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Summary 

High-intensity intermittent training (HIIT) commonly refers to repeated bouts of high-

intensity exercise performed at near maximal efforts (> 80% of aerobic capacity) interspersed 

with low-intensity recovery periods (< 60% of aerobic capacity). These bouts of high-

intensity exercise can last from 5 seconds to 5 minutes, but they are always performed in 

repeated intervals dispersed with lower intensity recovery periods.  

The primary objective of this Ph.D. thesis was to determine the acute and chronic effects that 

a cycle ergometer HIIT protocol may have in older adults and how it compares to other 

exercise interventions commonly used in the same population. To achieve that objective, two 

systematic reviews and two intervention studies were conducted. The first systematic review 

focused on the effects that HIIT had in older adults ≥ 65 years of age when compared to an 

equivalent moderate-intensity continuous training (MICT) protocol (Paper I). The second 

systematic review examined the influence that a resistance training (RT) protocol had on 

balance and gait parameters in older adults ≥ 65 years of age (Paper II). The first intervention 

further explored the physiological and biomechanical adaptations that took place after 6 

weeks of participating in cycle ergometer HIIT (Paper III). The second intervention 

investigated the acute gait and balance parameter changes that occurred after a single session 

of cycle ergometer HIIT and MICT respectively (Paper IV).  

The key conclusions from the current thesis suggest that HIIT is an effective and safe 

exercise regimen that is well-tolerated in older adults and can be prescribed to the broader, 

non-clinical population by using a simple heart rate maximum (HRmax) calculation and rate 

of perceived exertion (RPE). Although RT has been commonly used to improve lower limb 

strength in older adults, cycle ergometer HIIT has demonstrated that it can improve lower 

limb strength and functional capacity in an already active older adult population comparable 

to that observed in RT. A single session of cycle ergometer HIIT does not produce an acute 

risk of falling in the youngest of the older adults and it should not be singled out as a 

hazardous exercise regimen to participate in when the world's aging population is growing 

faster than ever and requires time-efficient exercise interventions.  

The findings of the current Ph.D. thesis suggest that cycle ergometer HIIT is an effective and 

safe exercise intervention for older adults to participate in and when compared to a traditional 

MICT intervention it appears to elicit comparable if not superior results although in a shorter 

amount of time.   
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Resumen 

El entrenamiento intermitente de alta intensidad (HIIT) generalmente se refiere a series 

repetidas de ejercicio de alta intensidad realizado con esfuerzos casi máximos (> 80% de la 

capacidad aeróbica), intercalados con períodos de recuperación de baja intensidad (<60% de 

la capacidad aeróbica). Estos episodios de ejercicio de alta intensidad pueden durar de 5 

segundos a 5 minutos, pero siempre se realizan en intervalos repetidos dispersos con periodos 

de recuperación de menor intensidad. 

El objetivo principal de esta tesis doctoral fue determinar los efectos agudos, y a medio o 

largo plazo que puede tener un protocolo HIIT de cicloergómetro en adultos mayores y cómo 

se compara con otras intervenciones de ejercicio comúnmente utilizadas en la misma 

población. Para lograr ese objetivo, se realizaron dos revisiones sistemáticas y dos estudios 

de intervención. La primera revisión sistemática se centró en los efectos que tenía el HIIT en 

los adultos mayores ≥ 65 años en comparación con un protocolo de intensidad moderada 

continua (MICT) equivalente (Articulo I). La segunda revisión sistemática examinó la 

influencia que tenía un protocolo de esfuerzo (RT) en los parámetros de equilibrio y marcha 

en adultos mayores ≥ 65 años (Articulo II). La primera intervención exploró las adaptaciones 

fisiológicas y biomecánicas que tuvieron la participación en un programa HIIT en 

cicloergómetro de seis semanas de duración (Articulo III). La segunda intervención investigó 

los cambios agudos de los parámetros de la marcha y el equilibrio que ocurrieron después de 

una sola sesión de cicloergómetro HIIT y MICT respectivamente (Articulo IV). 

Las conclusiones clave de la tesis actual sugieren que el HIIT es un régimen de ejercicio 

eficaz y seguro, que es bien tolerado por los adultos mayores y que puede prescribir a una 

población no clínica más amplia mediante un cálculo simple de la frecuencia cardiaca 

máxima (FCmáx) y la percepción subjetiva del esfuerzo (RPE). Aunque la RT se ha utilizado 

comúnmente para mejorar la fuerza de las extremidades inferiores en adultos mayores, el 

HIIT en cicloergómetro ha demostrado que puede mejorar la fuerza de las extremidades 

inferiores y la capacidad funcional en una población adulta mayor ya activa comparable a la 

observada en RT. Además, una sola sesión de HIIT en cicloergómetro no produce un riesgo 

agudo de caídas en los adultos mayores más jóvenes y no debe señalarse como un régimen de 

ejercicio peligroso en el que participar, máxime cuando el envejecimiento de la población 

mundial está creciendo más rápido que nunca y se necesitan intervenciones de ejercicio 

eficientes y eficaces en el tiempo.  
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Los hallazgos de esta tesis doctoral sugieren que el cicloergómetro HIIT es una intervención 

de ejercicio efectiva y segura para los adultos mayores que, en comparación con una 

intervención MICT tradicional, parece obtener resultados comparables, si no superiores, en 

un período de tiempo más corto. 
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Introduction  

The World Health Organization (WHO) has stated that the number of people aged 65 or older 

is anticipated to increase from an estimated 703 million in 2019 to 1.5 billion in 2050. The 

WHO also reports that noncommunicable chronic diseases currently account for 71% of all 

deaths globally (WHO | World Health Organization, 2019). The risk of developing and 

eventually dying from chronic diseases such as cardiovascular disease and diabetes increases 

with age (Chodzko-Zajko et al., 2009). Physical inactivity is estimated to be the primary 

cause of approximately 20-30% of breast, colon cancers, diabetes, and heart disease 

worldwide. The World Health Organization estimates that in Europe alone physical inactivity 

accounts for 1 million deaths each year (WHO | World Health Organization, 2019). The 

Global Burden of Disease (GBD) study found that in 2017, over 400,000 people died in 

Spain, 80% of whom were aged 70 years or older, and that 92.8% of those cases were related 

to non-communicable diseases. According to the same GBD study, aside from tobacco use, 

the risk factors that drive the most death and disability in Spain are high fasting plasma 

glucose, high blood pressure, and high body mass index, all beating out the fifth risk factor 

being dietary risk.  

Physical Activity is a key component of aging well 

However, strong evidence points to physical activity (PA) as a primary predictor of all-cause 

mortality. There is a growing body of evidence confirming that more active persons have 

lower rates of non-communicable chronic disease (Chodzko-Zajko et al., 2009; Lee et al., 

2011; Nes et al., 2014).  In addition, PA in an aging population is associated with increased 

functional health, a lower risk of falling, and better cognitive function (Chodzko-Zajko et al., 

2009). The Physical Activity Guidelines for Americans state that “regular physical activity 

reduces the risk of many adverse health outcomes”. The guidelines go even further and 

suggest that “adults should avoid sedentary behavior, that some physical activity is better 

than no physical activity, and that adults who participate in any amount of physical activity 

gain health benefits” (Bushman, 2019). A recent prospective population-based study in Spain 

found that compared to a sedentary lifestyle, PA is associated with a lower risk of mortality 

for all causes in older adults after controlling for the effect of several other covariates and that 

health policies for old age care should include PA as one of the main targets (Llamas-Velasco 

et al., 2016). 
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A study by the Centre for Economics and Business Research UK estimated that the direct 

costs (public and private) of health care expenditure that can be attributed to physical 

inactivity in Europe is €9.2billion... they further state that the indirect costs across Europe are 

estimated at €71.1 billion (Centre for Economics and Business Research, 2015). This 

suggests that the direct and indirect costs of physical inactivity in Europe alone were 

estimated to exceed €80 billion in the calendar year 2012. Cutting physical inactivity by 20% 

would save Europe an estimated €16.1 billion, but the societal burden of inactivity in Europe 

extends beyond simple economic costs (Centre for Economics and Business Research, 2015). 

Physical inactivity can also impose widespread costs to individuals and families, by 

contributing to serious diseases and leading to incalculable avoidable deaths each year. These 

health consequences produce emotional and human costs across society that cannot be 

reasonably portrayed in monetary figures. The nature of inactivity as a behavior that causes 

future health problems means that today’s inactive population can be expected to give rise to 

tomorrow’s increasing economic costs (Heidenreich et al., 2011). This is a global concern but 

predominantly in Spain, where an aging population and a rise in health care costs are serious 

health challenges facing its society (Soriano et al., 2018). 

With all this convincing evidence, exercise should be considered a primary focus in the fight 

against noncommunicable chronic diseases and all-cause mortality. However, the question 

then arises of which type of PA in an aging population is best and is there an optimal 

prescription that helps safeguard an individual from disease and premature death. Research 

studies readily demonstrate that moderate to vigorous aerobic PA performed at least 3 days a 

week, accruing 150 – 300 minutes produces considerable health benefits (Bushman, 2019; 

Warburton et al., 2006). Moderate-intensity PA is possibly the most common form and 

requires a medium level of effort (5-7 on a scale of 1-10, or 3-6 MET’s) and produces an 

obvious increase in breathing and heart rate. Vigorous-intensity physical activity requires a 

high level of effort (7 or above on a scale of 1-10, or ≥7 MET’s) and produces a large 

increase in breathing and heart rate. The type of exercise performed is not as highly specified 

and the participant can select from a wide range of modalities (i.e., walking, hiking, jogging, 

cycling, swimming, etc.).  

What are the current guidelines for exercise in older adults? 

Guidelines for exercise in older adults suggest that a multidimensional exercise routine (i.e., 

aerobic, strength, balance, and flexibility) is best (Bushman, 2019; Chodzko-Zajko et al., 
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2009; Fragala et al., 2019). The Physical Activity Guidelines for Americans, 2nd edition state, 

“many interventions combine all types of exercise (aerobic, muscle strengthening, and 

balance) into one session, and this has been shown to be effective” and that  “multicomponent 

physical activity is important to improve physical function and decrease the risk of falls or 

injury from a fall” (Bushman, 2019). 

However, much of the research regarding the prevention of disease and premature death has 

focused on a conveniently available population of young and middle-aged adults, not 

specifically older adults ≥ 60 years of age. Although there may be applicable information in 

these studies, individuals differ widely in how they age biologically and in how 

physiologically they may adapt to a specific exercise program (Elliott et al., 2021). This 

suggests that advancing age is associated with physiologic changes that result in reductions in 

functional capacity and declines in PA volume and intensity. This diverse interindividual 

variability seen in older adults can be due to a combination of genetic and lifestyle factors, 

but either way, one thing is certain, there are differences between older and middle-aged 

adults and more research needs to be done to tease out those key differences. 

When physically active older adults are compared to their non-active counterparts, it is clear 

that PA is playing a key role in aging well and preventing the early onset of disease 

(D’antona et al., 2007; Pollock et al., 2014).  Although encouraging and supporting older 

adults to be more physically active has no “one size fits all” solution, raising awareness and 

educating people about the physical, mental, and social benefits of PA can be part of the 

solution. Another part of that solution is providing educated and informed exercise 

prescriptions that are calculated and specific. 

The emergence of prescribing HIIT in chronic disease and aging  

Although moderate-intensity continuous training (MICT) has historically been the leading 

exercise recommendation, the U.S. physical activity guidelines also allow for 75 min of 

vigorous-intensity exercise a week rather than 150 min of moderate-intensity exercise 

(Bushman, 2019). High-intensity interval training (HIIT) is an exercise regimen that seems to 

be gaining more popularity in the general population as a quick and effective, yet enjoyable, 

way to partake in PA. HIIT, just like MICT, can take place in many different forms of 

exercise from walking to cycling to rowing. The difference is that HIIT consists of alternating 

short periods of intense exercise with recovery periods of passive or moderate-intensity 
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movement. Typically, the work intervals vary from 10 s to 4 min at or near an individual’s 

maximum capacity with recovery intervals that are approximately equal to the work interval. 

The recovery interval can be passive (no exercise) or active (exercise) recovery at a much 

lower intensity and this combined work to rest interval is repeated several times. Thus, 

alternating high-intensity with low-intensity intervals allows an individual to spend a longer 

amount of time at an elevated intensity, therefore, making the total exercise time, less in 

comparison with MICT. Therefore, although a HIIT regimen can be very strenuous, 

logistically speaking, the workout takes less time and can be very appropriate in a time-

crunched society.  

HIIT has also gained considerable attention as a suitable exercise program for patients with 

chronic diseases such as cardiovascular disease and diabetes due to its increased effect on 

cardiorespiratory fitness and metabolic function (Hannan et al., 2018; Tjønna et al., 2008).  

Multiple studies have reported that when compared with MICT, HIIT has been shown to 

elicit superior improvements in indices of cardiorespiratory fitness (Angadi et al., 2015; 

Hannan et al., 2018; Hwang et al., 2019; Ramos et al., 2015). Also, a study by Lee et al. 

(2011) found that cardiorespiratory fitness was more strongly associated with all-cause 

mortality than PA alone; therefore, improving cardiorespiratory fitness should be encouraged 

to reduce the risk of all-cause mortality (Lee et al., 2011). 

 Physiological advantages of HIIT compared to MICT 

The benefit of HIIT, when compared to MICT, is that an individual can perform large 

amounts of high-intensity exercise due to the respite periods that are not otherwise possible in 

traditional continuous training. The current body of evidence suggests that HIIT can induce 

equal, if not superior, improvements in cardiovascular fitness and metabolic health when 

compared to MICT (Angadi et al., 2015; Gibala & McGee, 2008; Gillen & Gibala, 2018; 

Hood et al., 2011). However, the research investigating the exact physiological parameters 

that explain the stronger adaptations seems to be lacking although the current explanations 

state that the time spent at near maximal aerobic capacity and increased muscle fiber 

recruitment are the keys to making HIIT more advantageous. Literature from Gibala & 

McGee (2008) suggests that small amounts of HIIT can acutely increase skeletal muscle 

oxidative capacity and alter metabolic control mechanisms. They further state that their 

research has observed substantial increases of mitochondrial enzymatic activity of citrate 

synthase and cytochrome oxidase in as little as 6 sessions of HIIT participation over just two 
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weeks (Gibala & McGee, 2008). This data suggests that aerobic capacity increases due to 

HIIT but not MICT are due to the enhanced mitochondrial activity taking place at the local 

skeletal muscle fiber caused by the increased amount of exercise performed at higher 

intensities. Consequently, this increased mitochondrial activity elicited by HIIT could have a 

dual purpose in not only increasing aerobic capacity but also increasing insulin sensitivity as 

type 2 diabetics have been shown to have impaired mitochondrial capacity (Hood et al., 

2011). Similarly, and possibly better understood is the fact that with increasing intensity of 

activity an individual will recruit a greater number of muscle fibers (motor units) to complete 

the task (Thomson et al., 1979; VØLLESTAD & BLOM, 1985). Particularly, the individual 

will first recruit slow-twitch (Type I), followed by fast-twitch II-A type, then by fast-twitch 

II-X type, and lastly by fast-twitch II-B type fibers (Talbot & Maves, 2016). Therefore, the 

higher intensity of HIIT in comparison to MICT generally recruits more muscle fibers during 

the exercise bout inducing greater muscular oxidative capacity in that larger number of 

muscle fibers thus creating a more positive physiological adaptation.  

Are older adults at an increased risk when prescribed HIIT? 

When addressing the safety of utilizing HIIT in an aging population and those with chronic 

conditions, it is always important to note that the intensity of the training is relative to the 

individuals’ level of fitness. Therefore, HIIT is different, yet very specific for everybody 

taking part in it. That would mean that a physically unfit individual may simply need to walk 

at a slightly increased pace, whereas an active, fit individual may need to run at a fast pace to 

achieve the same intensity (%HRmax, %VO2max, etc.). 

Currently, there is no consensus as to whether HIIT puts an older adult at an increased risk of 

an adverse event or serious injury. However, one study claims that a single session of HIIT 

can elicit an elevated transient risk of falling (Donath & Roth, 2014). If that were the case 

then one of the primary reasons HIIT is so beneficial, time efficiency, could be argued. 

Various other studies suggest that exercise-induced fatigue, no matter the method, is a reality 

and that fatigue can generate acute impairments in balance and gait parameters (Helbostad et 

al., 2007; Morrison et al., 2016; Nagano et al., 2014). However, all these studies included an 

older adult population 70+ years of age, and most of those studies focused on resistance 

exercise fatigue.  A systematic review on the topic asserts that although balance is impaired 

due to exercise-induced fatigue, the rate of fatigue and recovery from that fatigue varied 

greatly amongst the participants/studies (Helbostad et al., 2010).  Aside from the research by 
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Donath & Roth (2014), few studies have examined the acute effect that HIIT may have in an 

aging population.  

Although there is no clear consensus on the safety of HIIT, much of the research to date 

suggests that HIIT is just as safe and possibly more enjoyable than traditional MICT exercise 

protocols (Marriott et al., 2021; Villelabeitia Jaureguizar et al., 2016). Systematic reviews 

often claim that there needs to be more long-term research to determine the safety and 

feasibility of HIIT training in older adults. However, despite those claims, individual studies 

have concluded that HIIT is safe, feasible, and well-tolerated in an older adult population that 

consisted of certain individuals with significant divergent comorbidities (Angadi et al., 2015; 

Hwang et al., 2016).  
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Introducción  

La Organización Mundial de la Salud (OMS) ha declarado que se prevé que el número de 

personas de 65 años o más aumente de un estimado de 703 millones en 2019 a 1.500 millones 

en 2050. La OMS también informa que las enfermedades crónicas no transmisibles 

actualmente representan el 71% de todas las muertes del mundo (WHO | World Health 

Organization, 2019). El riesgo de desarrollar enfermedades crónicas como las enfermedades 

cardiovasculares y la diabetes, y eventualmente morir, aumenta con la edad (Chodzko-Zajko 

et al., 2009). Se estima que la inactividad física es la causa principal de aproximadamente el 

21-25% de los cánceres de mama y de colon, el 27% de la diabetes y aproximadamente el 

30% de las enfermedades cardíacas en todo el mundo. La OMS estima que solo en Europa la 

inactividad física representa un millón de muertes cada año (WHO | World Health 

Organization, 2019). El estudio Global Burden of Disease (GBD) encontró que, en 2017, más 

de 400.000 personas murieron en España, el 80% tenían 70 años o más y que el 92,8% de 

esos casos estaban relacionados con enfermedades no transmisibles. Según el mismo estudio 

de GBD, además del consumo de tabaco, los factores de riesgo que provocan más muertes y 

discapacidades en España son la glucemia elevada en ayunas, la hipertensión arterial y el 

índice de masa corporal (IMC) elevado, todos superando al quinto factor de riesgo: el riesgo 

dietético. 

La actividad física es un componente clave para envejecer bien 

Sin embargo, hay pruebas contundentes que apuntan a la actividad física (AF) como un factor 

de predicción principal de la mortalidad por todas las causas. Cada vez hay más evidencia 

que confirma que las personas más activas tienen tasas más bajas de enfermedades crónicas 

no transmisibles (Chodzko-Zajko et al., 2009; Lee et al., 2011; Nes et al., 2014). Además, la 

AF en una población que envejece se asocia con una mayor salud funcional, un menor riesgo 

de caídas y una mejor función cognitiva (Chodzko-Zajko et al., 2009). La publicación 

“Physical Activity Guidelines for Americans 2008” indica que "la AF regular reduce el riesgo 

de muchos resultados adversos para la salud". La publicación va más allá y sugieren que “los 

adultos deben evitar el comportamiento sedentario, que algo de AF es mejor que ninguna AF, 

y que los adultos que participan en cualquier cantidad de AF obtienen beneficios para la 

salud” (Bushman, 2019). Un reciente estudio prospectivo basado en la población en España 

encontró que, en comparación con un estilo de vida sedentario, la AF se asocia con un menor 

riesgo de mortalidad por todas las causas en los adultos mayores después de controlar el 
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efecto de otras covariables y que las políticas de salud para el cuidado de las personas 

mayores debe incluir la AF como uno de los principales objetivos (Llamas-Velasco et al., 

2016). 

Un estudio realizado por el Centro de Investigación Económica y Empresarial del Reino 

Unido estimó que los costos directos (públicos y privados) del gasto en atención médica que 

pueden atribuirse a la inactividad física en Europa es de 9,2 mil millones de euros. El estudio 

sigue diciendo que, solo en Europa, se estima el coste alrededor de 71.100 millones de euros 

(Centro de Investigación Económica y Empresarial, 2015). Esto sugiere que se estimó que los 

costes directos e indirectos de la inactividad física solo en Europa superaron los 80.000 

millones de euros en el año 2012. Reducir la inactividad física en un 20% ahorraría a Europa 

un estimado de 16.100 millones de euros, pero la carga social de la inactividad en Europa se 

extiende más allá de los simples costos económicos (Center for Economics and Business 

Research, 2015). La inactividad física también puede imponer costos generalizados a las 

personas y las familias, contribuyendo a enfermedades graves y provocando muertes 

evitables incalculables cada año. Estas consecuencias para la salud producen costos 

emocionales y humanos en la sociedad que no pueden representarse razonablemente en cifras 

monetarias. La naturaleza de la inactividad como comportamiento que causa problemas de 

salud en el futuro significa que se puede esperar que la población inactiva de hoy dé lugar a 

los crecientes costos económicos del mañana (Heidenreich et al., 2011). Se trata de una 

preocupación mundial pero predominantemente en España, donde el envejecimiento de la 

población y el aumento de los costes sanitarios son graves retos sanitarios a los que se 

enfrenta su sociedad (Soriano et al., 2018). 

Con toda esta evidencia convincente, el ejercicio debe considerarse un enfoque principal en la 

lucha contra las enfermedades crónicas no transmisibles y la mortalidad por todas las causas. 

Sin embargo, surge la pregunta de qué tipo de AF es mejor en una población que envejece y 

si existe una receta óptima que ayude a proteger a un individuo de enfermedades y muerte 

prematura. Los estudios de investigación demuestran fácilmente que la AF aeróbica de 

moderada a vigorosa realizada al menos 3 días a la semana, acumulando entre 150 y 300 

minutos, produce considerables beneficios para la salud (Bushman, 2019; Warburton et al., 

2006). La AF de intensidad moderada es posiblemente la forma más común y requiere un 

nivel de esfuerzo medio (5-7 en una escala de 1-10 RPE, o 3-6 MET) y produce un aumento 

evidente de la frecuencia cardíaca y respiratoria. La AF de intensidad vigorosa requiere un 
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alto nivel de esfuerzo (7 o más en una escala de 1 a 10 RPE, o ≥7 MET) y produce un gran 

aumento de la frecuencia respiratoria y cardíaca. El tipo de ejercicio realizado no está tan 

especificado y el participante puede seleccionar entre una amplia gama de modalidades (es 

decir, caminar, hacer senderismo, trotar, andar en bicicleta, nadar, etc.). 

¿Cuáles son las pautas actuales para el ejercicio en adultos mayores? 

Las pautas para el ejercicio en adultos mayores sugieren que lo mejor es una rutina de 

ejercicio multidimensional (es decir, aeróbico, fuerza, equilibrio y flexibilidad) (Bushman, 

2019; Chodzko-Zajko et al., 2009; Fragala et al., 2019). La “Physical Activity Guidelines for 

Americans”, segunda edición, afirman que "muchas intervenciones combinan todos los tipos 

de ejercicio (aeróbico, fortalecimiento muscular y equilibrio) en una sesión, y se ha 

demostrado que es eficaz" y que "la AF multicomponente es importante para mejorar la 

función física y disminuir el riesgo de caídas o lesiones por caída” (Bushman, 2019). 

Sin embargo, gran parte de la investigación sobre la prevención de enfermedades y muerte 

prematura se ha centrado en una población convenientemente disponible de adultos jóvenes y 

de mediana edad, no específicamente en adultos mayores ≥ 60 años. Aunque puede haber 

información aplicable en estos estudios, los individuos difieren ampliamente en cómo 

envejecen biológicamente y en cómo fisiológicamente pueden adaptarse a un programa de 

ejercicio específico. Esto sugiere que la edad avanzada está asociada con cambios 

fisiológicos que resultan en reducciones en la capacidad funcional y disminuciones en el 

volumen e intensidad de la AF. Esta variabilidad interindividual diversa, que se observa en 

los adultos mayores, puede deberse a una combinación de factores genéticos y de estilo de 

vida, pero, de cualquier manera, una cosa es segura, existen diferencias entre los adultos 

mayores y los de mediana edad y es necesario realizar más investigaciones para descubrir 

esas diferencias clave. 

Cuando se compara a los adultos mayores físicamente activos con sus contrapartes no 

activos, queda claro que la AF está desempeñando un papel clave para envejecer bien y 

prevenir la aparición temprana de enfermedades (D'antona et al., 2007; Pollock et al., 2014). 

Aunque alentar y apoyar a los adultos mayores para que sean más activos físicamente no 

tiene una solución única, crear conciencia y educar a las personas sobre los beneficios físicos, 

mentales y sociales de la AF puede ser parte de la solución. Otra parte de esa solución es 

proporcionar prescripciones de ejercicio informadas que sean calculadas y específicas.  
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La aparición de la prescripción de HIIT en enfermedades crónicas y 

envejecimiento 

Aunque el entrenamiento continuo de intensidad moderada (MICT) ha sido históricamente la 

principal recomendación de ejercicio, las “Physical Activity Guidelines for Americans”, 

también permiten 75 minutos de ejercicio de intensidad vigorosa a la semana en lugar de 150 

minutos de ejercicio de intensidad moderada (Bushman, 2019). HIIT es un régimen de 

ejercicio que parece estar ganando más popularidad en la población general como una forma 

rápida y eficaz, pero agradable, de participar en la AF. HIIT, al igual que MICT, se puede 

realizar en muchas formas diferentes de ejercicio, desde caminar hasta andar en bicicleta y 

remar. La diferencia es que HIIT consiste en alternar períodos cortos de ejercicio intenso con 

períodos de recuperación de movimiento pasivo o de intensidad moderada. Por lo general, los 

intervalos de trabajo varían de 10 a 4 minutos en o cerca de la capacidad máxima de un 

individuo con intervalos de recuperación que son aproximadamente iguales al intervalo de 

trabajo. El intervalo de recuperación puede ser una recuperación pasiva (sin ejercicio) o 

activa (ejercicio) a una intensidad mucho menor, y este intervalo combinado de trabajo a 

descanso se repite varias veces. Por lo tanto, alternar intervalos de alta intensidad con 

intervalos de baja intensidad permite que un individuo pase más tiempo a una intensidad 

elevada, por lo que hace que el tiempo total de ejercicio sea menor en comparación con 

MICT. Así, aunque un régimen HIIT puede ser muy agotador, desde el punto de vista 

logístico, el entrenamiento lleva menos tiempo y puede ser muy apropiado en una sociedad 

con poco tiempo. 

HIIT también ha ganado una atención considerable como un programa de ejercicio adecuado 

para pacientes con enfermedades crónicas, como enfermedades cardiovasculares y diabetes, 

debido a su mayor efecto sobre la condición cardiorrespiratoria y la función metabólica 

(Hannan et al., 2018; Tjønna et al., 2008). Múltiples estudios han informado que, en 

comparación con MICT, se ha demostrado que HIIT produce mejoras superiores en los 

índices de aptitud cardiorrespiratoria (Angadi et al., 2015; Hannan et al., 2018; Hwang et al., 

2019; Ramos et al., 2015). Además, un estudio de Lee et al. (2011) encontró que la aptitud 

cardiorrespiratoria estaba más fuertemente asociada con la mortalidad por todas las causas 

que la AF sola; por lo tanto, se debe fomentar la mejora de la aptitud cardiorrespiratoria para 

reducir el riesgo de mortalidad por todas las causas (Lee et al., 2011).  
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Ventajas fisiológicas de HIIT en comparación con MICT 

El beneficio de HIIT en comparación con MICT es que una persona puede realizar grandes 

cantidades de ejercicio de alta intensidad debido a los períodos de descanso que no serían 

posibles en el entrenamiento continuo tradicional. El cuerpo de evidencia actual sugiere que 

HIIT puede inducir mejoras iguales, si no superiores, en la aptitud cardiovascular y la salud 

metabólica en comparación con MICT. Sin embargo, parece faltar la investigación que 

investiga los parámetros fisiológicos exactos que explican las adaptaciones más fuertes, 

aunque las explicaciones actuales afirman que el tiempo que se pasa cerca de la capacidad 

aeróbica máxima y el aumento del reclutamiento de fibras musculares son las claves para 

hacer que el HIIT sea más ventajoso. La literatura de Gibala y McGee (2008) sugiere que 

pequeñas cantidades de HIIT pueden aumentar de forma aguda la capacidad oxidativa del 

músculo esquelético y alterar los mecanismos de control metabólico. Además, afirman que su 

investigación ha observado aumentos sustanciales de la actividad enzimática mitocondrial del 

citrato sintasa y el citocromo oxidasa en tan solo 6 sesiones de participación en HIIT durante 

dos semanas (Gibala & McGee, 2008). Estos datos sugieren que los aumentos de la capacidad 

aeróbica debido al HIIT, pero no al MICT, se deben a la mayor actividad mitocondrial que 

tiene lugar en la fibra del músculo esquelético local causada por la mayor cantidad de 

ejercicio realizado a intensidades más altas. En consecuencia, este aumento de la actividad 

mitocondrial provocado por HIIT podría tener un doble propósito no solo para aumentar la 

capacidad aeróbica sino también para aumentar la sensibilidad a la insulina, ya que se ha 

demostrado que los diabéticos tipo 2 tienen una capacidad mitocondrial disminuida (Hood et 

al., 2011). De manera similar, y posiblemente mejor entendido, es el hecho de que, con el 

aumento de la intensidad de la actividad, un individuo reclutará una mayor cantidad de fibras 

musculares (unidades motoras) para completar la tarea. En particular, el individuo primero 

reclutará fibras de contracción lenta (Tipo I), seguidas por fibras de contracción rápida II-A, 

luego por fibras de contracción rápida II-X y, por último, por fibras de contracción rápida II-

B (Thomson et al., 1979; VÖLLESTAD & BLOM, 1985). Por lo tanto, la mayor intensidad 

de HIIT en comparación con MICT generalmente recluta más fibras musculares durante la 

sesión de ejercicio, lo que induce una mayor capacidad oxidativa muscular en ese mayor 

número de fibras musculares, creando así adaptaciones fisiológicas más positivas. 
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¿Los adultos mayores tienen un mayor riesgo cuando realizan HIIT? 

Al abordar la seguridad de utilizar HIIT en una población que envejece y en personas con 

afecciones crónicas, siempre es importante tener en cuenta que la intensidad del 

entrenamiento es relativa al nivel de condición física de las personas. Por lo tanto, HIIT es 

diferente, pero muy específico para todos los que participan en él. Eso significaría que un 

individuo físicamente no apto puede simplemente necesitar caminar a un ritmo ligeramente 

mayor, mientras que un individuo activo y en forma puede necesitar correr a un ritmo rápido 

para lograr la misma intensidad (% FCmáx, % VO2máx, etc.). 

Actualmente no hay consenso sobre si el HIIT pone a un adulto mayor en mayor riesgo de 

sufrir un evento adverso o una lesión grave. Sin embargo, un estudio afirma que una sola 

sesión de HIIT puede provocar un riesgo transitorio elevado de caídas (Donath & Roth, 

2014). Si ese fuera el caso, se podría argumentar que una de las razones principales por las 

que el HIIT es tan beneficioso es la eficiencia del tiempo. Otros estudios sugieren que la 

fatiga inducida por el ejercicio, sin importar el método, es una realidad y que la fatiga puede 

generar alteraciones agudas en el equilibrio y los parámetros de la marcha (Helbostad et al., 

2007; Morrison et al., 2016; Nagano et al., 2014). Sin embargo, todos estos estudios 

incluyeron una población de adultos mayores de 70 años o más, y la mayoría de esos estudios 

se centraron en la fatiga por ejercicio de fuerza. Una revisión sistemática sobre el tema afirma 

que, aunque el equilibrio se ve afectado debido a la fatiga inducida por el ejercicio, la tasa de 

fatiga y la recuperación de esa fatiga varió mucho entre los participantes / estudios 

(Helbostad et al., 2010). Aparte de la investigación de Donath & Roth (2014), pocos estudios 

han examinado el efecto agudo que el HIIT puede tener en una población que envejece. 

Aunque no existe un consenso claro sobre la seguridad del HIIT, gran parte de las 

investigaciones realizadas sugieren que el HIIT es tan seguro y posiblemente más agradable 

que los protocolos de ejercicio MICT tradicionales (Marriott et al., 2021; Villelabeitia 

Jaureguizar et al., 2016). Las revisiones sistemáticas a menudo afirman que es necesario 

realizar más investigaciones a largo plazo para determinar la seguridad y viabilidad del 

entrenamiento HIIT en adultos mayores. Sin embargo, a pesar de esas afirmaciones, los 

estudios individuales han llegado a la conclusión de que el HIIT es seguro, factible y bien 

tolerado en una población de adultos mayores que consta de ciertos individuos con 

comorbilidades divergentes significativas (Angadi et al., 2015; Hwang et al., 2016). 
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Objectives 

Overall:  

The primary objective of this Ph.D. thesis was to determine the acute and long-term effects 

that a cycle ergometer HIIT protocol may have in older adults and how it compares to other 

exercise interventions commonly used in the same population.  

Specifically:  

➢ Perform a systematic review of randomized control trials (RCT) within an aging 

population that investigated the overall effect of HIIT versus MICT protocols and 

assess the general findings of the HIIT interventions (Paper I). 

➢ Evaluate if there is a consensus amongst the published literature as to a general 

HIIT intervention that works best in an aging population (Paper I). 

➢ Carry out a systematic review of RCT within an aging population that investigated 

the general impacts of a resistance training (RT) protocol on key outcome 

measures relating to gait and balance parameters (Paper II). 

➢ Determine the feasibility of a cycle ergometer HIIT protocol prescribed to older 

adults using heart rate (HR) and rate of perceived exertion (RPE) alone (Paper 

III). 

➢ Establish what effects a cycle ergometer HIIT protocol may have on strength, 

balance, and gait variables in an already active older adult population (Paper III). 

➢ Determine if a single session of cycle ergometer HIIT produces a negative, 

transient effect on balance and gait parameters in older adults when compared to 

that of a metabolically matched MICT protocol (Paper IV). 

Hypotheses: 

➢ Paper I – High-Intensity Interval Training will be a safe and effective way to 

participate in aerobic exercise for older adults that should be utilized by health 

practitioners when appropriate.  

➢ Paper II – Resistance training will increase strength and therefore improve gait and 

balance parameters in older adults at risk for falls.  

➢ Paper III – It will be appropriate and effective to prescribe a cycle ergometer HIIT 

protocol using HR and/or RPE without aggressive oversight or need for specialized 

equipment. 
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➢ Paper IV – There will be no significant difference in acute balance or gait parameters 

post exercise if the cycle ergometer HIIT and MICT protocols are metabolically 

matched. 
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Objetivos 

General: 

El objetivo principal de esta tesis doctoral fue determinar los efectos agudos y crónicos que 

puede tener un protocolo HIIT en cicloergómetro en adultos mayores y cómo se compara con 

otras intervenciones de ejercicio comúnmente utilizadas en la misma población. 

Específicos: 

➢ Realizar una revisión sistemática para compararla eficacia de dos métodos de 

entrenamiento, HIIT vs. MICT, en la capacidad funcional de adultos mayores 

(Artículo I). 

➢ Evaluar si existe un consenso entre la literatura publicada en cuanto a una 

intervención HIIT general que es más eficaz en una población que envejece 

(Articulo I). 

➢ Realizar una revisión sistemática de los efectos de un protocolo de entrenamiento 

de resistencia (RT) sobre las medidas de resultado clave relacionadas con los 

parámetros de la marcha y el equilibrio de adulto mayores (Articulo II). 

➢ Comprobar la eficacia del uso frecuencia cardiaca (FC) y percepción subjetiva del 

esfuerzo (RPE) al emplear un protocolo HIIT de cicloergómetro prescrito a 

adultos mayores (Articulo III). 

➢ Establecer qué efecto tiene un protocolo un protocolo HIIT en cicloergómetro 

sobre las variables de fuerza, equilibrio y marcha en una población adulta mayor 

activa (Articulo III). 

➢ Determinar si una sola sesión de cicloergómetro HIIT produce un efecto negativo 

y transitorio en los parámetros de equilibrio y marcha en adultos mayores en 

comparación con el de un protocolo MICT de semejante incidencia metabólica 

(Articulo IV). 

Hipótesis: 

➢ Artículo I – El entrenamiento de intervalos de alta intensidad será una forma segura y 

eficaz de participar en ejercicios aeróbicos para adultos mayores que los profesionales 

deben utilizar cuando corresponda. 
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➢ Articulo II – El entrenamiento de resistencia aumentará la fuerza y, por lo tanto, 

mejorará los parámetros de la marcha y el equilibrio en adultos mayores con riesgo de 

caídas. 

➢ Articulo III – Se verificará que es apropiado y eficaz prescribir un protocolo HIIT en 

cicloergómetro utilizando HR y/o RPE sin supervisión agresiva o necesidad de equipo 

especializado. 

➢ Artículo IV – Se confirmará que no hay diferencias significativas en el equilibrio 

agudo o los parámetros de la marcha después del ejercicio si los protocolos HIIT y 

MICT del cicloergómetro coinciden metabólicamente. 
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Methods 

The most relevant methods and materials used in the papers included in this Ph.D. thesis are 

summarized in the following table (Table 1). 

The ethical recommendations approved in the Declaration of Helsinki (2013) were 

observed throughout the completion of the current Ph.D. thesis. In addition, we followed the 

instructions of the European Union on Good Clinical Practice (111/3976/88 of July 1990), as 

specified in a national legal framework for human clinical research (Royal Decree 561/1993 

on clinical essays). Individual research projects were presented and approved by two separate 

University Ethics Committees (University of Jaen - Reference: NOV.19/5.TES; and 

University of Southern Mississippi Institutional Review Board, #IRB-20-519). All 

participants signed informed written consent prior to the start of all data collection. 
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Table 1. Methodology used in the current thesis 

Manuscript Objective Design Participants Protocol Outcome Measures 

I. Comparison of High-Intensity 

Interval Training to Moderate-

Intensity Continuous Training in 

Older Adults: A Systematic 

Review 

Investigate the 

overall effect of 

HIIT versus MICT 

protocols and 

assess the general 

findings of the 

HIIT interventions 

and if there is a 

more appropriate 

protocol for older 

adults. 

Systematic 

Review 

• Three electronic databases (PubMed, Scopus, and Web of Science [MEDLINE]) were 

searched for RCT comparing the effect of HIIT and MICT in older adults. Jan. 2008 to 

December 2018 

• Search terms included: HIIT OR HIT OR high-intensity training OR interval training. 

The search terms were limited to TITLE/ABSTRACT/KEYWORDS.  

• Inclusion criteria included full-length research articles published from January 2008 up 

to December 2018. Participants’ age of 60 years and older and interventions comparing 

the effects of 4 weeks or more of HIIT versus MICT aerobic exercise. 

• 22 articles were identified as meeting the inclusion criteria. PEDro was used to assess 

the quality and seven did not score five or greater and were removed. Fifteen studies 

remained and all were included in this systematic review 

II. Influence of Resistance Training 

on Gait & Balance Parameters in 

Older Adults: A Systematic 

Review 

Determine the 

general impacts of 

a RT protocol on 

key outcome 

measures relating 

to gait and balance 

parameters in older 

adults.  

Systematic 

Review 

• Two electronic databases (PubMed, Scopus) were searched for that trials that measured 

at least one key outcome measure focusing on gait and/or balance in older adults. 

• Search terms used included: resistance training OR strength training AND balance OR 

gait. The search terms were limited to TITLE/ABSTRACT/KEYWORDS. 

• Inclusion criteria were full-length RCT published from January 2010 up to June 2020 

that included participants with a median age of 60+ years. Resistance training 

interventions that measured at least one variable relating to gait and/or balance were 

included 

• 20 articles were identified as meeting the criteria for inclusion. The remaining 20 studies 

were assessed for quality using PEDro, 8 of the studies did not score ≥ 5 and were 

removed. 12 studies remained, and all were included in the systematic review. 
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III. Utilizing Heart Rate and RPE to 

prescribe Cycle Ergometer HIIT 

in Older Adults: A Feasibility 

Study 

Establish the 

feasibility of a 

cycle ergometer 

HIIT protocol 

using only HR and 

RPE as a guide to 

prescribing 

exercise intensity.  

Intervention: 

Feasibility 

Study 

N = 10 

Age = 64.2 ± 6.1 

Active 

HIIT – 4 x 4-minute (33 

minutes total) cycle ergometer 

intervals at 85% of HRmax 

2 days per week 

6 weeks 

• Cycling parameters (HR, 

RPE, watts, RPM) 

• Blood parameters (glucose, 

total cholesterol) 

• Strength  

• Balance 

• Gait 

IV. A Single Session of Cycle 

Ergometer High-Intensity 

Interval Training (HIIT) Does 

Not Produce a Transient 

Elevated Fall Risk in Adults 50 – 

70 Years of Age. 

Determine if a 

single session of 

cycle ergometer 

HIIT produces a 

negative, transient 

effect on balance 

and gait parameters 

when compared to 

that of a 

metabolically 

matched MICT 

protocol 

Intervention: 

Within 

subjects 

repeated 

measures 

randomized 

cross-over 

N = 20 

Age = 58.2 ± 6.93 

Active, healthy 

HIIT – 4 x 4-minute (33 

minutes total) cycle ergometer 

intervals at 85% of HRmax 

MICT – 42 minutes of 

continuous cycle ergometer 

exercise at 60% of HRmax.  

• COP (Sway velocity & 

range) 

• Gait Speed 

• TUG 

• Cycling parameters (watts & 

RPM) 
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Instruments and procedures: 

Anthropometrics: 

➢ Body composition: Participants wore light, exercise-type clothing and were assessed 

barefoot during this test; they were asked to wear the same or similar clothing for both 

the pre- and post-tests. InBody 270 bio-impedance analysis (BIA) device was used to 

determine fat/fat-free mass and % body fat (InBody Co. Ltd. InBody Bldg., 625, 

Eonju-ro, Gangnam-gu, Seoul, 06106 Korea) in Paper II and the TANITA MC-780U 

(Arlington, IL, USA) multifrequency BIA device was used in Paper IV. 

➢ Body mass index (BMI): calculated by taking the weight in kilograms divided by 

height in meters squared (kg/m2).  

➢ Height: was measured to the nearest millimeter using a SECA 274 (Mount Pleasant, 

SC, USA) freestanding stadiometer with a digital display and an average of three 

measures was used.  

➢ Weight: was measured to the nearest 0.1 kg using the InBody 270 BIA device in Paper 

II and the TANITA MC-780U BIA device in Paper IV. 

Balance: 

➢ Center-of-pressure (COP): data from a single force platform (AMTI, Watertown, 

MA) were acquired at 120Hz using a fixed, below-ground system. The COP trace was 

separated into medial/lateral (ML) and anterior/posterior (AP) components. Two 

postural sway measures were then computed from the exported COP data in the ML 

and AP directions: 1) sway range and 2) sway velocity. Both postural sway measures 

were calculated using a customized Excel spreadsheet (Microsoft, Redmond, WA) 

using similar equations as those reported previously reported (Bailey et al., 2021). 

The sway range is the maximum distance between any two points on the COP path in 

their respective direction (AP or ML). The sway velocity is the average velocity 

between each time point within the respective trial. Both velocity and range are 

reported as the average between the two trials. The battery of COP tests consisted of 

the double-leg eyes closed (EC) and single-leg eyes opened (SL) scenarios and the 

order of the scenarios for individual participants remained constant. However, the 

order of the test per participant was assigned on a rotating basis to minimize the 

possible effect of order bias (i.e., participant 1 started with EC while participant 2 

started with SL). Prior to data collection, the investigators determined the participants' 

dominant foot by rolling a ball to the participant and asking them to kick it back to the 

investigator multiple times. The foot that dominated the receiving and passing of the 

ball was identified as the dominant leg and used for the SL scenario. Participants were 

then shown the proper stance, by always aligning the outside of their dominant foot 

with right or left side markers on the force platform. The bilateral stance was then 

demonstrated by placing the non-dominate foot shoulder-width apart on the force 

platform, toes facing forward, hands by your side but not touching any part of their 

body, and eyes fixed on their preferred location on the wall in front of them. Before 

starting and between conditions, the participants were asked to reposition themselves 

in the stance they had originally. Participants were then addressed “starting from your 
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original position, eyes looking at the spot on the wall in front of you, ready, 3,2,1… 

eyes closed/one foot”. Each measure was recorded during a 10 second period and the 

average of two tests was used for data analysis. The participants were accessed with 

tennis shoes on, and the same pair of shoes was worn for both days. 

➢ Dynamic balance: Timed up & go (TUG) was measured in seconds and reflects 

agility and dynamic balance (Podsiadlo & Richarson, 1991). To complete this test, the 

participant started sitting and stood from a standard 42cm chair. After a countdown 

(ready, set, go), a timer was initiated, and the participant started the test. They were 

asked to rise from the seated position, walk at a self-selected pace toward a marker on 

the floor 3 meters away from the chair, turn around the marker, return to the chair and 

sit down again. Timing stopped when the participant sat back down in the chair. 

➢ Static balance: To perform this test, the participants stood unassisted on one leg 

(dominant and no dominant) with their arms folded across their chest. Time was 

recorded with a stopwatch and time started when the participant lifted one foot off the 

ground and stopped when that same foot touched the ground again or when the 

participant reached 60 seconds. The test was performed with eyes open and with 

tennis shoes. Before testing, the evaluator demonstrated the position to assume during 

the test (Iverson et al., 1990). 

Blood Parameters: 

➢ Glucose: Fasting serum blood samples were analyzed by using a handheld device 

using standard procedures; glucose was analyzed with the Accu-Check® Aviva 

(Roche Diabetes Care Spain, S.L. Avda. de la Generalitat, 171-173. 08174 Sant Cugat 

del Vallès, Barcelona).  

➢ Lipids: Fasting serum blood samples were analyzed by using a handheld device using 

standard procedures; total cholesterol levels were analyzed with the Accutrend® Plus 

System (Roche Diagnostics International AG, Forrenstrasse 26343, Rotkreuz, 

Switzerland). 

Physical Fitness:  

➢ Cardiorespiratory fitness: 6 Minute walk test measured in distance (m) was used to 

assess aerobic endurance. The original version of this test is included in the Senior 

Fitness Test which has exhibited high reliability (Rikli & Jones, 1998). To complete 

the test, the participants walk for 6 minutes in a flat rectangular course (30 x 10 m) 

which is marked with a red line every 5 meters.  Bright-colored cones were used to 

mark the four corners of the course which indicated to the participant the point at 

which they turn left. The participants were instructed to cover the maximum distance 

possible walking as fast as they comfortably could without running, and without 

overexerting or pushing themselves beyond their limits. Furthermore, the evaluators 

used encouragement phrases (e.g., You are doing well, keep up the good work, you 

can do it...) each time that the participants passed the starting point. When the time 

was complete, the evaluators announced the word "stop". At this moment, the 

evaluator recorded the total distance completed by each participant to the nearest 5 

meters.  
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➢ Strength – Upper body: Hand grip dynamometry was used to measure isometric grip 

force. Both the right- and left-hand grip forces were measured. Two measures were 

performed for each hand, and the highest value was used for statistical analysis. 

Recovery was allowed between attempts. the TKK.5101 adaptive manual pressure 

dynamometer was used, with a precision of 0.1 Kg. 

➢ Strength – Lower body: 

➢ 30-second Chair sit-to-stand (S-t-S): To conduct the test, we used a standard 

42 cm chair without arms. The chair was situated against a wall to avoid any 

movement during the test. To start the test, the participant was seated on the 

chair, back straight, feet approximately shoulder-width apart, and placed on 

the floor at an angle slightly back from the knees. The test started at the signal 

of "ready, set, go", then the participant would rise to a full stand (body erect 

and straight) and then return to the seated position. They were encouraged 

verbally to complete as many full stands as possible in 30 seconds. The 

evaluator silently counted each correct stand. Before the participant began the 

test, the evaluator conducted a demonstration and a practical trial of 1-2 

repetitions was allowed. The total number of repetitions executed properly 

was recorded per previous research (Jones et al., 1999). 

➢ 10-repetition Chair S-t-S: 10-repetition chair S-t-S was conducted in the same 

way as the 30-second chair S-t-S. We recorded the time required to complete 

10 full stands from the sitting position. We allowed one practice trial before 

starting the test to learn the task and perform it properly. The participants were 

encouraged to complete the test as quickly as possible (Csuka & McCarty, 

1985). 

➢ Power: was calculated using the method presented by Baltazar et al. (Baltasar-

Fernandez et al., 2021). Using both the 30-second S-t-S and the 10 repetition 

S-t-S, we calculated power (watts). Mechanical Power (W) = Force x 

Velocity. 

𝐄𝐬𝐭𝐢𝐦𝐚𝐭𝐞𝐝 𝐏𝐨𝐰𝐞𝐫 = (𝐵𝑀 × 0.9 × 𝑔) ×
([𝐵𝑜𝑑𝑦 ℎ × 0.5] − 𝐶ℎ𝑎𝑖𝑟 ℎ)

(
𝑇𝑜𝑡𝑎𝑙 𝑆𝑇𝑆 𝑡
𝑛 𝑆𝑇𝑆 𝑟𝑒𝑝𝑠 ) × 0.5

 

Locomotion: 

➢ Gait: we used the OptoGait device (Microgate, Bolzano, Italy). It is an optical data 

acquisition system, composed of a transmitter and a receiver optical bar. Each bar 

contains 96 Infrared LEDs (1,041 cm resolution). These LEDs are located on the 

transmitter bar and communicate continuously with the LEDs located on the receiver 

bar. The system detects the eventual interruptions and their duration. It is a valid 

measurement device for the assessment of spatiotemporal gait parameters (Lienhard et 

al., 2013). The protocol used to carry out the test was 5 meters in which they had to 

walk within the walkway formed by the OptoGait. They made 6 roundtrip passes in 

which they had to walk comfortably at a normal pace, like that used in their everyday 

life. Participants started walking 2.5 meters before the start of the OptoGait system 

and turned around 2.5 meters from the end of the Optogait system. The total travel in 
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each pass was 10 m, as the Optogait covers the 5 m in the center, where the 

measurement takes place. The variables that were considered in this research were 

step length (cm), coefficient of variation of step (%), and gait speed (m/s). 

➢ Gait velocity: was measured using the 10-meter walk test. The participant walked 

along a 10-meter path marked by a starting white line and a finishing white line. The 

timed section was the intermediate 6 meters to allow for acceleration in the first 2 

meters and deceleration in the last 2 meters. The time in the intermediate 6 meters was 

measured using a wireless electronic timing system (Dashr Systems, Lincoln, NE) 

with the record time being transmitted via Bluetooth to a handheld device. The 

participant’s comfortable, preferred walking speed was used, and they were instructed 

as such; “I want you to walk at a comfortable walking speed thru the white line on the 

opposite side of the walkway “I will say comfortable walking speed thru the white 

line, ready, set, go! When I say go, walk at your preferred walking speed until you 

cross the opposite white line”. Two measures were taken at each of the five time 

points and the average of the two measures was used for data analysis. As the 

participants' time was taken over 6 meters, gait velocity was calculated as 

displacement over time. 

Vital Measures: 

➢ Blood Pressure (BP): Measured over the brachial artery using an automated 

oscillometric device (Omron M2 - HHEM-7121-E, OMRON Healthcare Europe B.V. 

Scorpius 33, 2132 LR Hoofddorp, The Netherlands) while the participant was seated 

with both feet placed on the ground. The lowest of two measurements was used. 
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Métodos  

Los métodos y materiales más relevantes utilizados en los trabajos incluidos en esta Tesis 

Doctoral se resumen en la siguiente tabla (Tabla 1). 

Las recomendaciones éticas aprobadas en la Declaración de Helsinki (2013) fueron 

respectadas a lo largo de la realización de la tesis actual. Además, seguimos las instrucciones 

de la Unión Europea sobre Buenas Prácticas Clínicas (111/3976/88 de julio de 1990), tal 

como se especifica en el marco legal nacional para la investigación clínica en humanos (Real 

Decreto 561/1993 sobre ensayos clínicos). Los proyectos de investigación individuales 

fueron presentados y aprobados por dos Comités de Ética Universitarios separados 

(Universidad de Jaén - Referencia: NOV.19/5.TES; y la Universidad del Sur de Mississippi, 

#IRB-20-519). Todos los participantes firmaron un consentimiento informado por escrito 

antes del inicio de toda la recopilación de datos. 
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Tabla 1. Metodología utilizada en la tesis doctoral 

Manuscrito Objetivo Designo Participantes Protocolo Medidas de Resultado 

I. Comparison of High-Intensity 

Interval Training to Moderate-

Intensity Continuous Training 

in Older Adults: A Systematic 

Review 

Realizar una revisión 

sistemática para 

compararla eficacia de 

dos métodos de 

entrenamiento, HIIT 

vs. MICT, en la 

capacidad funcional 

de adultos mayores 

Revisión 

sistemática 

• Se realizaron búsquedas de RCT en tres bases de datos (PubMed, Scopus y Web of 

Science [MEDLINE]) que compararan el efecto de HIIT y MICT en adultos mayores. 

Enero de 2008 a diciembre de 2018 

• Los términos de búsqueda incluyeron: HIIT OR HIT OR entrenamiento de alta 

intensidad OR entrenamiento a intervalos. Los términos de búsqueda se limitaron a 

TÍTULO / RESUMEN / PALABRAS CLAVE. 

• Los criterios de inclusión incluyeron RCT completos publicados desde enero de 2008 

hasta diciembre de 2018. Edad del participante de 60 años o más e intervenciones que 

comparan los efectos de 4 semanas o más de ejercicio aeróbico HIIT con ejercicio 

aeróbico MICT. 

• Se identificaron 22 artículos que cumplían con los criterios de inclusión. Se utilizó 

PEDro para evaluar la calidad y siete no puntuaron cinco o más y fueron eliminados. 

Quedaron 15 estudios y todos se incluyeron en esta revisión sistemática 

II. Influence of Resistance 

Training on Gait & Balance 

Parameters in Older Adults: A 

Systematic Review 

Realizar una revisión 

sistemática de los 

efectos de un 

protocolo de 

entrenamiento de 

resistencia (RT) sobre 

las medidas de 

resultado clave 

relacionadas con los 

parámetros de la 

Revisión 

sistemática 

• Se realizaron búsquedas en dos bases de datos electrónicas (PubMed, Scopus) de 

ensayos que midieron al menos una medida de resultado clave que se centra en la 

marcha y / o el equilibrio en adultos mayores. 

• Los términos de búsqueda utilizados incluyeron: entrenamiento de resistencia OR 

entrenamiento de fuerza AND equilibrio OR marcha. Los términos de búsqueda se 

limitaron a TÍTULO / RESUMEN / PALABRAS CLAVE. 

• Los criterios de inclusión fueron RCT completos publicados desde enero de 2010 hasta 

junio de 2020 que incluyeron participantes con una edad promedio de 60 años o más. Se 

incluyeron intervenciones de entrenamiento de resistencia que midieron al menos una 

variable relacionada con la marcha/equilibrio. 
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marcha y el equilibrio 

de adulto mayores 

• Se identificaron 20 artículos que cumplían los criterios de inclusión. Se evaluó la 

calidad de los 20 estudios restantes mediante PEDro, 8 de los estudios no obtuvieron 

una puntuación ≥ 5 y se eliminaron. Quedaron 12 estudios y todos se incluyeron en la 

revisión sistemática. 

III. Utilizing Heart Rate and RPE 

to prescribe Cycle Ergometer 

HIIT in Older Adults: A 

Feasibility Study 

Comprobar la eficacia 

del uso frecuencia 

cardiaca (FC) y 

percepción subjetiva 

del esfuerzo (RPE) al 

emplear un protocolo 

HIIT de 

cicloergómetro 

prescrito a adultos 

mayores 

Estudio de 

intervención 

N = 10 (7 mujeres;  

3 hombres) 

Edad = 64.2 ± 6.1 

años 

Activo 

HIIT – 4 x 4-minutos (33 

minutos en total) al 85% de la 

FCmáx. 

2 días a la semana  

Por 6 semanas 

• Parámetros de ciclismo (HR, 

RPE, vatios y RPM) 

• Parámetros sanguíneos 

(glucosa, colesterol) 

• Fuerza 

• Equilibrio 

• Marcha 

IV. A Single Session of Cycle 

Ergometer High-Intensity 

Interval Training (HIIT) Does 

Not Produce a Transient 

Elevated Fall Risk in Adults 50 

– 70 Years of Age. 

Determinar si una sola 

sesión de 

cicloergómetro HIIT 

produce un efecto 

negativo y transitorio 

en los parámetros de 

equilibrio y marcha en 

adultos mayores en 

comparación con el de 

un protocolo MICT de 

semejante incidencia 

metabólica 

Estudio de 

intervención 

N = 20 (10 mujeres;  

10 hombres) 

Edad = 58.2 ± 6.93 

años 

Activo 

HIIT - intervalos de 4 x 4 

minutos (33 minutos en total) al 

85% de la FCmáx. 

 

MICT - 42 minutos en total de 

ejercicio continuo al 60% de la 

FCmáx. 

• Equilibrio - COP (velocidad y 

rango) 

• Velocidad de la marchabe 

• Timed Up-and-Go (TUG) 

• Parámetros de ciclismo (vatios 

y RPM) 
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Instrumentos y procedimientos: 

Antropometría: 

➢ Composición corporal: los participantes vestían ropa liviana de ejercicio y fueron 

evaluados descalzos durante esta prueba; se les pidió que usaran la misma ropa o una 

similar para las pruebas previas y posteriores. Se utilizó el dispositivo de análisis de 

bioimpedancia (BIA) InBody 270 para determinar la masa grasa/sin grasa y el % de 

grasa corporal (InBody Co. Ltd. InBody Bldg., 625, Eonju-ro, Gangnam-gu, Seúl, 

06106 Corea) en El Paper II y el dispositivo BIA multifrecuencia TANITA MC-780U 

(Arlington, IL, EUA) se utilizó en Articulo IV. 

➢ Índice de masa corporal (IMC): se calcula dividiendo el peso en kilogramos por la 

altura en metros al cuadrado (kg/m2). 

➢ Estatura: se midió al milímetro más cercano utilizando un estadiómetro independiente 

SECA 274 (Mount Pleasant, SC, EE. UU.) con una pantalla digital y se utilizó un 

promedio de tres medidas. 

➢ Peso: se midió con una precisión de 0,1 kg utilizando el dispositivo InBody 270 BIA 

en Articulo III y el dispositivo TANITA MC-780U BIA en Articulo IV. 

Equilibrio: 

➢ Centro de presión (COP): se utilizó una plataforma de fuerza única (AMTI, 

Watertown, MA) para recopilar datos, que se adquirieron a 120 Hz mediante un 

sistema subterráneo fijo. El trazo de COP se separó en componentes medial/lateral 

(ML) y anterior/posterior (AP). Luego se calcularon dos medidas de balanceo postural 

a partir de los datos COP exportados en las direcciones ML y AP: 1) rango de 

balanceo y 2) velocidad de balanceo. Ambas medidas de balanceo postural se 

calcularon usando una hoja de cálculo de Excel personalizada (Mircosoft, Redmond, 

WA) usando ecuaciones similares a las reportadas previamente (Bailey et al., 2021). 

El rango de balanceo es la distancia máxima entre dos puntos cualesquiera en la ruta 

COP en su dirección respectiva (AP o ML). La velocidad de balanceo es la velocidad 

promedio entre cada punto de tiempo dentro de la prueba respectiva. Tanto la 

velocidad como el alcance se informan como el promedio entre las dos pruebas. La 

batería de pruebas COP consistió en escenarios de dos piernas con los ojos cerrados 

(EC) y de una sola pierna con los ojos abiertos (SL) y el orden de los escenarios para 

los participantes individuales se mantuvo constante. Sin embargo, el orden de la 
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prueba por participante se asignó de forma rotatoria para minimizar el posible efecto 

del sesgo de orden (es decir, el participante 1 comenzó con EC mientras que el 

participante 2 comenzó con SL). Antes de la recopilación de datos, los investigadores 

determinaron el pie dominante de los participantes haciendo rodar una pelota hacia el 

participante y pidiéndole que la pateara al investigador varias veces. El pie que 

dominaba la recepción y el pase del balón se identificó como la pierna dominante y se 

utilizó para el escenario SL. Luego, a los participantes se les mostró la postura 

adecuada, siempre alineando la parte exterior de su pie dominante con los marcadores 

del lado derecho o izquierdo en la plataforma de fuerza. Luego se demostró la postura 

bilateral colocando el pie no dominante al ancho de los hombros en la plataforma de 

fuerza, los dedos de los pies mirando hacia adelante, las manos a los costados, pero 

sin tocar ninguna parte del cuerpo y los ojos fijos en su ubicación preferida en la 

pared frente a ellos. Antes de comenzar y entre las condiciones, se pidió a los 

participantes que se reposicionaran en la postura que tenían originalmente. Luego se 

dirigió a los participantes “comenzando desde su posición original, los ojos mirando a 

un lugar en la pared frente a usted, listo, 3, 2, 1… ojos cerrados/un pie”. Cada medida 

se registró durante un período de 10 segundos y se utilizó el promedio de dos pruebas 

para el análisis de datos. Se accedió a los participantes con las zapatillas de deporte 

puestas, y se usó el mismo par de zapatos para ambos días. 

➢ Equilibrio dinámico: Timed up & go (TUG) se midió en segundos y refleja agilidad y 

equilibrio dinámico (Podsiadlo & Richarson, 1991). Para completar esta prueba, el 

participante comenzaba sentado y se paraba en una silla estándar de 42 cm. Después 

de una cuenta regresiva (preparado, listo, ya), se inició un cronómetro y el 

participante comenzó la prueba. Se les pidió que se levantaran de la posición sentada, 

caminaran a un ritmo elegido por ellos mismos hacia un marcador en el suelo a 3 

metros de distancia de la silla, dieran la vuelta al marcador, regresaran a la silla y se 

sentaran nuevamente. El tiempo se detuvo cuando el participante volvió a sentarse en 

la silla. 

➢ Equilibrio estático: Para realizar esta prueba, los participantes se pararon sin ayuda 

sobre una pierna (dominante y no dominante) con los brazos cruzados sobre el pecho. 

El tiempo se registraba con un cronómetro y el tiempo comenzaba cuando el 

participante levantaba un pie del suelo y se detenía cuando ese mismo pie tocaba el 

suelo de nuevo o cuando el participante llegaba a los 60 segundos. La prueba se 
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realizó con los ojos abiertos y con zapatillas de deporte. Antes de la prueba, el 

evaluador demostró la posición a asumir durante la prueba (Iverson et al., 1990). 

Parámetros de sangre: 

➢ Glucosa: Las muestras de sangre sérica en ayunas se analizaron utilizando un 

dispositivo portátil utilizando procedimientos estándar; la glucosa se analizó con 

Accu-Check® Aviva (Roche Diabetes Care Spain, S.L. Avda. de la Generalitat, 171-

173. 08174 Sant Cugat del Vallès, Barcelona). 

➢ Lípidos: Se analizaron muestras de sangre sérica en ayunas usando un dispositivo 

portátil usando procedimientos estándar; los niveles de colesterol total se analizaron 

con el sistema Accutrend® Plus (Roche Diagnostics International AG, Forrenstrasse 

26343, Rotkreuz, Suiza). 

Aptitud física: 

➢ Aptitud cardiorrespiratoria: se utilizó la prueba de caminata de 6 minutos medida en 

distancia (m) para evaluar la resistencia aeróbica. La versión original de esta prueba 

está incluida en el Senior Fitness Test que ha mostrado una alta fiabilidad (Rikli & 

Jones, 1998). Para completar la prueba, los participantes caminan durante 6 minutos 

en un recorrido rectangular plano (30m x 10m) que está marcado con una línea roja 

cada 5 metros. Se usaron conos de colores brillantes para marcar las cuatro esquinas 

del recorrido que indicaban al participante el punto en el que debían girar a la 

izquierda. Se instruyó a los participantes para que cubrieran la distancia máxima 

posible caminando lo más rápido que pudieran cómodamente sin correr, y sin sobre 

esforzarse o empujarse más allá de sus límites. Además, los evaluadores utilizaron 

frases de aliento (p. ej., lo estás haciendo bien, sigue así, puedes hacerlo...) cada vez 

que los participantes superaban el punto de partida. Cuando se completó el tiempo, los 

evaluadores anunciaron la palabra "stop". En ese momento, el evaluador registró la 

distancia total recorrida por cada participante con una aproximación de 5 metros. 

➢ Fuerza - Parte superior del cuerpo: Se utilizó dinamometría de prensión manual para 

medir la fuerza de prensión isométrica. Se midieron las fuerzas de agarre tanto de la 

mano derecha como de la izquierda. Se realizaron dos medidas para cada mano, y el 

valor más alto se utilizó para el análisis estadístico. Se permitió la recuperación entre 

intentos. Se utilizó el dinamómetro de presión manual adaptativo TKK.5101, con una 

precisión de 0,1 Kg. 
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➢ Fuerza – Parte inferior del cuerpo: 

➢ Sit-to-Stand de 30 segundos en silla (S-t-S): Para realizar la prueba, se utilizó una 

silla estándar de 42 cm sin brazos. La silla se colocó contra una pared para evitar 

cualquier movimiento durante la prueba. Para comenzar la prueba, el participante 

estaba sentado en la silla, con la espalda recta, los pies separados 

aproximadamente al ancho de los hombros y colocado en el suelo en un ángulo 

ligeramente hacia atrás desde las rodillas. La prueba comenzaba con la señal de 

"preparados, listos, ya", luego el participante se ponía de pie completamente 

(cuerpo erguido y recto) y luego volvía a la posición sentada. Se les animó 

verbalmente a completar tantas paradas completas como fuera posible en 30 

segundos. El evaluador contó en silencio cada parada correcta. Antes de que el 

participante comenzara la prueba, el evaluador realizó una demostración y se 

permitió una prueba práctica de 1-2 repeticiones. El número total de repeticiones 

ejecutadas correctamente se registró según investigaciones previas (Jones et al., 

1999). 

➢ S-t-S de 10 repeticiones: la silla S-t-S de 10 repeticiones se realizó de la misma 

manera como la silla de 30 segundos S-t-S. Registramos el tiempo requerido para 

completar 10 soportes completos desde la posición sentada. Permitimos una 

prueba de práctica antes de comenzar la prueba para aprender la tarea y realizarla 

correctamente. Se animó a los participantes a completar la prueba lo más rápido 

posible (Csuka & McCarty, 1985). 

➢ Potencia: se calculó mediante el método presentado por Baltazar et al. (Baltasar-

Fernández et al., 2021). Utilizando tanto el S-t-S de 30 segundos como el S-t-S de 

10 repeticiones, calculamos la potencia (vatios). Potencia Mecánica (W) = Fuerza 

x Velocidad. 

Locomotor:  

➢ Marcha: utilizamos el dispositivo OptoGait (Microgate, Bolzano, Italia). Es un 

sistema óptico de adquisición de datos, compuesto por un transmisor y una barra 

óptica receptora. Cada barra contiene 96 LED infrarrojos (resolución de 1041 cm). 

Estos LED están ubicados en la barra del transmisor y se comunican continuamente 

con los LED ubicados en la barra del receptor. El sistema detecta las eventuales 

interrupciones y su duración. Es un dispositivo de medición válido para la evaluación 

de parámetros espaciotemporales de la marcha (Lienhard et al., 2013). El protocolo 
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utilizado para realizar la prueba fue de 5 metros en los que debían caminar dentro de 

la pasarela formada por el OptoGait. Hicieron 6 pases de ida y vuelta en los que 

debían caminar cómodamente a un ritmo normal, como el que utilizaban en su día a 

día. Los participantes comenzaron a caminar 2,5 metros antes del inicio del sistema 

OptoGait y dieron la vuelta 2,5 metros después del final del sistema Optogait. El 

recorrido total en cada pasada fue de 10 m, ya que el Optogait cubre los 5 m del 

centro, donde se realiza la medición. Las variables que se consideraron en esta 

investigación fueron longitud del paso (cm), coeficiente de variación del paso (%), y 

velocidad de la marcha (m/s). 

➢ Velocidad de la marcha: se midió mediante la prueba de marcha de 10 metros. El 

participante caminó por un camino de 10 metros marcado por una línea blanca inicial 

y una línea blanca final. La sección cronometrada fue la intermedia de 6 metros para 

permitir la aceleración en los primeros 2 metros y la desaceleración en los últimos 2 

metros. El tiempo en los 6 metros intermedios se midió utilizando un sistema de 

cronometraje electrónico inalámbrico (Dashr Systems, Lincoln, NE) y el tiempo 

récord se transmitió a través de Bluetooth a un dispositivo portátil. Se utilizó la 

velocidad de marcha preferida y cómoda de los participantes, y se les instruyó como 

tal; “Quiero que camine a una velocidad de caminata cómoda a través de la línea 

blanca en el lado opuesto de la pasarela” Diré velocidad de caminata cómoda a través 

de la línea blanca, preparado, listo, ¡adelante! Cuando te diga, camina a la velocidad 

que prefieras hasta que cruces la línea blanca opuesta”. Se tomaron dos medidas en 

cada uno de los cinco puntos de tiempo y se usó el promedio de las dos medidas para 

el análisis de datos. Como el tiempo de los participantes se tomó en 6 metros, la 

velocidad de la marcha se calculó como el desplazamiento en el tiempo. 

Medidas Vitales: 

➢ Presión arterial (BP): medida sobre la arteria braquial mediante un dispositivo 

oscilométrico automatizado (Omron M2 - HHEM-7121-E, OMRON Healthcare 

Europe BV Scorpius 33, 2132 LR Hoofddorp, Países Bajos) mientras el participante 

estaba sentado con ambos pies sobre el suelo. Se utilizó la más baja de dos 

mediciones. 
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Results 

The following results section is presented just as the articles were submitted and/or published 

in their respective scientific journal. Also, the primary findings from each article are 

presented in Table 2. 
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Table 2. Results 

Manuscript Results 

I. Comparison of High-Intensity 

Interval Training to Moderate-

Intensity Continuous Training in 

Older Adults: A Systematic Review 

15 studies were included in this systematic review. Intervention duration ranged from 4 to 16 weeks. Most of the studies 

were conducted for 8 weeks (range of 4-16 weeks) and averaged 3 days per week (range of 2 to 5 days/week). Cycle 

ergometer HIIT was the most common mode of exercise however treadmill walking was close behind. There was a 2:1 male 

to female ratio amongst the participants and most participants were between the age of 60 – 65 years. Most of the participants 

had an underlying condition and many of the studies recruited participants with specific chronic conditions. 7 of the 15 

studies reported that HIIT was superior to MICT whereas 8 of the 15 studies reported that HIIT and MICT demonstrated 

similar benefits. Not one study reported a lessened effect of HIIT in comparison to MICT.  

II. Influence of Resistance Training on 

Gait & Balance Parameters in Older 

Adults: A Systematic Review 

12 studies were included in this review, and all were published in the English language. The total number of participants 

analyzed in all studies was 499 (including resistance-trained participants only). Eleven of the twelve studies had reported the 

gender of the participants and approximately 60% of them were female. Three studies reported mean ages of 65–69.9 years, 

6 studies reported mean ages between 70–79.9 years, two studies reported mean ages between 80–89.9 years, and one study 

reported a mean age of >90 years. Intervention duration ranged greatly from 6 to 32 weeks and the studies were evenly split 

between 2 days per week and 3 days per week for training frequency. All twelve studies observed a positive effect of the RT 

intervention in at least one of the studies’ outcome measures. All eleven studies that analyzed balance specified an 

improvement in either static and/or dynamic balance. All five studies reporting on gait measures reported a positive effect of 

the RT intervention, and particularly an improvement in gait speed. 

III. Utilizing Heart Rate and RPE to 

prescribe Cycle Ergometer HIIT in 

Older Adults: A Feasibility Study 

Significant correlations were found between %HRmax and W/kg in seven of the ten participants. Only two participants had 

significant correlations between RPE and W/kg. Five of the ten participants demonstrated a significant correlation between 

%HRmax and RPE. The observation of all exercise sessions reveals a significant correlation between RPE and W/kg 

(r=0.144) and %HRmax and RPE (r=0.147). Pearson correlation was not significant between %HRmax and W/kg when 

compared across all exercise sessions. The participants lower limb strength demonstrated by the 10 repetition Sit-to-Stand 

(p=0.004, Cohen’s D=0.660) and 30 second Sit-to-Stand (p=0.021, Cohen’s D=0.635) displayed significant differences pre- 

to post-intervention. Increased functional capacity demonstrated by TUG (p=0.001, Cohen’s D=0.940) and SB (p=0.034, 
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Cohen’s D=0.292) also presented significant differences pre- to post-intervention. No significant differences pre- to post-

intervention were assessed for the other outcome measures reported in this study. 

IV. A Single Session of Cycle Ergometer 

High-Intensity Interval Training 

(HIIT) Does Not Produce a Transient 

Elevated Fall Risk in Adults 50 – 70 

Years of Age. 

There was a total of twenty participants that completed both exercise sessions with an average age of 58.2 years ± 6.93.  The 

two exercise modes were metabolically matched as demonstrated in the amount of energy expended in kilocalories (kcal) at 

242.95 ± 87.95 for HIIT and 234.41 ± 87.18 for MICT (p = 0.519). No significant difference for condition or condition x 

time effects were found for all outcome variables. However, significant time effects were found for sway velocity in the AP-

SL (F [4] = 4.78, p = 0.002, ηp2 = 0.23) and ML-SL (F [2.69] = 3.65, p = 0.023, ηp2 = 0.186) positions and significant 

difference for time in sway range in the ML-EC (F [4] = 4.52, p = 0.003, ηp2 = 0.21) position. There was also a significant 

effect for time in gait speed (F [1.86] = 4.66, p = 0.018, ηp2 = 0.197). 
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Resultados 

La siguiente sección de resultados se presenta tal como los artículos fueron presentados y / o 

publicados en sus respectivas revistas científicas. Además, los hallazgos principales de cada 

artículo se presentan en la Tabla 2. 

 



Keating, Christopher J. – 2022  International PhD Thesis 

42 

 

Tabla 2. Resultados 

Manuscrito Resultados 

I. Comparison of High-Intensity 

Interval Training to Moderate-

Intensity Continuous Training in 

Older Adults: A Systematic Review 

Se incluyeron 15 estudios en esta revisión sistemática. La duración de la intervención varió de 4 a 16 semanas. La mayoría 

de los estudios se realizaron durante 8 semanas (rango de 4 a 16 semanas) y un promedio de 3 días por semana (rango de 2 a 

5 días por semana). El cicloergómetro HIIT era el modo más común de ejercicio, sin embargo, caminar en cinta rodante 

estaba muy cerca. Había una proporción de 2:1 de hombre a mujer entre los participantes y la mayoría de los participantes 

tenían entre 60 y 65 años. La mayoría de los participantes tenían síntomas subyacentes y muchos de los estudios reclutaron 

participantes con enfermedades crónicas. 7 de los 15 estudios informaron que HIIT era superior a MICT, mientras que 8 de 

los 15 estudios informaron que HIIT y MICT demostraron beneficios similares. Ningún estudio informó una disminución del 

efecto de HIIT en comparación con MICT. 

II. Influence of Resistance Training on 

Gait & Balance Parameters in Older 

Adults: A Systematic Review 

Se incluyeron 12 estudios en esta revisión y todos se publicaron en inglés. El número total de participantes analizado en 

todos los estudios fue 499 (incluidos los participantes entrenados solamente en resistencia). 11 de los 12 estudios habían 

informado el sexo de los participantes y aproximadamente el 60% de ellos eran mujeres. 3 estudios informaron edades 

medias de 65 a 69,9 años, 6 estudios informaron edades medias de 70 a 79,9 años, 2 estudios informaron edades medias de 

80 a 89,9 años y un estudio informó una edad media de > 90 años. La duración de la intervención varió en gran medida de 6 

a 32 semanas y los estudios se dividieron uniformemente entre 2 días a la semana y 3 días a la semana para la frecuencia de 

entrenamiento. Todos los estudios observaron un efecto positivo de la intervención de RT en al menos una de las medidas de 

resultado de los estudios. Los once estudios que analizaron el equilibrio especificaron una mejora en el equilibrio estático y / 

o dinámico. Los cinco estudios que informaron sobre las medidas de la marcha informaron un efecto positivo de la 

intervención de RT y, en particular, una mejora en la velocidad de la marcha. 

III. Utilizing Heart Rate and RPE to 

prescribe Cycle Ergometer HIIT in 

Older Adults: A Feasibility Study 

Se encontraron correlaciones significativas entre % FCmax y W / kg en siete de los diez participantes. Solo dos participantes 

tuvieron correlaciones significativas entre RPE y W / kg. Cinco de los diez participantes demostraron una correlación 

significativa entre el% FCmax y el RPE. La observación de todas las sesiones de ejercicio revela una correlación 

significativa entre el RPE y W / kg (r = 0,144) y el % FCmax y RPE (r = 0,147). La correlación de Pearson no fue 

significativa entre % FCmáx y W / kg en comparación con todas las sesiones de ejercicio. La fuerza de las extremidades 

inferiores de los participantes demostrada por el Sit-to-Stand de 10 repeticiones (p = 0,004, D de Cohen = 0,660) y el Sit-to-
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Stand de 30 segundos (p = 0,021, D de Cohen = 0,635) mostraron diferencias significativas antes y después de la 

intervención. El aumento de la capacidad funcional demostrada por TUG (p = 0,001, D de Cohen = 0,940) y SB (p = 0,034, 

D de Cohen = 0,292) también presentó diferencias significativas antes y después de la intervención.  

IV. A Single Session of Cycle Ergometer 

High-Intensity Interval Training 

(HIIT) Does Not Produce a Transient 

Elevated Fall Risk in Adults 50 – 70 

Years of Age. 

Hubo un total de veinte participantes que completaron ambas sesiones de ejercicio con una edad promedio de 58,2 años ± 

6,93. Los dos modos de ejercicio se emparejaron metabólicamente como se demostró en la cantidad de energía gastada en 

kilocalorías (kcal) a 242,95 ± 87,95 para HIIT y 234,41 ± 87,18 para MICT (p = 0,519). No se encontraron diferencias 

significativas para la condición o los efectos de condición x tiempo para todas las variables de resultado. Sin embargo, se 

encontraron efectos de tiempo significativos para la velocidad de oscilación en AP-SL (F [4] = 4.78, p = 0.002, ηp2 = 0.23) y 

ML-SL (F [2.69] = 3.65, p = 0.023, ηp2 = 0.186) posiciones y diferencia significativa para el tiempo en el rango de 

oscilación en la posición ML-EC (F [4] = 4.52, p = 0.003, ηp2 = 0.21). También hubo un efecto significativo del tiempo en la 

velocidad de la marcha (F [1,86] = 4,66, p = 0,018, ηp2 = 0,197). 
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Abstract 

Background: High-intensity interval training (HIIT) is an exercise routine that has been 

shown to induce physiological adaptations that improve varying aspects of fitness and health 

in a time-efficient manner.  Yet, an often-cited study indicates that a single session of HIIT 

can elicit an elevated transient risk of falling in older adults and the time efficiency of HIIT 

could be debated.  Other studies suggest that there may only be an exercise-induced fatigue 

fall risk in those 70 + years of age.  Objective: To determine if a single session of cycle 

ergometer HIIT produces a negative, transient effect on balance and gait parameters in older 

adults 50 – 70 years of age and if so, is the effect significantly different from that of a 

metabolically matched moderate-intensity continuous training (MICT) protocol?  Methods: 

Twenty healthy, older adults 50-70 years of age were enrolled.  Subjects participated in a non-

weight-bearing electronically braked cycle ergometer on two separate days; one day they 

participated in HIIT and the other day in MICT.  The HIIT protocol consisted of 4×4-minute 

intervals at 85-95% of age-predicted heart rate max (HRmax) proceeded by 4×3-minute active 

recovery periods at 60% of HRmax.  The MICT protocol consisted of a continuous intensity 

of 60-70% of HRmax.  Before both exercise interventions baseline measures of center-of-

pressure (COP), gait, and dynamic balance were acquired. The same measures were then 

captured at 4 different time points post-exercise (immediately, 10-, 20-, and 30-minutes post).  

COP data were collected for double-leg eyes closed (EC) and single-leg eyes opened (SL) 

scenarios in two directions (anterior-posterior [AP] and medial-lateral [ML]).  Results: No 

significant difference for condition (HIIT vs MICT) or condition x time (pre, post, 10 post, 20 

post, and 30 post) effects were observed.  Significant time effects for sway velocity in the AP-

SL (F [4] = 4.78, p = 0.002, ηp
2 = 0.23) and ML-SL (F [2.69] = 3.65, p = 0.023, ηp

2 = 0.186) 

positions and significant difference for time in sway range in the ML-EC (F [4] = 4.52, p = 

0.003, ηp
2 = 0.21) position were observed.  There was a significant effect for time in gait 

velocity (F [1.86] = 4.66, p = 0.018, ηp
2 = 0.197).  Conclusion: A single session of cycle 

ergometer HIIT does not produce an acute transient effect on postural control or gait 

parameters in adults 50 – 70 years of age.  The current data demonstrate that when compared 

to a metabolically matched MICT protocol, HIIT is just as safe and more time-efficient.  

Cycle ergometer HIIT should not be singled out as a hazardous exercise to participate in for 

the youngest of the older adults when the world’s aging population is growing ever faster and 

needs more time-efficient and effective exercise regimens like cycle ergometer HIIT.  
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 Introduction 

The world's population is aging at an exceptionally fast pace.  According to the United 

Nations (UN), by 2050 the world’s population ≥ 65 years of age is projected to double from 

703 million to 1.5 billion.  This trend is no longer a concern that only affects developed 

countries but rather is now a global phenomenon affecting all countries (United Nations 

Department of Economic and Social Affairs Population Division, 2019). The rise of the aging 

population brings with it an increased cost to society because the number of working-age 

individuals (approximately 25 to 59 years of age) declines relative to the total number of 

consumers (United Nations, 2013). Therefore, we must focus on emerging efforts to age well 

and to reverse the impact of chronic disease and disability in older age (Hawkins, 2005). 

There is a growing body of data confirming that more physically active persons have lower 

rates of non-communicable chronic disease (Chodzko-Zajko et al., 2009; Lee et al., 2011; Nes 

et al., 2014).  In addition, physical activity in an aging population is associated with increased 

functional health, a lower risk of falling, and better cognitive function (Chodzko-Zajko et al., 

2009). The 2008 Physical Activity Guidelines for Americans asserts that regular physical 

activity reduces the risk of many adverse health outcomes, stating that adults should avoid 

sedentary behavior, some activity is better than no activity, and that adults who participate in 

any amount of physical activity gain health benefits (Bushman, 2019). A recent study found 

that compared to a sedentary lifestyle, physical activity is associated with a lower risk of 

mortality for all causes in older adults after controlling for the effect of several other 

covariates and that health policies for old age care should include exercise as one of the main 

targets (Llamas-Velasco et al., 2016). 

High-Intensity Interval Training (HIIT) is an exercise protocol that has been shown to induce 

physiological adaptations that improve varying aspects of fitness and health (Gillen & Gibala, 

2014). The advantage of HIIT is that it maximizes the efficiency of the exercise while 

minimizing the time investment (Rynecki et al., 2019). Therefore, HIIT can be considered a 

time-efficient training program since previous research has shown that the participants spend 

approximately 40% less time training than they would have in other types of exercise 

regimens (Wewege et al., 2017). HIIT has also been recognized as a suitable exercise regimen 

for patients diagnosed with chronic conditions due to its increased effect on cardiorespiratory 

fitness and metabolic function (Hannan et al., 2018; Tjønna et al., 2008). Studies have 

reported that when compared with Moderate-Intensity Continues Training (MICT), HIIT can 

elicit superior improvements in indices of cardiorespiratory fitness.  A systematic review by 
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Keating et al. found that HIIT was well-tolerated in an older population with significant, 

divergent comorbidities as well as being effective at increasing cardiorespiratory fitness 

(Keating et al., 2020). That review did not find a single study that had reported adverse events 

related to falling and/or tripping due to the HIIT intervention.  Also, a more recent review 

concluded that HIIT is safe and effective at improving lower limb strength and dynamic 

balance in older adults (Elboim-Gabyzon et al., 2021). 

Yet, research by Donath et al. suggests that a single session of HIIT can elicit an elevated 

transient risk of falling and the time efficiency of HIIT could be debated if indeed a HIIT-

induced fall window is present and taken into consideration (Donath & Roth, 2014). A 

systematic review by Helbostad et al. found that balance is impaired due to resistance 

exercise-induced fatigue but that the rate of fatigue and recovery from that fatigue varied 

greatly amongst the studies (Helbostad et al., 2010). Various other studies suggest that 

exercise-induced fatigue is present and can generate acute impairments of balance and gait 

parameters (Helbostad et al., 2007; Morrison et al., 2016; Nagano et al., 2014; Parijat & 

Lockhart, 2008). However, all these studies included an older adult population 70+ years of 

age, and most of those studies focused on resistance exercise fatigue.  Aside from the research 

by Donath et al., few studies have examined the acute effect that HIIT may have on balance 

and gait parameters and to our knowledge, none have compared the effects of cycle ergometer 

HIIT to that of a metabolically matched cycle ergometer MICT exercise session. 

Therefore, the purpose of this research is to determine if a single session of cycle ergometer 

HIIT produces a negative, transient effect on balance and gait parameters in older adults 50 – 

70 years of age and if so, is the effect significantly different from that of a metabolically 

matched MICT protocol? The authors hypothesize that there will be no significant difference 

in balance or gait parameters if the two exercises are metabolically matched.  

Methods 

Study Design 

The present study was designed as a within-subjects repeated measure (2x5) randomized 

cross-over study.  The order of the two exercise conditions (HIIT and MICT) was randomly 

assigned for each participant.  The repeated measure for time (pre, post, 10 minutes post, 20 

minutes post, and 30 minutes post) remained constant for both conditions and all participants.  

The two exercise assessment days were separated with a recovery period of at least 48 hours 

but no more than 7 days.  All measurements were performed at the same or similar time of 

day for each participant.  
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The study was approved by the local ethics committee (University of Southern Mississippi 

Institutional Review Board, #IRB-20-519 - Acute Effects of High-Intensity Interval Training 

on Gait & Balance) and complied with the 2013 Declaration of Helsinki.  All participants 

signed informed written consent prior to the start of the study. 

Participants 

Twenty healthy, older adults 50-70 years of age (58.2 ± 6.93; 10 males, 10 females) were 

enrolled in the study. No participant reported the use of prescribed medication or other health 

impairments that may have adversely affected gait and balance parameters.  Individuals who 

reported diabetes, untreated hypertension (>180/110 mm Hg), glaucoma, endoprosthesis, 

arthritis and arthrosis, heart failure, coronary heart disease, stroke, obstructive diseases, 

eczema, and β-blocker users were not included in the study.  All participants were asked to 

refrain from strenuous exercise 48 hours prior to testing and to maintain consistency between 

the two testing days.  

After signing the informed consent but before the first exercise intervention, participants 

resting heart rate (RHR), height, weight, and body composition were assessed.  RHR was 

evaluated after 5 minutes in the seated position by a MEDQUIP-CMS50D1 non-invasive 

fingertip pulse oximeter.  Height was measured in centimeters by a SECA 274 (Mount 

Pleasant, SC, USA) freestanding stadiometer with a digital display.  Weight and body 

composition were determined using a TANITA MC-780U (Arlington, IL, USA) 

multifrequency bioimpedance analysis (BIA) device.  

Interventions 

Subjects participated in a non-weight-bearing electronically braked cycle ergometer 

(Velotron, RacerMate/SRAM, Chicago, IL) exercise regimen under the supervision of one 

onsite exercise specialist who was present for both sessions for all participants.  The exercise 

specialist observed the heart rate response of the individual throughout the protocol and 

adjusted the power output accordingly to stay within the heart rate ranges as close as possible.  

The exercise specialist also manually logged the participants’ heart rate (HR), rate of 

perceived exertion (RPE), and watt production in the last minute of each interval (both high 

and low-intensity intervals).  The participants' bike position (saddle height, handlebar height, 

reach, and saddle fore & aft) and was set and recorded in the first session and remained the 

same for the second session.  The participants were instructed by the exercise specialist to 

maintain the revolutions per minute (RPM) at a constant rate throughout the intervention.  The 

Veletron Coaching Software (RacerMate/SRAM, Chicago, IL) recorded the exercise 
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intervention data collection in real-time for posterior analysis and data collection confirmation 

(Watts, HR, RPM, kilocalories).  

High-Intensity Interval Training (HIIT) 

The HIIT intervention used was the 4 x 4 method most often used in older cardiovascular 

disease (CVD) patients (Dun et al., 2019). The intervention consists of 4×4-minute intervals 

at 85-95% of age-predicted heart rate max (HRmax) proceeded by 4×3-minute active 

recovery periods at 60% of HRmax.  A 5-minute warm-up at 50-60% of HRmax was included 

in the exercise session which accrued a total of 33 minutes of cycling. 

Moderate Intensity Continuous Training (MICT) 

The intervention consisted of a routine continuous intensity of 60-70% of HRmax for 37 

minutes.  A 5-minute warm-up at 50-60% of HRmax was included in the exercise session 

amassing a total of 42 minutes of cycling which was estimated by the researchers to be the 

amount of exercise time needed to be metabolically matched with the HIIT protocol. 

Testing Procedures 

Center-of-pressure (COP) data from a single force platform (AMTI, Watertown, MA) were 

acquired at 120Hz using a fixed, below-ground system.  The COP trace was separated into 

medial/lateral (ML) and anterior/posterior (AP) components.  Two postural sway measures 

were then computed from the exported COP data in the ML and AP directions: 1) sway range 

and 2) sway velocity. Both postural sway measures were calculated using a customized Excel 

spreadsheet (Mircosoft, Redmond, WA) using similar equations as those reported previously 

reported by Bailey et al (Bailey et al., 2021). The sway range is the maximum distance 

between any two points on the COP path in their respective direction (AP or ML). The sway 

velocity is the average velocity between each time point within the respective trial. Both 

velocity and range are reported as the average between the two trials.  

The battery of tests consisted of the double-leg eyes closed (EC) and single-leg eyes opened 

(SL) scenarios and the order of the scenarios for individual participants remained constant. 

However, the order of the test per participant was assigned on a rotating basis to minimize the 

possible effect of order bias (i.e., participant 1 started with EC while participant 2 started with 

SL).  Prior to data collection, the investigators determined the participants' dominant foot by 

rolling a ball to the participant and asking them to kick it back to the investigator multiple 

times.  The foot that dominated the receiving and passing of the ball was identified as the 

dominant leg and used for the SL scenario. Participants were then shown the proper stance, by 

always aligning the outside of their dominant foot with right or left side markers on the force 
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platform.  The bilateral stance was then demonstrated by placing the non-dominate foot 

shoulder-width apart on the force platform, toes facing forward, hands by your side but not 

touching any part of their body, and eyes fixed on their preferred location on the wall in front 

of them.  Before starting and between conditions, the participants were asked to reposition 

themselves in the stance they had originally. Participants were then addressed “starting from 

your original position, eyes looking at the spot on the wall in front of you, ready, 3,2,1… eyes 

closed/one foot”.  Each measure was recorded during a 10 second period and the average of 

two tests was used for data analysis.  The participants were accessed with tennis shoes on, and 

the same pair of shoes was worn for both days. 

Gait velocity was measured using the 10-meter walk test.  The participant walked along a 10-

meter path marked by a starting white line and a finishing white line.  The timed section was 

the intermediate 6 meters to allow for acceleration in the first 2 meters and deceleration in the 

last 2 meters.  The time in the intermediate 6 meters was measured using a wireless electronic 

timing system (Dashr Systems, Lincoln, NE) with the record time being transmitted via 

Bluetooth to a handheld device.  The participant’s comfortable, preferred walking speed was 

used, and they were instructed as such; “I want you to walk at a comfortable walking speed 

thru the white line on the opposite side of the walkway “I will say comfortable walking speed 

thru the white line, ready, set, go!  When I say go, walk at your preferred walking speed until 

you cross the opposite white line”.  Two measures were taken at each of the five time points 

and the average of the two measures was used for data analysis.  As the participants' time was 

taken over 6 meters, gait velocity was calculated as displacement over time.  

Dynamic balance and agility were assessed using the timed up and go (TUG) test.  The 

participant started by sitting in a standard 42cm chair and was asked to rise from the seated 

position, walk at a self-selected pace toward a marker on the floor 3 meters from the chair, 

turn around the marker, return to the chair and sit down again.  The participant was cued by a 

countdown (ready, set, go), a timer was initiated at the word go, and the participant started 

moving; the time stopped when the participant sat back down into the chair.  This test was 

measured in seconds and rounded to the nearest one-hundredth (i.e., 0.00) (Rikli & Jones, 

2013). 

Statistical Analysis 

All variables are expressed as a mean and standard deviation (M±SD) and were analyzed 

using the statistical package SPSS v. 27 (SPSS Inc., Chicago, IL, USA).  The two exercise 

modes were compared using a paired samples t-test. Due to two different data file corruptions, 
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COP data were analyzed for 18 participants, whereas all other data were analyzed with 20 

participants.  Normality assumption by Shapiro–Wilks was identified for each variable and 

normality was assumed. COP measures (sway velocity and sway range) for both conditions 

(EC and SL) were analyzed as a within-subjects 2 (condition: MICT and HIIT) by 5 

(repeating factor of time: pre, post, 10 post, 20 post, 30 post) repeated measures analyses of 

variance (ANOVA).  Likewise, gait and agility measures were analyzed as a 2 × 5 repeated-

measures ANOVA.  When sphericity was not met then the Greenhouse-Geisser correction 

was observed.  Beforoni post hoc tests were calculated in the case there was a significant 

condition and/or time effect.  The effect size of partial eta squared (ηp2) was calculated for the 

repeated measures ANOVA to determine the practical importance.  A ηp2 is interpreted at ≥ 

0.01 small, ≥ 0.06 medium, and ≥ 0.14 large (Jacob Cohen, 1988). Significant differences 

were established using an a priori alpha level of p < 0.05. 

Results 

Descriptive demographical and anthropometrical data are displayed in Table 1.  There was a 

total of twenty participants that completed both exercise sessions with an average age of 58.2 

years ± 6.93.  Exercise mode comparisons are displayed in Table 2.  The two exercise modes 

were metabolically matched as demonstrated in the amount of energy expended in 

kilocalories (kcal) at 242.95 ± 87.95 for HIIT and 234.41 ± 87.18 for MICT (p = 0.519).  

Table 1 

Descriptive Statistics  

 Total (N=20) Males (N=10) Females (N=10) 

Age (years) 58.2 ± 6.93 56.7 ± 7.47 59.7 ± 6.38 

Height (cm) 171.29 ± 12.37 182.18 ± 5.88 160.40 ± 4.97 

Weight (kg) 69.58 ± 14.20 79.19 ± 8.84 59.96 ± 11.92 

BMI (kg/m2) 23.5 ± 3.23 23.8 ± 2.54 23.2 ± 3.91 

FM (%) 22.13 ± 8.73 16.31 ± 4.77 27.96 ± 7.93 

RHR (bpm) 65.9 ± 8.3 67.3 ± 7.2 64.5 ± 9.46 

Expressed as mean ± standard deviation; BMI = body mass index, FM = fat mass, RHR = resting 

heart rate 
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Table 2  

Exercise intervention comparison  

 HIIT (N = 20) MICT (N = 20) p 

Watts 121.77 ± 43.79 92.54 ± 34.41 < 0.001 

RPM 78.81 ± 7.01 78.88 ± 6.90 0.945 

HR 129.48 ± 12.86 116.00 ± 16.72 0.001 

Kilocalories 242.95 ± 87.48 234.41 ± 87.18 0.519 

Statistically significant at a p-value of < 0.05. RPM = revolutions per minute, HR = heart rate. 

No significant difference for condition (HIIT vs MICT) or condition x time (pre, post, 10 

post, 20 post, and 30 post) effects were found for all outcome variables (shown in Fig. 1).  

However, significant time effects were found for sway velocity in the AP-SL (F [4] = 4.78, p 

= 0.002, ηp
2 = 0.23) and ML-SL (F [2.69] = 3.65, p = 0.023, ηp

2 = 0.186) positions and 

significant difference for time in sway range in the ML-EC (F [4] = 4.52, p = 0.003, ηp
2 = 

0.21) position.  There was also a significant effect for time in gait velocity (F [1.86] = 4.66, p 

= 0.018, ηp
2 = 0.197).  

Post hoc testing revealed that the effect for time in sway velocity for the AP-SL position was 

significantly different between pre to 30 post (p = 0.013), post to 20 post (p = 0.014), post to 

30 post (p = 0.002), and 10 post to 30 post (p = 0.002).  Effect for time in sway velocity for 

the ML-SL position were significantly different between pre to 20 post (p = 0.01), pre to 30 

post (p = 0.007), post to 30 post (p = 0.003), and 10 post to 30 post (p = 0.011).  Effect for 

time in sway range for the ML-EC position were significantly different between pre to 20 post 

(p = 0.016), post to 20 post (p = 0.001), post to 30 post (p = 0.012), 10 post to 20 post (p = 

0.029).  Effect for time in gait velocity was significantly different between pre to post (p = 

0.011), pre to 10 post (p = 0.001), pre to 20 post (p = 0.029), and pre to 30 post (p = 0.026).   
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Figure 1 

 
COP sway velocity (a = AP, b = ML), sway range (c = AP, d = ML), gait velocity (e), and 

TUG (f) data for both HIIT and MICT exercises.  COP data in the EC and SL conditions are 

represented on the same graphs (a-d).  No significant difference for condition or condition x 

time interactions were found.    
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Discussion 

The primary objective of the current study was to determine if a cycle ergometer HIIT 

exercise induced a transient effect on balance and gait parameters in older adults and if so, 

was that effect different from that of a metabolically matched MICT exercise protocol.  

According to the current data, metabolically matched cycle ergometer HIIT and MICT 

protocols do not produce a transient effect on balance or gait parameters in older adults 50-70 

years of age.  

The authors believe that the current data demonstrate the safety and time effectiveness of a 

cycle ergometer HIIT protocol.  When compared to a metabolically matched MICT protocol 

there were no differences in the postural control measures.  Furthermore, there were no 

undesirable significant differences to any included variable from pre- to post-intervention.  

This data suggests that there is no transient fall window for either HIIT or MICT cycle 

ergometer exercise in the current populations' data set.  Although prior research has 

determined that lower limb muscle fatigue can lead to changes in postural control values 

(Helbostad et al., 2007, 2010; Morrison et al., 2016), a study by Morrison et al. indicated that 

the only significant changes arise in participants over the age of 70 years and all of those 

changes were the result of walking and/or resistance training induced fatigue, not cycling. A 

study by Hill et al. was conducted in younger adults that determined cycle ergometer HIIT 

produced a transient postural control change lasting about 10 minutes but that was attenuated 

with training (Hill et al., 2016). To the best of our knowledge, this is the first study that 

compares a cycle ergometer HIIT protocol to a metabolically matched MICT protocol to 

determine if the HIIT exercise is producing the change or if it is merely the exercise-induced 

fatigue regardless of exercise intensity.  

Interestingly, the differences noted in the HIIT protocol tended to improve gait and balance 

parameters.  The effects produced by the HIIT protocol on postural sway in the SL position 

resulted in decreased sway velocities and ranges.  Likewise, gait velocity post HIIT and 

MICT protocols managed to rise although not statistically significant in the current data.  A 

study by Helbostad et al. noted a similar increase in gait velocity post-exercise in which they 

attributed the increase in gait velocity to movement pattern changes to cope with fatigue due 

to walking (Helbostad et al., 2007). However, the current data did not find any differences in 

the postural control variables post-exercise and thus the authors believe that the rise in gait 

velocity could be attributed to the higher cadences performed on the bike (average of 78 rpm 

for both interventions) which led to a higher walking cadence post cycling resulting in an 
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increased gait velocity.  A systematic review found that other studies have found similar 

results but that the evidence was not conclusive as the research was heterogeneous (Santos et 

al., 2019). That same review suggests that another explanation for this increased gait velocity 

post-exercise could be a simple fact that a “warm-up” rather than an interference effect might 

have occurred.  If that were true, the increased gait velocity could be due in part to some form 

of post-activation potentiation, and the exercises intended to cause fatigue simply created a 

pre-conditioning phase that increased muscle activation post-exercise.  Further research 

should investigate the source of the increased gait velocity phenomena.  

As mentioned earlier, research by Donath et al. (Donath & Roth, 2014) has suggested that 

there could be an elevated fall risk in older adults due to participation in HIIT training, though 

it does not come without flaws. Most notably, the Donath study compared two exercise 

interventions that were neither metabolically nor time matched.  Although the study indicates 

that the HIIT and control intervention were equal in time, the recovery periods for the control 

group were passive and not active as was so in the HIIT intervention.  Furthermore, the speed 

at which the participants walked was not the same between the two interventions.  The HIIT 

intervention was completed at a “brisk” walking pace while speed and inclination were 

adjusted to accommodate the target HR of 90% whereas the control intervention simply 

walked at the participants' “comfortable normal” walking speed below 50% of HRmax.  

Hence, the two exercise interventions compared in that study demonstrated a greater COP 

path length due to HIIT but not the control, although the two interventions were not equally 

demanding and consequently not metabolically matched.  Therefore, the authors of the current 

study believe that the only research to date indicating that HIIT may produce a transient 

elevated fall risk may be incorrect although it has been cited numerous times as the study of 

reference to caution against using HIIT as an exercise modality in older adults due to its 

“possible” negative effect.  However, the Donath study does include an older adult population 

approximately 70 years of age and research has demonstrated that this is the population that 

seems to be affected most by exercise-induced fatigue (Morrison et al., 2016).   

Nevertheless, the current study does not come without its limitations, the authors believe that 

it has two primary constraints, and they should be addressed.  First and foremost, the current 

population of older adults does not represent an at-risk or fall-prone population.  While the 

current study’s participants are not fall prone, their age is aligned with the average age of 

individuals entering cardiac rehabilitation in various countries as noted by the INTERheart 

study (Yusuf et al., 2004). This is important because cycle ergometer HIIT protocols are 
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becoming more and more common in chronic disease populations of similar age in 

rehabilitation programs across the globe (Currie et al., 2013; Dun et al., 2019; Guiraud et al., 

2012; Keating et al., 2020; Tschentscher et al., 2016).  However, the current population is 

representative of the aging population that is needing exercise interventions such as HIIT to 

help curtail the impact that chronic disease and disability are having in older age.  

Second, substantial variations in postural sway procedures and calculations make it 

challenging for COP data to be compared across various studies and it also increases variance 

in the individual data sets.  The current study followed a strict regimen of procedures; 

however, it was not until data processing that the authors realized that slight balance 

corrections by the individual (i.e., toe tap, foot-shift) made for large variations in the average 

postural sway calculations (particularly in the SL condition).  The current study was aiming to 

complete multiple measures in a short time (10 minutes between each time point) and for that 

reason elected to use the average of two trials of 10 seconds. If one measure contained an 

event with a slight balance correction, the velocity and/or range could be affected and 

exaggerate the true postural sway values.  This is a concern not only with the current research 

but among most studies utilizing postural sway values from COP data (25,26).  Future 

research should use three or more trials to decrease the likelihood of unnecessary variance due 

to balance correction techniques.  Additionally, as the goal of this study was to examine the 

effects of HIIT on fall risk parameters, the authors believed that it was important to allow as 

many ecological valid testing procedures as possible.  Like the TUG test, where participants 

were allowed to use their self-selected foot position while rising from the chair, which would 

be common in their day-to-day life.  As postural measures remained constant across time 

except for the reduction (positive adaptation) at post 20 minutes, we feel that these results 

allow for further exploration of the utility of HIIT in aging populations without the fear of a 

fall risk post-exercise.  

With that being said, the authors believe that the current research has a very simple yet 

practical purpose and application; neither cycle ergometer HIIT nor MICT produce an 

elevated risk of falling in older adults 50- 70 years of age.  HIIT exercise has been shown to 

produce positive physiological changes in older adults and they should not be discouraged 

from participating in HIIT due to the possibility of acute negative balance parameter changes 

when much of the population in economically developed countries are suffering from chronic 

diseases caused by sedentary behavior.  When used correctly HIIT has the capability of 
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improving cardiovascular health and lower limb strength while at the same time being time-

efficient.  

Conclusion 

A single session of cycle ergometer HIIT does not produce an acute transient effect on 

postural control or gait parameters in adults aged 50 – 70 years.  The current data demonstrate 

that when compared to a metabolically matched MICT protocol, HIIT is just as safe and more 

time-efficient.  Both HIIT and MICT protocols produced a slight, yet not statistically 

significant, increase in gait velocity post-exercise that the authors believe is due to the 

increased pedaling cadence that may have bled into the walking cadence immediately post to 

10 minutes post-exercise.  Cycle ergometer HIIT should not be singled out as a hazardous 

exercise to participate in for the youngest of the older adults when the world’s aging 

population is growing ever faster and needs more time-efficient and effective exercise 

regimens like cycle ergometer HIIT. 
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Discussion  

The objective of the current Ph.D. thesis was to determine the acute and chronic effects that a 

cycle ergometer HIIT protocol may have in older adults and how it compares to other 

exercise interventions commonly used in the same population.  

Although not all studies in the scientific literature agree, the most recent and most noted 

consensus is that HIIT is superior to MICT at improving cardiorespiratory fitness which was 

also the general conclusion of the first systematic review in the current thesis (Paper I).  A 

recent systematic review and meta-analysis performed by Hannan et al. (2018), concluded 

that HIIT is a superior exercise model in comparison with MICT in improving 

cardiorespiratory fitness in cardiac rehabilitation patients (Hannan et al., 2018). A systematic 

review and meta-analysis by Ramos et al. promote HIIT as a superior exercise modality to 

improve vascular function but in particular, the 4 × 4 method (Ramos et al., 2015), which was 

the method used in Paper III & IV of the current thesis. The 4 × 4 method is four high-

intensity intervals for 4 minutes, interspersed by three lower intensity intervals for 3 minutes. 

This implies that the HIIT intervention lasts 28 minutes which is substantially less time 

consuming when compared to a metabolically matched MICT protocol lasting approximately 

37 minutes (without a warmup and/or cool-down included). Therefore, HIIT is not only 

superior at improving cardiorespiratory fitness, but it is also much more time-efficient as 

clearly demonstrated in Paper IV.  

HIIT interventions can take place in many different forms as long as the work intensity can 

be adapted, and quantifiably measured. The current thesis opted to focus on a cycle ergometer 

HIIT intervention as the original systematic review (Paper I) demonstrated that there may be 

an added benefit of using cycle ergometry as a modality in an aging population. The 

systematic review from the current thesis (Paper I) is not alone in this finding as another 

systematic review exploring the health benefits of cycle ergometry in older adults 70 + years 

of age concluded that cycling may not only be safer but also places less impact on the joints 

thus leading to a more enjoyable experience for the participants (Bouaziz et al., 2015). The 

benefit of using a bike is that most gyms and/or fitness centers have a basic cycle ergometer 

with power (watts), cadence (rpm), and a handheld heart rate sensor (bpm). If an individual 

cannot find a fitness center or cannot make it to a facility, many different leg ergometers can 

be purchased for a reasonable price (100 – 500 USD) which often include heart rate 

monitors/censors. As demonstrated in Paper III, properly informed older adults can easily 

participate in cycle ergometer HIIT with minimal oversight and/or specialized equipment 
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which allows the participant to partake in vigorous physical activity and minimize excessive 

stress on the body that is commonly associated with other exercise modalities such as 

walking/running.  

A study included in the first systematic review of the current thesis (Paper I) by Tschentscher 

et al. did not report an increased effect of the HIIT intervention in comparison with MICT, 

yet a comparable and significant effect of the two interventions. However, one conclusion 

from the authors of that research noted a 99.2% attendance rate among its cycle ergometer 

participants, indicating “impeccable” compliance in comparison with other modalities 

(Tschentscher et al., 2016). Evermore evidence suggests that cycle ergometry is a more 

efficient and effective mode of exercise in an aging population with possible divergent 

underlying health conditions. HIIT exercise in any form is not easy, though, the participants 

from Paper III reported that the time spent in the intervention was enjoyable, and time passed 

more quickly than they would have imagined before the start of the intervention. This more 

pleasing experience could be attributed to the multiple intervals and change of pace inherent 

to HIIT protocols. These types of reports by participants may help explain the high 

compliance rates that are seen with aerobic HIIT interventions. That was demonstrated in 

Paper III, which had a 96% session completion rate. More research should assess the 

completion rates of various exercise interventions for longer periods and determine if there is 

a significant difference amongst varying exercise interventions as well as determine if these 

completion rates continue over longer durations of time. 

When addressing the safety of utilizing HIIT in an aging population, it is important to note 

that the intensity is relative to the participant's level of fitness, implying that the intensity of 

exercise is especially individualized. High-intensity exercise for a previously inactive older 

adult might involve walking at a slightly increased pace from their comfortable walking 

speed, whereas a regularly active participant might need to run at a fast pace to achieve the 

same intensity and/or percentage of aerobic capacity. The first systematic review (Paper I) 

found that only one study documented a total of three adverse events related to the HIIT 

intervention, those side effects were musculoskeletal, mainly muscle soreness (Ellingsen et 

al., 2017). The second systematic review (Paper II) examining the influence of RT on gait 

and balance reported similar musculoskeletal adverse events, although the number of those 

events were slightly higher per participant than that noted in Paper I. Musculoskeletal events 

should not be unexpected as it is has been identified as the leading cause of adverse events in 

an aging population by a systematic review on the effects of RT (Liu & Latham, 2010). 
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However, it should be highlighted once again that adverse events often go underreported by 

the participants and researchers alike, thus, more effort should be made to include a 

systematic method for reporting all adverse events in interventions involving older adults.  

Resistance training has traditionally been used to improve strength, balance, and gait 

parameters in older adults. Although using cycle ergometer HIIT, the most notable change 

witnessed in Paper III was the participants' lower limb power measures in both the sit-to-

stand scenarios. As noted in previous research, loss of muscle mass and strength is common 

among older adults, which in turn decreases function and therefore autonomy (Candow & 

Chilibeck, 2005; Guralnik et al., 2000; Lauretani et al., 2003). As indicated in Paper II, RT 

improves gait parameters in older adults, but more specifically unidirectional walking speed, 

most often associated with the increased lower limb strength of the participants. However, 

there are many forms of gait parameter tests that are more complex which can include 

obstacles and/or directional changes to navigate. Furthermore, a complex gait test like 

mentioned above would possibly be a more accurate representation of a real-life scenario, and 

therefore a better predictor of future fall risk. Nonetheless, increased lower limb strength, 

regardless of exercise modality, has been shown to decrease the risk of falls (Ishigaki et al., 

2014). 

Yet, to prescribe an effective RT program, numerous variables need to be controlled to 

achieve the desired objectives. For that reason, RT can be difficult to prescribe to such a 

diverse population as often encountered in older adults (Bird et al., 2005; Kraemer et al., 

2002). Considering that there are so many variables needing attention to develop an effective 

RT program, HIIT may be a better option. Cycle ergometer HIIT is easy to plan as indicated 

in Paper III and appears to improve lower limb strength at a comparable level to that of RT 

programs reported in the second systematic review (Paper II). With that in mind, it would not 

be out of line to suggest that an individual participant with certain time constraints would be 

best advised to participate in cycle ergometer HIIT 2-3 days a week and moderate-intensity 

physical activity another 2-3 days a week to reach the appropriate physical activity minimum 

requirements outlined in the various exercise guidelines for older adults (Bushman, 2019; 

Chodzko-Zajko et al., 2009). Cycle ergometer HIIT appears to have multiple advantages 

(when compared to MICT and RT) in the form of both strength and cardiorespiratory fitness 

in an aging population and can be completed in a more time-effective manner without the 

need for complex programming or equipment requirements.  
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Research, investigating the effects of HIIT in older adults suggests that it is a valuable 

exercise regimen. However, much of that research has been completed in a clinical or 

laboratory setting with specialized equipment (i.e., metabolic cart, graded exercise test, heart 

rate monitors, etc.).  The current thesis was intended to help answer the question “Is HIIT 

accessible to the larger aging population outside of the research setting and without 

specialized equipment?”.  Paper III aimed to determine the feasibility of prescribing a cycle 

ergometer HIIT protocol using a percentage of age-predicted HRmax. The conclusion of 

Paper III suggested that either HR or RPE can be used to prescribe a cycle ergometer HIIT 

protocol in an older adult population although RPE should be used with caution and in 

conjunction with other parameters such as HRmax and/or power numbers (watts). These data 

corroborate conclusions from a study by Jabbour & Majed (2018) which determined that RPE 

may misclassify exercise intensity for sedentary older adults but that is nevertheless useful 

when used in combination with other commonly used methods such as %HRmax (Jabbour & 

Majed, 2018). The effectiveness of implementing a HIIT protocol in older adults with a 

simple calculation of %HRmax is justified, and further research should use this method of 

prescribing HIIT exercise as a fast and simple way to engage older adults. The current thesis 

has demonstrated that appropriately informed older adults can participate in cycle ergometer 

HIIT with minimal supervision from an exercise specialist and no specialized equipment. 

Research by Donath & Roth suggests that there could be an elevated fall risk in older adults 

due to participation in HIIT, which would imply that the time effectiveness of HIIT could be 

questioned (Donath & Roth, 2014). The objective of Paper IV in the current thesis was to 

determine if a cycle ergometer HIIT exercise induced a transient effect on balance and gait 

parameters in older adults (50-70 years of age) and if so, was that effect different from that of 

a metabolically matched MICT exercise protocol. To the best of our knowledge, this was the 

first study to compare a cycle ergometer HIIT protocol to a metabolically matched MICT 

protocol to determine if the HIIT exercise is producing the change or if it is merely the 

exercise-induced fatigue regardless of exercise intensity. The Donath & Roth study did not 

include a metabolically matched control group and that research was also completed using a 

treadmill. According to the data from Paper IV, metabolically matched cycle ergometer HIIT 

and MICT protocols do not produce a transient effect on balance or gait parameters in older 

adults, meaning that there was no difference in the postural control measures. Although prior 

research has concluded that lower limb muscle fatigue can lead to changes in postural control 

values (Helbostad et al., 2007, 2010; Morrison et al., 2016), a study by Morrison et al. 
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indicated that significant changes only arose in those participants over the age of 70 years. A 

study by Hill et al. was conducted in younger adults that determined cycle ergometer HIIT 

produced a transient postural control change lasting about 10 minutes but that was attenuated 

with just a few weeks of training (Hill et al., 2016). This indicates that no matter the exercise 

modality, an untrained individual may need time to adapt to an increased training load by 

having an adaptation/acclimation period. It also suggests that if there is a transient effect, 

only the older adults (70+ years of age) may see elevated fall risk due to postural instability 

brought about by a HIIT protocol. Paper IV is just another data set advocating the safety and 

time effectiveness of a cycle ergometer HIIT protocol. 

The differences noted in Paper IV regarding the acute effects of a cycle ergometer HIIT 

protocol on gait and balance parameters were intriguing and tended to improve those 

measures rather than cause disfunction. The effects on postural sway in the SL position 

resulted in decreased sway velocities and ranges. Likewise, gait velocity from pre- to post-

intervention in both the HIIT and MICT intervention tended to rise. This doesn’t seem to be 

out of the ordinary as a study by Helbostad et al. noted a similar increase in gait velocity 

post-exercise. However, that study attributed the increase in gait velocity post-exercise to 

movement pattern changes to cope with fatigue due to the walking intervention (Helbostad et 

al., 2007). Though, the current thesis (Paper IV) did not find any differences in the postural 

control variables post-exercise and therefore the rise in gait velocity could be attributed to the 

higher cadences performed on the bike (average of 78 rpm for both interventions) which led 

to a higher walking cadence post cycling resulting in the noted increased gait velocity. A 

systematic review by Santos et al. stated that other studies have found a similar increase in 

walking speed post-exercise but that the evidence was not conclusive as the research was 

heterogeneous (Santos et al., 2019). That same review suggests that another explanation for 

this increased gait velocity post-exercise could be a simple fact that a “warm-up” rather than 

an interference effect might have occurred. If that were true, the increased gait velocity could 

be due in part to some form of post-activation potentiation, and the exercises intended to 

cause fatigue simply created a pre-conditioning phase that increased muscle activation post-

exercise. Further research should investigate the source of the increased gait velocity 

phenomena.  

Cycle ergometer HIIT protocols are becoming more and more common in older adults and 

chronic disease populations in rehabilitation programs across the globe (Currie et al., 2013; 

Dun et al., 2019; Guiraud et al., 2012; Tschentscher et al., 2016).  The aging population needs 
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exercise interventions such as HIIT to help curtail the impact that chronic disease and 

disability are having worldwide. The results from the current thesis demonstrate the utility of 

cycle ergometer HIIT in this population and further exploration of cycle ergometer HIIT 

research in an aging population should take place without exorbitant fear of possible injury or 

fall risk.   
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Discusión 

El objetivo de la actual tesis PhD. fue determinar los efectos agudos y crónicos que un 

protocolo HIIT en cicloergómetro puede tener en adultos mayores y cómo se compara con 

otras intervenciones de ejercicio comúnmente utilizadas en la misma población. 

Aunque no todos los estudios en la literatura científica están de acuerdo, el consenso más 

reciente y destacado es que HIIT es superior a MICT para mejorar el estado 

cardiorrespiratorio, lo que también fue la conclusión general de la primera revisión 

sistemática de la presente tesis (Articulo I). Una revisión sistemática y un metanálisis 

reciente, realizados por Hannan et al. (2018), concluyó que HIIT es un modelo de ejercicio 

superior en comparación con MICT para mejorar la aptitud cardiorrespiratoria en pacientes 

con rehabilitación cardíaca (Hannan et al., 2018). Una revisión sistemática y metanálisis de 

Ramos et al. promueve el HIIT como una modalidad de ejercicio superior para mejorar la 

función vascular, pero en particular, el método 4 × 4 (Ramos et al., 2015), que fue el método 

utilizado en los Artículos III y IV de la presente tesis. El método 4 × 4 consiste en cuatro 

intervalos de alta intensidad durante 4 minutos, intercalados con tres intervalos de menor 

intensidad durante 3 minutos. Esto implica que la intervención HIIT dura 28 minutos, lo que 

consume mucho menos tiempo en comparación con un protocolo MICT igualado 

metabólicamente, con una duración aproximada de 37 minutos (sin calentamiento y / o 

enfriamiento incluidos). Por lo tanto, HIIT no solo es superior para mejorar la aptitud 

cardiorrespiratoria, sino que también es mucho más eficiente en el tiempo, como se demostró 

claramente en el Articulo IV. 

Las intervenciones HIIT pueden tener lugar de muchas formas diferentes siempre que la 

intensidad del trabajo se pueda adaptar y medir de forma cuantificable. La tesis actual optó 

por centrarse en una intervención HIIT en cicloergómetro, ya que la revisión sistemática 

original (Articulo I) demostró que puede haber un beneficio adicional de utilizar la 

cicloergometría como modalidad en una población que envejece. La revisión sistemática de 

la tesis actual (Articulo I) no es la única en este hallazgo, ya que otra revisión sistemática que 

explora los beneficios para la salud de la cicloergometría en adultos mayores de 70 años o 

más concluyó que el ciclismo no solo puede ser más seguro, sino que también tiene menos 

impacto en las articulaciones, lo que conduce a una experiencia más agradable para los 

participantes (Bouaziz et al., 2015). El beneficio de usar una bicicleta es que la mayoría de 

los gimnasios y / o centros de fitness tienen un cicloergómetro básico con potencia (vatios), 

cadencia (rpm) y un sensor de frecuencia cardíaca de mano (bpm). Si una persona no puede 
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encontrar un gimnasio o no puede ir a una instalación, se pueden comprar diferentes 

ergómetros de piernas por un precio razonable (100 - 500 USD), que a menudo incluyen 

monitores / sensores de frecuencia cardíaca. Como se demostró en el Articulo III, los adultos 

mayores debidamente informados pueden participar fácilmente en el cicloergómetro HIIT 

con una supervisión mínima y / o equipo especializado que permite la participación del adulto 

mayor en una AF vigorosa y minimizar el estrés excesivo en el cuerpo que comúnmente se 

asocia con otras modalidades de ejercicio como caminar / correr. 

Un estudio incluido en la primera revisión sistemática de la tesis actual (Artículo I) de 

Tschentscher et al. no informó un mayor efecto de la intervención HIIT en comparación con 

MICT, pero un efecto comparable y significativo de las dos intervenciones. Sin embargo, una 

conclusión de los autores de esa investigación señaló una tasa de asistencia del 99,2% entre 

sus participantes en cicloergómetro, lo que indica un cumplimiento "impecable" en 

comparación con otras modalidades (Tschentscher et al., 2016). Cada vez más la evidencia 

sugiere que la cicloergometría es un modo de ejercicio más eficiente y efectivo en una 

población que envejece con posibles condiciones de salud subyacentes divergentes. El 

ejercicio HIIT en cualquier forma no es fácil, sin embargo, los participantes del Articulo III 

informaron que el tiempo que pasaron en la intervención fue agradable y el tiempo pasó más 

rápido de lo que hubieran imaginado antes del inicio de la intervención. Esta experiencia más 

agradable podría atribuirse a los múltiples intervalos y cambios de ritmo inherentes a los 

protocolos HIIT. Este tipo de informes de los participantes pueden ayudar a explicar las altas 

tasas de cumplimiento que se observan con las intervenciones HIIT aeróbicas. Eso se 

demostró en el Articulo III, que tuvo una tasa de finalización de sesión del 96%. Se deben 

realizar más investigaciones para evaluar las tasas de finalización de varias intervenciones de 

ejercicio durante períodos más prolongados y determinar si hay una diferencia significativa 

entre las distintas intervenciones de ejercicio, así como determinar si estas tasas de 

finalización continúan durante períodos de tiempo más prolongados. 

Al abordar la seguridad de utilizar HIIT en una población que envejece, es importante tener 

en cuenta que la intensidad es relativa al nivel de condición física del participante, lo que 

implica que la intensidad del ejercicio es especialmente individualizada. El ejercicio de alta 

intensidad para un adulto mayor previamente inactivo puede implicar caminar a un ritmo 

ligeramente mayor de su velocidad de caminata cómoda, mientras que un participante activo 

regularmente puede necesitar correr a un ritmo rápido para lograr la misma intensidad y / o 

porcentaje de capacidad aeróbica. La primera revisión sistemática (Articulo I) encontró que 
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solo un estudio documentó un total de tres eventos adversos relacionados con la intervención 

HIIT, esos efectos secundarios fueron de naturaleza musculoesquelética, principalmente 

dolor muscular (Ellingsen et al., 2017). La segunda revisión sistemática (Articulo II), que 

examinó la influencia de la RT en la marcha y el equilibrio, informó eventos adversos 

musculoesqueléticos similares, aunque el número de esos eventos fue ligeramente mayor por 

participante que el anotado en el Articulo I. Los eventos musculoesqueléticos no deben ser 

inesperados, ya que han sido identificados como la principal causa de eventos adversos en 

una población que envejece mediante una revisión sistemática sobre los efectos de la RT (Liu 

y Latham, 2010). Sin embargo, debe destacarse una vez más que los participantes y los 

investigadores a menudo no notifican los eventos adversos por igual, por lo que se deben 

hacer más esfuerzos para incluir un método sistemático para informar todos los eventos 

adversos en las intervenciones que involucran a adultos mayores. 

El entrenamiento de resistencia se ha utilizado tradicionalmente para mejorar la fuerza, el 

equilibrio y los parámetros de la marcha en los adultos mayores. Aunque se utilizó HIIT en 

cicloergómetro, el cambio más notable observado en el Articulo III fueron las medidas de 

potencia de las extremidades inferiores de los participantes en los dos escenarios sentados y 

de pie. Como se señaló en investigaciones anteriores, la pérdida de masa muscular y fuerza es 

común entre los adultos mayores, lo que a su vez disminuye la función y, por lo tanto, la 

autonomía (Candow y Chilibeck, 2005; Guralnik et al., 2000; Lauretani et al., 2003). Como 

se indica en el Articulo II, la RT mejora los parámetros de la marcha en los adultos mayores, 

pero más específicamente la velocidad de la marcha unidireccional, más a menudo asociada 

con el aumento de la fuerza de las extremidades inferiores de los participantes. Sin embargo, 

existen muchas formas de pruebas de parámetros de la marcha que son más complejas y que 

pueden incluir obstáculos y / o cambios de dirección para deambular. Además, una prueba de 

marcha compleja como la mencionada anteriormente posiblemente sería una representación 

más precisa de un escenario de la vida real y, por lo tanto, un mejor predictor del riesgo de 

caídas en el futuro. No obstante, se ha demostrado que el aumento de la fuerza de las 

extremidades inferiores, independientemente de la modalidad de ejercicio, disminuye el 

riesgo de caídas (Ishigaki et al., 2014). 

Sin embargo, para prescribir un programa de RT eficaz, es necesario controlar numerosas 

variables para lograr los objetivos deseados. Por esa razón, la RT puede ser difícil de 

prescribir a una población tan diversa como la que se encuentra a menudo en los adultos 

mayores (Bird et al., 2005; Kraemer et al., 2002). Teniendo en cuenta que hay tantas 
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variables que necesitan atención para desarrollar un programa de RT eficaz, HIIT puede ser 

una mejor opción. El cicloergómetro HIIT es fácil de planificar como se indica en el Articulo 

III y parece mejorar la fuerza de las extremidades inferiores a un nivel comparable al de los 

programas de AF informados en la segunda revisión sistemática (Articulo II). Teniendo esto 

en cuenta, no estaría fuera de lugar sugerir que a un participante individual con ciertas 

limitaciones de tiempo se le recomendaría que participara en cicloergómetro HIIT 2-3 días a 

la semana y AF de intensidad moderada otros 2-3 días a la semana, para alcanzar los 

requisitos mínimos de AF adecuados, descritos en las diversas pautas de ejercicio para 

adultos mayores (Bushman, 2019; Chodzko-Zajko et al., 2009). El cicloergómetro HIIT 

parece tener múltiples ventajas (en comparación con MICT y RT) en forma de fuerza y 

aptitud cardiorrespiratoria en una población que envejece y se puede completar de una 

manera más eficaz en el tiempo sin la necesidad de una programación compleja o requisitos 

de equipamiento. 

La investigación, que estudia los efectos del HIIT en adultos mayores, sugiere que es un 

régimen de ejercicio valioso. Sin embargo, gran parte de esa investigación se ha completado 

en un entorno clínico o de laboratorio con equipo especializado (es decir, carro metabólico, 

prueba de ejercicio graduada, monitores de frecuencia cardíaca, etc.). La tesis actual estaba 

destinada a ayudar a responder la pregunta "¿Es HIIT accesible para una población mayor 

que envejece fuera del ámbito de la investigación y sin equipo especializado?". El artículo III 

tenía como objetivo determinar la viabilidad de prescribir un protocolo HIIT de 

cicloergómetro utilizando un porcentaje de la FCmáx predicha por la edad. La conclusión del 

Articulo III sugirió que tanto la FC como el RPE pueden usarse para prescribir un protocolo 

de HIIT en cicloergómetro en una población de adultos mayores, aunque el RPE debe usarse 

con precaución y junto con otros parámetros como la FCmáx y/o los números de potencia 

(vatios). Estos datos corroboran las conclusiones de un estudio realizado por Jabbour & 

Majed (2018) que determinó que el RPE puede clasificar erróneamente la intensidad del 

ejercicio para adultos mayores sedentarios, pero que, sin embargo, es útil cuando se usa en 

combinación con otros métodos de uso común como el %FCmax (Jabbour & Majed, 2018). 

La efectividad de implementar un protocolo HIIT en adultos mayores con un simple cálculo 

de % FCmáx está justificada, y la investigación adicional debería utilizar este método de 

prescribir ejercicio HIIT como una forma rápida y sencilla de involucrar a los adultos 

mayores. La tesis actual ha demostrado que los adultos mayores debidamente informados 
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pueden participar en el cicloergómetro HIIT con la supervisión mínima de un especialista en 

ejercicio y sin equipo especializado. 

La investigación realizada por Donath & Roth sugiere que podría haber un riesgo elevado de 

caídas en los adultos mayores debido a la participación en el entrenamiento HIIT, lo que 

implicaría que se podría cuestionar la eficacia temporal de HIIT (Donath & Roth, 2014). El 

objetivo del Artículo IV de la presente tesis fue determinar si un ejercicio HIIT en 

cicloergómetro inducía un efecto transitorio en los parámetros de equilibrio y marcha en 

adultos mayores (50-70 años) y, de ser así, si ese efecto era diferente al de un ejercicio MICT 

metabólicamente emparejado. Hasta donde sabemos, este fue el primer estudio en comparar 

un protocolo HIIT de cicloergómetro con un protocolo MICT metabólicamente emparejado 

para determinar si el ejercicio HIIT está produciendo el cambio o si es simplemente la fatiga 

inducida por el ejercicio, independientemente de la intensidad del ejercicio. El estudio de 

Donath & Roth no incluyó un grupo de control metabólicamente emparejado y esa 

investigación también se completó usando una caminadora. De acuerdo con los datos del 

Articulo IV, los protocolos HIIT y MICT de cicloergómetro combinados metabólicamente no 

producen un efecto transitorio en los parámetros de equilibrio o marcha en adultos mayores, 

lo que significa que no hubo diferencia en las medidas de control postural. Aunque 

investigaciones anteriores han concluido que la fatiga muscular de las extremidades inferiores 

puede provocar cambios en los valores de control postural (Helbostad et al., 2007, 2010; 

Morrison et al., 2016), un estudio de Morrison et al. indicaron que solo se presentaron 

cambios significativos en aquellos participantes mayores de 70 años. Un estudio de Hill et al. 

se llevó a cabo en adultos más jóvenes y determinó que el cicloergómetro HIIT producía un 

cambio transitorio en el control postural que duraba unos 10 minutos, pero que se atenuaba 

con solo unas pocas semanas de entrenamiento (Hill et al., 2016). Esto indica que, 

independientemente de la modalidad de ejercicio, una persona no entrenada puede necesitar 

tiempo para adaptarse a una mayor carga de entrenamiento al tener un período de 

adaptación/aclimatación. Las diferencias observadas en el Articulo IV, con respecto a los 

efectos agudos de un protocolo HIIT de cicloergómetro sobre los parámetros de la marcha y 

el equilibrio, fueron intrigantes y tendieron a mejorar esas medidas en lugar de causar 

disfunción. Los efectos sobre el balanceo postural en la posición SL dieron como resultado 

una disminución de las velocidades y rangos del balanceo. Del mismo modo, la velocidad de 

la marcha antes y después de la intervención en los protocolos HIIT y MICT tendió a 

aumentar. Esto no parece estar fuera de lo común, ya que un estudio de Helbostad et al. notó 
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un aumento similar en la velocidad de la marcha después del ejercicio. Sin embargo, ese 

estudio atribuyó el aumento en la velocidad de la marcha después del ejercicio a cambios en 

el patrón de movimiento para hacer frente a la fatiga debido a la intervención de la marcha 

(Helbostad et al., 2007). Sin embargo, la tesis actual (Articulo IV) no encontró diferencias en 

las variables de control postural post-ejercicio y, por lo tanto, el aumento de la velocidad de 

la marcha podría atribuirse a las mayores cadencias realizadas en la bicicleta (promedio de 78 

rpm para ambas intervenciones) que condujo a una mayor cadencia de la marcha después del 

ciclismo, lo que resultó en el aumento observado de la velocidad de la marcha. Una revisión 

sistemática de Santos et al. afirmó que otros estudios han encontrado un aumento similar en 

la velocidad de la marcha después del ejercicio, pero que la evidencia no fue concluyente ya 

que la investigación fue heterogénea (Santos et al., 2019). Esa misma revisión sugiere que 

otra explicación para este aumento de la velocidad de la marcha después del ejercicio podría 

ser un simple hecho de que podría haber ocurrido un efecto de "calentamiento" en lugar de un 

efecto de interferencia. Si eso fuera cierto, el aumento de la velocidad de la marcha podría 

deberse en parte a alguna forma de potenciación posterior a la activación, y los ejercicios 

destinados a causar fatiga simplemente crearon una fase de preacondicionamiento que 

aumentó la activación muscular después del ejercicio. La investigación adicional debería 

investigar la fuente de los fenómenos de aumento de la velocidad de la marcha. 

Los protocolos HIIT de cicloergómetro se están volviendo cada vez más comunes en adultos 

mayores y poblaciones con enfermedades crónicas en programas de rehabilitación en todo el 

mundo (Currie et al., 2013; Dun et al., 2019; Guiraud et al., 2012; Tschentscher et al., 2016). 

La población que envejece necesita intervenciones de ejercicio como HIIT para ayudar a 

reducir el impacto que las enfermedades crónicas y la discapacidad están teniendo en todo el 

mundo. Los resultados de la tesis actual demuestran la utilidad del cicloergómetro HIIT en 

esta población y se debe realizar una mayor exploración de la investigación del 

cicloergómetro HIIT en una población que envejece sin un temor exorbitante de posibles 

lesiones o riesgo de caídas. 
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Conclusions  

General: 

High-Intensity Interval Training is an effective and safe exercise regimen that is well-

tolerated in older adults and is known to increase cardiorespiratory fitness. A simple 4 x 4 

cycle ergometer HIIT protocol can be prescribed to the broader, non-clinical population of 

older adults by using a simple HRmax calculation and RPE. 6 weeks of cycle ergometer HIIT 

has demonstrated that it can improve lower limb strength and functional capacity in an 

already active older adult population comparable to improvements seen with RT. A single 

session of cycle ergometer HIIT does not produce an acute risk of falling in the youngest of 

the older adults (50-70 years of age) and it should not be singled out as a hazardous exercise 

regimen to participate in as previously published by another research group.  

Specifically: 

➢ HIIT is a valuable exercise regimen that can take place in a variety of forms to 

increase cardiorespiratory fitness in older adults (Paper I).  

➢ HIIT was well-tolerated and appears to be safe and effective in an older population 

with significant, divergent comorbidities (Paper I & Paper III). 

➢ HIIT may be effective at engaging participants that would otherwise drop out of the 

traditional MICT exercise routines (Paper III).  

➢ A simple 4x4 cycle ergometer HIIT protocol can be prescribed to a broader, non-

clinical population of older adults by using HRmax and using RPE as a secondary 

guide (Paper III). 

➢ 6 weeks of cycle ergometer HIIT is an adequate amount of time to result in significant 

lower limb strength and functional capacity improvements in an already active older 

adult population (Paper III). 

➢ A single session of cycle ergometer HIIT does not produce an acute transient effect on 

postural control or gait parameters in older adults 50 – 70 years of age (Paper IV).  

➢ When compared to a metabolically matched MICT protocol, HIIT is just as safe and 

more time-efficient (Paper IV). 

➢ Both HIIT and MICT protocols produced a slight increase in gait velocity post-

exercise that lasted for approximately 20 minutes (Paper IV).  

➢ Cycle ergometer HIIT should not be singled out as a hazardous exercise to participate 

in for the youngest of the older adults when the world’s aging population is growing 
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ever faster and needs more time-efficient and effective exercise regimens like cycle 

ergometer HIIT (Paper IV). 

➢ RT has a positive influence on both gait and balance in an aging population, but 

specifically straight-line walking speed, in older adults. The improvements in gait and 

balance parameters can be highly attributed to the significant increases in lower limb 

strength (Paper II). 

➢ It is unclear in the increase in lower limb strength due to RT can improve the various 

and complex aspects of gait in older adults Paper (II). 
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Conclusiones  

Generales: 

El entrenamiento en intervalos de alta intensidad es un régimen de ejercicio eficaz y seguro 

que se tolera bien en los adultos mayores y se sabe que aumenta la capacidad 

cardiorrespiratoria. Se puede prescribir un protocolo HIIT en ergómetro de ciclo 4 x 4 simple 

a la población no clínica más amplia de adultos mayores mediante el uso de un cálculo simple 

de FCmáx y RPE. Seis semanas de cicloergómetro HIIT han demostrado que pueden mejorar 

la fuerza de las extremidades inferiores y la capacidad funcional en una población adulta 

mayor ya activa en comparación con las mejoras observadas con la RT. Una sola sesión de 

HIIT en cicloergómetro no produce un riesgo agudo de caídas en el más joven de los adultos 

mayores (50-70 años) y no debe ser señalado como un régimen de ejercicio peligroso para 

participar, según lo publicado previamente por otro grupo de investigación. 

Específicas: 

• HIIT es un régimen de ejercicio valioso que puede llevarse a cabo en una variedad de 

formas para aumentar la aptitud cardiorrespiratoria en los adultos mayores (Articulo 

I). 

• El HIIT se toleró bien y parece ser seguro y eficaz en una población mayor con 

comorbilidades importantes y divergentes (Articulo I y Articulo III). 

• El HIIT puede ser eficaz para involucrar a los participantes que, de otro modo, se 

saldrían de las rutinas tradicionales de ejercicios MICT (Articulo III). 

• Se puede prescribir un protocolo HIIT en cicloergómetro 4x4 simple a una población 

no clínica más amplia de adultos mayores mediante el uso de FCmáx y el uso de RPE 

como guía secundaria (Articulo III). 

• Seis semanas de cicloergómetro HIIT es una cantidad de tiempo adecuada para dar 

como resultado mejoras significativas en la fuerza de las extremidades inferiores y la 

capacidad funcional en una población adulta mayor ya activa (Articulo III). 

• Una sola sesión de cicloergómetro HIIT no produce un efecto transitorio agudo sobre 

el control postural o los parámetros de la marcha en adultos mayores de 50 a 70 años 

(Articulo IV). 

• En comparación con un protocolo MICT igualado metabólicamente, HIIT es igual de 

seguro y más eficiente en el tiempo (Articulo IV). 
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• Tanto los protocolos HIIT como MICT produjeron un ligero aumento en la velocidad 

de la marcha después del ejercicio que duró aproximadamente 20 minutos (Articulo 

IV). 

• El cicloergómetro HIIT no debe considerarse un ejercicio peligroso para los adultos 

mayores más jóvenes cuando la población que envejece en el mundo crece cada vez 

más rápido y necesita regímenes de ejercicio más eficaces y eficientes en el tiempo, 

como el cicloergómetro HIIT (Articulo IV). 

• La RT tiene una influencia positiva tanto en la marcha como en el equilibrio en una 

población que envejece, pero específicamente la velocidad de la marcha en línea 

recta, en los adultos mayores. Las mejoras en los parámetros de la marcha y el 

equilibrio se pueden atribuir en gran medida a los aumentos significativos en la fuerza 

de las extremidades inferiores (Articulo II). 

•  No está claro que el aumento de la fuerza de las extremidades inferiores debido a la 

RT puede mejorar los diversos y complejos aspectos de la marcha en los adultos 

mayores (Articulo II). 
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Future research 

The current doctoral thesis had sought out the safety and feasibility of utilizing cycle 

ergometer HIIT in older adults. Based on the current data, it appears HIIT is just as safe and 

possibly more effective as comparable exercise interventions. However, more research is 

warranted in underrepresented populations; First and foremost is the lack of data regarding 

the older female population that is growing larger as years after year. Furthermore, HIIT has 

been utilized heavily in clinical populations, long-term research should look at the feasibility 

of utilizing HIIT in the general aging population outside of the clinical/laboratory setting.  

Interestingly, data from the current thesis has found that aerobic cycle ergometer HIIT 

enhances lower limb strength comparable to that of traditional RT but with an added 

cardiovascular benefit. This suggests that cycle ergometer HIIT can achieve multiple, 

positive health-related objectives with a single exercise regimen, yet, in a more time-efficient 

manner. Therefore, more research should be done to determine if the increased strength gains 

are linked to improved gait, balance, and/or efficacy of falls in older adults.  

Finally, Paper IV has observed that cycling causes a transient increase in gait velocity. The 

current thesis speculates that the increased velocity is due in part to a high cycling cadence 

that leads to an increased walking cadence, therefore, causing an acute increase in gait 

velocity for approximately 10 minutes post-exercise. Further research should examine this 

outcome to verify if the author's speculation is correct and to determine if long-term 

participation in cycling chronically affects walking cadence/gait velocity.  
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Estudios del futuro 

La tesis doctoral actual había buscado la seguridad y viabilidad de utilizar cicloergómetro 

HIIT en adultos mayores. Según los datos actuales, parece que el HIIT es tan seguro y 

posiblemente más efectivo que las intervenciones de ejercicio comparables. Sin embargo, se 

justifica más investigación en poblaciones subrepresentadas; Lo primero y más importante es 

la falta de datos sobre la población femenina de mayor edad que crece año tras año. Además, 

HIIT se ha utilizado mucho en poblaciones clínicas, la investigación a largo plazo debe 

analizar la viabilidad de utilizar HIIT en la población general que envejece fuera del entorno 

clínico/laboratorio. 

Curiosamente, los datos de la tesis actual han encontrado que el cicloergómetro aeróbico 

HIIT mejora la fuerza de las extremidades inferiores comparable a la de la RT tradicional, 

pero con un beneficio cardiovascular adicional. Esto sugiere que el cicloergómetro HIIT 

puede lograr múltiples objetivos positivos relacionados con la salud con un solo régimen de 

ejercicio, pero de una manera más eficiente en el tiempo. Por lo tanto, se debe realizar más 

investigación para determinar si las mayores ganancias de fuerza están relacionadas con una 

mejor marcha, equilibrio y/o eficacia de las caídas en adultos mayores. 

Finalmente, Artículo IV ha observado que el ciclismo provoca un aumento transitorio en la 

velocidad de la marcha. La tesis actual especula que el aumento de la velocidad se debe en 

parte a una alta cadencia de ciclismo que conduce a un aumento de la cadencia de la marcha 

y, por lo tanto, provoca un aumento agudo en la velocidad de la marcha durante 

aproximadamente 10 minutos después del ejercicio. La investigación adicional debe 

examinar este resultado para verificar si la especulación de los autores es correcta y para 

determinar si la participación a largo plazo en el ciclismo afecta crónicamente la 

cadencia/velocidad de la marcha. 
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