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Altitude 
Altitude training is a common ergogenic aid, designed to improve an athletes’ sporting performance. Many athletes that take part in endurance events have utilized this training program of exercising or living at a moderate altitude (2,000-3,000 metres), so that their sea level performance can be enhanced (Chapman et al., 2014). 
Live high, train low
Many athletes have opted to utilize the strategy “live high, train low” into their regimes, as it have repeatedly shown to improve the sporting performance of endurance athletes at sea level, as physiological factors such as VO2 max has seen to improve within elite and sub-elite athletes Chapman et al., (2014). The training regime “Live high, train low” also has the ability to enhance and athletes’ performance, as the athlete adapts in a haematological, metabolic and neuromuscular aspect (Brugniaux et al., 2006). Athletes usually live at an altitude of 2,500 metres when implementing this strategy, as not only does it provide significant haematological acclimatization towards athletes but living at altitude also provides a considerable amount of variability in regard to responses in EPO and red blood cell mass.  Data has suggested that when athletes live and acclimatize at a height of around 2,000 – 2,500 metres for around 4 weeks, but also train at a low altitude, there is shown to be improvements in sea level performance and an athletes VO2 max Chapman et al., (2014). 
Athletes have adopted the “live high, train low” scheme so that their sea level performance is increased, due to the substantial increase in red blood cell mass and an increase in capacity of oxygen. (Lundby et al., 2016). Athletes would live and train at an altitude of between 1500-4000 metres, due to the physiological benefits this training has (Park et al., 2016). Athletes live at a moderate altitude so that their red blood cell volume can be increased, but also prevent the risk of a reduced VO2 max, as seen when training at a higher altitude, which is why athletes train at sea level. 
However, Lundby et al., (2016) suggested that when athletes train at moderate altitude, VO2 max can also be increased due to the athletes acclimatizing to the conditions. It is suggested that the strategy of “live high, train high” and “live high, train low”, can increase the sporting performance in most athletes; however, athletes who have already obtained a high red blood cell volume (RCV) may not obtain an increase in performance. It is also suggested that this type of training increases the volume of red blood cells in athletes who compete in sports where RCV is not a requirement to display high sporting performance. However, the strategy of “live low, train high” and the use of intermittent breathing that has been utilised by some athletes has shown to not show an improvement of an individual’s aerobic capability, when compared to sea level training, suggesting that the best attitude strategy is “live high, train low” (Lundby et al., 2016).
There are many benefits to why athletes chose the “live high, train low” training regime. This type of training offers both beneficial effects towards acclimation at a hypoxic environment and also training whilst at sea level, so the athlete can maintain or increase their training intensity and performance, and also have their red blood cell increase and have an increased concentration of haemoglobin, due to living at the hypoxic environment. 
Live low, train high
The training type of “live low, train high” has shown to also enhance an athlete’ physiological performance. There are many effects such as an increase in EPO (erythropoietin, mitochondrial density within the skeletal muscle and the ratio of capillary to fiber (Park et al., 2016). This report concluded that when it comes to delivery of blood and oxygen, and the overall aerobic capacity of an individual, training at a hypoxic environment is shown to be more effective in this term. This report has also suggested the right protocol is to train for more than 3 weeks at this environment, with 3 sessions per week and each session lasting around an hour, for these aerobic adaptations to occur. However, this type of training has seen to have a major limitation, being that athletes have failed to perform at the same level of intensity, as compared when the training is at sea-level training (Park et al., 2016), which is why the time of return to sea level for upcoming competitions has been explored and is crucial for the athlete to be performing at their peak.  
Returning to sea level and prescription at altitude
When it comes to returning to sea level before an important competition, reports have advised that the best time for the athlete to return is 3 weeks before the start of their important competition (Chapman et al., 2014). Other reports have suggested that for athletes to reach a peak sea level performance, their altitude training camp should be planned to last at least 3 weeks, with an additional 2 weeks training at sea level, so that the athlete can re-acclimatize to sea level, before their competition (Baumann et al., 1994). Athletes usually re-acclimatize to sea level 2 weeks before their upcoming competition, as reports have seen physiological factors return to the same level as their pre altitude training programme (Prommer et al., 2010). This report has displayed that in endurance athletes, specifically Kenyan runners, after 14 days of re-acclimatizing at sea level after training at an altitude of 2090 metres, levels in their total haemoglobin mass have decreased until reaching a base level 30 days after. 
Physiological effects
As the years develop, there is more emerging evidence to suggest that the contributing factors to improve an athletes’ aerobic capacity is to live under hypoxic environments (Bishop and Girard, 2013). When it comes to altitude training in general, there are many physiological factors that are observed within the athlete. When it comes to endurance athletes, they have seen many physiological benefits when training at altitude for 4 weeks, as their 5,000m running performance substantially increased, as their erythropoietin levels significantly increased at 48 hours and 14 days into altitude training and the levels of the athletes red blood cells also significantly increased (Chapman, Stray-Gundersen, and Levine, 1998).
When athletes are exposed to altitude, physiological adaptations can be seen within red blood cell volume, levels in haemoglobin and alveolar ventilation. Physiological adaptations within the skeletal muscle is also seen when athletes live at a moderate climate, as changes such as an increased density in capillary and mitochondria and an overall increase of distribution in mitochondria in the cells of the muscle and overall content of myoglobin (Chapman, Stickford and Levine, 2010). Other physiological benefits have been observed when athletes have trained at 3200 metres, as reports have seen an increase in phosphofructokinase (PFK) activity when athletes have taken part in sprint interval training (Puype et al., 2013).
When it comes to the effects of anaerobic performance after altitude training, there has been little evidence to support the theory that altitude training has benefits on overall sprint performance; however, altitude training has shown to improve sprint performance over 150 metres (Karvonen et al., 1990) and 400 metres (Nummela and Rusko, 2000). This report has suggested that altitude training can improve sea level sprint performance, when athletes are sprint training at altitude. As a result, altitude training could also have the potential to improve sea level team sport performance by increasing players’ anaerobic capacity (Bishop and Girard, 2013).
Altitude training can be applied to athletes that compete in individual or team sports. Even though applying altitude training into team sports’ training regimes can be difficult, due to the considerable expense of training, reports have seen that team-sport has shown to increase following altitude training (Billaut, Gore, and Aughey,, 2012). Table 1 below summarises the effects that altitude training has on athletes.

	Author
	Participants
	Athletes
	Prescription
	Effects

	Chapman, Stray-Gundersen, and Levine, 1998).
	39 participants
(27 males, 12 females) participated in altitude training.

	Collegiate distance runners.
	All athletes lived at 2,500 metres. 
Participants split into 3 groups (training at low altitude (1,200-1,400), training at moderate altitude (2,500-3,000) and training at both altitudes). 
	Between the groups the following increased.
 
EPO concentration increased after 30 hours at 2,500 metres.

Increase in haemoglobin concentration.

8% increase in the total red cell volume.

VO2 max also significantly higher.

	Karvonen et al., (1990).
	5 male athletes
	National level sprinters.
	2 weeks training at 1860 metres. 
	150m running speed increased. 

Max 300 m running speed and max lactic acid concentrations did not increase significantly.

Strength and speed significantly increased at shorter distance of 150m but not significant on aerobic capacity. 

	Nummela and Rusko, (2000). 
	8 athletes (6 men, 2 women). 
	400m runners.
	Lived for 10 days in an altitude house (2,200m) and trained at sea level. 
	400m race time improved (0.42 ± 0.25 s).

Haemoglobin concentration unchanged.

Resting heart rate decreased.

Max running speed increased by 2%.

	Chapman et al., (2014).
	48 patricians (32 males, 16 female).
	Collegiate track and cross-country runners.
	Split into 4 groups at different altitudes (1,780, 2,085, 2,454 and 2,800m) for 4 weeks. Athletes lived at their camps and trained either at a low and high altitude  
	3,000m time improved by athletes who lived at 2,085 and 2,454m. No significant change from other camps. 

VO2 max significantly improved by athletes who lived at 2,085, 2,454, and 2,800m.

EPO concentrations significantly increased after 48 hours of all 4 camps. After 72 hours, EPO still significantly elevated by athletes who lived at 2,800m.




Table 1: A summary of the effects that altitude training has on athletes' who compete in short and long-distance events.

Limitations
There are many things to consider before proceeding to altitude training, such as how high to live, what altitude is best to train at for the athletes, how long the overall training should be. Coaches and athletes should also be aware that that intermittent hypoxic exposure can possibly deliver the same physiological benefits as a full altitude acclimatization (train high-live high); however, it may also not deliver the physiological benefits (Chapman et al., 2014). When athletes are exposed to altitude and train at a climate, the athletes’ oxygen uptake is reduced as there is an exposure of the atmosphere to the mitochondria, due to the resulting reduction on partial pressure and this can result in a reduction of arterial oxygen content and overall transport of oxygen to the tissues to help with performance. Training at altitude therefore reduces an athletes’ aerobic capability and overall VO2 max (Chapman, Stickford and Levine, 2010).
Altitude training also provides limitations to athletes of induvial sports and team sports. Firstly, there is a significant cost to train at this level. Athletes and coaches must plan on where to travel, where to stay and have a concern about not providing enough equipment to help performance or medical support. Also, as previously mentioned, coaches must be aware on when to return too, as any mistimed return to sea level training before competition, could result in their athletes not accomplishing their sporting peak performance, resulting in a loss of sporting performance and financial gain (Park et al., 2016; Chapman et al., 2014).
When exercising at altitude, there are 3 main things that will be cause a negative effect towards athletes. Firstly, the partial pressure of oxygen at altitude can lead to an effect on the oxygen getting delivered to the skeletal muscles and the oxygen that is also getting applied during exercise and also recovery when athletes are working at a high intense at this climate. The 2nd factor is that the environmental effect of air resistance and other forces such as lift and drag, due to the density at altitude. Lastly, the overall acclimatization process, and the resulting effect on transport of oxygen and acid-base balance. This can also have a resulting effect on motor skill proficiency upon athletes who compete in sports in which their body is involved with a high velocity. Chapman, Stickford and Levine, 2010
Although acclimatisation initiates numerous of physical, psychological and neuromuscular adaptations to athletes to help with their aerobic and anaerobic capacity, there are numerous of limitations and detrimental effects that exposure to hypoxic conditions can have on an individual. Bailey and Davies, (1997) have suggested that decreases in skeletal muscle and blood flow is shown, with a depression in the immune system and an overall increase in tissue damage.
This report has also suggested that when athletes are exposed to moderate hypoxic conditions, their training intensity decreases, with also a decline in plasma volume and an increase in haemolysis (destruction of red blood cells). There is also an increase in glycogen depletion when training at attitude and when athletes return to sea level, the work of their respiratory muscle begins to increase. Finally, when athletes are exposed to altitude, potential health complications can arise as the risk of pulmonary oedema, cerebral hypoxia and an irregular heartbeat can occur. As their training intensity decreases when exposed to altitude, this could suggest why athletes’ have utilised the tactic of “live high, train low” instead of training at a higher altitude. 
Other ways to train at altitude
Even though altitude training provides a significant cost, there has been an increase in hypoxic training facilities, so that recreational athletes can utilize this facility to train in hypoxic conditions and promote the use of altitude training (Lundby et al., 2016). 
Example of athletes that have utilised altitude training
Jadhav and Lunkad (2016) analysed marathon runners who have run a marathon under two hours and 10 minutes. They found that out of 149 male athletes during 2013, 134 of those athletes were either ran by Kenyans, Ethiopians, Eritreans and Ugandans, who are from the same region and have similar ethnicity. This report went further into how these runners can perform at such a top level, and they found that one reason is that they have lived and trained at a high altitude for most of their lives. This also means they physiologically have a high maximal oxygen uptake and a high haemoglobin count from a young age. Kenya have also opened a running track in Iten, Kenya, which is at an altitude of 2400 metres. This report has included that Mo Farah has been utilising this track, so that he can participate in an altitude training programme, to help with his performances, having won numerous of gold medals at different Olympics and world championship events. 
Altitude training is an advanced training method and ergogenic aid to improving an athletes’ sporting performance in a physical and physiological aspect. There are many things to consider before utilising this program, but of done correctly has shown to have major performance benefits. 
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