the individual’s vascular system, as the age a
person would be with the same calculated CVR, but whose risk factors were all within normal ranges.
The sex-specific risk factors considered were age, HDL-C, total cholesterol, SBP, DM, and smoking status.
Each variable received a weighted score; the sum of the score for each variable was then translated into

the risk of a CV event in 10 years and VA.*

After baseline data collection, participants were randomly allocated to one of the four
intervention groups stratified by sex, SBP, BMI and age using a time-blocked computerized
randomization program by the principal investigator and blind to medical staff. Detailed descriptions of
the exercise and diet intervention procedures have been already reported.'>?31 Briefly, the intervention
groups were: 1) Attention Control group with physical activity recommendations (i.e., at least 30 min of
moderate-intensity aerobic exercise 5-7 days per week and some dynamic resistance exercises); and

three supervised aerobic exercise groups training two nonconsecutive days under supervision by
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exercise specialists, 2) high-volume moderate-intensity continuous training group, 45 min at moderate
intensity; 3) high-volume high-intensity interval training group, 45 min alternating with different
protocols moderate-to-high intensity; and 4) low-volume high-intensity interval training group, 20 min
alternating with different protocols moderate-to-high intensity. All participants received treatment with
a hypocaloric “Dietary Approaches to Stop Hypertension” (DASH) diet. The diet was designed to provide
25% less energy than their daily energy expenditure and to achieve a weekly loss of body mass between
0.5 and 1.0 kg. Approximately 30% of their energy intake came from fat, 15% from protein, and 55%
from carbohydrates and was designed in accordance with the DASH diet.* This diet is rich in plant foods
(i.e., a rich source of polyphenols) due to its favourable effect of BP.?32 Every two weeks, participants
were weighed and received encouragement and advice alongside nutritional counseling to aid

adherence.

Descriptive statistics were calculated for all variables. Data are expressed as meanststandard
deviations (SD) and the range. ANOVA was used to determine if there were significant pre-intervention
differences between sexes for the variables: age, BMI, SBP, total cholesterol, HDL-C, antihypertensive
medication, cigarette smoking, DM, CVR, and VA. The comparison of frequencies between sexes was
performed using a Chi-Square test. Repeated measures within-between participants ANOVAs were used
to determine whether there was a significant difference in the recorded data between pre- and post-
intervention for all participants and any time x sex interaction effects, i.e. to examine whether the
change due to the intervention differed between men and women. A pre- and post-intervention mean
difference for each variable was calculated. Statistical significance was set at P<0.05. All statistical
analyses were performed on an intention-to-treat basis using the SPSS version 22.0. The required

sample size was determined for the primary outcome variable (SBP) and previously published.4323!

7.4. Results

Baseline characteristics of CVR factors classified by sex are presented in Table 29. The sample
was the same as the previous study,?° but the number of participants is reduced because only those
with follow-up values were included. The mean age (+SD) was 53.7+7.8 years old with 64.7% being men,
12.8% of the participants were smokers, and 9.6% of the sample was suffering from DM. The results
indicated that there were no significant differences between sexes for all CVR factors at baseline, except
for total cholesterol, which was higher in women (mean difference=13.1; 95% Cl=25.4-0.85 mg/dL) than
in men, with both sexes exceeding cut-off values set by the European Society of Hypertension and the
European Society of Cardiology guidelines.® The mean HDL-C was similar in men and women with both
sexes remaining within the healthy cut-off values suggested by the European Society of Hypertension

and the European Society of Cardiology guidelines.®
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The absolute CVR score was significantly different (p<0.001) between sexes with women having
a lower CVR than men, irrespective of calculation method (ASCVD-CVR: mean difference=6.0, 95%
Cl=4.0-8.0 %, p<0.001; FRS-CVR: mean difference=10.2, 95% ClI=7.1-13.4%, p<0.001, Table 29).
Additionally, in accordance with the ASCVD-CVR score, men were considered to be at medium risk
(10.5%), whereas women were considered to be at low risk (4.5%). However, using the FRS-CVR score,
men were considered to be at high risk (>20%) whereas women were considered to be at medium risk
(11.3%). Consequently, significant differences were found between CVR score calculators for CVR
prediction (p<0.001, mean difference=9.6, 95% CI=10.6-8.6 %). In contrast, there was no sex difference
in VA (mean difference=2.8, 95% Cl=-7.5-1.8 yr old, p=0.23), but VA was significantly higher (p<0.001)
than chronological age (CA) (mean difference=17.5, 95% CI=19.4-15.7 yr old), irrespective of sex,
(p<0.001).

Table 29. Characteristics of risk factors and cardiovascular risk classified by sex. Values are meantSD or
percentage (%)

Dependent variable All Men Women P mw Effect
participants (n=108) (n=59) size
(n=167)
Age (yrs) 53.7+7.8 54.5+7.8 52.4+7.5 0.09 0.135
SBP (mmHg) 135.8+12.1 135.8411.8 135.7+12.6 0.96 0.004
Total 1600lesterol (mg/dL) 205.9+39.8 201.3+40.8 214.4+36.8 0.04 0.166
HDL-C (mg/dL) 50.0%£32.9 49.8+39.6 52.1+14.4 0.44 0.038
Antihypertensive medication (%) 92.2 89.8 96.6 0.12
Cigarette smoking (%) 12.8 13.2 12.1 0.84
DM (%) 9.6 11.1 6.8 0.36
ASCVD-CVR (%) 8.316.8 10.5+7.3 4.5+3.1 <0.001 0.471
FRS-CVR (%) 17.9+10.9 21.6+11.1 11.3+6.7 <0.001 0.489
Vascular Age 71.3114.6 70.3£13.5 73.1+16.3 0.2 0.093

SBP, systolic blood pressure; HDL-C High density lipoprotein cholesterol; DM, diabetes mellitus; ASCVD,
atherosclerotic cardiovascular disease; FRS, Framingham Risk Score: CVR, cardiovascular risk.

Table 30 shows CVR factors, CVR scores and VA values at baseline and follow-up. After the
intervention, all participants showed decreased SBP, total cholesterol, antihypertensive medication
usage (%), CVR score predicted by FRS, and VA (p<0.05). ANOVA showed that SBP decreased in both
sexes (TOvs. T1 difference %, men A=7.4 %; women, A=6.0 %, p<0.001). Significant time x sex interaction
effects revealed that mean total cholesterol significantly reduced in men (A=13.6 %, p<0.001), but not
in women (A=6.5 %, p=0.12), and antihypertensive medication (%) significantly decreased in women
(A=10.2 %, p=0.047), but not in men (A=4.6 %, p=0.30). No significant differences were observed in HDL-
C, smoking habit and suffering from DM after 16-weeks intervention period. When CVR score and VA
were analyzed, FRS-CVR and VA decreased overall, and in both sexes (FRS-CVR: men A=4.0 %; p<0.001;
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women, A=2.0 %; p=0.01) and (VA: men A=5.6 %, p<0.001; women, A=6.5 %; p<0.001, Figure 10).
However, no significant changes over time were observed in ASCVD-CVR overall or for either sex (men
A=0.8 %, p=0.30; women A=0.5 %, p=0.08). Finally, the magnitude of change in each CVR variable due
to the intervention was not significantly different from each other between sexes, despite some single
factor reductions being significant only for men or women, as described above. However, after
intervention period, the CVR score remained significantly different (p<0.001) between sexes (at follow-
up) with women having a lower CVR than men, irrespective of calculation method (ASCVD-CVR: mean
sex difference=5.6, 95% CI=3.0-8.2 %, p<0.001; FRS-CVR: mean sex difference=8.1, 95% Cl=5.1-11.2%,
p<0.001, Table 30).
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Table 30. Cardiovascular risk factors, cardiovascular risk and vascular age data classified by sex before and after

intervention period.

Values are meanzSD or percentage (%) SBP, systolic blood pressure; HDL-C High density lipoprotein cholesterol;

Dependent All P Eff Men Women P Effe P Effect
variable participants TOvs. T1 ect (n=109) (n=58) M vs. ct Time x size
(n=167) Siz w size Sex n?
en? atT1 n?
SBP (mmHg)
TO0 135.8+12.1 135.8+11.8 135.7+12.6
T1 128.9+11.8* <0.001 0.277 128.5+11.5 129.7+12.4* 0.531 0.05 0.54 0.049
*
Total
cholesterol
(mg/dL)
TO 205.9+£39.8 201.31£40.8 214.4+£36.8
T1 194.8+36.9* <0.001 0.143 187.7+35.7 207.9+£35.9 0.001 0.27 0.21 0.454
* 1
HDL-C
(mg/dL)
TO 50.0£32.9 49.8439.6 52.1+14.4
T1 47.7+11.6 0.35 0.046 45.8+11.1 51.0£11.8 0.006 0.22 0.71 0.033
1
Antihyperten
sive
medication
(%)
TO 92.2 89.8 96.6
T1 85.6* 0.05 85.2 86.4* 0.826 0.15
Cigarette
smoking (%)
TO 13.8 13.9 13.6
T1 13.8 1.00 13.9 13.6 0.860 1.00
DM (%)
TO 9.0 11.1 6.8
T1 9.0 1.00 11.1 6.8 0.268 1.00
ASCVD-CVR
%
TO 8.316.8 10.5+7.3 4.5£3.1
T1 7.618.6 0.18 0.045 9.619.4 4.013.1 <0.001 0.37 0.21 0.041
1
FRS-CVR %
TO 17.9+10.9 21.6£11.1 11.3+6.7
T1 14.7+10.2* <0.001 0.149 17.6+£10.9* 9.4+5.9* <0.001 0.42 0.13 0.126
3
Vascular Age
TO 71.3114.6 70.3£13.5 73.1£16.3
T1 65.4+£15.2* <0.001 0.194 64.7+15.1* 66.61£15.7* 0.448 0.06 0.62 0.40
1

DM, diabetes mellitus; ASCVD, atherosclerotic cardiovascular disease; FRS, Framingham Risk Score, CVR,

cardiovascular risk.
* P-value<0.05 from TO.
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Figure 10. Vascular age (VA) values at baseline (T0) and follow-up (T1)
periods compared to chronological age (CA).
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7.5. Discussion

To our knowledge, this is the first study investigating the impact of a 16-week intervention
(hypocaloric DASH diet plus aerobic exercise) on CVR factors, CVR score calculators and VA in sedentary
overweight/obese and hypertensive adults. The main findings of the study were that after aerobic
exercise and hypocaloric DASH diet intervention: 1) participants significantly improved SBP, total
cholesterol and decreased antihypertensive medication usage; 2) CVR and VA using the FRS model was
significantly reduced in both sexes but not CVR estimated by ASCVD Pooled Cohort Equations; 3)
regardless of the CVR assessment tool, men showed significantly higher values than women post-
intervention albeit no differences in percentage change resulting from the intervention, and 4) VA could

better identify the effect of a non-pharmacological intervention in both sexes than other CVR tools.

Based on arigorous approach to the validation of equations, the American College of Cardiology
and the American Heart Association guideline strongly recommends the use of Pooled Cohort Equations
in non-Hispanic African Americans and non-Hispanic whites (40 to 79 years old) for the assessment of
the 10-year risk of a first hard ASCVD event.® However, although the ASCVD-CVR equations have been
developed from the FRS,>* and the role of the major variables in the development of CVR was similar
in both score calculators, in the present study, after the exercise and diet intervention, CVR was still
7.1% lower with ASCVD-CVR than with FRS-CVR (P<0.001) in all participants (Table 30). Thus, the
observed and predicted risks for participants in this study at follow-up were 9.6% and 17.6% (medium

risk) in men and 4.0% (low risk) and 9.4% (medium risk) in women for the ASCVD-CVR and FRS-CVR,
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respectively. Hence, it could be considered that the ASCVD-CVR score calculator by the American
College of Cardiology and the American Heart Association would identify the least number of
participants with CVR (i.e., underestimation), or the FRS-CVR would stratify a maximum number of
individuals with high CVR (i.e., overestimation).2%6 This difference could likely be caused by the objective
of each score; the FRS estimates CVR for a large combination of CVD outcomes and the ASCVD tool
estimates risk mainly for myocardial infarction (fatal and nonfatal) and stroke only 233 and does not

consider family history, which influences mortality.?3

An appropriate lifestyle change, including diet and exercise, has been shown to effectively
improve markers of CV health® and CVD prevention.’ Likewise, previous studies have proven that a dose-
response curve for physical activity and HTN has a clinically meaningful role in primary prevention of
HTN,%* along with a diet rich in polyphenols.?®? Related to that, in the current study, the decreases
(p<0.05, before-after intervention) in SBP (A=7.3 mmHg in men and A=6 mmHg in women), total
cholesterol in men (A=13.6 mg/dL) and antihypertensive medication use in women (A=10.5%) could
rightfully be considered the reason underlying the reduction in the FRS-CVR score and VA. However,
given that drug therapy for primary prevention of CVD is nowadays based on absolute CVD risk, where
the BP-lowering drug treatment is determined by BP level along with other CVR factors (i.e., sex, age,

235 and that a reduction of 5 mmHg in SBP was

total cholesterol, HDL-C, DM, and smoking status),
associated with a lower risk of CVD mortality,?® it seems that the ASCVD-CVR estimation tool does not
have enough sensitivity to show the benefits of a lifestyle intervention. Hence, the lack of significant
changes in ASCVD-CVR estimation, in the presence of other CVR factor improvements, could have a
negative effect on the advice to treat individuals with an ASCVD-CVR >7.5% with statins.*® It is important,
therefore, to note that treatment decisions should be individualized (i.e., after a clinician-patient

risk/benefit discussion addressing optimal lifestyle), as suggested by the latest cholesterol guidelines,®’

and not just absolute CVR estimation.

On the other hand, the present study showed that after 16-week of intervention with diet and
aerobic exercise, absolute CVR remained higher in men than in women for both CVR scores (ASCVD,
5.6%; FRS, 8.2%). As such, the straightforward discussion would claim that men have a higher risk of
suffering a CV event in the following 10 years, underlining the sex differences in life expectancy and
quality of life, due, in part, to unhealthy behaviors.”?” However, a deeper analysis of data and literature
revealed that in the current study after lifestyle intervention: 1) there were no differences in the
percentage change after intervention between men and women (ASCVD, p=0.73; FRS, p=0.09); 2) post-
intervention women showed higher total cholesterol values with hyperlipidemia >190mg/dL, with no

differences in HDL-C (normal values >40 mg/dL), antihypertensive medication use, smoking habit or DM

164



Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

compared to men; 3) the new cholesterol guidelines have no sex-specific differences in

238 and 4) menopausal status in women is not taken into account when CVR is

recommendations,
estimated irrespective of tool (in this study 50% were post-menopausal women). Given this, and that
deaths from CVD have been greater in women compared with men over the past 30 years, with CVR
increases during the menopausal transition and after menopause mainly marked by progressive

endothelial dysfunction,?*® would be logical to conclude that CVR is underestimated in women.

Noting the imprecise previous tools for calculating the CVR, mainly due to the various underlying
mathematical models used to calculate the scores, VA could be a useful tool in the management of
individuals with CVR factors, and easier to use and understand the effect of an intervention in terms of
life years.??’” Thus, in the present study after 16-week lifestyle intervention, VA decreased in all
participants (Table 30, Figure 10) with no differences between sexes. These results could identify
biologically plausible mechanisms underlying exercise and diet-induced effects on CVD risk reduction
irrespective of sex. Overall, the CVR factors-associated arterial wall thickening, which contributes to

vascular stiffening, are sensitive to a non-pharmacological lifestyle intervention.2%

Although the present study has highlighted the importance of determining CVR factors in a
hypertensive population after a lifestyle intervention, several limitations should be acknowledged.
Firstly, although the sample size was sufficient as an initial investigation into CVR and HTN; it would not
be comparable to that of larger epidemiological studies, and future studies should consider large-scale
investigations. Secondly, the current study only had 35.3% of women which does not represent an equal
gender split. As this poses statistical issues, future studies should look to recruit equal numbers, or even

to study effects only in women.
7.6. Conclusions

The improvements in CVR factors after a 16-week lifestyle change intervention reduced the risk
of suffering a CV event in the following 10 years in overweight/obese adults with HTN assessed with the
FRS estimation tool. However, the ASCVD-CVR score calculator was not sensitive enough to show the
benefits of diet and exercise. The risk score algorithms (FRS and ASCVD) might underestimate the CVR
in women as they always consider men to be higher risk irrespective of age. Therefore, VA could be a
useful tool in the management of individuals with CVR factors, and easier to apply and understand the

effect of an intervention in terms of life expectancy.
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8. Light at the end of the tunnel

8.1.

Conclusiones

En una poblacion hipertensa, obesa y sedentaria, existen patrones clinicos, fisicos,
fisioldgicos y dietéticos especificos que sugieren tratar comportamientos clave tales como
mejorar la calidad nutricional y la CCR a través de la AF regular para obtener una

“poblacién sana” con efectos beneficiosos sobre los FRCV.

Una poblacién hipertensa, obesa y sedentaria presenta un alto perfil de RCV que muestra
la siguiente caracterizacién: obesidad metabdlicamente anormal con un nivel bajo de CCR,
HTA inducida por el ejercicio y un patrdn alimentario no saludable. Especificamente, las
mujeres muestran un mejor perfil bioquimico y patrén dietético que los hombres, pero
una peor composicién corporal y CCR. Sin embargo, el RCV en mujeres podria estar
subestimado, ya que cuando ambos sexos presentan los mismos valores de factores de
RCV y edad, los hombres tienen un mayor riesgo de sufrir un evento CV en los siguientes
10 afios segln la ecuaciéon mas utilizada para predecir el RCV, the Pooled Cohort
Equations. La EV en estas personas es superior a la edad cronolégica, independientemente

del sexo, lo que acentua la necesidad de adopcidon de un estilo de vida mas saludable

Las predicciones de la estimacidon de CVR y VA pueden representar una herramienta clinica
util para detectar individuos en riesgo de un evento cardiaco, pero las ecuaciones de

estimacion deberian centrarse mas en las diferencias de sexo

Un tratamiento dietético combinado con diferentes programas EF aerdbico supervisado
tanto de forma moderada, como intercalando intensidades altas y moderadas, dos veces
a la semana, ofrece una optima herramienta no farmacoldgica para el control de los FR en
personas con sobrepeso/obesidad y HTA. Los beneficios incluyen una mejora del control

de la PA, composicion corporal, CCR y el tratamiento farmacoldgico.

A priori, no hay evidencia cientifica de que el EF aerobico HIIT tenga mayor o menor
reduccidon de la masa corporal o mejora de la composicion corporal. Sin embargo, un
volumen mayor de HIIT proporciona reducciones significativamente mayores en la masa

corporal en comparacién con un bajo volumen.

169



Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea

HIIT es el programa de EF clave que mayores mejoras genera en la capacidad aerdbica,
siendo el entrenamiento de alta intensidad y bajo volumen el programa de EF mds

efectivo.

Las mejoras en los FRCV después de una intervencion de cambio de estilo de vida de 16
semanas reduce el riesgo de sufrir un evento CV en los siguientes 10 afios en personas con

HTA primaria y sobrepeso u obesidad evaluados con la herramienta de estimacion FRS.

Los algoritmos de puntaje de riesgo (Framingham y New Pooled Cohort Equations)
podrian subestimar el RCV en las mujeres, ya que siempre consideran que los hombres

tienen un mayor riesgo independientemente de la edad.

La estimacion de la EV podria ser una herraimenta util en el manejo de individuos con
FRCV, y mas facil de aplicar y comprender el efecto de una intervencion en términos de

“esperanza de vida”.
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8.2. Limitaciones del trabajo y propuestas de futuro.

Una de las limitaciones ha sido el tamafio de muestra en este estudio. Aunque nuestro tamafio
de muestra cumple con la potencia estadistica para un estudio aleatorizado experimental del estudio
EXERDIET-HTA, los estudios transversales que se han realizado con los datos pre-intervenciéon de la
investigacion no son comparables con los estudios epidemiolégicos mds amplios. Ademas, debido al
reducido nimero de mujeres (31,4% mujeres y 68,6% hombres) que han participado en el estudio, no
resulta representada de igual manera la muestra en relacidn con el sexo, tanto a la hora de analizar los
datos, como para estimar los efectos de cada tipo de EF dependiendo del sexo. De cara a futuras
investigaciones habria que encontrar una muestra igualitaria en relacidn al sexo de los participantes o
solo estudiar los efectos en las mujeres. Poder colaborar con otras universidades, donde pueden llevar
a acabo el mismo proyecto, con la misma metodolgia, podria ser otra forma para poder conseguir un

tamafio de muestra mas amplio y asi resultados con mas potencia estadistica.

Otra de las limitaciones ha sido el no poder controlar el tiempo no supervisado de los
participantes del estudio. Por un lado, no se ha podido regular y controlar con exactitud la adherencia
de los participantes a la dieta y por otro lado la AF realizada por los participantes del grupo de ACno ha
sido controlada. Teniendo en cuenta que se dieron recomendaciones de AF, seria interesante conocer
si el mero hecho de hacer, a las personas participantes conocedoras de tales recomendaciones, puede
influir de forma significativa en sus costumbres y consecuentemente en su salud. Teniendo lo anterior
en consideracidn, seria preferible para el interés investigador poder controlar la ingesta alimentaria de
cada participante y portar acelerometros que regulen la actividad diaria de modo objetivo de cada
persona. Por otro lado, y desde un punto de vista ético, siempre conviene mejorar los habitos y estilos
de vida, hacia los mas saludables para cada persona por lo que resultaria éticamente incorrecto no dar

a conocer las recomendaciones sobre estilos de vida saludables.

Para finalizar, se necesita mas investigacion que permita llegar a conclusiones generalizables en
cuanto a los componentes de la carga de entrenamiento definidos con el principio FITT, asi como por
ejemplo examinar el efecto del entrenamiento de fuerza y sus efectos en la salud de personas con HTA

primaria y sobrepeso u obesidad, para disefiar programas de EF combinandolos adecuadamente.
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8.3. ¢Y AHORA QUE?

Me da vértigo y miedo lo rapido que pasa el tiempo. A veces siento que estoy perdiendo el
tiempo, me agobio, me pongo a hacer muchos planes, a vivir muchas experiencias y siento entonces
gue no las estoy disfrutando como deberia. iDénde esta el término medio? No lo sé. ¢Existe equilibrio
al sentir que estas aprovechando tu vida y a la vez disfrutandola? Miro atras. Me han pasado muchas
cosas estos cuatro afos. He cometido errores. He aprendido de ellos, he intentado no volver a cometer.
He aprendido, he cambiado, he crecido mucho. He afiorado. He amado. ¢Los habré aprovechado? Todo
aquello que vivimos nos convierte en quien somos. La escuela de la vida, no se si soy alumna aventajada,
ni tampoco quien seré dentro de unos afos, pero espero seguir siendo la misma disfrutona que soy de
tal forma que lo Unico que me quede por recuperar sea mas vida, mas experiencias, mas aprendizajes y

con vosotros.
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VIVIMOS RAPIDO

Vivimos esperando
a que la vida nos espere
La vida es lenta, muy lenta
y nosotros vamos rdpido, muy rdpido,
comemos rdpido, hablamos rapido y dormimos rdpido,
la vida es eso que pasa

mientras nosotros corremos

Vivimos esperando el momento perfecto,

sin utilizar el momento y hacerlo perfecto.

Vivimos esperando
que la jornada termine para llegar a casa,
vivimos esperando que sea viernes
(olvidando que el que no es feliz un miercoles
tampoco lo sera el fin de semana)
Vivimos esperando que lleguen los puentes,

las vacaciones , el verano.

Vivimos esperando que pase algo,

y lo unico que pasa,

es la vida.
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10. ANEXOS Y PUBLICACIONES/ Annexes and publications

10.1. Anexo 1. Indicadores de calidad

Los indicadores de calidad de los articulos publicados, segun Journal Citation Reports (JCR) y el

Cite Score de Scopus en el afio 2016 son los siguientes:
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EEUU, Estados Unidos de América; ISSN, international standard serial number; JCR, Journal Citation Reports;
UK, United Kingdom

10.2. Anexo 2. Publicaciones en formato original

Clinical, physical, physiological, and dietary patterns of obese and sedentary adults with primary

hypertension characterized by sex and cardiorespiratory fitness: EXERDIET-HTA study. (p. 206).

Assessment of cardiovascular risk and vascular age in overweight/obese adults with primary

hypertension: EXERDIET-HTA study. (p. 215).

Effects of different aerobic exercise programs with nutritional intervention in sedentary adults with

overweight/obesity and hypertension: EXERDIET-HTA study (p. 222).

Effects on cardiovascular risk scores and vascular age after aerobic exercise and nutritional intervention
in sedentary and overweight/obese adults with primary hypertension: the EXERDIET-HTA randomized
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ABSTRACT ARTICLE HISTORY
The main purpose of this study was to determine some key physical, physiological, clinical, and  Received 20 March 2017
nutritional markers of health status in obese and sedentary adults (54.0 + 8.1 years, 141 men and 68  Revised 25 May 2017
women) with primary hypertension (HTN) characterized by sex and cardiorespiratory fitness (CRF) level. ~ Accepted 19 June 2017
The studied population showed a high cardiovascular risk (CVR) profile including metabolically abnormal KEYWORDS

obese, with poor CRF level (225 + 56 mLkg min”'), exercise-induced HTN (Systolic Blood Cardiorespiratory fitness;
Pressure>210 mmHg in men and >190 mmHg in women at the end of the exercise test) and with cardiovascular risk; dietary
non-healthy adherence to dietary pattern (Dietary Approaches to Stop Hypertension, 46.3%; pattern; metabolically
Mediterranean Diet, 41.1%; and Healthy Diet Indicator, 37.1%). Women showed a better biochemical abnormal obese; sex
and dietary pattern profile than men (lower values, P < 0.05, in triglycerides, mean difference = 26.3;95%  differences

Cl = 09-51.7 mg/dL, aspartate transaminase, mean difference = 4.2; 95% Cl = 03-8.0 U/L; alanine

transaminase, mean difference = 8.2; 95% Cl = 1.6-14.8 U/L; gamma-glutamyl transpeptidase, mean

difference = 11.0; 95% Cl = -1.1-232 U/L and higher values, P = 0.002, in high-density lipoprotein

cholesterol, mean difference = 5.0, 95% Cl = -133-3.3 mg/dL), but physical and peak exercise physio-

logical characteristics were poorer. A higher CRF level might contribute to the attenuation of some CVR

factors, such as high body mass index, non-dipping profile, and high hepatic fat. The results strongly

suggest that targeting key behaviors such as improving nutritional quality and CRF via regular physical

activity will contribute to improving the health with independent beneficial effects on CVR factors.

Introduction antihypertensive drug therapy, appears to be around 30-45%
of the general population (1).

Specifically, in the Spanish population, HTN was found in
42.6% aged =18 years, and it was more common among men
(49.9%) than women (31.5%) (6). In addition, current esti-
mates suggest that 69% of adults are either overweight or
obese, with approximately 35% obese (2). Hence, for the
management of HTN and the prevention of coronary heart
disease, it is mandatory to quantify the total CVR, since only a
small fraction of the hypertensive population has an elevation
of BP alone, with the main portion exhibiting additional CVR
factors, thereby increasing the total CVR (1). Accordingly, BP
measurements (i.e., daytime, night-time, and 24-h BP), med-
ical history (i.e., first diagnosis of HTN, biochemical profile,
medications, concomitant diseases, smoking habit, family his-
tory), physical examination (ie., electrocardiography and
body composition), laboratory investigation with BP during

The 2013 guidelines on hypertension (HTN) of the European
Society of Hypertension and the European Society of
Cardiology (1) and the guidelines of the American College
of Cardiology and the American Heart Association for the
management of overweight and obesity in adults (2) presented
new evidence on several diagnostic and therapeutic aspects of
HTN and overweight/obesity, including lifestyle modification
to reduce cardiovascular risk (CVR). Obesity and HTN fre-
quently coexist in the same individual, and they have been
recognized as a pre-eminent cause of CVR (3,4). It is well
known that blood pressure (BP) and cardiovascular (CV)
damage are related and how CV mortality is modified by
the concomitance of other CVR factors (5). Prevalence of
HTN, defined as values 2140 mmHg systolic BP (SBP) and/
or 290 mmHg diastolic BP (DBP) and/or prescription of

CONTACT Sara Maldonado-Martin 9 sara.maldonado@ehu.eus eDepanmem of Physical Education and Sport. Faculty of Education and Sport. University of the
Basque Country (UPV/EHU). Portal de Lasarte, 71. 01007 Vitoria-Gasteiz (Araba/Alava)-Basque Country, Spain.
© 2017 Taylor & Francis
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exercise and lifestyle assessment (i.e., physical activity and
dietary pattern) should be implemented (1,2).

Experimental studies indicate that sex affects the developmen-
tal programming of BP and CVR. Thus, testosterone appears to
serve as a pro-hypertensive factor, whereas estrogen is suggested
to contribute an anti-hypertensive influence and sensitivity to
vasoactive factors (7). However, whether gender differences in
prognosis represent a true result from differences in patient
management and diagnostic approach is not yet clarified (8).

On the other hand, cardiorespiratory fitness (CRF) is con-
sidered a vital sign, and its strong association with CVR is well
known (i.e., poor CRF level corresponds with a substantially
increased mortality risk) (9). A previous meta-analysis also
indicated that the risk of death was dependent upon CRF level
and not body mass index (BMI); thus, it was asserted that fit
individuals who were overweight/obese were not automati-
cally at a higher risk for all-cause mortality (10). Therefore, it
should be of interest to assess the characteristics of over-
weight/obese individuals with HTN diagnosis taking into
account different CRF levels.

An unhealthy dietary pattern is also considered a CVR
factor (11). Hence, nutrition research is focusing more on
the impact of dietary pattern on disease risk rather than on
individual food groups or nutrients (12). The Healthy Diet
Indicator (HDI), Mediterranean Diet (Med), and The
Dietary Approaches to Stop Hypertension (DASH) are the
most well-known dietary guidelines that specifically target
lowering CV disease risk. However, to the best of our
knowledge, no reports are available on the adherence to
dietary  guidelines by overweight/obese individuals
with HTN.

The main purpose of this study was to determine some
key physical, physiological, clinical, and nutritional mar-
kers of health status in obese and sedentary adults with
primary HTN characterized by sex and CRF before start-
ing a non-pharmacological therapeutic strategy.

Methods
Study participants

The EXERDIET-HTA study was conducted between
September 2012 and June 2016 in Vitoria-Gasteiz
(Basque Country, Spain). The current baseline study com-
prised a total of 209 participants aged between 24 and 70
years (mean 54.0 = 8.1 years), 141 men (67.5%) and 68
women (32.5%). All participants were overweight/obese,
sedentary, and had been diagnosed of HTN. Participants
were considered to have HTN if they had a mean
SBP2140 mmHg and/or DBP290 mmHg or used antihy-
pertensive medications. All other inclusion and exclusion
criteria have been specified in the protocol of the study
(13). 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 (Clinical
Trials.gov identifier, NCT02283047).
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Measures

Stature and body mass were measured, and BMI was calcu-
lated as total body mass divided by height squared (kg/m?).
Waist and hip circumferences were taken, and waist to hip
ratio (WHR) was defined as waist circumference divided by
hip circumference both in centimeters. Moreover, the estima-
tion of fat-free mass (FFM), total body water (TBW), and fat
mass (FM) was made by bioelectrical impedance (Tanita, BF
350, Arlington Heights, IL, USA).

Blood pressure measures were obtained by wearing an
ambulatory BP monitoring (ABPM) 6100 recorder (Welch
Allyn, New York City, NY, USA). The device measured BP
an entire day, at 30-min intervals during the daytime, and at
60-min intervals during night time. The variables taken into
account from the ABPM measures were mean values of SBP
and DBP, mean BP (MBP), pulse pressure (PP), and heart rate
(HR). Blood pressure mean dipping pattern was the percent of
the nocturnal reduction in SBP in relation to diurnal mean
SBP, and it was calculated as ([daytime SBP-nighttime SBP]/
daytime SBPx100) (14). Based on the percentage decline in
nocturnal BP, participants were grouped as dippers 210% or
non-dippers < 10% (1).

All medications prescribed to participants were recorded
and classified in their group: angiotensin-converting-enzyme
inhibitors (ACEI), angiotensin II receptor blockers (ARB),
diuretics, calcium channel blockers (CCB,) beta blockers
(BB), statins, hypoglycemic agents, antiplatelets, and
anticoagulants.

Physical fitness measures included the Modified Shuttle
Walking Test (MSWT) (15) and a peak, symptom-limited
cardiopulmonary exercise test (CPET). Walked distance (m)
was recorded at the completion of each MSWT. The CPET
was performed on an electronically braked Lode Excalibur
Sport Cycle Ergometer (Groningen, Netherlands) starting at
40W with a gradual increment of 10W each minute in ramp
protocol. Expired gas was analyzed with a system (Ergo
CardMedi-soft S.S, Belgium Ref. USMO001 V1.0) that was
calibrated before each test for the determination of peak
oxygen consumption (VOspeai) (13).

The distributions of VO, were divided into tertiles
(low, moderate, and high CRF) in each sex. The details
regarding the range in each group were as follows: the lowest
tertile (Low-CRF group): VO, <21 mLkg "min™" in men
and VO,pex<16 mLkg™'min”" in women; the medium tertile
(Moderate-CRF  group): 21<VO3pe <26 mLkg ' min™" in
men and 16<VO0,p.<21 mLkg'l‘rjnin'l in women; the high-
est tertile (High-CRF group): VOjp.>26 in men and
VO3pea>21 mLkg "“min~" in women.

A blood sample (12.5mL) was collected from each partici-
pant in the Clinical Trials Unit of Tecnalia (HUA, Vitoria-
Gasteiz) after an overnight fast to determine the biochemical
profile including total cholesterol (TC), high-density lipopro-
tein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), triglycerides, glucose, insulin, aspartate transami-
nase (AST), alanine transaminase (ALT), gamma-glutamyl
transferase (GGT), and C-Reactive Protein (CRP) (13). Type
2 Diabetes mellitus was defined as a fasting glucose 2126
mg/dL (16). HOMA-IR was used to evaluate insulin resistance
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[fasting serum insulin (pU/mL) x fasting plasma glucose
(mg/dL)/405] (17).

For the dietary assessment, two face-to-face non-conse-
cutive 24-h recalls were used to examine dietary habits by
trained dieticians, allowing for important correction for
within-subject variability in nutrient intake (18). This is
considered the most cost-effective method to implement
within a pan-European dietary survey (19). Moreover, sta-
tistical methods suggest that to achieve detailed dietary
data, at least two measurements are required and also to
get an equal distribution of the different days of the week
(20). Fixed instructions to the interviewers were done to
minimize the time between registrations days and empha-
sizing that participants were not allowed to choose the most
convenient days for them (19). All dietary data were cali-
brated in Easy Diet computer program, and dietary nutri-
tional composition was obtained. Adherence to the Med
was obtained based on the score proposed by previous
studies (21). Nevertheless, instead of median cut-offs,
mean cut-offs were used because of the low consumption
in some food groups. A sum of nine food groups and
nutrients were included in calculating the Med score.
Intakes of vegetables, legumes, fruits and nuts, cereals,
fish and seafood, and monounsaturated to saturated fats
ratio were considered as positive dietary components,
whereas dairy, meat products, and alcohol were considered
as negative. Sex-specific mean intakes were calculated as a
cut-off in each food group to recode the components. A
value of 1 was given when the positive dietary components
were above the mean and when the negative ones were
below the mean. In contrast, a value of 0 was given either
when food groups considered as positive were below the
mean or when the negative components were above the
mean. However, when alcohol consumption among men
and women was <2 drinks per day and <1 per day, respec-
tively, a value of 1 was given, whereas a value of 0 was
given with higher intakes of alcohol. Therefore, with the
sum of all the recoded dietary elements, the adherence to
the Med score was ranged from 0 (minimal adherence) to 9
points (maximal adherence). The adherence to the DASH
dietary pattern was calculated with the sum of eight dietary
elements, considering the consumption of fruits, vegetables,
nuts and legumes, whole grains, and low-fat dairy products
as positive components and intakes of sodium, red and
processed meat, and sweetened beverages as negative (12).
As above, values of 0 or 1 were given when the intakes
were above or below the sex-specific means. Thereby, the
adherence to the DASH dietary pattern was ranged between
0 and 8 (from lowest to highest adherence). The adherence
to HDI proposed by the World Health Organization was
calculated following healthy diet recommendations for the
general population (12). This score is composed of seven
dietary nutrients and food groups, and values of 1 or 0
were also given depending on the meeting established cri-
teria. The components of this dietary pattern were the
following: saturated fatty acid (=10% of total energy intake
= 0, <10% of total energy = 1), polyunsaturated fatty acids
(<6% or >10% of total energy = 0, 6-10% = 1), cholesterol
(= 300 mg = 0, <300 mg = 1), protein (<10% or >15% of
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total energy = 0, 10-15% of total energy = 1), fiber (<25g =
0, 225g = 1), fruits and vegetables (<400 g = 0, 2400 g = 1),
and free sugars (=210% of total energy = 0, <10% of total
energy = 1).

Statistical analyses

Descriptive statistics were calculated for all variables. Data are
expressed as meantstandard deviation (SD). All variables
were deemed normally distributed using a Kolmogorov-
Smirnov apart from age, BMI, waist circumference, WHR,
FM, TBW, FFM, DBP means, %BP dipping, VOspeu
(L'min"' and mLkg "“min~"), metabolic equivalent of task
(MET), TC, HDL, TG, glucose, AST, ALT, and GGT that
had a skewed distribution and were therefore log transformed
prior to any analysis. The Chi-square test was used to test
differences in categorical variables between sexes. An inde-
pendent samples f-test was used to determine whether there
was a significant sex difference for all parametric variables.
Analysis of covariance (ANCOVA) was used to examine
dependent variables of the participants classified by CRF
level (low, medium, and high), adjusting the analysis for age,
sex, and body mass. A Bonferroni post-hoc test was used to
determine the level of significance when a significant main
effect was found. Cohen’s d was calculated to describe the
standardized mean difference between sex effect sizes. Omega
squared (w”) was calculated to describe the standardized mean
difference of an effect between CRF groups. The effect sizes
were interpreted as small (d = 0.2), medium (d = 0.5), and
large (d = 0.8) based on benchmarks suggested by Cohen (22).
Statistical significance was set at P < 0.05. The statistical
analyses were performed with the SPSS version 22.0 software
package.

Results

Characteristics of the study population are shown in Table 1.
Although one of the inclusion criteria was to be overweight/
obese, after statistical analysis, the mean BMI>30 kg/m’
which is considered obesity, and the mean WHR was 0.96
+0.11, which is considered a CVR factor in accordance with
guidelines for the management of overweight and obesity in
adults (2). Significant differences were observed between men
and women in body mass, WHR, and body composition
variables (P < 0.001). Men showed a higher proportion of
FEM (P < 0.001, A = 16.1%) and TBW (P = <0.001, A =
17.7%) compared to women, whereas women had a higher
proportion of FBM (P = <0.001, A = 32.2%) compared
to men.

No differences were found in mean SBP between sexes.
However, mean DPB values were significantly higher in men
(P = 0.001, A = 5.0%) compared to women. Consequently,
MBP was significantly lower in women (P = 0.027, A =
-3.14%) compared to men. Mean HR was lower (P = 0.005,
A = -56%) in men compared to women, showing 4.1 beats
less per minute. Taking into account the mean of sleep-time-
relative SBP decline (i.e., 2%10), all individuals were broadly
classified as BP dippers in accordance with ESH/ESC
Guidelines for the management of arterial HTN (1).
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Table 1. Characteristics of the study population and medication-pharmacological therapy.

AP Men Women
Variables (n = 209) (n = 141) (n = 68) P uw d Cohen
Age (yrs) 540 + 8.1 543+ 79 534+ 86 04 0.1
Body mass (kg) 90.1 £ 155 95.0 £ 1407 80.0 £ 135 <0.007%** 11
BMI lkg}m'] 313246 313+ 43 31552 09 0.04
WHR (em) 096 = 0.11 1.0 £ 0.08 09+ 0.13 <0.0071*** 1
FFM (%) 66.7 = 8.7 69.9 + 8.0 602+ 59 <0.0071%** 14
TBW (%) 487 £ 66 51255 435+ 55 <0.0071%** 14
FBM (%) 333 £87 301 + 80 398+ 59 <0.0071%** 14
SBP (mmHg) 1359 £ 141 1364 £ 129 1348 £ 163 04 0.1
DBP (mmHg) 789 £ 86 80178 763 £ 96 <0.007%** 0.5
Mean HR (bents»min") no 100 698 £ 99 739+97 0.005** 04
MEBP (mmHg) 979 +95 989 + 8.7 958 £ 109 0.027* 03
PP (mmHg) 57.0 =104 56.3 + 95 585+ 119 0.2 0.2
BP dipping (%) M4x£70 11670 MNox70 0.6 0.1
Cigarette smoking (%) 14 10.6 132 06
DM (%) 45 5 3 0.5
ACEI (%) 368 348 412 04
ARB (%) 436 454 39.7 04
DIURETICS (%) 321 31.2 338 0.7
CCB (%) 17.7 213 103 0.05
BB (%) 9.6 8.5 ns 04
STATINS (%) 129 128 132 0.9
HYPOGLYCEMIC AGENTS (%) 53 64 29 03
ANTIPLATELETS (%) 39 43 29 0.6
ANTICOAGULANTS (%) 1 0.7 1.5 06

AP, all participants; BMI, body mass index; WHR, waist to hip ratio; FFM, fat-free mass; TBW, total body water; FBM, fat body mass; SBP, systolic blood pressure; DBP
diastolic blood pressure; HR, heart rate; MBP, mean blood pressure; PP, pulse pressure; BP, blood pressure; DM, diabetes mellitus. ACEl, angiotensin-converting-
enzyme inhibitors; ARB, angiotensin ii receptor blockers; CCB, calcium channel blockers; BB, beta blockers. P < 0.05: Significant difference between men (M) and

women (W)
*P < 0.05 " P <0.01,** P < 0.001.

Related to medication-pharmacological therapy, 87.1% of
participants received antihypertensive and/or other medica-
tions, while 12.9% did not. The percentage of participants
who took one, two, three, or four or more medications was
40.2%, 27.3%, 12.9%, and 6.7%, respectively. Referring to the
antihypertensive drugs, 36.8% of participants took ACEI,
43.5% ARB, 32.1% diuretics, 17.7% CCB, and 9.57% BB.
Chi-square test analysis revealed no significant differences
between sexes (Table 1).

When exercise capacity was objectively analyzed (i.e.,
through CEPT), all participants made an exhaustive exercise
effort (RER = 1.1£0.1). According to the American College of
Sport Medicine, participants of the present study were classi-
fied as “very poor” CRF level (23) taking into account VOzpmk
values (22.5 + 5.6 and mLkg "min"") and presented “exercise
HTN” with SBP values higher than 210 mmHg in men and
>190 mmHg in women at the end of the exercise test (24).
Higher values in men compared to women were observed in

Table 2. Participants’ peak exercise function.

peak workload (W, P < 0.001, A = 47.3%), VOapeu (Lmin™",
P < 0.001, A = 53.3% and mLkg"min~!, P < 0.001, A =
24.2%), VCOspeqr (L'min™', P < 0,001, A = 38.9%), RER, and
MET. However, no differences (P = 0.3) were found for
MSWT distance between sexes (Table 2).

Regarding participants’ biochemical profile characteristics
and according to the Adult Treatment Panel III (25), LDL-C
values were upper to optimal values (<100 mg/dL), TC
showed higher values than desirable (<200 mg/dL), and also
“cholesterol ratio” (i.e., TC/HDL-C) presented values above
the ideal (<3.5). On the other hand, there were normal trigly-
cerides (<200 mg/dL) and HDL-C (>40 mg/dL) values.
Furthermore, according to the new International Diabetes
Federation definition (26), participants showed slightly raised
fasting glucose (>100mg/dL). The 90™ percentile for the
HOMA-IR was lower than 3.8, which is not considered diag-
nostic of IR (27). Although evidence has shown that CRP
concentrations, a proinflammatory biomarker, could be

AP Men Women

Variables (n = 209) (n=141) (n = 68) Puw d Cohen
Workload (W) 1311 + 396 1464 + 36.1 9.4 +250 <0.001*** 15
SBP (mmHg) 2116 + 299 2107 £ 316 2136 + 26.1 0.7 0.1
DBP (mmHg) 101.00 + 185 999 + 16.9 105.7 £21.1 0.05 03
HR (beats-min ') 151+ 19.2 1503 + 200 1548 £17.3 02 02
V0,00 (Lmin~) 20 £ 05 23+ 04 15+03 <0.001%** 23
VO peax (mL-kg -min~") 22556 241 £ 54 194 £46 <0.001%** 0.9
V€0, (L-min~') 223+ 06 25+ 05 18+£04 <0.001*** 16
RER 11+01 1.1+01 1201 <0.001*** 1
MET 64+ 17 68+ 16 5513 <0.001*** 09
MSWT (m) 834.1 + 265.0 8483 + 2648 804.7 + 265.0 03 02

AP, all participants; SBP, systolic blood pressure; DBP diastolic blood pressure; MBP, mean blood pressure; HR, heart rate; PP, pulse pressure; \?D;m., peak oxygen
uptake; \}'CDM,., peak carbon dioxide production; RER, respiratory exchange ratio; MET, metabolic equivalent of task; MSWT, modified shuttle walk test distance.

P g< 0.05: Significant difference between men (M) and women (W)
¥ p < 0.001.
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modulated by dietary fatty acid intake (28), levels of
CRP>3mg/L. were considered cardiometabolic abnormal
(29). Therefore, taking into account Wildman Modified cri-
teria, participants of the present study were classified as meta-
bolically abnormal obese (ie, BMI>30kg/m* and >2
cardiometabolic abnormalities) (30). Furthermore, among
the three hepatic enzymes, which are indices for the diagnosis
of non-alcoholic fatty liver disease (i.e., AST, ALT, and GGT),
only ALT showed abnormal criteria (>30 U/L) (31) (Table 3).
Triglycerides (mean difference = 26.3; 95% CI = 0.9-51.7 mg/
dL), AST (mean difference = 4.2; 95% CI = 0.3-8.0 U/L), ALT
(mean difference = 8.2; 95% CI = 1.6-14.8 U/L), GGT (mean
difference = 11.0; 95% CI = -1.1-23.2 U/L), and AST/ALT
(mean difference = -0.1; 95% CI = -0.2-0.0) were significantly
lower in women than men. Moreover, HDL-C was higher (P
= 0.002) in women than in men (mean difference = 5.0, 95%
CI = -13.3-3.3 mg/dL) (Table 3), but both sexes presented
healthy values.

The adherence to different healthy dietary patterns was
calculated to examine the diet quality of the participants
(Table 4). The highest adherence was observed in DASH
dietary pattern (46.3%), followed by Med (41.1%) and HDI
(37.1%) dietary pattern. A higher adherence to Med (P =
0.022) was shown in women compared to men, with no
significant differences between sexes concerning DASH (P =
0.464) and HDI dietary (P = 0.406) pattern.

Characteristics of all participants divided by CRF levels are
indicated in Table 5. Significant differences were found in age
between high and low CRF level participants (P < 0.05, A =
-9.7%). High CRF level participants had lower BMI than those
with medium or low CRF level (P < 0.001, A = -8.7% and P <
0.01, A = -16.2%, respectively). Although no significant differ-
ences were found in mean SBP and DBP, there were differ-
ences in percentage of BP dipping (P = 0.048). Those with low
CRF level were broadly designated as non-dippers, whereas
those in medium and high CRF level were designated as
dippers in accordance with ESH/ESC Guidelines for the man-
agement of arterial HTN (1). According to biochemical pro-
file, significant differences were found in ALT, GGT, and
AST/ALT ratio. Thus, participants with low CRF level showed

Table 3. Biochemical profile characteristics of the study's participants.
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Table 4. Adherence to the Mediterranean (Med), Dietary Approaches to Stop
Hypertension (DASH), and Healthy Diet Indicator (HDI) dietary patterns among
participants of the study.

AP Men Women

Variables (n=165 (n=114) (n=51) P ww dCohen
Med-score (0-9) 3717 3515 42+ 1.8 0022 0.4
Adherence (%) 1.1 389 46.7

DASH score (0-8) 3717 36+16 38+17 05 0.1
Adherence (%) 463 45 475

HDI score (0-7) 2613 26 £13 24+14 04 0.2
Adherence (%) 371 371 343

*P < 0.05.

elevated ALT and GGT and lower AST/ALT ratio (P = 0.001,
P = 0.030, and P = 0.018, respectively) compared to medium
(ALT: P < 0.05, A = 50.8%, and GGT: P = 0.085, A = 41.2%)
and high (ALT: P < 0.001, A = 118.8%, GGT: P = 0.035, A =
76.4% and AST/ALT ratio: P = 0.014, A = 27.3%) CRF level.
No significant differences were observed in the rest of bio-
chemical parameters among CRF levels.

Discussion

This was the first study showing the clinical, physical, phy-
siological, and dietary patterns of overweight/obese and
sedentary adults diagnosed with primary HTN characterized
by sex and CRF level. The data collected provide a thorough
understanding of the physiopathology of the studied popula-
tion and emphasize the importance of CVR screening for CV
disease prevention in clinical practice. Overall, the assessed
individuals suffered from resting HTN, were metabolically
abnormal obese with poor CRF level, exercise-induced HTN,
and the majority of them lacked a healthy dietary pattern,
which confirms a high CVR profile. Specifically, women
showed a better biochemical and dietary pattern profile than
men, but physical and exercise physiological characteristic
were poorer, and hence, calling into attention the sex differ-
ences in physiology between women and men. Finally, a
favorable CRF level seems to contribute to the attenuation

AP Men Women

Variables (n = 209) (n=141) (n = 68) P aaw d Cohen
TC (mg/dL) 213.0 £ 1340 2141 + 1628 2108 + 340 0.2 0.03
HDL-C (mg/dL) 50.7 +£33.2 491 £ 392 541 £139 0.002%* 02
LDL-C (mg/dL) 127.7 £ 32.2 1248 = 336 1335 + 288 0.1 03
Triglycerides (mg/dL) 133.9 + 78.4 1425 + 85.4 116.1 +57.9 0.03* 04
TC/HDL-C ratio 47 41 50 + 53 4111 0.1 0.2
Glucose (mg/dL) 106.4 + 824 108.7 + 1000 102.1 £ 206 0.9 0.1
Insulin (pU/mL) 98 +£54 94 £ 53 11.0+£60 0.2 03
HOMA-IR 2516 22 + 11 3023 03 04
CRP (mg/L) 45 £ 45 41 + 43 54+49 04 03
AST (U/L) 253 £ 120 266 = 13.0 225 +94 0.01* 04
ALT (U/L) 319 £ 207 346 £ 212 264 £ 187 0.01* 04
GGT (U/L) 373 £ 385 406 + 428 295 + 252 0.006"* 03
AST/ALT (U/L) 09 05 09 £ 05 1003 0.029* 0.2

AP, all participants; TC, Total cholesterol; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol, HOMA-IR, Homeostasis model
assessment of insulin resistance; CRP, C-Reactive Protein; AST, aspartate transaminase; ALT, alanine transaminase; GGT, gamma-glutamyl transferase. P < 0.05:

Significant difference between men (M) and women (W)
*P < 0.05, ** P < 0.01, *** P < 0.001.
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Table 5. Characteristics of the study population dlassified by cardiorespiratory fitness level (low, medium, high).
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Cardiorespiratory fitness groups

Low Medium High
Variables M= 48W =24 M=51W=23) (M=42W=2) P-value w-squared
Age (yrs) 56.7 £ 1.0 538 £ 0.9 512+ 1.1 0.003** 0.00995
BMI (kg)‘l‘l‘l’} 340 £ 05 312 £05 285+ 05 <0.001*** 0.206
WHR (cm) 097 £ 0.1 098 £0.13 095 + 0.08 08 -0.0807
SBP (mmHg) 1366 = 1.8 135816 1352+ 19 09 =0.005
DBP (mmHg) 784 £ 10 78609 797 £ 11 07 0.0006
BP DIPPING (%) 9773 125+ 68 121 £ 66 0.048* 0.0228
V0yp i (mLrkg "“min ") 178 + 05 26 £05 27.7 £ 0.6 <0.001*** 0.6739
MET seak 5002 6502 75+ 0.2 <0.001*** 0.59183
TC (mg/dL) 2024 £ 192 2335 + 202 206.0 £ 221 0.7 —0.0024
HDL-C (mg}dL] 489 £ 46 468 £ 46 57252 04 -0.08124
LDL-C (mg/dL) 1276 =+ 45 1208 £ 4.7 1349 = 5.1 0.1 0.01376
Triglycerides (mg/dL) 1340 = 106 1442 £ 106 1227 £ 120 03 0.00191
TC/HDL-C 44 £ 12 5678 4114 03 0.012357
Glucose (mg/dL) M76 £ 115 1010 £ 111 991 £ 127 0.7 0.00255
Insulin (pU/mL) 79 +13 MN8+12 94+ 15 02 0.97905
HOMA-IR 19 £ 04 3104 2304 0.1 0.000739
CRP (mg/L) 59 £53 42+ 43 25+ 16 05 0.0565
AST (U/L) 284 £ 22 253+23 255+ 28 05 -0.0032
ALT (U/L) 466 £ 44 309 £ 45 213 £ 51 0.001** 0.06250
GGT (U/L) 494 + 59.02 331+ 210 280 £ 144 0.030* 0.04139
AST/ALT ratio 08 £ 03 09+02 1.1+ 08 0.018* 0.04567

BMI, body mass index; WHR, waist to hip ratio; SBP, systolic blood pressure; DBP diastolic blood pressure; MBP, mean blood pressure.; VO 5., peak oxygen uptake;
TC, Total cholesterol; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; HOMA-IR, Homeostasis model assessment of insulin
resistance; CRP, C-Reactive Protein; AST, aspartate transaminase; ALT, alanine transaminase. P < 0.05: Significant difference between men (M) and women (W)

*P < 0.05 *" P < 001, "™ P < 0.001.

of some CVR factors, such as high BMI, non-dipping profile,
and high hepatic fat.

All population

In addition to HTN and obesity, the results of the present
study clearly showed additional CVR factors, which may
potentiate each other, leading to a total CVR that may be
greater than the sum of its individual components (1).
Potentially, some of the modifiable risk factors were very
much present in the studied population (i.e., HTN, obesity,
physical inactivity, atherogenic diet) along with non-modifi-
able risk factors related to age (men 245 years, women
>55years) (25). As a result, although the population of this
study presented favorable metabolic features such as low
levels of HOMA-IR and fasting triglycerides as well as normal
HDL-C, a clustering of cardiometabolic risk factors is shown
(i.e., BMI 230 kg/m’ and >2 cardiometabolic abnormalities:
HTN, elevated glucose level, and systemic inflammation)
along with non-healthy levels of TC, ALT, and TC/HDL-C
ratio. These results lead to categorizing the individuals as
metabolically abnormal obese according to Wildman
Modified criteria (30). Indeed, both inflammation (exempli-
fied by high C-reactive protein levels, 4.5 + 4.5 mg/dL) and
TC/HDL-C ratio (4.7 + 4.1) are factors associated with the
development of atherosclerosis and the pathogenesis of CV
disease in the general population (32). Furthermore, previous
studies have also shown that high ALT values (31.9 + 20.7 U/
L, in the present study) were related to higher levels of hepatic
fat, abdominal fat, and insulin resistance (31), and it was also
independent predictor of Diabetes Type II (33). Adding to
that, knowing that the risk of CV disease and death is often
more related to fitness level than BMI (34), the very poor CRF
level in this population could be another important, yet not

recognized, clinically risk marker (32). On the other hand,
even though there is currently no consensus on the normal BP
response during dynamic exercise testing, participants of the
present study showed “exercise-induced HTN” (i.e., SBP peak
values >210 mmHg for men and >190mmHg for women)
(24). Related to that, proposed pathophysiologic factors
include excessively high sympathetic tone during exercise,
decreased aortic distensibility, increased left ventricular
mass, and endothelial dysfunction (24,35). These results may
identify those individuals that are not well controlled in rest-
ing HTN in clinical practice and could present a cardiac “end-
organ” manifestation of HTN in the future. Thus, some
authors have even proposed exercise SBP as being an effective
and more convenient technique than ABPM for identifying
the prehypertensive state and to predict future risk for adverse
CV events (24).

There is increasing evidence that sex differences are
important in pathophysiology treatment, and more relevant
for noncommunicable diseases as HTN. With regard to body
composition, the heterogeneity by sex in the relationship
between hormones and body composition is well known.
Thus, women present increased subcutaneous fat accumula-
tion promoted by estrogen, and men feature a greater trunk
and visceral and liver fat (36). The aforementioned was cor-
roborated by the results of the present study in relation to a
“better” body composition in men (i.e, higher FFM and lower
FBM, Table 1) compared to women, but women showed a
better metabolic profile (higher values in HDL-C and lower
triglycerides and hepatic enzymes, Table 3) than men.
However, taking into account the percentage of FBM, both
sexes were obese according to cut off points for body fat
percentage (i.e., 225.0% for men and =35.0% for women)
(37). Hence, men could present a higher CV or metabolic
risk profile mainly due to the higher liver enzyme activities



(i.e., ALT, ALT, GGT, and AST/ALT ratio), and specifically
with ALT values upper to healthy cutoff (<30 U/L), which is
closely associated with non-alcoholic fatty liver disease (38).
Furthermore, even though both sexes presented HDL-C and
triglycerides values within the normal healthy range, the
indirect vascular effect of estrogen in women may have had
an influence on serum lipid concentrations with better values
compared to men (Table 3), leading to a cardioprotective
effect (39). Likewise, circulating estrogen in women may
potentiate the vasodilatory effect of P-adrenergic activation
by a nitric oxide mechanism causing vasodilation and favor-
ing a lower resting DBP (P = 0.001) compared to men
(Table 1) (40).

Regarding the exercise function, this study showed that
there are natural physiological differences between men and
women when objective variables are considered (i.e., VO,peu)s
but not when the physical capacity is evaluated through a field
test (i.e., MSWT) (Table 2). These results may question the
validity of using this or similar field tests to evaluate CRF in
this population. Thus, sex differences in body fat, hemoglobin,
dimensions of the oxygen transport system and musculature
could account for the different CRF level (41). However,
according to ACSM’s Guidelines for Exercise Testing and
Prescription (23), both sexes presented “very poor” CRF
level (Table 2), which is associated with a high risk of CV
disease and all-cause mortality (42).

The adherence to healthy dietary patterns in relation to
CV disease has been previously examined. In this way, the
Med pattern, which shares many of the characteristics of the
DASH diet, was inversely associated with arterial BP (43),
knowing that a higher adherence leads to 70% less prevalence
of HTN (44). However, in a representative Spanish popula-
tion, only 17.3% of those diagnosed with HTN had a DASH-
accordant diet and 17.2% Med-accordant diet (45). These
results are in keeping with other population studies showing
that a lower adherence to HDI and DASH diet was associated
with the prevalence of HTN (46,47). A similar adherence to
the Med compared to the present study (41.1%, Table 4) was
observed in a Balearic adult population (43.1+5.8%) (48), thus
confirming the association between adherence to a healthy
diet and HTN and the higher adherence to Med diet in
women with better metabolic profile than men.

It has been proposed that CRF should be incorporated as a
vital sign in CV disease risk factor evaluation and manage-
ment (9) and that the addition of CRF to traditional risk
factors would significantly improve the classification of risk
for adverse outcomes (42). Previous studies have suggested
that low CRF appeared to have an indirect effect on the risk
for subsequent CV events moderated through higher meta-
bolic risk (49). In the current study, similarly, it was found
that CRF could significantly moderate some CVR factors.
Thus, the low CRF group was older (P = 0.003), had higher
BMI (P < 0.001), no-dipping profile (P = 0.048), and higher
hepatic fat (ALT, P = 0.001; GGT P = 0.030; AST/ALT ratio P
= 0.018) compared to moderate and high CRF level (Table 5).
Taking into account that other studies have also demonstrated
that the least fit individuals (<6 METS for those without CV
disease) had >4-fold increased risk of all-cause mortality
compared with the fittest (50), it could be stated that the
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addition of CRF to established risk scores would further
improve risk prediction (42). Results of the present study
reinforce previous investigations showing that worse CRF
was associated with increasing non-alcoholic fatty liver disease
represented by non-healthy values of ALT, GGT, and AST/
ALT ratio (31). Furthermore, previous studies also showed
that an absent normal dipping BP pattern (i.e., <10% fall in
nocturnal BP relative to diurnal BP) was independently pre-
dicted by increasing age, BMI, and treated HTN (among other
factors). These results confirm that non-dipping BP pattern 1)
is associated with increased CV mortality risks (51) and 2) is
determined mainly by non-genetic factors (52).

This study has limitations. Firstly, although our sample size
was sufficient as an initial investigation for the EXERDIET-
HTA study, it would not be comparable with that of larger
epidemiological studies. Secondly, the current study only had
32.5% of women, which does not represent an equal gender
split of the sample. However, even though female is usually
lower than male enrollment in clinical trials, we have got
significant differences, which adds knowledge in the gap for
BP management to improve women's health.

In summary, the studied population diagnosed with pri-
mary HTN presented a high CVR profile showing the follow-
ing characterization: obesity metabolically abnormal with
poor CREF level, exercise-induced HTN, and non-healthy diet-
ary pattern. Specifically, women showed a better biochemical
and dietary pattern profile than men, but physical and exer-
cise physiological characteristics were poorer. Furthermore, a
favorable CRF level seemed to contribute to the attenuation of
some CVR factors, such as high BMI, non-dipping profile,
and high hepatic fat.

In closing, by analyzing a hypertensive, obese, and seden-
tary population, we have identified specific clinical, physical,
physiological, and dietary patterns that strongly suggest that
targeting key behaviors such as improving nutritional quality
and CRF through regular physical activity will contribute to
getting a “healthy population” with independent beneficial
effects on CVR factors.
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Assessment of cardiovascular risk and vascular age in
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Objective Hypertension (HTN), obesity and low
cardiorespiratory fitness (CRF) are associated with an
increased risk for a cardiovascular event. Enrolling
overweight/obese individuals with HTN, the current study
aimed to estimate cardiovascular risk (CVR) and vascular
age (VA) profiles analyzing potential sex differences,
determine whether VA is higher than chronological age, and
whether CVR is associated with a low level of CRF.

Methods Overweight/obese non-Hispanic White
participants (n = 209; 141 men and 68 women) with primary
HTN had their CVR and VA determined using the New
Pooled Cohort Risk Equations and The Framingham
method, respectively. Considering values of peak oxygen
uptake, participants were divided into tertiles for each sex.

Results The CVR, but not VA (P=0.339), was higher

(P <0.001) in men compared with women irrespective of
age. Irrespective of sex, VA was higher than chronological
age (P<0.001). Age and BMI were higher (P < 0.05) in the
low CRF group compared with that in other groups. There
were no differences in CVR (P=0.907) and VA (P=1.643)
when values were separated into CRF groups.

Conclusion Pooled Cohort Equations could underestimate
the risk of suffering a cardiovascular event in the following

Introduction

Cardiovascular discase (CVD) is the leading cause of early
morbidity and hospitalization in the world [1]. According
to the WHO 17.5 million people died from CVD in 2012,
representing 31% of all deaths, of which 7.4 and 6.7 mil-
lion were due to coronary heart disease and cardiovascular
(CV) events, respectively [2]. Furthermore, a large number
of individuals have a heightened risk for CVD because
they have two or more associated risk factors [1,3,4].

Several attempts have been made to determine cardio-
vascular risk (CVR) factors associated with a cardiac event.
Guidelines indicate that age, sex, diabetes, smoking, cho-
lesterol and hypertension (HTN) have a causal relationship
with CV events and premature death [1,3,5]. High blood
pressure (BP), often referred to as H'TN, is the most
common CVR factor that leads to heart failure, stroke,
angina and premature death if not detected early and
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with HTN compared with men. The VA appears to be a
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treated adequately [6]. Additonally, population-based
research suggests that obesity is directly related to HTN
[7]. An appreciation of the clinical significance of obesity-
related H'TN has since grown substantially over time. As
such, obesity is now recognized as a major cause of HTN
(>75% of all cases), and the combination of both is well
known to increase CVR [7]. Additionally, CVR factors,
associated with the development of CVD, are similar in
both sexes [8]. However, with the same risk factors, CVR is
2-5 times more common in men than in women; that is,
women have a lower predicted 10-year risk [9]. It has
previously been suggested that this discrepancy may be
due to the protective action of estrogens [8] or because
substantial disparitics exist in the prevention, recognition,
management and clinical outcomes of CVD in women [10].
A CVR score can be used to determine CVD using the
Pooled Cohort Equations and the Framingham Heart
Study, which are tools commonly used to define the
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10-year risk for developing CVD [9]. An additional tool for
evaluating the overall CVR is vascular age (VA). This is a
quite novel concept derived from Framingham CVR
tables, which indicates the biological age of an individual’s
arteries (i.e. the age of the vascular system of a person with
different CVR factors) [1,11]. This process is accelerated
with the presence of additional CVR factors and is asso-
ciated with changes in the mechanical and structural
properties of the vascular wall, which leads to poor endo-
thelial health and loss of arterial elasticity [1,7].

The relationship between poor lifestyle and increased
CVR is well documented. As such, there is a persistent
need to discuss cardiometabolic lifestyle factors with all
patients, in order to reduce CVD and control the CVR
factors. CVR factors can be classified as modifiable and
nonmodifiable. Nonmodifiable risk factors are (but not
limited to) age, sex and family history. Modifiable CVR
factors are cardiometabolic lifestyle factors and can be
altered during the cause of one’s life; these include but
are not limited to smoking, alcohol, diet and importantly
physical activity [12]. Higher levels of physical activity
can improve the CVR in diseased or at-risk patients.
Cardiorespiratory fitness (CRF) can be used to quantify
these positive effects as it is negatively associated with a
reduction in CV morbidity and mortality [12].

Currently, there is no known research that measures CVR
and VA and its association with CRF in primary hyperten-
sive and overweight/obese adults. Considering the impor-
tance of CVR factors and the limited scientific literature, the
aims of the study were (a) to estimate CVR and VA profiles
of overweight/obese patients with H'TN, analyzing potential
sex differences, (b) to determine whether VA is higher than
chronological age (CA) and (c) to determine whether CVR is
associated with a low level of CRF.

Methods

Study design

Baseline data from the EXERDIET-HTA randomized
controlled experimental trial were taken for the purpose
of this study [13]. The design, selection criteria and
procedures for the EXERDIET-HTA study have been
previously derailed [13]. The study protocol was
approved by 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), and all participants pro-
vided written informed consent before any darta
collection.

Participants

Non-Hispanic White participants (2 =209) with primary
HTN [>140 systolic blood pressure (SBP) and > 90
diastolic BP] [4], who were classified as being overweight
(BMI > 25) or obese (BMI >30) [14] were recruited from
the cardiology services and local media.
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Cardiorespiratory fitness

Cardiorespiratory fitness was determined using a cardio-
pulmonary exercise test to assess VOzpeui. Briefly, the
test was performed on an electronically braked Lode
Excalibur Sport Cyele Ergometer (Groningen, The
Netherlands). The testing protocol was started at 40 W
(70 rpm) with gradual increments of 10W every minute
until exhaustion with continuous ECG monitoring.
Expired gas analysis was determined using a commer-
cially available metabolic cart (Ergo CardMedi-soft S.S,
Sorinnes, Belgium; Ref. USMO001 V1.0), which was cali-
brated before each test with a standard gas of known
concentration and volume. Breath-by-breath data were
measured continuously during exercise before being
averaged over each 60s period. Blood pressure was
measured every 2 min throughout the test. At the end of
cach stage the rate of perceived exertion (6-20) was
recorded (Borg Scale). Peak oxygen uptake was defined
as the highest oxygen uptake value attained toward the
end of the test. Achievement of VO, was assumed
with the presence of two or more of the following criteria:
(a) volitional fatigue (>18 on Borg Scale); (b) peak
respiratory exchange ratio (VCO,/VO;) of at least 1.1; (¢)
achieving more than 85% of age predicted maximum
heart rate; and (d) failure of VO, and/or heart rate to
increase with further increases in work rate [13].

The distributions of VO, were divided into tertiles for
each sex: the lowest tertile (low-CRF group), VO, <21
in men and VO;pe <16 in women; the intermediate ter-
tile (medium-CRF group); 21.1 < VO, <26 in men and
16.1 <VO3,cc <21 in women; and the highest termile
(high-CRF group), VO;,c more than 26 in men and
VO,;,cq more than 21 ml-kg/min in women.

Measurement of cardiovascular disease risk factors
Established CVR factors used in the present study to
determine the CVR and VA of participants were defined
as follows:

Blood pressure

Ambulatory BP monitoring was conducted over a 24 h
period using an oscillometric ambulatory BP monitoring
6100 recorder (Welch Allyn, New York, New York, USA)
to evaluate SBP (as used to determine CVR) [9]. The
device was used in line with the recommendations set by
the ESH/ESC guidelines. As such, BP was measured at
30-min intervals during the awake time and at 60-min
intervals during periods of sleep. Data were only used if
at least 75% of the awake time and sleep periods were
successfully recorded [13].

Blood sampling

Fasting venous blood (12.5 ml) was obtained from each
participant. Diabetes mellitus (DM) was defined as a
fasting glucose of at least 126 mg/dl. Additionally, mea-
surements of glucose and lipid profile [total cholesterol,
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high-density lipoprotein cholesterol (HDL-C), and low-
density lipoprotein cholesterol (LDL-C)] were assaved.

Self-report

Age and cigarette smoking status were assessed by self-
report. All medicines were ascertained from the partici-
pant’s physician.

Cardiovascular risk

The Framingham Heart Study is a quantitative method
used in primary care for assessment of general CVR
profile. The absolute risk applies to the individual; a
score of 10% means thart there is a 10% chance of having a
CV event within the next 10 years [9,11], under 6% is
considered low risk, bertween 6 and 20% is considered
medium risk, and a score of at least 20% is considered
high risk [11]. Recently, New Pooled Cohort Risk
Equatons have been developed from the Framingham
Heart Study [9.11]. The equation to estimate the 10-vear
risk of developing a first atherosclerotic CVD event
was developed from sex-specific and race-specific
proportional-hazard models that included the covariates
of age, treated or untreated high SBP level, total cho-
lesterol and HDL-C concentrations, current smoking
status, and history of DM. For the equation, the values
for age, lipids, and SBP were log rtransformed.
Interactions between age and lipids or age and SBP used
the natural log of each variable. Calculation of the 10-year
risk estimate for hard atherosclerotic CVD is described as
a series of steps [9].

Vascular age

The Framingham method was used to determine the VA
of all participants [11]. The VA indicates the biological
age of the individual’s vascular system, as the age a
person would be with the same calculated CVR but
whose risk factors were all within normal ranges. The
sex-specific risk factors considered were age, HDL-C,
total cholesterol, SBP, DM and smoking status. Each
variable received a weighted score; the sum of the score
for cach variable was then translated to the risk for a CV
event in 10 years and the VA [11].

Statistical analysis

Descnpuve statistics were calculated for all vanables. Data
are expressed as mean+SD. All variables were deemed
nomally distributed using a Kolmogorov—Smirnov test,
apart from age, total cholesterol, HDL-C, CVR, and VA,
which had a skewed distribution and were therefore log
transformed before any analysis.

A two sample r-test was used to determine whether there
was a significant sex difference for the variables: age, BMI,
SBP, toual cholesterol, HDL-C, antihypertensive medica-
ton, cigarette smoking, and DM. Analysis of covariance
was used to examine the dependant variables (age,
BMI, SBP, rotal cholesterol, HDL-C, antihypertensive
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medication, cigarette smoking, DM, CVR, and VA) of the
parucipants classified by CRF level (low, medium, and
high). A Bonferroni test was used to determine the level of
significance when a significant main effect was found.
Staustical significance was set at P value less than 0.05.
The statistical analyses were performed with SPSS, ver-
sion 22.0 (IBM SPSS Statstics for Windows, IBM Corp.,
Armonk, New York).

Results

The characteristics of CVR factors classified by sex are
presented in Table 1. The mean+SD age of participants
was 54.0+ 8.1 years with 67.5 and 32.5% being men and
women, respectively. All participants were classified as
obese (BMI > 30 kg/m?) in accordance with AHA/ACC/
TOS guidelines for the Management of Overweight and
Obesity in Adults [14]. Although 87.1% of all participants
were taking antihypertensive medication, the mean
SBP suggested that all participants irrespective of sex
were prehypertensive. However, there was a trend to
suggest that women had a lower SBP compared with
men [mean difference=1.6; 95% confidence interval
(CI)=-2.5-5.7 mmHg]. The mean total cholesterol was
similar in men and women, with both sexes exceeding
cutoff values set by the ESH/ESC guidelines [4], but
there was also a trend to suggest that women had lower
total cholesterol than did men (mean difference =3.3;
95% Cl=-30.6-37.3 mmHg). Morecover, HDL-C was
significantly higher (P =0.002) in women than in men
(mean difference =5.0, 95% CI=-13.3-3.3 mg/dl). but
both were inside the healthy curoff values suggested by
the ESH/ESC guidelines [4]. Smoking was present in
11.4% of the partcipants, and 4.5% of the sample was
suffering from DM.

The absolute CVR was significantly different (P <0.001)
between sexes, with women having a lower CVR than
did men (mean difference 5.8, 95% Cl=-3.8-7.7%,
Table 1). Addidonally, in accordance with the
Framingham study and ACC/AHA Guidelines on the
assessment of CVR [9,11], men were considered to be at
medium risk, whereas women were considered low risk.
As shown in Table 2, there were no sex differences in VA
(mean difference=14, 95% Cl=-24-5.1 vears).
However, VA was significantly higher (P=0.001) than
CA (mean difference =8.8, 95% Cl=7.2-10.3 years).

Characteristics of the participants separated into CRF
groups are presented in Table 3. Bonferroni analysis
revealed that age was higher (P <0.05, A=-97%) in
the low CRF group compared with that in the high
CRF group. Moreover, BMI was higher in the low CRF
group compared with that in the medium CRF group
(34.0+0.5 vs. 31.2£0.5kg/m’; mean difference = 2.8,
95% CI=1.1-44kg/m”) and the high CRF group
(34.0+£0.5 ws. ZS.SiO.Skg}'mz: mean difference =5.5,
95% CI=3.8-7.2 kg/m?). No significant differences were
observed among CRF groups in terms of SBP, toral
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Table 1 Characteristics of risk factors and cardiovascular risk classified by sex
Dependant variables All participants (n=209) Men (n=141) Women (n=68) P
Age (years) 54.0+81 543+79 534+85 0.426
BMI (kg/m?) 31.3+48 31.3+4.3 31.5+5.2 0.873
SBP (mmHg) 135.9+141 136.4+12.9 1348+186.3 0.433
Total cholesterol {mg/dl) 213.0+1261 214.1+162.8 210.8+34.0 0.245
HDL-C (mg/dl) 50.7+331 491 +38.2 541+13.8 0.002*
Antihypertensive medication 871 85.1 91.2 0.220
Cigarette smoking 11.4 10.6 13.2 0.581
DM 4.5 5 3 0.500
Cardiovascular risk B1+6.3 10.0+6.5 43+3.6 <0.001*

Values are mean+ SD or percentage.

DM, diabetes mellitus; HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure.

*Significant difference (P <0.05) between men and women.

Table 2 Results of vascular and chronological age

Dependant variables VA (years) CA (years) P
Total (n=2089) 61.7+95 54.0+8.41 <0.001*
Men (n=141) 62.1+85 543+79 <0.001*
Women (n=68) 60.8+11.1 53.4+85 <0.001*
P 0.339 0.426

Values are mean +SD.
CA, chronological age; VA, vascular age.
*Significant difference (P < 0.05) between vascular and chronological age.

cholesterol, antihypertensive medication, smoking, DM
or HDL-C (P> 0.05).

Bonferroni analysis revealed that no significant differ-
ences were observed in CVR (P=0.907) and VA
(P =1.643), when values were separated into CRF groups
(Table 3). However, the low CRI group showed an
upward trend in VA with higher values compared with
those with medium CRF (mean difference =0.5, 95%
CI=-4.1-5.0 years) or higher CRIF (mean difference =
3.4, 95% Cl =-—1.5-8.4 years).

Discussion

To our knowledge this is the first known study to esti-
mate the CVR and VA in overweight/obese people with
HTN and its association with CRF level using the

recently developed Pooled Cohort Equations [9] and
the original 2008 Framingham model. The main findings
of this study were as follows: (a) CVR is significantly
higher in men than in women despite them having the
same CVR wvalues and this is not affected by age;
(b) predicted VA is significantly higher than CA in
overweight/obese people with primary HTN with no sex-
related differences; and (¢) CRI alone did not appear to
significantly moderate CVD. These findings highlight
the importance of being able to determine the CVR and
VA of overweight/obese people with primary HTN.
Considering the known increase in CVD in hypertensive
patients and the relative ease of predicting 10-year CVR;
defining CVR and VA in a hypertensive population
would likely be a useful tool for clinicians.

Although the role of major CVR factors in the develop-
ment of CVD and VA was similar in both sexes, Table 1
shows that CVR is 57% higher in men than in women
(P=0.001), with an estimated 10-year risk for hard
atherosclerotic CVD event of 10% in men and 4.3% in
women, which represents medium and low risk, respec-
tively. As such, it is likely that men have a higher risk of
suffering a CV event in the following 10 years. The dif-
ference in the HDL-C level could be one of the deter-
minants of the sex-related difference in CVR profile in

Table 3 Cardiovascular risk factors, cardiovascular risk and vascular age classified by fitness level

Cardiorespiratory fithess groups

One-way ANOVA

Dependant variables Low (men =48, women=24) Moderate (men=51, women =23) High (men =42, women=21)  Pwalue Fvalue %Variance
Age (years) 56.7+1.0 538408 51.2+1.1 0.003* 6.5 6.0
SBP {mmHg) 136.6+1.8 1356.8+16 135.2+1.9 0.882 0126 01
BMI {kgme) 34.0+05 31.2+05 285405 <0.001* 29631 225
Total cholesterol {mg}'dﬂ 202.4+19.2 233.5+20.2 206.0+221 0.744 0.272 1.0
HDL-C (mg/dl) 489+ 46 468+ 486 572452 0.363 1.185 15
Antihypertensive medication 889 86.5 85.7 0.845

Cigarette smoking 16.3 10.8 8 0.400

DM 1.4 6.7 4.8 0.273

Cardiovascular risk B.1+0.6 B.4+0.6 79+0.7 0.907 0.253 0.4
Vascular age (years) 62.9+1.3 625+1.3 59.4+1.4 1.643 1.710 29

Values are mean+ SD or percentage.

%%Variance is the estimated variance explained by the mean effects within each group for the named variable.
AMNOVA, analysis of variance; DM, diabetes melitus; HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure.
*Shows the significantly different (P < 0.05) among groups.
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the present study, with women showing higher con-
centrations compared with men. It is well known that
high concentrations of HDL-C prevent the development
of atherosclerosis and CVD. In particular, the transport of
reserve cholesterol and the inhibition of oxidized LDL-
induced monocyte infiltration can avoid this develop-
ment [15]. In addition, the Framingham Heart Study
showed that HDL-C was the most powerful lipid pre-
dictor of CHD risk in both sexes older than 49 vears. For
every 1 mg/dl increment in HDL-C, there was an asso-
ciated 2% decrease in the risk for CHD in men, and a 3%
decrease in women [16]. Previous studies have shown
that the increased CVR in men was hidden behind an
almost-normal classic lipid profile, with total cholesterol,
LDL-C, and TG being higher, and HDL-C concentra-
tons significantly lower than those in women (pre-
menopausal or postmenopausal status), with all values
within the normal range [17]. In our study, both sexes
presented hyperlipidemia values (toral cholesterol
> 190 mg/dl) and prehvpertensive SBP values with slight,
but concomitant variation (i.e. an upward trend in men
compared with women), which has been shown to
increase the risk for coronary heart disease and promote a
poor cardiometabolic profile [17]. It seems that there is a
cardioprotective effect of endogenous estrogens in pre-
menopausal women, when compared with age-marched
men, due to an enhanced HDL quality. However, in
postmenopausal women there is a trend to present with a
significantly increased BMI, BP, LDL-C, and total cho-
lesterol, along with a reduction in absolute HDL-C
concentration, with changes in the composition of HDL
particles [17,18]. In the present study, 51.5% of women
were premenopausal. Therefore, it should take into
account that in the current study: (a) both men and
women had normal HDL-C values (>40 mg/dl for men
and >46 mg/dl for women) [4], along with obesity,
hypercholesterolemia, and primary HTN diagnostic; (b)
almost half of the women were postmenopausal; and (c)
the sex-specific risk prediction model used in the Pooled
Cohort Equation alwayvs calculates a higher risk in men
compared with women, despite them having the same
CVR values and regardless of age [9]. As such, women
could show an underestimated CVR profile with less-
ageressive treatment strategies. Nowadays, a greater
number of women die annually from CVD compared
with men [19]. Thus, although sex-related differences are
well documented in the prevalence of CVR factors, the
clinical manifestation and incidence of CVD and the
impact of risk factors on outcomes [20] in women are
often underestimated because of the misperception that
females are “protected’ against CVD [21].

As expected, VA was significantly higher (P =0.001) than
CA (VA=62 vs. CA=54 vears) (Table 2). As such, people
with primary HTN and obesity are ‘older’ for their VA
when compared with their CA. It is therefore likely that
the health of the heart and blood vessels is more
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deteriorated than they should be in this population [11].
There is good evidence that CA is strongly and inde-
pendently related to CVR, but this is not necessarily so
for the VA. Repeated exposure to CVR factors across the
lifespan leads to berween-subject differences in VA and
CA [22]. Previous research has shown that in apparently
healthy and asymptomatic people, 72.45% of the indivi-
duals had a greater VA than CA, suggesting that this risk
may be underestimated [23]. The current study suggests
that kev contributors of an increased VA in a hyperten-
sive population are dyslipidemia, SBP, treatment for
HTN, obesity and smoking (87.2% of them showing a
greater VA than CA). Thus, VA seems to be a useful tool
in communicating about rsk to individuals, such as
hypertensive and obese patients, who are at a greater risk
for a CVD event and warrant early intervention of mod-
ifiable CVR factors (i.e. healthy eating, increasing phy-
sical activity, cessation of cigarette smoking and alcohol).

It is well recognized that physical activity is an important
factor for reducing CVR and CVD [9,12]. Previous
resecarch has suggested that people with sedentary
behaviors are at a higher risk for all-cause mortality
compared with those who do at least 150 min of
moderate-intensity or 75 min of vigorous-intensity aero-
bic physical activity per week, as recommended by WHO
[12]. In the current study it was found that CRF alone
does not significantly moderate CVR, because of no
differences among the three CRF groups (Table 3).
However, the mean difference and CI suggest that those
who are in the low CRF group have meaningfully higher
VA (although not significant) (Table 3), which suggests
that CVR may in part be moderated by CRF burt in
conjunction with other CVR factors such as BMI and age.
Aging and inactivity are associated with a decrease in
both CRF and morphological changes in all layers of the
vascular tree, and these are accompanied by increased
arterial stiffness and aortic pressure, leading to a higher
VA [24]. Furthermore, in the present study BMI
explained 22.5% and age 6% of the variance berween the
CRF groups. The current study reinforces the evidence
linking obesity, age and CRF level with VA in a primary
hypertensive population [7,25], suggesting that low CRF
could potentially be used in conjunction with other CVR
factors to help determine predisposal of CVD, burt not as
a factor in its own right. Previous studies have concluded
that physical activity is associated with beneficial changes
in circulating lipids and lipoproteins, body mass, BP and
insulin sensitvity, having a significant reduction in CVR
[12,25]. In line with thar, the last 2016 European
Guidelines on CVD prevention in clinical practice high-
light CRF as a factor that mighr influence the relation-
ship between adiposity and clinical prognosis in the
‘obesity paradox’. Thus, normal-weight individuals with
a low CRF have a higher risk for mortality than fir indi-
viduals, regardless of their BMI [1,26].
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Although our study has highlighted the importance of
determining CVR factors in a hypertensive population,
several limitations should be acknowledged. First,
although our sample size was sufficient as an inital
investigation into CVR and H'TN, it would not be com-
parable to that of larger epidemiological studies, and
future studies should consider large-scale investigations
as well as determining the short-term and long-term
effects of different interventions. Second, the current
study had only 32.5% women, which does not represent
an equal sex split. As this poses statistical issues, future
studies, particularly those using interventions, should
look to recruit equal numbers. Finally, although CRI did
not sufficiently moderate CVR in the current study, the
effects of physical activity in hypertensive patients with a
broader range of VO; .. should be further investigated
in conjunction with other modifiable risk factors to
determine the effectiveness of moderating CVR and VA,
Addidonally, future studies should look to determine
whether VA and CVR can be used to more easily inform
patients of their cardiovascular health than current
methods.

Conclusion

Findings suggest that male non-Hispanic White over-
weight/obese individuals with diagnosed HTN have a
higher risk of suffering a CV event in the following
10 years compared with women according to the greater
CVR assessed using the Pooled Cohort Equations.
However, CVR in women could be underestimated when
both sexes present with the same CVR values and age.
Those who are overweight/obese with H'TN have an
‘older’ VA compared with their CA irrespective of sex.
Finally, although CRF alone did not moderate CVR in
the current study, further research into the effect of
physical activity alongside additional modifiable CVR
factors in H'TN populations, particularly those who are
the least active, is warranted. Predictions of CVR and VA
estimation may represent a useful clinical tol for
detecting patients at risk for a cardiac event, but esti-
mation equations should be more focused on sex-related
differences.
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Abstract

Background: Both exercise training and diet are recommended to prevent and control hypertension and overweight/
obesity.

Purpose: The purpose of this study was to determine the effectiveness of different |16-week aerobic exercise pro-
grammes with hypocaloric diet on blood pressure, body composition, cardiorespiratory fitness and pharmacological
treatment.

Methods: Overweight/obese, sedentary participants (n = |75, aged 54.0 & 8.2 years) with hypertension were randomly
assigned into an attention control group (physical activity recommendations) or one of three supervised exercise groups
(2 days/week: high-volume with 45 minutes of moderate-intensity continuous training (MICT), high-volume and high-
intensity interval training (HIIT), alternating high and moderate intensities, and low-volume HIIT (20 minutes)). All
variables were assessed pre- and post-intervention. All participants received the same hypocaloric diet.

Results: Following the intervention, there was a significant reduction in blood pressure and body mass in all groups with
no between-group differences for blood pressure. However, body mass was significantly less reduced in the attention
control group compared with all exercise groups (attention control —6.6%, high-volume MICT —8.3%, high-volume HIIT —
9.7%, low-volume HIIT —6.9%). HIIT groups had significantly higher cardiorespiratory fitness than high-volume MICT, but
there were no significant between-HIIT differences (attention control |6.4%, high-volume MICT 23.6%, high-volume HIIT
36.7%, low-volume HIIT 30.5%). Medication was removed in 7.6% and reduced in 37.7% of the participants.
Conclusions: The combination of hypocaloric diet with supervised aerobic exercise 2 days/week offers an optimal non-
pharmacological tool in the management of blood pressure, cardiorespiratory fitness and body composition in over-
weight/obese and sedentary individuals with hypertension. High-volume HIIT seems to be better for reducing body mass
compared with low-volume HIIT. The exercise-induced improvement in cardiorespiratory fitness is intensity dependent
with low-volume HIIT as a time-efficient method in this population.

ClinicalTrials.gov Registration: NCT02283047.
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Obesity, hypertension, high-intensity interval training, low-volume training, blood pressure, cardiorespiratory fitness,
body composition
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Introduction

Due to the recent changes in both eating habits and
lifestyles (i.e. the abandonment of traditional dietary
patterns and culinary techniques, increased sedentary
time, and decreased volume and intensity of physical
activity, which results in an imbalance in the energy
balance), primary hypertension, overweight/obesity,
and being sedentary often coexist in the same
person.’? Obesity has been considered the driving
force of this response culminating in a significant
increase in direct and indirect healthcare costs.” It is,
therefore, important to develop cost-effective strategies
for the treatment of obesity in order to reduce the preva-
lence of obesity-related hypertension.”* The European
Society of Hypertension (ESH) and the European
Society of Cardiology (ESC) recommend appropriate
lifestyle changes for the prevention and treatment of
hypertension, alongside the use of drug therapy in indi-
viduals at high risk.®> One benefit of losing body mass is
the concomitant reduction in blood pressure (BP),2>*
especially in individuals taking antihypertensive medi-
cation.® Although individual BP responses to a reduced
body mass are variable depending on ‘fat-sensitive’ or
‘fat-resistant’ BP,! it has been demonstrated that com-
bining exercise and diet may be the most effective treat-
ment for reducing body mass. Consequently, the
combination appears to be a logical step in facilitating
a substantial improvement in cardiometabolic health,
including hypertension.>*

During the past two decades, several studies have
shown the effectiveness of adherence to the dietary
approaches to stop hypertension (DASH) dietary pat-
tern.*”® In a population with hypertension, the com-
bination of the DASH diet with aerobic exercise has
resulted in a greater reduction in BP and improved car-
diovascular biomarkers than the DASH diet alone.’
Exercise guidelines recommend that both moderate-
intensity and high-intensity aerobic training should be
used to treat and reduce hypertension.” However, there
is currently no agreement with respect to the optimal
frequency, intensity, time, and type (FITT principle) of
exercise prescription.'® Previously, aerobic high-inten-
sity interval training (HIIT) produced a significant
improvement in BP and cardiorespiratory fitness
(CRF) compared with moderate-intensity continuous
training (MICT).!'* In addition, a dose-response
curve for physical activity volume and intensity has
previously been reported; this is especially important
for sedentary individuals and those with a moderate
level of physical condition,'* suggesting that ‘some is
good but more is better’. There is also evidence to sup-
port the use of low-volume HIIT (i.e. < 10 minutes of
high-intensity effort) versus high-volume HIIT as a
potent and time-efficient training method suggesting

‘less is more’.}?

Currently, no research has determined the effects of
different exercise intensities and volumes combined
with a hypocaloric diet intervention in overweight/
obese, sedentary adults diagnosed with hypertension.
Therefore, the aim of this study was to determine
changes in BP, body composition, CRF and pharma-
cological treatment following three different (high-
volume MICT, high-volume HIIT, low-volume HIIT)
16-week aerobic exercise programmes performed twice
a week, all combined with a hypocaloric diet.

Methods
Study design

The EXERDIET-HTA study is a multi-arm parallel,
randomised, single-blind controlled experimental trial
comparing the effects of different 16-week aerobic exer-
cise programmes (performed 2 days/week) combined
with a dietary intervention in sedentary, overweight/
obese individuals with hypertension (www.clinical-
trials.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 of Araba University Hospital
(2015-030), and all participants provided written
informed consent before any data collection. Medical
staff were blinded to the participant randomisation pro-
cess. The design, selection criteria and procedures for
the EXERDIET-HTA study have been detailed
previously. '®

Participants

One hundred and seventy-five non-Hispanic white par-
ticipants (n = 120 men and n= 55 women) were enrolled
in the study from September 2013 to June 2016 in
Vitoria-Gasteiz (Basque Country, Spain). Figure 1 pre-
sents a flow diagram of the study process. All partici-
pants were classified as overweight (body mass index
(BMI) > 25kg/m?) or obese (BMI>30kg/m?)’ and
diagnosed with stage 1 or 2 hypertension, defined as a
systolic blood pressure (SBP) of 140-179 mmHg and/or
a diastolic blood pressure (DBP) of 90-109 mmHg and/
or under antihypertensive pharmacological treatment.’
Physical activity behaviour was determined by the inter-
national physical activity questionnaire (IPAQ), and
only participants who did not comply with the ‘Global
recommendations on physical activity for health’!” by
the World Health Organization were selected.

Measurements

The measurements for the study were taken pre (T0)
and post (T1) each 16-week intervention period.
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Figure |. Flow diagram of the EXERDIET-HTA study from recruitment to the end of the intervention.

Blood pressure. Ambulatory blood pressure monitoring
(ABPM) was conducted over a 24-hour period using an
oscillometric ABPM 6100 (Welch Allyn, New York
City, NY, USA) device to evaluate BP in line with
the guidelines set by the ESH/ESC.’ Blood pressure
(ABPM) values are displayed as the mean of the day.

Cardiorespiratory fitness. A cardiopulmonary exercise test
was used to determine peak oxygen uptake (VOzpeak)
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 approxi-
mately 70rpm and 40W, with gradual increments of
10 W every minute applied until volitional exhaustion
occurred. Continuous electrocardiogram monitoring
was conducted throughout each test. Expired gas ana-
lysis was assessed using a commercially available meta-
bolic cart (Ergo CardMedi-soft S.S, Belgium; Ref.
USMO001 V1.0). Achievement of VOzpeak criteria has
previously been defined.'® Ventilatory thresholds (i.e.
VT1 and VT2) were assessed by standardised methods
using the ventilatory equivalents.'® After completion of

the test, participants remained stationary on the bike
for Sminutes recovery with electrocardiogram and BP
monitoring throughout. The identification of the two
VT determined the three different exercise intensity
domains, or ranges for the exercise intervention
design (i.e. R1, light to moderate; R2, moderate to
high; R3, high to severe).'®

Dietary assessment. Habitual food consumption and
nutrient intake were evaluated using three question-
naires: dietary history, food frequency questionnaire
and two face-to-face non-consecutive 24-hour recalls.
Trained dieticians conducted the necessary correction
for within-subject variability in nutrient intake.'® All
nutritional data were calibrated in the Easy Diet com-
puter program. Resting energy expenditure was calcu-
lated by the Mifflin St Jeor equation, which has
previously been deemed the most appropriate for indi-
viduals who are overweight or obese.”

Medication. Prescribed medications were recorded and
classified into the groups: angiotensin-converting
enzyme inhibitors (ACEIs), angiotensin II receptor
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blockers (ARBs), diuretics, calcium antagonists, beta-
blockers, statins, hypoglycaemic agents, antiplatelets
and anticoagulants. Medical staff controlled all neces-
sary changes to medication pre-, during and post-
intervention.

Intervention

All participants underwent a hypocaloric diet.
Following baseline data collection, participants were
randomly allocated to one of the four intervention
groups: the attention control (AC) group, or the three
supervised exercise groups (high-volume MICT, high-
volume HIIT, or low-volume HIIT). Each group was
stratified by gender, SBP, BMI and age. All partici-
pants were asked to continue with their normal physical
activity patterns outside of the study protocol
However, in addition to treatment for the hypocaloric
diet, the AC group received the standard guidelines for
physical activity recommendations in order to comply
with ethical procedures regarding health.’

Intervention procedures. All exercise groups trained for
two non-consecutive days per week under the supervi-
sion of exercise specialists. All sessions started and fin-
ished with BP monitoring, and training intensity was
dictated by individual heart rate (HR) responses (Polar
Electro, Kempele, Finland) and the rate of perceived
exertion (Borg’s 6-20 point). Each session included a
5-10-minute warm-up and a 10-minute cool-down. The
core part of each training session consisted of a range of
aerobic exercises, i.e. one day of the week on the tread-
mill, and the second one on the bike (BH Fitness equip-
ment). The high-volume MICT group performed
45minutes aerobic exercise, whereas the high- and
low-volume HIIT groups performed 45 and 20 minutes,
respectively. The intensity was individually tailored to
each participant’s HR at moderate (R2) or vigorous
(R3) intensities, adjusting the speed and/or incline of
the treadmill or the power and speed on the exercise
bike. The rationale of mixing stationary exercise bike
and treadmill was to avoid the osteoarticular impact of
two treadmill days taking into account the nature of the
HIIT programme and the impact derived from over-
weight/obese participants. The high-volume MICT
group performed 45minutes of continuous steady
training at R2. Supervised exercise training protocols
have previously been explained in full.'®

Considering the average Vngwk at baseline for all
participants (2.01 £0.5L/min), the total work per-
formed by the three exercise groups was calculated
using the VO,—time relationship. As such, the moderate
intensity at R2 was taken as 65% of VOjpeax (1.3L/
min) and the high intensity at R3 as 90% of VOzpeai
(1.8L/min). Thus, the high-volume MICT group

performed 45 minutes at R2 twice per week represent-
ing approximately 117 L. The high-volume HIIT group
performed 45 minutes twice per week, one day on the
treadmill (4 x 4 minutes at 1.8 L/min at R3 and 29 min-
utes at 1.3L/min at R2, representing approximately
66.5L), and one day on the exercise bike (18 x 30 sec-
onds at R3 and 36 minutes at R2 representing approxi-
mately 63L/min resulting in a total work of
approximately 129.5L). The low-volume HIIT group
performed 20 minutes twice per week, exercising omne
day on the treadmill (2 x 4 minutes at R3 and 12 min-
utes at R2 representing approximately 30L) and one
day on the exercise bike (9 x 30seconds at R3 and
15:30 minutes at R2 representing approximately 28 L
resulting in a total work of approximately 58 L). A cri-
terion for completing the study was set at 100%. Thus,
all participants in the supervised exercise groups per-
formed 32 sessions; if a session was missed (a maximum
of four were allowed), these were added on to the end of
the 16-week programme, maintaining the two sessions
per week.

Diet intervention. A hypocaloric and controlled sodium
diet (3—6g/day) was prescribed for each participant.
The diet was designed to provide 25% less energy
than their daily energy expenditure and to achieve a
weekly loss in body mass of between 0.5 and 1.0kg in
accordance with the recommendations of the American
Diabetes Association and the Spanish Society for the
Study of Obesity.?! The diet contained approximately
30% fat, 15% protein and 55% carbohydrates and was
designed in accordance with the DASH diet.” Every
2 weeks participants were weighed and received encour-
agement and advice alongside nutritional counselling in
order to aid compliance.

Statistical analysis

Descriptive statistics were calculated for all variables.
Data are expressed as mean =+ standard deviations (SD)
and the range. All variables that were not normally
distributed using a Kolmogorov—-Smirnov test were
log transformed prior to any analysis. Analysis of vari-
ance was used to determine if there were significant pre-
intervention between-group differences. The compari-
son of frequencies in categorical variables among
groups was performed using the chi-square test. A
two sample -test was used to determine whether there
was a significant difference in the recorded data
between pre- and post-intervention within each group.
Analysis of covariance was used to examine the delta
(A) score for each group (AC, high-volume MICT,
high-volume HIIT, low-volume HIIT), adjusting for
age, sex, changes in body mass and the initial value of
each of the dependent variables. Helmert contrasts were
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performed to analyse the difference between the three
exercise groups pooled together and the AC group.
Bonferroni correction was used to determine the level
of significance when a significant main effect was found.
Data were analysed according to the intention-to-treat
principle. Statistical significance was set at P < 0.05. All
statistical analyses were performed with SPSS version
22.0. Power calculation was completed using the
G*Power 3 analysis program.”? 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 9mmHg.

Results
Baseline characteristics

Participants and medications were classified by groups
and are presented in Table 1. Baseline data for all

Table 1. Physical, physiological and pharmacological therapy characteristics at baseline for each group of participants (N=175).

AC HV-MICT HV-HIIT LV-HIIT
(N=45) (N=42) (N=44) (N=44) P value
Sex (men/women) 30/15 28/14 3212 30/14 0.9
Age (years) 53.1+83 547 £7.6 535+9.1 547 +8.8 0.7
Body mass (kg) 91.2£159 934L 164 903156 921.6 L 14.6 08
BMI (kg/m?) 31.9+4.6 322+44 31.2+36 320+46 0.7
Waist (cm) 103.1£11.6 1055+ 126 1020 11.0 103.5+ 104 0.6
Hip (cm) 107.5+9.7 1088+9.4 106.2+7.6 1089+ 10.7 0.5
Waist/hip ratio 0.96+0.7 0.97 £0.1 09608 0.96 £0.1 0.8
FFM (%) 66.2+8.1 64.6 £8.6 67.7£63 67.0£8.1 0.3
FBM (%) 33.7+8.1 354186 323+64 32.9+8.1 03
FFM/FBM 2.14+08 1.98+0.7 22106 2.18£0.7 05
Rest SBP (mmHg) 139£13 13312 13310 13513 0.06
Rest DBP (mmHg) 79+8 768 79+7 77+9 0.1
Rest HR (beats/min) 69+ 10 74£9 7011 69+ 10 0.08
Rest MBP (mmHg) 99+9 94+8 977 9710 0.1
\'fOchak (L/min) 2.04+0.59 2.01 £0.55 20+05 201 £0.5 0.9
\?Ozpcak (mL/kg/min) 225+6.0 21.6£5.2 224148 22.0£5.6 0.9
VTI (mL/kg/min) 13.1£58 122439 12.7 4.6 127 £4.4 08
VT2 (mL/kg/min) 17.1 £ 6.6 17.7+5.6 17.9+6.5 178+ 6.4 0.9
MET 64+1.7 613t 1.4 64+ 14 63+1.6 0.8
Medication (%) 84 93 82 89 0.6
ACEI (%) 378 45.3 409 29.5 0.5
ARB (%) 46.7 40.5 273 50.0 0.1
Diuretics (%) 333 38.1 34.1 318 0.9
Calcium antagonists (%) 89 214 13.7 182 0.4
Beta-blockers (%) 13.3 1.9 9.1 45 0.5
Statins (%) .1 16.7 16.0 1.4 0.8
Hypoglycaemic agents (%) 6.7 2.4 23 13.6 0.09
Antiplatelets 4+ anticoagulants (%) 44 9.5 23 23 0.3
Cigarette smoking (%) 22 9.8 209 9.3 0.08
DM (%) 44 49 7.0 1.6 0.5

Values are mean 4= SD, percentage (%) or number.
AC: attention control group; HV: high volume; LV: low volume; MICT: moderate-intensity continuous training group; HIIT: high-intensity interval
training group; BMI: body mass index; FFM: fat-free mass; FBM: fat body mass; SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart
rate; MBP: mean blood pressure; \;I"Ozpeak: peak oxygen uptake; VT: ventilatory threshold; MET: metabolic equivalent of task; ACEIl: angiotensin-
converting enzyme inhibitors; ARB: angiotensin |l receptor blockers; DM: diabetes mellitus.

Blood pressure (BP) values show the mean BP calculated by 24-hour ambulatory blood pressure monitoring.

P <0.05.
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participants have previously been published.® At base-
line, 86.9% of participants were taking medication irre-
spective of group. The percentage of participants who
took one, two, three or more than four medications was
40%, 26.3%, 13.1% and 7.4%, respectively. With
respect to medication type, 32.3% of participants
took ACEIs, 41.1% ARBs, 34.3% diuretics, 15.4% cal-
cium antagonists, 9.8% beta-blockers, 13.7% statins,
6.3% hypoglycaemic agents, 4.6% antiplatelets and
1.1% anticoagulants. There were no significant
between-group differences observed for anthropomet-
ric, body composition, haemodynamic, cardiorespira-
tory and pharmacological treatment at baseline. No
major complications or cardiac events occurred
during any part of the study.

Physiological changes

Following the 16-week intervention, resting SBP, DBP,
mean BP and HR decreased (P <0.05) (Table 2).
Furthermore, in all groups, CRF expressed as VOzpcak
(L/min) (AC, A =10%; P < 0.05; high-volume MICT,
A =15%; high-volume HIIT, A=25%; and low-
volume HIIT, A=25%; P <0.001), VOzpeak (mL/kg/
min) and metabolic equivalents of task (METSs)
(P <0.001) increased. All groups increased at least one
MET (Table 2 and Figure 2). However, at VT1 and VT2
(mL/kg/min) improvements were observed in high-
volume HIIT for VT1 (P =0.003) and both HIIT exer-
cise groups for VT2 (high-volume HIIT, P <0.001 and
low-volume HIIT, P=0.016). In contrast, no significant
changes were seen in the AC and high-volume MICT
groups for either VT1 or VT2. Following Bonferroni
correction, there were no significant between-group dif-
ferences in any haemodynamic variables (i.e. BP and
HR) (Table 2). However, the AC group showed a smal-
ler but significant improvement in Vngeak (P <0.001)
compared with all exercise groups (high-volume MICT,
mean difference 0.606, 95% confidence interval (CI) —
2.193-3.405mL/kg/min; high-volume HIIT, mean dif-
ference 3.215, 95% CI 0.418-6.012mL/kg/min; and
low-volume HIIT, mean difference 2.846, 95% CI
0.082-5.610mL/kg/min) and METs (P <0.001).
Furthermore, both HIIT groups showed a greater
(P=0.008) VO, and MET (P=0.018) than the
high-volume MICT group. In contrast, there were no
significant between-group differences in any VT
variables.

Anthropometric and body composition

Following 16 weeks intervention body mass, BMI,
waist and hip circumferences, waist-to-hip ratio
(WHR), and fat body mass (FBM) decreased
(P <0.05) in all groups (Table 2). In addition, fat-free

mass (FFM) and the FFM/FBM ratio increased
(P <0.05). Following Bonferroni correction, there
were significant between-group differences in anthropo-
metric and body composition. The AC group had a
smaller body mass reduction (TO vs. T1 difference%,
A =—6.6%; P=0.029) and change in BMI (A =6.7%;
P =0.030) compared with those in all exercise groups:
high-volume MICT (A =-8.3%); high-volume HIIT
(A=-9.7%); and low-volume HIIT (A=-6.9%).
Furthermore, the high-volume HIIT group had a
greater reduction in body mass (P=0.011, mean differ-
ence 2.436, 95% CI —4.972-0.099kg) and BMI
(P=0.015, mean difference 0.805, 95% CI -0.066—
1.675kg/m?) compared with the low-volume HIIT
group. However, there were no significant between-
group differences observed for WHR. With respect to
body composition, there were no significant differences
in %FFM between the AC and all exercise groups
(A =4.0%; P =0.062): high-volume MICT
(A =6.2%); high-volume HIIT (A =6.8%); and low-
volume HIIT (A =4.6%). However, the % FFM gain
in the high-volume HIIT group was greater than the
AC group (P=0.039). Similarly, there were no signifi-
cant differences in % FBM when exercise groups were
compared together with the AC group (A =-8.1%;
P =0.062): high-volume MICT (A =-11.3%); high-
volume HIIT (A=-14.1%); and low-volume HIIT
group (A =-9.6%). However, the high-volume HIIT
group had a greater reduction of % FBM than the AC
group (P =0.038).

Pharmacological therapy

Following the 16-week intervention, medication was
reduced from 86.9% to 79.3%. Furthermore, 37.7%
of participants who still took medication had their
dose reduced. The percentage of participants who
took one, two, three or more than four medications
was also reduced to 35.4%, 29.9%, 8.5% and 5.4%,
respectively. In particular, 32.3% of participants took
ACEIs, 39 % ARBs, 30.5% diuretics, 15.2% calcium
antagonists, 6.1% beta-blockers, 11.0% statins, 6.7%
hypoglycaemic agents, 3.7% antiplatelets and 1.2%
anticoagulants. The chi-square test revealed that there
were no significant between-group differences in medi-
cation reduction.

Discussion

To our knowledge, this is the first known study to
investigate the impact of exercise programmes, which
use different intensities and volumes in conjunction
with a dietary intervention in overweight/obese, seden-
tary adults diagnosed with hypertension. The main
findings of the study were: (a) all groups significantly
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Table 2. Physiclogical data and body composition for all groups before and after intervention period.

AC HV-MICT HV-HIIT LV-HIIT P value P value

(N=40) (N=40) (N=42) (N=41) AC vs. EG  Intergroups  Fwvalue  %Variance
Rest SBP (mmHg)
TO 140.0x13.2 132.7 £ 127 131.7= 104 1356132
Tl 133.0+ 15.3% 125.4 - 8.9* 127.1 £9.7% 127.1 £ 10.5*% 0.897 0418 L6l 1.9
Rest DBP (mmHg)
TO 799£7.2 75480 79.0t 6.9 782182
Tl 75.1 £9.0% 720+ 6.7* 74.1 £6.2% 73.9+74* 0.544 0.762 0.050 0.8
Rest HR (beats/min)
TO 68.9+9.9 73692 705110 692+ 105
Tl 65.2 £9.2% 68.1 +8.1* 63.7 £ 8.8% 64.4 + 10.0* 0.747 0.485 0.819 1.7
Rest MBP (mmHg)
TO 99.9+84 94.5+85 96.6+7.2 97.3£9.1
Tl 94.4 £ 10.4% 89.8 +6.2* 91.84 6.9 91.6 £7.6% 0.694 0.808 0.567 0.7
V1O3peak (L/min)
TO 20+06 20106 20+04 2005
Tl 22+£0.7* 23+07¥ 254079 254 0.6 0.001 0.001 5.329 9.8
V1O5pca (mLikg/min)
TO 226 6.1 21.6+5.2 224149 223+£52
Tl 26.3 +8.3% 26.7 £ 7.4 30.6 4 8.5 29.1 £6.7%° 0.009 0.003 4.828 8.6
MET
TO 64+L1.7 6.1 1.5 64+t 1.4 64+ 1.5
Tl 7.5 £2.4*% 762 1% 8.7 +2.4%° 834 1.9%% 0.011 0.007 4.209 7.6
VT (mlU/kg/min)
TO 3.1 5.8 1224+3.9 12.7+4.6 12744
Tl 13.3+7.2 129158 5.7 + 6.8% 142+7.0 0.754 0.238 1.4 2.7
VT2 (ml/kg/min)
TO 7.1 £6.6 17.7 5.6 179465 178164
Tl 19.54+10.2 19.7 8.6 245 +9.6% 21.6£10.3* 0.843 0.057 2.6 4.7
Body mass (kg)
TO 89.5+ 14.8 940+ 16.6 90.5+15.7 9.2+ 146
Tl 83.6 £ 14.9% 86.2+ 15.8% 81.7 + 14.0% 849+ 13.6¥¢  0.029 0.010 3.909 6.9
BMI (kg/m?)
TO 31.2+3.9 324144 31.2+3.6 316143
TI 29.1 £4.1% 29.7 4.1 28.2 +3.4% 29.4+4.1%% 0.030 0.012 3.846 6.7
Waist (cm)
TO 1022+£11.3 105.1 = 11.7 102.1£11.1 102.8+10.0
Tl 962 11.3* 97.6 £ 10.5% 938114 962 £8.7* 0.146 0.279 1.480 24
Hip (cm)
T0O 107.0+88 108.8+9.1 106.2+7.7 107.3+82
Tl 103.4 +8.9* 103.9£9.1* 102.6 £7.2* 103.4£7.2% 0.456 0.510 0.440 1.5
Waist/hip ratio
TO 0.96 £0.08 0.97 +0.09 0.96 +£0.08 0.96 £0.09
Tl 0.93 £0.08* 0.94 = 0.08* 0.91 £0.08*% 093 £007* 0461 0.188 1.388 3.1
FFM (%)
TO 66.8+79 64.6 8.6 675+ 6.4 67.7+70
Tl 69.5 £8.2% 68.6 = 8.4* 72.1 £7.0% 708 L8.1* 0.062 0.035 2,935 5.3
FBM (%)
TO 332+79 354186 325+6.4 323+77
Tl 30.5 +8.2% 31.4183% 27.9+7.0% 29.2 £8.1* 0.062 0.034 2.959 54

(continued)
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Table 2. Continued

AC HV-MICT HV-HIT LV-HIIT P value P value

(N=40) (N=40) (N=42) (N=41) AC vs. EG  Intergroups  F-value  %Variance
FFM/FBM
TO 2.1+08 20107 22106 22107
Tl 25+ 1.0% 24+09* 2.8+0.9* 26 1.0% 0.061 0.067 2439 4.5
Mean £ SD.

SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; MBP: mean blood pressure; V?O,_.,.: peak oxygen uptake; MET: metabolic
equivalent; VT: ventilatory threshold; BMI: body mass index; FFM: fat-free mass; FBM: fat body mass; AC: attention control group; HV-MICT: high-
volume and moderate-intensity continuous training group; HV-HIIT: high-volume and high-intensity training group; LV-HIIT: low-volume and high-

intensity training group; EG: exercise groups.

Blood pressure (BP) values show the mean BP calculated by 24-hour ambulatory blood pressure monitoring.
*P value < 0.05 from TO. *P value < 0.05 from the AC. 3P value < 0.05 from the HV-MICT. *P value < 0.05 from the HV-HIIT.

MET
25 &
2 “&
15 ] AC
m HV-MICT
1 = HV-HITT
m LV-HITT
0.5
0
AC HV-MICT HV-HITT LV-HITT
Horizontal line indicates a minimal of 1 MET increase.” P-value<0.05 from the AC.*
Pevalue<0.055 from the HV-MICT

Figure 2. Peak metabolic equivalent of task (MET) differences
after the |6-week intervention period for each group.

improved BP, CRF, body composition following 16
weeks intervention; (b) a substantial decrease of
pharmacological treatment was observed; (c) hypocalo-
ric diet and 2 days of supervised exercise showed
improved body mass and CRF compared with a diet
only intervention (AC group), but no significant
between-group differences were observed in BP; (d)
the high-volume HIIT exercise elicited a greater
improvement in body mass and body composition
than the low-volume HIIT exercise; and (e) the exer-
cise-induced improvement in CRF is more dependent
on intensity than volume.

In this study, a 16-week lifestyle intervention signifi-
cantly improved cardiovascular risk factors (i.e. BP,
CRF and adiposity) in all groups, and pharmacological
therapy was largely reduced or removed completely.
Hence, the hypocaloric DASH diet along with both
supervised aerobic exercise and no supervised physical
activity recommendations could offer an optimal non-
pharmacological tool in the management of hyperten-
sion. As such, this could result in a cost-effective model
for cardiovascular disease prevention® and healthcare
cost reduction. These results corroborate those of

previous investigations that suggested overweight/
obese people with above normal BP could improve
BP and body mass, vascular and autonomic function
when they combine exercise and the DASH diet with
calorie restriction.”?* Furthermore, we provide evi-
dence that the combined effects of physical activity
and hypocaloric diet enhance BP and reduce the need
for pharmacological therapy.?® To this end, contrary to
our hypothesis, all supervised exercise groups had a
reduced BP similar to the AC group post-intervention
(7-9mmHg in SBP and 3-5mmHg in DBP). As such,
the potential of the DASH diet to elicit significant
improvements in SBP and DBP in individuals with
hypertension who are overweight/obese is confirmed,®
and it appears to be independent of the FITT principle.
However, the lack of between-group differences in BP
in the current study could in part be explained by: (a)
the role physical activity plays in augmenting barorefiex
dysfunction, which may result in a reduced sympathetic
outflow with a lowered BP and HR response;*®? (b)
the different exercise interventions appear to be medi-
cation dependent with similar BP reduction following
all exercise intensities (i.e. MICT or HIIT);'! and (c) 2
days of supervised exercise may not be enough to dif-
ferentiate between exercise modalities over the 16-week
period. Previously, it has been reported that there is
greater antihypertensive effect seen in response to
high-intensity exercise when compared with lower exer-
cise intensities.'' Previous research found that HIIT
three times a week elicited greater significant reductions
in BP than MICT and a control group following a 12-
week intervention.'? However, it should be noted that
participants using the antihypertensive drug in the men-
tioned study performed a wash-out before inclusion
and so a greater effect may have been seen.

To achieve a negative energy balance is to challenge
and target specific pathways in order to produce bene-
ficial changes in the pathogenesis of obesity-related
hypertension.? In the present study, despite the antihy-
pertensive medication and the metabolic potential side
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effects,’* a dual treatment of hypocaloric diet com-
bined with supervised exercise twice a week was the
optimal way to reduce body mass compared with the
AC group. More specifically, high-volume HIIT signifi-
cantly enhanced body mass reduction (kg, 19.7%), and
fat distribution the most (% FFM 416.8 and %FBM
114.1). Given that, high-volume MICT and low-
volume HIIT exercise programmes were performed
with the same frequency but a reduced intensity and
volume, respectively, the improvements seen in high-
volume HIIT compared with the other two exercise
programmes were likely to be caused by enhanced
energy expenditure. These data suggest that sedentary
people with overweight/obesity and hypertension can
adapt and respond to exercise training during an
energy-deficit programme with a dose—response curve
related to volume and intensity. Furthermore, it has
been shown that high levels of moderate to vigorous
intensity physical activity are associated with long-
term body mass loss maintenance,”® despite the prob-
able adaptive metabolic response caused by the com-
pensatory downregulation in resting energy expenditure
following exercise-induced body mass loss.?

CRF is an independent predictor of all-cause and
disease-specific mortality in various populations irre-
spective of BML*° Thereby, the fat-but-fit paradigm
has been given much attention with respect to reducing
the risk of illness and death.’!? Thus, in the present
study (Table 1), while all participants were overweight/
obese and considered unfit at baseline with CRF clas-
sified as poor (<24.4mL/kg/min in men and <19mL/
kg/min in women),?**? following the 16-week interven-
tion CRF was improved and classified as ‘fair to
good’.>* Furthermore, all groups improved by at least
1 MET (Figure 2) during the course of the intervention.
As such, although participants were still classified as
overweight their CRF increased by 16-36%, which is
associated with a considerable improvement in cardio-
vascular risk and reduced all-cause mortality.>* In add-
ition, the magnitude of change in CRF improvement
was significantly different between exercise groups. In
particular, both HIIT programmes elicited significantly
greater improvements in CRF than the high-volume
MICT and AC (Table 2 and Figure 2) groups. In add-
ition, the HIIT groups showed significant improve-
ments in submaximal variables such as VT (Table 2).
These enhanced improvements in CRF may be due to
stress adaptations, which have previously been shown
to cause notable cellular, vascular and metabolic adap-
tations during HIIT.>® One remarkable finding of the
present study was that HIIT improved CRF irrespect-
ive of the training volume (low vs. high volume). Our
findings reinforce previous studies, which suggest low-
volume HIIT is a time-efficient and effective protocol in
clinical populations answering the question ‘Can less be

more’?*%*7 As such, it may be that low-volume HIIT is
more appealing for individuals who do not have
enough time to train for long periods, or for those
who have medical conditions which prevent them
from performing exercise for prolonged periods of
time.'** However, taking into account the urgent
need of increasing caloric expenditure and CRF in
this population, low-volume HIIT could be an option
to tailor supervised exercise along with daily recom-
mendations of lower-intensity physical activities.*®
Although the current study has provided clear evi-
dence for the benefits of combining a hypocaloric
DASH diet with exercise, there are some limitations
which should be considered: (a) although every effort
was made to manage unsupervised time, physical activ-
ity performed by participants in the AC group could
not be controlled, and (b) it is difficult to regulate and
monitor the adherence of participants to the diet.

Conclusions

In summary, the present study has shown that the com-
bination of the hypocaloric DASH diet with different
supervised aerobic exercise programmes twice a week
offers an optimal non-pharmacological tool in the man-
agement of risk factors in sedentary individuals with
overweight/obesity and hypertension. Benefits include
an enhanced control of BP, body mass composition,
CRF and pharmacological treatment. A dose-response
curve related to volume and intensity in the form of
2-weekly bouts of high-volume HIIT provided signifi-
cantly greater reductions in body mass compared with
low-volume HIIT. However, the key to enhancing CRF
in this population appears to be linked with exercise
intensity irrespective of duration. As such, low-
volume HIIT may be a time-efficient and effective
method of improving health.
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Abstract

Introduction The EXERDIET-HTA study was a multi-arm parallel, a randomized, single-blind controlled experimental trial
comparing the effects of 16 weeks of different aerobic exercise programs two days per week, and dietary intervention in a
hypertensive, overweight/obese and non-physically active population.

Aim To evaluate the influence of diet and aerobic exercise program intervention on cardiovascular risk (CVR) factors and
predicted CVR and vascular age (VA) profiles in overweight/obese people with primary hypertension (HTN), and to analyze
the potential sex differences in the ability to predict VA and CVR via different methods.

Methods The CVR and VA determined (n=167, 53.7 +7.8 years) using the Framingham Risk Score (FRS) and the new
equation for the prediction of 10-year atherosclerotic cardiovascular disease (ASCVD) risk, before and after the 16-week
intervention period (different aerobic exercise programs + hypocaloric diet). The sex-specific risk factors considered were
age, high-density lipoprotein cholesterol (HDL-C), total cholesterol, systolic blood pressure (SBP), diabetes mellitus (DM)
and smoking status.

Results From baseline to follow-up, participants reduced (p <0.001) FRS-CVR score and VA, and SBP. Total cholesterol
decreased significantly, but specifically in men (p <0.001), and antihypertensive medication (%) in women (p=0.047). No
significant differences over time were observed for HDL-C, smoking, DM overall for either sex. For ASCVD-CVR there was
no overall change or for either sex. After the intervention, women had a lower CVR score than men (p £0.001), irrespective
of the calculation method.

Conclusions The improvement in CVR factors after 16-week lifestyle changes reduced the risk of suffering a cardiovascular
event in overweight/obese adults with HTN through the FRS estimation tool, but not with the ASCVD score. The risk score
algorithms could underestimate CVR in women. In contrast, VA could be a useful and easier tool in the management of
individuals with CVR factors.

Keywords Lifestyle intervention - Gender - Systolic blood pressure - Vascular age - Cardiovascular risk score - Obesity
Overweight
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1 Introduction

Cardiovascular disease (CVD) is a non-communicable
disease, which represents the main cause of disability
and death in the world, including Europe [1, 2]. Globally,
between 2006 and 2016 deaths from CVD increased by
14.5%, although the age-standardized death rate decreased
[3]. These data suggest that this condition needs to receive
greater priority in prevention policy to reduce avoidable
risk factors [2, 3]. Healthy lifestyle behavior promotion
in the general population should directly target unhealthy
lifestyles, such as poor-quality diet, physical inactivity,
and smoking, at the individual level [2]. Cardiovascular
risk (CVR) factors assessment is the first step guiding
therapeutic strategy for the prevention of CVD [2], and
strategy effectiveness depends on each patient’s CVR pro-
file and predictive risk [4].

There are several risk factor assessment tools for esti-
mating a patient’s 10-year risk of developing CVD [2, 4].
However, the most well-established risk score algorithm is
the Framingham Risk Score (FRS), which was initially vali-
dated in 1998 to predict CVR [5, 6] and subsequently revised
[7]. Recently, the American College of Cardiology and the
American Heart Association developed a new equation for
the prediction of 10-year atherosclerotic cardiovascular dis-
ease (ASCVD) risk, the called “Pooled Cohort Risk Equa-
tions” [8, 9]. This new tool was aimed at providing sex- and
race-specific estimation of the 10-year risk of ASCVD for
African-American and non-Hispanic white men and women
aged 40-70 years old [8, 9]. On the other hand, vascular age
(VA, i.e., the age of the vascular system of a person with
different CVR factors, calculated as the age a person would
be with the same calculated CVR but whose risk factors
were all within normal ranges [10]) is an easily understood
concept related to CVR and calculated according to the defi-
nition of D’Agostino from FRS [7].

The common prediction factors for CVR models that
have a relationship with cardiovascular events and pre-
mature death are age, sex, total cholesterol, high-density
lipoprotein cholesterol (HDL-C), systolic blood pressure
(SBP, including treated or untreated status), diabetes mel-
litus (DM), and current smoking status [8].

Many observational studies have demonstrated graded
associations between primary hypertension (HTN) and
increased CVD risk [11] Additionally, adults with HTN
usually present other modifiable CVR factors such as obe-
sity, hypercholesterolemia, DM, smoking, physical inac-
tivity, and unhealthy diet [12]. Therefore, correcting the
dietary habits, lack of exercise and excessive consump-
tion of alcohol through nonpharmacological interventions
alone or in combination with pharmacological therapy is
fundamental for the management of HTN [12].

A\ Adis

A previous study evaluating CVR using the “Pooled
Cohort Equations” (sex-specific risk prediction model) and
VA in overweight/obese people with HTN found that CVR
was significantly higher in men than in women despite them
having the same CVR values, whereas no differences were
found between sexes in VA [13]. As such, women could have
an underestimated CVR profile based on the misperception
that women are “protected” against CVD [14]. Hence, one
of the biggest criticisms of the prediction scales of CVR
accuracy is their capacity to overestimate or underestimate
the risk [15]. Currently, there is no known research that
measures the effects of an aerobic exercise program with
nutritional intervention on CVR and VA in sedentary and
overweight/obese adults with HTN. Considering the impor-
tance of CVR assessment, the objectives of this study were:
(1) to evaluate the influence of 16-week diet and different
aerobic exercise programs intervention on CVR factors and
predicted CVR and VA profiles in sedentary and overweight/
obese people with HTN, and (2) to analyse the potential sex
differences in the ability to predict VA and CVR via different
methods resulting from changes in lifestyle.

2 Methods

The EXERDIET-HTA study was a multi-arm parallel, a
randomized, single-blind controlled experimental trial com-
paring the effects of 16 weeks of different aerobic exercise
programs two days per week, and dietary intervention in a
hypertensive, overweight/obese and non-physically active
population (http://www.clinicaltrials.gov, NCT02283047)
[16, 17]. The design, selection criteria, and procedures for
the EXERDIET-HTA study have been previously detailed
[16]. The study protocol was approved by the Ethics Com-
mittee 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), and
all participants provided written informed consent prior
to any data collection. All follow-up examinations were
performed in the same laboratory setting and by the same
researchers as the baseline measurements. Medical staff was
blinded to participant randomization.

One hundred and sixty-seven non-Hispanic white par-
ticipants (n= 108 men and n=59 women) with stage 1 or 2
HTN [> 140 SBP and > 90 diastolic blood pressure (DBP)]
and/or under antihypertensive pharmacological treatment
[16, 18, 19], and classified as overweight (body mass index
(BMI) >25 kg;’rn2 or obese (BMI > 30 kg!mg) [20]. Partici-
pants were recruited from cardiology services and via local
media and were enrolled in the study in Vitoria-Gasteiz
(Basque Country, Spain).

The measurements for CVR factors used in the present
study to determine the CVR and VA of participants were
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taken before (TO) and after (T1) the 16-week intervention
period and were defined as follows:

Ambulatory blood pressure monitoring was conducted
over a 24 h period using an oscillometric ABPM 6100
recorder (Welch Allyn, New York, USA) to evaluate SBP
(as used to determine CVR) [8]. The device was used in
line with the recommendations set by the European Society
of Hypertension and the European Society of Cardiology
guidelines. As such, BP was measured at 30-min intervals
during awake-time and at 60-min intervals during the sleep
period. Data were only used if at least 75% of the awake-
time and sleep periods were successfully recorded [16, 18].

Fasting venous blood (12.5 mL) was collected from each
participant following an overnight fast. Diabetes mellitus
was defined as fasting glucose of > 126 mg/dL [21] and/or
under pharmacological glycemic control treatment. Addi-
tionally, measurements of glucose and lipid profile (total-,
and HDL-C) were assayed (ABBOTT, Architect ¢16000,
Orlando, FL., USA). The intra- and inter-assay coefficients
of variation were: for glucose 0.65% and 0.84%; for total
cholesterol 0.6% and 0.8%; and for HDL-C 1.7% and 1.1%,
respectively.

Age and cigarette smoking status were assessed by self-
report. All medicines being taken were ascertained from the
participant’s physician.

Cardiovascular risk and vascular age parameters’ assess-
ment have been previously analyzed in the sample at base-
line, and the same procedures were applied for the follow-up
study [13]. Briefly, the Framingham Heart Study assesses
the absolute risk to the individual with a percentage score
(i.e., 10% means that there is a 10% chance of having a
cardiovascular event within the next 10 years, < 6% =low
risk; 6-20% = medium risk, and > 20% = high risk) [7]. The
Pooled Cohort Risk Equations to estimate the 10-year risk
was described as a series of steps [8]. The Framingham
method was used to determine the VA of all participants
[7], which indicates the biological age of the individual’s
vascular system, as the age a person would be with the same
calculated CVR, but whose risk factors were all within nor-
mal ranges. The sex-specific risk factors considered were
age, HDL-C, total cholesterol, SBP, DM, and smoking sta-
tus. Each variable received a weighted score; the sum of the
score for each variable was then translated into the risk of a
CV event in 10 years and VA [7].

After baseline data collection, participants were randomly
allocated to one of the four intervention groups stratified by
sex, SBP, BMI and age using a time-blocked computerized
randomization program by the principal investigator and
blind to medical staff. Detailed descriptions of the exercise
and diet intervention procedures have been already reported
[16, 17]. Briefly, the intervention groups were: (1) Atten-
tion Control group with physical activity recommendations
(i.e., at least 30 min of moderate-intensity aerobic exercise

5-7 days per week and some dynamic resistance exercises);
and three supervised aerobic exercise groups training two
nonconsecutive days under supervision by exercise special-
ists, (2) high-volume moderate-intensity continuous train-
ing group, 45 min at moderate intensity; (3) high-volume
high-intensity interval training group, 45 min alternating
with different protocols moderate-to-high intensity; and (4)
low-volume high-intensity interval training group, 20 min
alternating with different protocols moderate-to-high inten-
sity. All participants received treatment with a hypocaloric
“Dietary Approaches to Stop Hypertension” (DASH) diet.
The diet was designed to provide 25% less energy than their
daily energy expenditure and to achieve a weekly loss of
body mass between 0.5 and 1.0 kg. Approximately 30% of
their energy intake came from fat, 15% from protein, and
55% from carbohydrates and was designed in accordance
with the DASH diet [22]. This diet is rich in plant foods (i.e.,
a rich source of polyphenols) due to its favourable effect of
BP [23]. Every two weeks, participants were weighed and
received encouragement and advice alongside nutritional
counseling to aid adherence.

Descriptive statistics were calculated for all variables.
Data are expressed as means + standard deviations (SD)
and the range. ANOVA was used to determine if there were
significant pre-intervention differences between sexes for the
variables: age, BMI, SBP, total cholesterol, HDL-C, antihy-
pertensive medication, cigarette smoking, DM, CVR, and
VA. The comparison of frequencies between sexes was per-
formed using a Chi-Square test. Repeated measures within-
between participants ANOVAs were used to determine
whether there was a significant difference in the recorded
data between pre- and post-intervention for all partici-
pants and any time X sex interaction effects, i.e. to examine
whether the change due to the intervention differed between
men and women. A pre- and post-intervention mean differ-
ence for each variable was calculated. Statistical significance
was set at p<0.05. All statistical analyses were performed
on an intention-to-treat basis using the SPSS version 22.0.
The required sample size was determined for the primary
outcome variable (SBP) and previously published [16, 17].

3 Results

Baseline characteristics of CVR factors classified by sex are
presented in Table 1. The sample was the same as the previ-
ous study [13], but the number of participants is reduced
because only those with follow-up values were included. The
mean age (+SD) was 53.7 + 7.8 years old with 64.7% being
men, 12.8% of the participants were smokers, and 9.6% of
the sample was suffering from DM. The results indicated
that there were no significant differences between sexes
for all CVR factors at baseline, except for total cholesterol,
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Table 1 Characteristics of risk

. | Dependent variable All par- Men (n=108) Women (n=59) py Effect size

factu‘rs and cardiovascular risk ticipants

classified by sex. Values are (n=167)

mean + SD or percentage (%)
Age (years) 53.7+7.8 54.5+7.8 524475 0.09 0.135
SBP (mmHg) 135.8+12.1 135.8+11.8 1357126 096 0.004
Total cholesterol (mg/dL) 205.9+39.8 201.3+40.8  2144+36.8 0.04 0.166
HDL-C (mg/dL) 50.0+32.9 49.8+39.6 52.1+144 0.44  0.038
Antihypertensive medication (%) 92.2 89.8 96.6 0.12
Cigarette smoking (%) 12.8 13.2 12.1 0.84
DM (%) 9.6 11.1 6.8 0.36
ASCVD-CVR (%) 8.3+6.8 10.5+7.3 45+3.1 <0.001 0.471
FRS-CVR (%) 17.9+109 21.6+11.1 11.3+6.7 <0.001 0.489
Vascular age 71.3+14.6 T70.3+13.5 73.1+16.3 0.2 0.093

SBP systolic blood pressure, HDL-C high density lipoprotein cholesterol, DM diabetes mellitus, ASCVD
atherosclerotic cardiovascular disease, FRS Framingham Risk Score, CVR cardiovascular risk

which was higher in women (mean difference =13.1; 95%
CI25.4-0.85 mg/dL) than in men, with both sexes exceeding
cut-off values set by the European Society of Hypertension
and the European Society of Cardiology guidelines [24].
The mean HDL-C was similar in men and women with both
sexes remaining within the healthy cut-off values suggested
by the European Society of Hypertension and the European
Society of Cardiology guidelines [24].

The absolute CVR score was significantly different
(p <0.001) between sexes with women having a lower CVR
than men, irrespective of calculation method (ASCVD-
CVR: mean difference =6.0, 95% CI 4.0-8.0%, p <0.001;
FRS-CVR: mean difference=10.2, 95% CI 7.1-13.4%,
p<0.001, Table 1). Additionally, in accordance with the
ASCVD-CVR score, men were considered to be at medium
risk (10.5%), whereas women were considered to be at low
risk (4.5%). However, using the FRS-CVR score, men were
considered to be at high risk (>20%) whereas women were
considered to be at medium risk (11.3%). Consequently, sig-
nificant differences were found between CVR score calcula-
tors for CVR prediction (p <0.001, mean difference=9.6,
95% CI 10.6-8.6%). In contrast, there was no sex difference
in VA (mean difference=2.8, 95% CI —7.5 to 1.8 years old,
p=0.23), but VA was significantly higher (p <0.001) than
chronological age (CA) (mean difference=17.5, 95% CI
19.4-15.7 years old), irrespective of sex, (p <0.001).

Table 2 shows CVR factors, CVR scores and VA values
at baseline and follow-up. After the intervention, all partici-
pants showed decreased SBP, total cholesterol, antihyper-
tensive medication usage (%), CVR score predicted by FRS,
and VA (p <0.05). ANOVA showed that SBP decreased in
both sexes (TO vs. T1 difference %, men A =7.4%; women,
A=6.0%, p<0.001). Significant time X sex interaction
effects revealed that mean total cholesterol significantly
reduced in men (A =13.6%, p<0.001), but not in women
(A=6.5%, p=0.12), and antihypertensive medication (%)
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significantly decreased in women (A= 10.2%, p=0.047),
but not in men (A=4.6%, p=0.30). No significant differ-
ences were observed in HDL-C, smoking habit and suffering
from DM after 16-weeks intervention period. When CVR
score and VA were analyzed, FRS-CVR and VA decreased
overall, and in both sexes (FRS-CVR: men A =4.0%:
p<0.001; women, A=2.0%; p=0.01) and (VA: men
A=5.6%, p<0.001; women, A=6.5%; p<0.001, Fig. 1).
However, no significant changes over time were observed
in ASCVD-CVR overall or for either sex (men A=0.8%,
p=0.30; women A =0.5%, p=0.08). Finally, the magnitude
of change in each CVR variable due to the intervention was
not significantly different from each other between sexes,
despite some single factor reductions being significant only
for men or women, as described above. However, after inter-
vention period, the CVR score remained significantly dif-
ferent (p <0.001) between sexes (at follow-up) with women
having a lower CVR than men, irrespective of calculation
method (ASCVD-CVR: mean sex difference=5.6, 95% CI
3.0-8.2%, p<0.001; FRS-CVR: mean sex difference =8.1,
95% CI 5.1-11.2%, p <0.001, Table 2).

4 Discussion

To our knowledge, this is the first study investigating the
impact of a 16-week intervention (hypocaloric DASH diet
plus aerobic exercise) on CVR factors, CVR score calcula-
tors and VA in sedentary overweight/obese and hyperten-
sive adults. The main findings of the study were that after
aerobic exercise and hypocaloric DASH diet intervention:
(1) participants significantly improved SBP, total choles-
terol and decreased antihypertensive medication usage;
(2) CVR and VA using the FRS model was significantly
reduced in both sexes but not CVR estimated by ASCVD
Pooled Cohort Equations; (3) regardless of the CVR
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Table 2 Cardiovascular risk factors, cardiovascular risk and vascular age data classified by sex before and after intervention period. Values are

mean + SD or percentage (%)

Dependent  All participants  p TO vs. T1 Effect size 7* Men (n=109)
variable (n=16T)

Women (n=58) pyvs. WatT1  Effect size 7 p Time x sex Effect size °

SBP (mmHg)

TO 135.8+12.1 135.8+11.8

T1 1289+ 11.8% <0.001 0277 1285+11.5%
Total cholesterol (mg/dL)

TO 205.9+39.8 2013 +40.8

T1 194.8 +36.9* <0.001 0.143 187.7+£35.7=
HDL-C (mg/dL)

TO 50.0+32.9 49.8+39.6

Ti 47.7x11.6 0.35 0.046 458=11.1
Antihypertensive medication (%)

TO 92.2 89.8

T1 85.6% 0.05 85.2
Cigarette smoking (%)

TO 13.8 13.9

T1 13.8 1.00 13.9
DM (%)

TO 9.0 11.1

T1 9.0 1.00 11.1
ASCVD-CVR %

TO 83+6.8 10.5+73

T1 7.6+8.6 0.18 0.045 9.6+9.4
FRS-CVR %

TO 17.9+10.9 216111

T1 14.7+10.2% <0.001 0.149 17.6+10.9*
Vascular age
TO 7.3+ 14.6 70.3+135
T1 65.4+15.2*% <0.001 0.194 64.7+15.1*

1357126

129.7+12.4* 0.531 0.05 0.54 0.049
214.4+36.8

207.9+35.9 0.00m 0.271 0.21 0.454
5214144

510+118 0.006 0.221 071 0.033
96.6

86.4* 0.826 0.15

13.6

13.6 0.860 1.00

6.8

6.8 0.268 1.00

45+3.1

40+3.1 <0.001 0.371 0.21 0.041
11.3+6.7

9.4+59% <0.001 0.423 0.13 0.126
73.1+16.3

66.6+15.7% 0.448 0.061 0.62 0.40

SBP systolic blood pressure, HDL-C high density lipoprotein cholesterol, DM diabetes mellitus, ASCVD atherosclerotic cardiovascular disease,

FRS Framingham Risk Score, CVR cardiovascular risk
*p value <0.05 from TO

70 mCA

Years

65 O TO-VA
OT1-VA

50
Total Men Women

* P-value<0.05 from TO.

Fig.1 Vascular age (VA) values at baseline (T0) and follow-up (T1)
periods compared to chronological age (CA). *p value < 0.05 from TO

assessment tool, men showed significantly higher values
than women post-intervention albeit no differences in per-
centage change resulting from the intervention, and 4) VA

could better identify the effect of a non-pharmacological
intervention in both sexes than other CVR tools.

Based on a rigorous approach to the validation of equa-
tions, the American College of Cardiology and the Ameri-
can Heart Association guideline strongly recommends the
use of Pooled Cohort Equations in non-Hispanic African
Americans and non-Hispanic whites (40-79 years old) for
the assessment of the 10-year risk of a first hard ASCVD
event [8]. However, although the ASCVD-CVR equations
have been developed from the FRS [7, 8], and the role of
the major variables in the development of CVR was simi-
lar in both score calculators, in the present study, after the
exercise and diet intervention, CVR was still 7.1% lower
with ASCVD-CVR than with FRS-CVR (p <0.001) in all
participants (Table 2). Thus, the observed and predicted
risks for participants in this study at follow-up were 9.6%
and 17.6% (medium risk) in men and 4.0% (low risk) and
9.4% (medium risk) in women for the ASCVD-CVR and
FRS-CVR, respectively. Hence, it could be considered that
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the ASCVD-CVR score calculator by the American Col-
lege of Cardiology and the American Heart Association
would identify the least number of participants with CVR
(i.e., underestimation), or the FRS-CVR would stratify a
maximum number of individuals with high CVR (i.e., over-
estimation) [6]. This difference could likely be caused by
the objective of each score; the FRS estimates CVR for a
large combination of CVD outcomes and the ASCVD tool
estimates risk mainly for myocardial infarction (fatal and
nonfatal) and stroke only [25] and does not consider family
history, which influences mortality [25].

An appropriate lifestyle change, including diet and exer-
cise, has been shown to effectively improve markers of CV
health [18, 19] and CVD prevention [2]. Likewise, previous
studies have proven that a dose-response curve for physical
activity and HTN has a clinically meaningful role in primary
prevention of HTN [26], along with a diet rich in polyphe-
nols [23]. Related to that, in the current study, the decreases
(p<0.05, before-after intervention) in SBP (A=7.3 mmHg
in men and A =6 mmHg in women), total cholesterol in
men (A =13.6 mg/dL) and antihypertensive medication
use in women (A =10.5%) could rightfully be considered
the reason underlying the reduction in the FRS-CVR score
and VA. However, given that drug therapy for primary pre-
vention of CVD is nowadays based on absolute CVD risk,
where the BP-lowering drug treatment is determined by BP
level along with other CVR factors (i.e., sex, age, total cho-
lesterol, HDL-C, DM, and smoking status) [27], and that a
reduction of 5 mmHg in SBP was associated with a lower
risk of CVD mortality [28], it seems that the ASCVD-CVR
estimation tool does not have enough sensitivity to show the
benefits of a lifestyle intervention. Hence, the lack of signifi-
cant changes in ASCVD-CVR estimation, in the presence
of other CVR factor improvements, could have a negative
effect on the advice to treat individuals with an ASCVD-
CVR >7.5% with statins [15]. It is important, therefore, to
note that treatment decisions should be individualized (i.e.,
after a clinician-patient risk/benefit discussion addressing
optimal lifestyle), as suggested by the latest cholesterol
guidelines [29], and not just absolute CVR estimation.

On the other hand, the present study showed that after
16-week of intervention with diet and aerobic exercise,
absolute CVR remained higher in men than in women for
both CVR scores (ASCVD, 5.6%; FRS, 8.2%). As such,
the straightforward discussion would claim that men have a
higher risk of suffering a CV event in the following 10 years,
underlining the sex differences in life expectancy and qual-
ity of life, due, in part, to unhealthy behaviors [30]. How-
ever, a deeper analysis of data and literature revealed that in
the current study after lifestyle intervention: (1) there were
no differences in the percentage change after intervention
between men and women (ASCVD, p=0.73; FRS, p=0.09);
(2) post-intervention women showed higher total cholesterol
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values with hyperlipidemia > 190 mg/dL, with no differences
in HDL-C (normal values > 40 mg/dL), antihypertensive
medication use, smoking habit or DM compared to men; (3)
the new cholesterol guidelines have no sex-specific differ-
ences in recommendations [31], and (4) menopausal status
in women is not taken into account when CVR is estimated
irrespective of tool (in this study 50% were post-menopausal
women). Given this, and that deaths from CVD have been
greater in women compared with men over the past 30 years,
with CVR increases during the menopausal transition and
after menopause mainly marked by progressive endothelial
dysfunction [32], would be logical to conclude that CVR is
underestimated in women.

Noting the imprecise previous tools for calculating the
CVR, mainly due to the various underlying mathematical
models used to calculate the scores, VA could be a useful
tool in the management of individuals with CVR factors,
and easier to use and understand the effect of an interven-
tion in terms of life years [10]. Thus, in the present study
after 16-week lifestyle intervention, VA decreased in all
participants (Table 2, Fig. 1) with no differences between
sexes. These results could identify biologically plausible
mechanisms underlying exercise and diet-induced effects on
CVD risk reduction irrespective of sex. Overall, the CVR
factors-associated arterial wall thickening, which contributes
to vascular stiffening, are sensitive to a non-pharmacological
lifestyle intervention [33].

Although the present study has highlighted the impor-
tance of determining CVR factors in a hypertensive popula-
tion after a lifestyle intervention, several limitations should
be acknowledged. Firstly, although the sample size was suffi-
cient as an initial investigation into CVR and HTN; it would
not be comparable to that of larger epidemiological studies,
and future studies should consider large-scale investigations.
Secondly, the current study only had 35.3% of women which
does not represent an equal gender split. As this poses sta-
tistical issues, future studies should look to recruit equal
numbers, or even to study effects only in women.

5 Conclusions

The improvements in CVR factors after a 16-week lifestyle
change intervention reduced the risk of suffering a CV event
in the following 10 years in overweight/obese adults with
HTN assessed with the FRS estimation tool. However, the
ASCVD-CVR score calculator was not sensitive enough to
show the benefits of diet and exercise. The risk score algo-
rithms (FRS and ASCVD) might underestimate the CVR in
women as they always consider men to be higher risk irre-
spective of age. Therefore, VA could be a useful tool in the
management of individuals with CVR factors, and easier to
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apply and understand the effect of an intervention in terms
of life expectancy.
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