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High intensity interval training vs continuous training within the aging population
Introduction 
[bookmark: _GoBack]The maximum amount of strength in the elderly is linked to the impact on day to day living activities (Ensrud et al., 1994). Within many research papers it is reported that muscle weakness is a high-risk factor of premature mortality and the greater loss of muscle strength, the more likely an early mortality rate in the older population (Metter et al., 2002). Muscular strength seems to be a critical element in maintaining quality of life, physical function and mobility it is important to understand the factors that contribute to the loss off strength in an elderly person. The reduced muscle mass and performance within the aging is defined as sarcopenia, it is associated with an increase of physical limitation and associated with chronic diseases, it is described as an erosion of life (Rizzoli et al., 2013). With age-related muscle loss, it has been assumed to be a major factor in strength decline which is related to impairments of function (Visser et al., 2002), cause of disabilities (Rantanen et al., 1999), greater risks of falls and the loss in independence (Rantanen et al., 2002).
According to Harris (1983) aging has a decline in health and ability, there has been clinical and experimental research that suggests exercise is a vital part of daily life to be able to reduce the rate of deterioration. Exercise can slow the process of age related changes in physical performance (Milanović et al., 2013). Exercise maintains, improves the range of motion within the joints, maintains and improves muscular strength and flexibility. Balance and rhythm is also improved by exercise reducing the risks of falling and reduces the symptoms and damage of diseases. (Shiraev and Barclay, 2012) To maintain health, training programmes should adhere to the ACSM, (2016) recommended guidelines- Moderate intensity of aerobic activity for a minimum of 30 minutes/ 5 days per week 40-59% of Heart rate reserve (HRR) or Vigorous intensity aerobic activity for a minimum of 20 minutes/ 3days per week 60-89% of HRR. Heart rate is directly related to the working intensity and the oxygen consumption. There are many ways that the intensity can be measured. The most precise of training method would be to measure intensity via a Heart Rate monitor or alternatively the Borge scale which has a high correlation that exists between the Perceived Rate of Exertion and 10 times the actual heart rate. For example, if the work load Perceived exertion was 10, 10x10= 100bmp (Centre for Disease Control and Prevention, 2015).
If using a heart rate monitor, there are several equations to work out maximal heart rate and then that Heart rate reserve this qualifies the exercise to be specific and accurate for stimulus. Research by Tanaka, Monahan and Seals (2001) revealed that 208 - 0.7 x age = Max HR was a lot more accurate in healthy adults. 
e.g 208-0.7 x 28 (age)= 188 bpm (Max Heart Rate) to work to a certain intensity for the exercise stimulus, can be found by finding the percentage wanted from the MHR.
Why is exercise important for the aging?
Physical activity increases quality and increases life expectancy, unfortunately exercise does not stop the aging process, it has an influence on development of chronic diseases which is a secondary aging effect. Being physically active can also reduce the impact on secondary aging by restoring mobility and functionality that is seen in sedentary older adults. Aerobic activity is able to increase functionality and muscle strength by an average of 20-30%+ (American College of Sports Medicine et al., 2009). Strength is not the only factor that declines with age, the characteristics of aging also categorize the progressive decline in aerobic capacity, which is the maximal oxygen consumption. This reflects on working organs and a reduction in cardiovascular efficiency that on a understanding of cellular level, reduces the quality and amount of muscular mitochondria (Johnston, De Lisio and Parise, 2008). In many research papers it is known that aerobic exercise increases the number of mitochondria in the muscles particle evident in aging muscle. Mitochondrial adaptions that are created by aerobic exercise results in exercise- induced increases the dictation of the mitochondrial genes (Hawley, Hargreaves and Zierath, 2006). 
By maintaining physically activity, increases the muscle strength in the lower limbs that is linked to improving quality of life and reduces the incidence of falls, to do this it can be done by an exercise as simple as low intensity as walking/ light jogging/ rowing, any exercise that it is for long periods with no rest. Continuous exercise can also maintain mobility and provide a protection from a rapid decline in functionality (Simonsick et al., 2005). 

If exercise is an important mechanism in slowing sarcopenia and reducing the functional decline due to aging, then the type and mode of exercise becomes important in allowing people to regularly engage.
Traditionally the ACSM guidelines propose moderate activity of 150 minutes per week but this may be impractical of older people relating to time and recovery from that exercise. Especially for those who have never included exercise in their normal life styles. More recently HIIT training has been shown to be as effective at improving functional fitness in this groups without the need for the full 150 minutes time commitment. HIIT training seems to induce a more intense adaptation stimulus that continuous training and so may be a more effective strategy in encourage older participants to exercise.
HIIT 
HITT involves short bursts of direct work of vigorous intensity. The total workout timing would be an average 20-25 minute workout which includes  warm up, cool down and active or resting recovery (Gaesser and Angadi, 2011) 
HIIT programme example 
	Exercise
	Work
	Rest
	Sets

	Warm up- Stationary bike
	5 mins 
	0
	1

	HIIT- Stationary bike 
	30 seconds 
	30 seconds 
	8-16

	Cool down – Stationary bike 
	5 mins 
	0
	1



As the table shows, the timing of a HIIT workout is very short compared to the 150 minuets recommended by the ACSM guidelines. 



Continuous
Continuous training involves large muscle groups in a repetitive manner for long periods of time, can be in most forms of exercise such as running, cycling, swimming or even rowing or even circuit based and typically uses the aerobic system for energy. Depending on the intensity of the workout, typically a workout would last between 20-60 minutes. (ACSM, 2016).
Continuous programme example 
	Exercise 
	Work
	Rest
	Sets

	Warm up- low intensity walk  
	5 mins 
	0
	1

	Workout- Walking Moderate 
Vigorous
	
30-60Mins
20-30 mins 
	0
	1

	Cool down- static stretching 
	5 mins 
	0
	1



As the table shows, the timing of continuous training can be quite lengthy but a lower intensity compared to HITT.
 Training intensities
HIIT 
The classification of HIIT has been proposed to describe the protocol in which the exercise stimulus is near or close to maximal heart rate (80-100%), sprint interval training uses protocols which involve a ‘all out’ effort or supramaximal efforts. SIT training targets intensities that induce working loads greater than what is required to reach maximal oxygen uptake or (vo2peak) (Weston, Wisløff and Coombes, 2014)
HIIT is repeated intervals lasting 5 seconds – 4 minutes long, the difference between HIIT intervals and standard interval training is that when the sprints are performed the participant is to reach >85% peak oxygen uptake. HIIT training is usually performed on a cycle ergometer, treadmill or can be sports specific with a brief recovery period of complete rest or low intensity recovery (Buchheit and Laursen, 2013). Some sprints intervals are deemed as ‘all out’ effort which forces peak oxygen intake (Zwetsloot et al., 2014) When starting HIIT training it should be established that the loan of the exercise is relative to the individual’s aerobic capacity. For lower trained individuals, HIIT training could be performed by just increasing the grade slightly or watts on a bike, the risk of an injury is lower than usually anticipated especially in the special populations (Gaesser and Angadi, 2011).
Continuous 
Continuous training is a method of training that is performed without any rest periods. This type of exercise can be performed at low, low/moderate depending on what is wanted to be achieved from the exercise and on fitness levels. Continuous training can be in most forms of exercise such as running, cycling, swimming, rowing or even circuit based and typically uses the aerobic system for energy. Continuous training is aimed at raising the heart rate to 50-60% for moderate intensity, or 70-80% for vigorous (ACSM, 2016). The duration of the work out is almost double the mount that would be used for HIIT exercise. 
Duration 
HIIT
HITT involves only 8-16 minutes of direct work for vigorous intensity. The total workout timing would be an average 20-25 minute workout which includes a warm up, cool down and active or resting recovery (Gaesser and Angadi, 2011)
Continuous 
Continuous training involves a varied duration depending on the intensity. Moderate intensity averages 30-60 minutes and vigorous intensity 20-30 minutes. This does not include the warm up or cool down.  (ACSM, 2016).
[image: ]
Adaptive stimulus 
HIIT
HIIT training has similar physiological adaptions to strength or endurance training. The adaptions are highly dependent on the exercise stimulus e.g. Frequency, intensity and volume of work. Unlike the other two exercise methods which rely on either oxidise or non-oxidative  energy that fuels ATP production, HIIT exercise can differ on the duration and intensity of each interval, amount and duration of recovery (Ross and Leveritt, 2001). Several studies have reported that muscle fibre composition shifts types IIa (I -> IIa <- IIx). Almost a similar trends that are seen is strength and endurance training (Kubukeli, Noakes and Dennis, 2002). Although HIIT do not have any effect on the size of the muscle, especially when compared to resistance training, studies have found that hypertrophy do occur within both I and II muscle fibres, this occurs after many months of using HIIT training (Ross and Leveritt, 2001). HIIT has also been found to improve Vo2 max, exercise tolerance, decrease the risk of developing diseases after a few weeks of training in the healthy population and cardiometabolic disorders. (Gillen and Gibala, 2014). In the aging population, it is known that there is a reduction of muscle fibres within the skeletal muscles making functional living problematic as it reduces the size and volume of muscles. A study by Lexell (1995) show that the type 2a fibres are dramatically reduced and significantly low in the aging. The result of the gradual decrease, functionality becomes reduced, and the tissue is then replaced by fat and connective tissue. 
Continuous
Endurance exercise that is performed at moderate to vigorous intensity, the main focus of this type of training is to progressively increasing lactate threshold. The lactate production is the beginning of the metabolism of anaerobic training. The larger the lactate threshold, the higher the intensity for longer periods of time. Moving up the lactate threshold occurs through modifications within the muscle metabolism, increases the number and density of the mitochondria and the oxidative enzymes. The mitochondria is the power house and hugely important for the production of energy. Continuous training helps shift the muscle fibre type (Morici et al., 2016)
Research
Due to the use of large muscle groups, exercise even at low intensity burns a lot of calories, any aerobic training method would be beneficial for those who are targeting maintain or lowering body fat and building on fitness levels (Goulding, 2016). In a Study by Higashi et al., (1999) that investigate the effects of health in cardiovascular training, indicate that blood pressure is reduced, body weight decreases as it uses burns a high amount of calories over a long period, reduces circumference of the waist, increases insulin response, increases in HDL cholesterol, decrease in triglycerides. Another study indicates improvements in diastolic blood pressure, glucose control and greater aerobic capacity. Regardless of the intensity used within the exercise, there is still improvements in the systolic blood pressure and lipid profile (Swain and Frankelin, 2006). Although there are many positive adjustments by exercising, there can be risks, especially in the aging population. 
Dangers 
HIIT 
Research is suggesting that HIIT is a time effective approach to health. SIT like the wingate- type exercise is very effective but to can be deemed as unsafe, unendurable or practical for the general population. With very small amount of working time such as, 3 days a week that involves <10 minutes of extremely intense exercise with a 30-minute time commitment. This would include a warm up, workout resting periods and cool down. HIIT is very time effective but also warrants the consideration of the health benefits of the individual (Gillen and Gibala, 2014).
Continuous 
Physical activity has shown many positive effects on the health and physiological changes to the body, but too much can also be harmful. A study shows that when people are compared to intensity and frequency and durations, the participants that engaged in higher amounts of the daily recommended guidelines of 150 minutes per week of moderate and 75 minutes shown to sustain more injuries and reversing the beneficial effects of exercise (Morici et al., 2016)
Adherence  
HIIT
In the aging and sedentary population there has been a need for a training method that helps to encourage the populations to adhere to exercise. Herbert et al., (2015) researched into HITT training in the elderly and sedentary population, their findings were that there was a significant increased level of adherence, competitiveness and general wellbeing, social recognition, physical function and affiliation after completing 13 weeks of HIIT training. 
Continuous
Picorelli et al., (2014) researched into the adherence of continuous training compared to strength training. Although the training is different, there was a higher significance for the elderly population to adhere to strength training rather than continuous. Although the reasons were multifactual the strength training adherence was higher and showed no signs of reversed health conditions. 
 Conclusion
Within the aging population it is significant that physical activity occurs to reduce the rate of early mortality, chronic illnesses, diseases and deterioration in function and mobility. The ACSM guidelines refer to the amount of exercise that the aging population needs in order to maintain physical health it does not refer to how HIIT training can be used as an alternative solution to continuous training within the population. Comparing continuous training to HIIT training, it is clear that continuous training has deemed to be a solution for those who cannot cope with the intensity of HIIT but it does not hold the crucial stimulus to drive the adaptive responses that are desperately needed within the aging population. Continuous is a recommended programme for health benefits of the cardiorespiratory system and maintaining health, but HIIT training drives the stimulus of what benefits the elderly to enhance quality of life and reduces the risks of fatal accidents that can be caused by falling. 
Concluded from this review, continuous training is recommended for maintaining health and prolong the effects of aging, HIIT training is recommended to enhance the quality of life, enhance health and build lean tissues in order to stay and become even more functionally fit. 
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HITT Continuous

Tntensity | Using heart rate should reach <80-100% | Using heart rate should reach 50-60% Max HR or

Max HR within the work period on the | level 5-6 on the rate of perceived exertion (RPE)
rate of perceived exertion 8-10. 40-50% | for moderate intensity.
-5 rate of perceived exertion for or
recovery or stop completely Using heat rate should reach to 70-80% Max HR
or 7-8 on the rate of perceived exertion (RPE) for
vigorous intensity

Frequency | Due to the intensity of HIIT training, | It is ofien considered to have =5 days per week /

the recovery periods must be longer | moderate intensity. >3days per week vigorous
than training at moderate or vigorous | intensity.

intensity. The frequency depends on

fithess levels and perceived recovery.

Duration | 8-16 minutes of direct workout Tris considered that a minimum of 30- 60 minutes
for moderate intensity, 20- 30 minutes of
vigorous

Type Older adults should participate in Older adults should participate in exercise that

exercise that will not over stress the
bones such as walking, rowing, cycling
Those with limited tolerance to weight
bearing, aquatic exercise could be used
to increase fitness levels

will not over stress the bones such as walking,
rowing, cycling. Those with limited tolerance to
weight bearing, aquatic exercise could be used to
increase fitness levels.





