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Introduction
There have been many recommendations around physical activity and exercise by government agencies and organisations such as the American College of Sports Medicine (ACSM) and the World Health Organisation (WHO) providing guidelines on exercise prescription for various populations (Garber et al., 2011). Exercise prescriptions can produce many physiological benefits depending on the intensity volume and frequency and the initial level of fitness of the individual participating in the exercise prescribed, these include, but are not limited to, improved cardiorespiratory fitness (CVF), muscular strength and endurance and body composition (Garber et al., 2011). Such benefits can dramatically improve the lifestyle and fitness of a sedentary individual by increasing their ability to utilise the amount of oxygen (O2) consumption thus carrying over to further enhance physiological improvements (Lee et al., 2011). There is also a reliable amount of research (Larsen et al., 2014; Helgerud et al., 2006; O’Donovan et al., 2005) providing evidence that higher intensity training (HIT) has influential benefits to a sedentary population. It would be in the best interest for a sedentary or untrained individual to improve their CVF and by increasing their maximal oxygen uptake (VO2max) as this variable has been used as an important prognostic marker of Cardiovascular Disease more so than any other health related risk factor (Lee et al., 2010). The use of exercise and the promotion of exercise to improve health and fitness has been ongoing for many years often by the means of moderate intensity exercise equating to 150 minutes per week (Who.int, 2017). Submaximal exercise (SE) has been shown to have a direct impact on a sedentary individuals’ CVF (Knowles et al., 2015) which is made up of a large network of vessels carrying oxygenated blood pumped from the left ventricle of the heart to the muscles via arteries, arterioles and the smallest vessels, the capillaries. The blood then returns through the venous system in an O2 depleted state before being delivered to the lungs to be re-oxygenated then returning to the left atrium of the heart. By improving the efficiency of this cycle and increasing an individuals’ VO2max, further metabolic adaptions can take place such as reduced heart rate, increased tidal volume, increase capillary and mitochondrial density at cellular level. This adaption to exercise is explained by Leung et al., (2008) and states that “angiogenesis”, which is an expansion of the capillary network by the formation of new blood vessels at the level of capillaries and resistance arterioles. A further adaption is “arteriogenesis”, which is an enlargement of existing vessels. Upon stressing the heart through exercise above its normal resting beat (100bpm) there are 2 types of CRF adaptions that take place, these being acute and chronic (Jefferys and Moody, 2016). Acute adaptions are an immediate response to physical stress which involve functional modifications to allow for higher levels of performance resulting in chronic adaptions. The longer term chronic adaptions will in turn create functional modifications and structural cardiovascular developments if the stress is prolonged through repetitive bouts of a structured exercise programme including progressive duration, intensity and volume (Wilson, Ellison and Cable, 2015). The purpose of this review is to study the literature surrounding the physiological responses and cardiorespiratory adaptions in sedentary individuals because of SE and HIT training. 
Submaximal Exercise methods
The currently accepted method to improve cardiovascular function in sedentary individuals has long been described as submaximal, continuous or endurance exercise training. This method has been recommended by the American college for Sport Medicine (ACSM) for improved CVF and can be found in the ACSM’s Guidelines for Exercise Testing and Prescription 10th edition (Riebe et al., 2016). The FITT – VR principle (Table 1) has been developed by the ACSM and can be used to develop exercise programmes by using the following principles, Frequency, Intensity, Time, Type Volume and Progression. By following this protocol, it is possible to build a varied work out that can be specific to an individual or population group to target areas for improvement such as CVF. The SE mode of exercise has long been understood as time consuming exercise to gain reward in CVF which has been confirmed in research by (Wilson, Ellison and Cable, 2015).
Table 1. Recommended submaximal training principle as suggested by the ACSM guidelines (Riebe et al., 2016)
	F
	5d  wk -1 

	I
	Moderate intensity aerobic exercise 
64-76% HRmax

	T
	30-60 mins  d-1 (150  wk-1) One continuous bout of exercise a day or broken up in to 10min blocks throughout the day

	T
	Rhythmic aerobic exercise of at least moderate to intense exercise that involves large muscle groups and little skill is recommended to improved adults CVF. Eg, walking, jogging, cycling and swimming.

	V
	Moderate exercise burning 1000Kcal  wk-1

	P
	Gradual increase in sets and repetitions or time to maintain overload to muscle groups


HRmax= Maximal heart rate, Kcal = Energy expenditure, Wk = Weekly period.


Physiological responses to exercise
Wilson, Ellison and Cable (2015) suggested that following a prolonged period (≥6 months) of regular intensive exercise in previously untrained individuals, improvements were observed in resting and submaximal exercising heart rates which were typically 5–20 beats lower with increased stroke volume (SV) up to ∼20% and enhanced myocardial contractility. Complementing this, Higginbotham et al., (1986) suggests that increasing SV creates a positive linear relationship effect with heart frequency until ~50% of VO2max up until SV reaches a plateau or increases only modestly. However, in more recent research by Zhou et al., (2001) the linear effect was found to maintain a positive linear increase beyond a plateau though this was only found in elite level athletes due to the increased training volume. A 12-week study of 25 sedentary males by Gillen et al., (2016) looked not only at the difference in CVF, but also at the development of Mitochondria over the duration of the research period. Despite the large difference in training volume they found many indices of mitochondrial adaptions in both groups and found that these adaptions happened earlier on in the research. Their data was consistent with recent research by Egan et al., (2013) who measured the increase in mitochondrial content after 14 sessions of endurance training. This increase in mitochondria can also be expressed as an increase in CVF from either short of longer volume as similar results were shown in the earlier stages of Gillen et al., (2016)s work (table 2).

                        




  Table 2. Effects of interventions on cardiorespiratory fitness (Vo2)
	Study
	Population
	Number
	Intervention
	Comparison
	Outcome
	Time

	Gillen et al.,2016
	Sedentary males
Age 
	n=25 (n=9 SIT, n=10 MIT, n=6 CTRL)
	SIT - 3x20sec max effort against 0.05kg · kg-1BM res, 2 min rec. 3 x wk-1

	NEG
MIT = 45 min mod cycle @70% hrm 3x wk-1

	MIT – Vo2peak Pre 2.7 ± 0.5 Post 3.2 ± 0.5 (ml·kg-1·min-1) *
SIT – Vo2peak Pre 2.6 ± 0.8 Post 3.0 ± 0.7 (ml·kg-1·min-1) *  

	12 weeks

	Knowles et al., 2015

	Sedentary males; age 63±5 yrs. (SED)
Lifelong exercise (LEX) males; age 61±5 yrs.
	SED; n=22
LEX; n= 17
	SED – 6 wk. 150 mins wk-1 moderate exercise
Followed by 6 wk. 6x30sec @40% Pp HIT sessions 1:5 days
	LEX completed on average 290 +/− 128 min wk-1 of structured exercise training each week (range 180–550 min wk-1) 

	Wk. 1-6 SED - Vo2max (1.6±2.6 ml -1·kg·min-1 P = 0.03) 
Wk. 7-12 SED - Vo2max (3.0±2.8 ml·kg-1·min-1, P < 0.001) 
 

	12 weeks

	Hottenrot, Ludyga and Schulze, 2017

	Male and female recreational runners
	WE; n=17
AW; n= 17
	AW 5 x 30min HIT sessions totaling 150 mins.

	WE completed 2 x CMI (70% Vth) running sessions a week totaling 150 mins

Post intervention both groups took part in a half marathon.
	WEVo2peak significantly from 38.8 ± 5.0 to 41.5 ± 6.0 (ml·min -1·kg-1) AW Vo2peak from 36.8 ± 4.5 to 43.6 ± 6.5 (ml·min -1·kg-1) 

Times were 02:14:37 ± 00:21:28 [hh:min:sec] (AW) versus 02:17:15 ± 00:19:24 [hh:min:sec] (WE) respectively (p = 0.63) No significant difference in performance.
	12weeks

	Larsen et al., 2014

	Overweight SED males and females; age 38±3yrs 
	Males n = 8
Females n = 2
	5 x 60sec @ 234 ±15W, 90 sec LI 
	No ctrl
	Vo2peak Pre Hit 29 ± 2 
Post Hit 31 ± 2(mL·min -1·kg-1) 
P value 0.006
	6 weeks

	Etxebarria et al., 2013

	Moderately trained male triathletes; age 33±8yrs
	n = 14
Short n = 7
Long n= 7
	Short 
10,20,40 sec max effort 1 min rec
Wk 1 - 3x3sets (1x1:3 w/r, 2x 1:2w/r) 
Wk 2 – 4x3sets (2x1:3 w/r, 2x1:2w/r)
Wk 3 – 5x3sets (2x1:3 w/r, 3x1:2w/r)
	Long 
Wk 1 - 6 x 5min efforts @ 80% Vo2max 1 min rec.
Wk 2 - 7 x 5min efforts @ 80% Vo2max 1 min rec.
Wk 3 – 8 x 5min efforts @ 80% Vo2max 1 min rec.
	Short Vo2peak Baseline 4.53±0.41 Post 4.85±0.35 (L·min -1)
Long Vo2peak Baseline 4.47±0.54 Post 4.78±0.41
	3 weeks

	(O'Donovan et al., 2005)










	
	SED males:
Age, NEG 40±4yrs
MIT 41±3
HIT 41±4
	n=42
NEG n= 15
MIT n= 14
HIT n= 13
	HIT group 3 x 400Kcal sessions @ 80% Vo2max· wk-1 
	NEG 
MIT 3 x 400Kcal sessions @ 60% Vo2max· wk-1
	NEG  Vo2max Baseline 29.40 ±6.47 Post 28.40 ± 5.39 (mL·min-1·kg-1)
MIT Vo2max Baseline 30.97 ± 5.71 Post 35.82 ± 6.28‡ (mL·min -1·kg-1)
HIT Vo2max Baseline 31.76 ± 5.99 38.90 ± 8.08‡ (mL·min -1·kg-1)
	24 weeks

	
	
	
	
	
	
	


AW = Aftre work group; BM = Body Mass; CMI = Continuous Moderate Intensity; Ctrl = Control group; HIT = High intensity training; Hrm = Maximal heart rate; LI = Low intensity recovery; Max = Maximal effort; MICT = Moderate Intensity Training; NEG = Non Exercise control group; Pp = Peak power; Rec = recovery period; SIT = Sprint Interval Training; VO2peak = Peak oxygen uptake; W = Power output; WE = Weekend group; W/R = Work to rest ratio;  = increased;
*Baseline is significantly different vs. pre-training, P<0.05; ‡= Change from baseline is significantly different than control group, P< 0.001. 

High Intensity Interval training 
High intensity training (HIT) has gained popularity and interest over the years by coaches and athletes (Kessler, Sisson and Short, 2012) due to it low volume nature that can offer the same if not better results than continuous training alone that requires higher volume of training. HIT usually consists of bursts of high intensity efforts ranging between 10 second and 5 minutes followed by short periods of either static or active recovery before starting the next round (Buchheit and Laursen, 2013; Helgerud et al., 2007). HIT can be done in a variety of aerobic training methods from cycling, running, swimming rowing and more recently resistance training (Steele et al., 2017). The level of intensity to describe vigorous physical activity has been suggested by the World Health Organisation (Who.int, 2017) to be based on that of a scale relative to an individual’s personal capacity, vigorous- intensity physical activity is usually a 7 or 8 on a scale of 0–10. These levels of intensity may be more manageable in short burst which make the shorter workouts more appealing and time efficient for individuals who are training for multi-sport events such as duathlons and triathlons (Etxebarria et al., 2013) where time spent on each discipline can be limited. Using modes such as a Cycle ergometer for specific HIT sessions, which have high levels of crossover fitness from the bike to running (Etxebarria et al., 2013), can be beneficial to the time crunched athlete to maintain fitness in one area while training for another. 

An evaluation of HIT literature
A 2016 study by Gillen et al used a cohort of 25 sedentary males (27±8yrs; BMI 26±6 kg/m2) for their study to compare the time efficiency of a 1 minute Sprint Interval Training (SIT) strategy, a method of high intensity training, compared to the traditional method of moderate intensity endurance training to improve cardiometabolic health in sedentary males. Their chosen intervention was over a 12-week period and consisted of a SIT group (n=9), MICT group (n=10) and a non-training controls group (n=6). The SIT protocol involved 3x20 second ‘all out’ effort on a cycle ergometer with a 0.05kg/ kg body mass followed by 2 minutes of active recovery. The MICT protocol involved cycling continuously at ~70% hrm for 45 minutes. Both SIT and MICT followed a 2-minute warm up and 3-minute cool down. Due to the physical condition of the cohort, a lead in phase was observed increasing the sessions over the first two weeks before commencing three sessions per week from there on. Positive adaptions to CVF were observed in both test groups with an increase of ~12% compared to baseline (P<0.001 for both) in Vo2peak in the first 6 weeks and a further increase in Vo2peak resulting in a total increase of 19% (P=0.007 SIT and P=0.005 MICT) The non-exercise control group had only slight changes compared to baseline tests (P=0.43 and P=0.99) for 6 and 12 weeks respectively. This cohort of overweight subjects improved all round fitness using both methods eliciting significant increases in CVF although in comparison the SIT group gained a greater improvement for less work output and reduced time scale.  Due to the baseline level of fitness (Vo2peak 32±7 and 34±6 mL·min-1·kg-1, SIT and MICT respectively) it would be highly likely that improvements to CVF are inevitable, but the interest in this piece of research is that short bouts of HIT have the same effects on a sedentary population than that of >150 mins of continuous aerobic training. Another 12-week study, this time on an older (63±5yrs) sedentary male population by Knowles et al., (2015) examined the effect of HIT on aerobic fitness, CVF and motivation to exercise. Their cohort was split in to two groups, SED (n=25 63±5yrs) which was made up of lifelong non-exercisers and lifelong exercisers LEX (n=19 61±5yrs) group acting as a control group who train at a masters’ level in sports such as triathlon, cycling and running. As with Gillen et al.,(2016)s study they used the initial 6 week block as a supervised pre conditioning training block. They followed the ACSM recommendations for >150mins/wk-1 of moderate intensity exercise which increased from <120 to 150 mins/wk-1 over the first 3 weeks before by mode of walking, jogging and cycling observing 65% of their heart rate reserve before continuing to the HIT block. This block was carried out on Wattbike Pros (Wattbike ltd, Nottingham, UK) and consisted of 6x30 sec @ 40% Pp interspersed by 3 min active recovery, this was done once every 5 weeks for 6 weeks. The LEX continued with their own training for the duration except the data collection phases. There were increases in Vo2max in the SED during both blocks of the intervention (1.6±2.6 ml·kg-1·min-1, P = 0.03 and 3.0±2.8 ml·kg-1·min-1, P < 0.00. Blocks 1 and 2 respectively). The LEX group saw increases in Vo2max during the last block, though it is unclear the training methods they used. For a further research, it may be beneficial to extend this study with an extra 6-week block to get a better gauge of CVF adaptions without using time for pre-conditioning, furthermore, using a monitored control group that is not of such an extreme difference to the intervention group would perhaps give a more reflective overall result. They concluded that HIT it a modality that significantly improves health and wellbeing and CVF.
	A further 12-week comparison study by Hottenrot, Ludyga and Schulze, (2017) used both HIT and MIT methods to measure adaptions in Vo2peak and aerobic power with the intent to run a half marathon at the end of the intervention using male and female recreational runners (n=30; 43.3±6.9yrs; 70.5±8.9kg). The cohort was split in to two groups, an after-work group (AW) [n=7m 7f] and a weekend group (WE) [n=8m 8f]. The AW group used a preparatory phase of 4 x 30min continuous runs at 60-70% of their pre-determined baseline Lactate threshold (VLT) before undertaking the HIT intervention. Following this phase, they took part in 4 x 30 minute high intensity sessions ranging from 2 continuous running session at 85% VLT, 30 sec sprint intervals and 2 min maximal speed intervals. The WE group carried out 2 runs of either 30 to 60 minutes’ endurance running at 85% VLT and a 60 to 120-minute run at 75% VLT. It is clear from (fig 1) that improved CVF is a product of both methods from this study with significant reductions in resting heart rate (AW pre 65.8 ± 11.5 post 57.8 ± 13, p< 0.01; WE pre 70.1 ± 12.3 post 60.6 ± 7.6, p< 0.01) [b·min -1], increased Vo2peak, (AW pre 36.8 ± 4.5 post 43.6 ± 6.5, p< 0.01; WE pre 38.8 ± 5.0 post 41.5 ± 6.0, p< 0.01)[mL·min -1·kg-1] and increase VLT (AW pre 9.7 ± 2.2 post 11.7 ± 1.8; WE pre 9.9 ± 1.3 post 11.2 ± 1.7, p< 0.01) [Km·hr-1). It would have been of interest to have half marathon base line times for the athletes (AW n=10; WE n=14) to compare their times to before and after the intervention as there was no significant difference between the groups. Times were 02:14:37±00:21:28 [hh:min:sec] (AW) versus 02:17:15 ± 00:19:24 [hh:min:sec] (WE) respectively (p = 0.63). This study proved that 2 different intensity methods of training with the same volume of work result in improved CVF and overall health respectively but did not highlight a superior method for improved half marathon training. 
Figure 1. Effects of 12 weeks of continuous endurance training (WE) and high intensity (AW) on resting heart rate (panel A), Vo2peak (panel B) and VLT  (panel C) in recreationally active runners. ** = pre/post: p < 0.01; *** = pre/post: p < 0.001; # = pre/post group interaction: p = 0.01, η2 = 0.36 Hottenrot, Ludyga and Schulze, (2017)
[image: ]Conclusion

Whilst this has been a small-scale review of literature it has confirmed that both submaximal and HIT stimulate a positive Vo2 response in a range of health-related populations and ages. In view of the established relationship between aerobic exercise and cardiorespiratory fitness and the reduction in all mode mortalities, HIT should be considered a priority method for use with the older population that require a faster improvement in CVF and in turn their wellbeing. As most of the literature surrounding the sedentary and older populations was laboratory based and supervised it may be of interest in further studies to monitor the efficacy to exercise due to the intensity levels of HIT. Whilst the use of cycle ergometers was the common mode of exercise, it showed vast improvement to CVF, it would also be of interest to see how the aging population respond to other modes of HIT such as rowing jogging and bodyweight.
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