
 
 

 
 
 
 
 
 

 
Lincoln University Digital Thesis 

 
 

Copyright Statement 

The digital copy of this thesis is protected by the Copyright Act 1994 (New Zealand). 

This thesis may be consulted by you, provided you comply with the provisions of the Act 
and the following conditions of use: 

 you will use the copy only for the purposes of research or private study  
 you will recognise the author's right to be identified as the author of the thesis and 

due acknowledgement will be made to the author where appropriate  
 you will obtain the author's permission before publishing any material from the 

thesis.  

 



The effect of simulated altitude training on basketball performance 

A thesis 

submitted in partial fulfilment 

of the requirements for the Degree of 

Master of Applied Science 

at 

Lincoln University 

by 

Hoani Smith 

Lincoln University 

2020 



Abstract of a thesis submitted in partial fulfilment of the 

requirements for the Degree of Master of Applied Science 

Abstract 

The effect of simulated altitude training on basketball performance 

by 

Hoani Smith 

The aim of this study was to investigate whether adding hypoxia to 4 weeks of repeated sprint 

and high-intensity training improved explosive muscular power, aerobic performance and 

repeated sprint ability in 3x3 basketball players. Nine well trained female basketball players, 

were randomly assigned to a hypoxia group (H) (n = 4; age: 20.0 ± 1.6; height: 169.4 ± 4.6; 

body mass: 76.9 ± 6.5; haemoglobin: 135.8 ± 4.1) or control (C) group (n = 5; age: 20.8 ± 2.2; 

height: 174.7 ± 5.2; body mass: 68.0 ± 4.3; haemoglobin: 128.2 ± 11.3). The training 

programme applied during the study was the same for both groups, but with different 

environmental conditions during the selected interval training sessions. All subjects 

performed two high intensity interval training sessions per week in addition to two team 

trainings for a total of 4 weeks. During the interval training sessions the  trained in a 

normobaric hypoxic chamber at a simulated altitude of 3000 m (FIO2 = 15.3%), while the 

Control group performed similar training under normoxia conditions (FIO2 = 21.0%), also 

inside the chamber. Players were blinded to the oxygen concentration in the chamber. 

Training sessions consisted of 6 sets of 30s reps with 30s rest between reps and 1 min rest 

between sets for a total of 60 min per training session. Approximately 1 week before and 1 

week after training, explosive muscular power (counter-movement jump peak power, peak 

velocity and distance) aerobic performance, (Yo-Yo Intermittent Recovery Test L1) and 

repeated sprint ability (number of times players covered a 17 m distance in 1 min) were 

measured. Changes in the measurement variables from baseline to post-training along with 

standard deviations representing the between-and within-subject variability were estimated 

using a mixed modelling procedure in the Statistical Analysis System (Version 9.3, SAS 

Institute, Cary, North Carolina, USA). At baseline the two groups were similar in all 
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characteristics apart from repeated sprint ability where the control group was able to cover 

significantly more ground during the test (8.5 ± 5.6 m, mean ± 95% CI) and height where the 

control group was significantly taller than hypoxic group (5.3 ± 3.7 cm, p = 0.02). Compared 

to the control group, the hypoxic group showed an increase in distance covered during the 

repeated sprint test (9.1 ± 9.0 m, p = 0.05), as a result of training, however, all other variables 

showed unclear differences between the groups. Adding hypoxia to high intensity training in 

these athletes appears to improve repeated sprint ability in female 3x3 basketball players, 

however, the effect of hypoxia on muscular power and aerobic fitness was unclear. 

 

Keywords: altitude, hypoxia, basketball, repeated sprint ability, exercise, high intensity 

training 
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1 Introduction 

Three on three (3x3) basketball is a variation of the 5x5 version of the game where teams 

consist of three players per team rather than five (Conte, Straigis, Clemente, Gómez, & 

Tessitore., 2019). The game resembles the regular characteristics of traditional basketball, in 

that the objective is to score more points than the opposition by shooting the ball through 

the hoop, with the dribbling and foul rules retained (Conte et al., 2019). However, 3x3 has 

many unique characteristics; the basic requirements are that the ball is of a slightly smaller 

size, a regular 3x3 court playing surface is 15m (width) x 11m (length) with only one hoop 

(smaller than the normal 5x5 court), there are only 4 team members with 3 of these allowed 

on the court at any one time, and the 4th being substituted without limitation or official bench 

interaction during any dead-ball situation (as in 5x5 rules). Playing time is only 1 x 10 minute 

period, with a 12-second shot clock; a shot rebounded by the defensive team must be 

returned (via passing or dribbling) to outside the 3-point line before transitioning to offence; 

shots made from beyond the traditional 3-point line are counted as two points; and if a team 

reaches 21 points within the 10 minutes they are deemed the winner (Montgomery, 2018). 

Interest in the 3x3 game format has increased internationally and an IOC commissioned study 

suggested 3x3 was the most popular urban team sport in the world receiving its debut in the 

proposed Tokyo Olympics in 2020 (Montgomery, 2018) which, due to COVID-19, have been 

postponed until 2021. 

When compared to traditional 5x5, the demands of 3x3 basketball are different in that it is 

significantly more anaerobic (Conte et al., 2019). The 3x3 version of basketball is categorised 

by high-intensity work over a relatively short duration and has been colloquially referred to 

as the “10-minute sprint” (Conte et al., 2019). However, a high aerobic capacity is also 

required as the debilitating effects of anaerobic glycolysis from the repeated-effort demands 

can be offset by a greater energy provision from aerobic pathways, all of which can be 

improved through altitude training (Conte et al., 2019; Montgomery, 2018). The effect of 

altitude training on repeated sprinting performance has been studied in field hockey, rugby 

union and football with results indicating a beneficial effect (Hamlin, Olsen, Marshall, 

Lizamore, & Elliot, 2017). While such training has also shown a positive effect in male 
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traditional 5x5 basketball players (Czuba et al., 2013), little research exists on female 

basketball players and, in particular, 3x3 players.  

 

Altitude training has emerged in the last several decades as a training technique used to gain 

a physiological advantage. It entails breathing a reduced percentage of oxygen (hypoxia), 

either naturally (i.e. going up to a certain altitude) or simulated (i.e. breathing hypoxic air 

delivered through an oxygen-filtering or nitrogen diluting machine), with a goal of improving 

athletic performance (Khodaee, Grothe, Seyfert, & Vanbaak., 2016). There are 3 basic models 

for altitude; live high-train high (LHTH), live high-train low (LHTL), and live low-train high 

(LLTH). In locations where training at high altitude is not always geographically possible, 

simulated altitude training is often employed. Altitude training can be simulated (normobaric 

hypoxia) through an altitude simulation room, tent, or hypobaric chamber (Khodaee et al., 

2016). Over the past two decades, intermittent hypoxic training (IHT), which is a form of LLTH, 

has gained unprecedented popularity (Faiss, Girard, & Millet., 2013). By adding the stress of 

hypoxia during ‘aerobic’ or ‘anaerobic’ interval training, it is believed that IHT would 

potentiate greater performance improvements compared to similar training at sea level. 

 

To date, no research with IHT has been conducted on female 3x3 basketball players where 

repeated sprint ability, anaerobic power, and aerobic endurance play a significant role in 

game performance. Therefore, the main objective of this study was to investigate if the 

addition of hypoxia to four weeks of repeated sprint and high-intensity training improved 

maximal aerobic performance, repeated sprint ability and explosive muscular power in 3x3 

basketball players compared to a control condition. 
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2 Literature Review 

2.1 Introduction  

Since its popularity in the late 1960s, altitude training has become a commonly used mode of 

training for coaches and athletes worldwide (Lundby, Millet, Calbet, Bärtsch, & Subudhi., 

2012). Sudden exposure to a hypoxic environment or staying at altitude induces numerous 

physiological adaptions which can lead to an improved performance at sea level, or any level 

lower than the altitude of hypoxic training (Płoszczyca, Langfort, & Czuba., 2018). These 

mechanisms are generally attributed to either haematological, cardiovascular, or ventilator 

effects of altitude training (Płoszczyca et al., 2018), but metabolic processes, acid buffering, 

and mitochondrial density change are probably also involved (Czuba et al., 2017). Expected 

effects may be achieved by applying one of the typical altitude training methods (i.e. live high 

- train high (LHTH), live high – train low (LHTL), live low – train high (LLTH)) to athletes during 

a training bout (Lundby et al., 2012). In this literature review, the practice and science of these 

various models of altitude training are discussed. The beneficial effects reported in the 

scientific literature and drawbacks from each altitude method are also mentioned. Finally, the 

altitude training method proposed for this study (LLTH) is explained in-depth and how it is 

supported by previous research. 

 

2.2 Live High-Train High Model 

The most commonly practiced form of altitude training is the Live High-Train High (LHTH) 

model, in which athletes live at altitude (between 2000-2500m above sea level) for a period 

of time and perform all their training and living in one location (Brocherie et al., 2015). It is 

suggested that the optimal altitude dose for such training is between 2000-2500 m for 3-4 

weeks (Hamlin, Lizamore, & Hopkins, 2018). This type of altitude training is known as 

“classical altitude training” and was initially adopted by trainers of Western athletes following 

the dominance of Eastern African runners at the 1968 Olympic Games in Mexico City, Mexico 

(Lundby et al., 2012). Athletes quickly adopted this form of altitude training to induce an 

altitude acclimatisation increase in red blood cell volume (RCV) and superimpose an 

additional training stimulus due to tissue hypoxia (Jacobs et al., 2011). A high RCV in athletes 
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is well documented and correlates well with overall exercise performance in elite athletes 

(Lundby et al., 2012). The extra red cells carry more oxygen for the metabolic phosphorylation 

of ATP and hence a greater ability to produce energy aerobically during exercise. This means 

that the athletes can complete more aerobic work before having to delve into the anaerobic 

metabolism which eventually causes fatigue. 

 

However, going to very high altitude can be unproductive as the stress on the body and the 

resultant side effects from such high altitudes can sometimes outweigh any performance 

benefits (Hamlin et al., 2018). For example, at high altitudes, the large drop in arterial 

oxyhaemoglobin saturation results in large decreases in VO2max which necessitates a decrease 

in training intensity, which can therefore, lead to detraining (Hamlin et al., 2018). Moreover, 

at higher altitudes athletes are more susceptible to acute mountain sickness, nausea, and 

lethargy which may all effect training quality and quantity (Hamlin et al., 2018). However, 

some researchers suggest the optimum altitude for this type of training is lower (1500-2000 

m) since athletes suffer fewer side-effects at lower altitudes and are able to maintain a high 

quality of training (Hamlin & Hellemans, 2007). 

 

In addition, during LHTH, there is concern that altitude elevations higher than 3000 m can 

result in loss of training intensity and subsequent muscle wastage (Jacobs et al., 2011). These 

side effects may cause stress on athletes and outweigh any positive ethroypoietic benefits 

(Jacobs et al., 2011). Another drawback is that also living at persistently high altitudes is the 

challenge of heat acclimatisation back at sea level after being at a cooler high altitude 

temperatures for an extended period of time (Khodaee et al., 2016). Lastly, a potentially 

serious condition among athletes training at altitudes above 2500 m may incur a condition 

called acute high altitude illness (AHAI) (Koehle, Cheng, & Sporer., 2014). The broad term 

AHAI includes several syndromes such as acute mountain sickness (AMS), high altitude 

pulmonary edema (HAPE), and high altitude cerebral edema (HACE). Athletes may be at a 

higher risk for developing AHAI due to faster ascent and more vigorous exertion compared 

with non-athletes (Koehle et al., 2014).  
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2.3 Live High-Train Low Model 

As a potential solution to the training-intensity limitation in LHTH model, the live high train 

low (LHTL) model was developed in the early 1990s by Benjamin Levine and James Stray-

Gunderson. Essentially, LHTL is based on the assumption that athletes can simultaneously 

experience the benefits of altitude/hypoxic acclimatisation and sea-level training, thereby 

resulting in positive haematological, metabolic and neuromuscular adaptions (Wilber, 2007). 

Athletes sleep at moderate altitudes (2000-3000 m) to stimulate an increase in red blood cell 

volume (RCV), but avoid the problems associated with reduced V̇O2max and training intensity 

at altitude by training at sea level (<1500 m) or a significantly lower altitude (e.g. 500 m) 

(Lundby et al., 2012). 

 

In a study by Levine and Stray-Gundersen. (1997), the authors found the use of LHTL to be 

effective in increasing sea level performance in college runners. The research compared 3 

groups of runners; one group lived low and trained low (San Diego, California, 150 m), another 

lived high (Deer Valley, Utah, 2500 m) and trained low (Salt Lake City, Utah, 1250 m), while 

the last group lived high and trained high (Deer Valley, Utah). The results showed that the 

LHTL group improved their sea-level 5-km time trial performance by 1.3% as a result of the 

altitude training, the LHTH  runners showed a small detrimental change (-0.3%), whereas the 

Live Low-Train Low runners got much worse (-2.7%). After 4 weeks back at sea level all groups 

improved but the LHTL and LHTH groups remained significantly faster than the LLTL group 

(Levine & Stray-Gundersen., 1997).  

 

While this study was the first to point towards the LHTL model as the most appropriate to 

improve subsequent sea-level performance, a number of problems within this study make 

the results less clear. Firstly, the fact that the researchers used Salt Lake City as the training 

base for the LHTL model when 1250 m is not strictly low altitude. In a study by Gore et al. 

(1997), the authors found that altitudes as low as 580m can have an effect on performance 

(Gore et al., 1997). Similarly, Hamlin et al. (2015), observed that track and field performances 

of elite athletes are clearly affected at relatively low altitudes (300 m) (Hamlin, Hopkins, & 

Hollings., 2015). Another major problem is that the control group (Live Low-Train Low, LLTL) 

actually decreased performance during normal training at sea level which may suggest 
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inadequate or improper training for this group compared to the other two groups. Also, the 

groups were not blinded to the intervention, therefore we cannot rule out a placebo effect 

(positive in the case of the altitude groups, and negative in the control group). However, in 

theory, the LHTL model has an advantage over the LHTH model because high-intensity 

training can continue at lower altitudes enabling the athlete to gain sport-specific peripheral 

and neuromuscular adaptations that are normally lost at high altitude. Additional problems 

associated with LHTL is getting a place that you can quickly get down from altitude to train, 

which can be expensive and take a lot of time to travel in-between venues. 

 

2.4 Live Low-Train High Model 

When compared to LHTH and LHTL, LLTH is relatively inexpensive, requires minimal travel, 

and causes less disruption to the athletes’ normal training environment and lifestyle. While 

continuing to live at sea level, it reduces the risk of sleeping disorders and dehydration and 

also protects athletes from the deleterious effects of prolonged hypoxia – which may shorten 

post-training recovery time. Also, the time spent away from hypoxic conditions may also help 

recovery and avoid the deleterious effects (decreased muscle excitability) of an extended stay 

in altitude (Faiss, Girard, et al., 2013). 

 

In the LLTH protocol, athletes typically live in a natural, normobaric normoxic environment, 

and are exposed to relatively short intervals of simulated normobaric or hypobaric hypoxia 

(Płoszczyca et al., 2018). Normobaric hypoxia can be simulated via nitrogen dilution, oxygen 

filtration, or inspiration of hypoxic gas. LLTH altitude training can be utilised by athletes either 

being in a resting state (intermittent hypoxic exposure; IHE) or during formal training sessions 

(intermittent hypoxic training; IHT) (Wilber, 2007). Furthermore, there is growing literature 

on a new method called repetitive sprint training in hypoxia (RTH) which is a form of IHT, but 

uses repeated sprints as opposed to IHT, which tends to be longer in duration and not 

necessarily sprint training. 

 

With the introduction of new technology, this training model has become more viable with 

the development of hypoxic facilities such as hypoxic generators, especially when training 

bases are geographically challenging (Khodaee et al., 2016). Altitudes can be simulated by 
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reducing the oxygen content from the normal 21% down to 15% (2500 m) – or in some cases, 

lower (Khodaee et al., 2016). Although studies have shown mixed results, there is some 

evidence that suggests nitrogen dilution may enhance sea-level performance in elite athletes, 

provided a sufficient dose of simulated altitude is applied for 4 weeks at an elevation of 2500-

3000 m (Levine & Stray-Gundersen, 1997).  

 

IHE is exposure to short periods of hypoxic air at rest (9-15% oxygen, equivalent to 

approximately 6600-2700 m) alternated with normoxic air (21% oxygen) (Millet, Roels, 

Schmitt, Woorons, & Richalet., 2010). Typically, IHE training involves breathing 5 minutes of 

hypoxic air followed by 5 minutes of normoxic air for a period of between 60 and 120 minutes 

per day for 2-3 weeks (Hamlin, Draper, & Hellemans., 2013). Originally, this technique was 

trialled by Russian aviators in attempts to pre-acclimatise pilots to the high altitudes 

encountered during sojourns in open-cockpit planes (Serebrovskaya., 2002). Nowadays, 

athletes typically use a hypobaric chamber or hypoxicator to generate hypoxic air (Hamlin et 

al., 2013). IHE allows for the oxygen concentration to drop to much lower levels than could 

be tolerated safely in other altitude training models. However, it is thought by some 

researchers that such a short altitude stimulus is not sufficient to cause significant 

haematological benefits for athletes and is therefore unlikely to produce performance change 

(Julian et al., 2004). Other researchers have argued that improved performance with such 

training is likely to be non-haematological in nature (Hamlin & Hellemans, 2007). 

 

In IHT there is an alternation of breathing hypoxic and normoxic air. This is similar to living at 

sea level and conducting training sessions at altitude (Hamlin et al., 2013). The extra stress of 

training under hypoxic conditions is suggested to cause increased adaptations resulting in 

improved performance. The effectiveness of IHT for the enhancement of sea-level 

performance however, remains controversial. Several studies have reported an enhanced 

athletic performance following IHT (Dufour et al., 2006; Ponsot et al., 2006; Hamlin et al., 

2017), although a number have failed to demonstrate any substantial alteration in post-IHT 

performance measures (Morton & Cable., 2005; Roels, Bentley, Coste, Mercier, & Millet., 

2007).  
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Furthermore, repeated sprint training in hypoxia (RTH a form of IHT) which involves repeated 

bouts of exercise interspersed with appropriate recovery periods also remains equivocal 

(Hamlin et al., 2017). Adding hypoxia to repeat-sprint training has not always resulted in 

improved repeat sprint ability at sea level. In a publication by Faiss et al., (2013), the authors 

found that two repeat-sprint training sessions per week (3 sets of 5 × 10 s all-out cycle 

sprinting at ~3000 m) for 4 weeks had little effect on overall power output during a repeat 

sprint cycling test. Nevertheless, such training increased the number of all-out 10 s cycling 

sprints able to be completed prior to exhaustion in the hypoxic (3.6) compared to the 

normoxic (−0.4) trained groups (Faiss, Girard, et al., 2013). However, in an article by Galvin et 

al. (2013), rugby league players completed 12 sessions of repeated sprint training (10 x 6s, 

30s recovery) over 4 weeks in either hypoxia (FIO2 = 13%) or normoxia (FIO2 = 21%) on a non-

motorised treadmill. The authors found significantly improved endurance performance (Yo-

Yo intermittent recovery test level 1; YYIR1) after repeat-sprint training in both groups, but 

gains were significantly greater in the hypoxic group (33 ± 12%) than normoxic (14 ± 10%, 

p<0.05). (Galvin, Cooke, Sumners, Mileva, & Bowtell., 2013). However, there were no 

significant differences between the hypoxic and normoxic training groups in sprint 

performance. There were no significant changes to 10 or 20 m sprint performance nor were 

there speed decrements in the 20 m repeated sprint ability (RSA) test (pre-hypoxic 4.0 ± 3.0% 

and post-hypoxic 2.7 ± 1.6% vs pre-normoxic 5.1 ± 3.9 and post-normoxic 3.7±2.1%, time 

effect p= 0.317) (Galvin et al., 2013). 

 

Overall, LLTH appears to have a greater impact on the performance of highly anaerobic tasks 

such as short-term high-intensity work and maximal intermittent exercise (i.e. repeated 

sprints) and these benefits are more likely identified when performance tests are specific to 

the training modality/intensity performed during LLTH sessions (Hamlin et al., 2017). 

Problems associated with the LLTH type of training include the correct hypoxic dose needed 

for adaptation, having to train in confined spaces and having to train with a loud machine that 

produces dry air. 
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2.5 Mechanisms of Change  

Mechanisms of altitude acclimatisation in aerobic performance include an increase in 

erythropoiesis, red blood cell (RBC) mass, blood haemoglobin (Hb) concentration and V02max, 

elevated muscle efficiency and buffering capacity, as well as improvements in the structural 

and biochemical properties of skeletal muscle. At the tissue level, hypoxia promotes rapid 

oxygen sensing and consequent cellular functions.  

 

IHT may stimulate serum erythropoietin synthesis (sEPO), which allows for an increase in 

erythrocyte count and improved oxygen supply to the working muscles (Knaupp, Khilnani, 

Sherwood, Scharf, & Steinberg., 1992). However, numerous research has not supported this 

hypothesis (Płoszczyca et al., 2018) (Katayama et al., 2004) (Rodríguez et al., 2000). Although, 

a study by Hamlin et al. (2010) reported increased haemoglobin concentration and 

haematocrit after IHT. On the other hand, it has also been suggested that IHT may improve 

performance via anaerobic mechanisms (Bonetti, Hopkins, & Kilding., 2006), possibly via 

increases in muscle buffering capacity (Gore et al., 2001) and increased glycolytic enzyme 

activity (Katayama et al., 2004).  

 

IHT research indicates an increase in anaerobic glycolytic activity and modified acid-base 

homeostasis as possible mechanisms responsible for the improved repeat sprint ability after 

altitude/hypoxic training (Faiss, Léger, et al., 2013). Also, a lowered rate of oxygen delivery to 

the muscle during hypoxic training probably increases the stress on the anaerobic metabolic 

pathways thereby resulting in the upregulation of anaerobic metabolism (Faiss, Léger, et al., 

2013). While the mechanisms behind performance change with IHT continue to be debated, 

many researchers are using IHT in an applied manner with their athletes. In particular, in 

individual sports such as swimming and cycling and in team sports such as rugby and 

basketball. 
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2.6 Individual Sports 

In a study by Czuba et al. (2017), the authors evaluated the efficacy of intermittent hypoxic 

training (IHT) on anaerobic and aerobic capacity and swimming performance in well-trained 

swimmers. The authors researched the effect of a three-week mesocycle of IHT training in 

sprint swimmers. Sixteen male swimmers were randomly divided into a hypoxia (H) group (n 

= 8, FIO2 = 15.5%) and a control (C) group (n = 8, FIO2 = 21%).  

 

During the experiment, 8 IHT sessions were split over 4 weeks (2 sessions per week), which 

included a 10-minute general warm-up, 45-55 minute main training section and a 10-minute 

cool-down. Within the main training section, the players used an arm ergometer (50w) with 

a cadence of 80 rpm lasting 60sec. Then, the players performed a 30-second maximum effort 

on the arm rotator from a flying start. After a 30 second rest period, the players performed a 

three-minute ride on a cycle ergometer with the intensity set at 50% VO2max. Following a three 

minute period of active rest on the cycle ergometer, the players then performed another two-

minute exercise bout, at an intensity of 95% VO2max. After the high-intensity phase of training 

for the lower limbs, the athletes peddled for three minutes at the intensity of 50% VO2max. 

This circuit was repeated four times in the first four interval training sessions, after which a 

5th circuit was added to increase the overall training load. The swimming training was the 

same for athletes in both the normoxic and hypoxic groups with a volume of approximately 

50 km per week in a 25m length swimming pool.  

 

As a result of this training relative values of VO2max increased by 6.9% in the hypoxic group and 

3.7% in the control group, but the difference was not statistically significant. Additionally, a 

significant (p<0.05) increase in mean power during the first (11.7%) and second (11.9%) 

Wingate tests were only observed in the hypoxic group. IHT caused a significant improvement 

in 100m and 200m swimming performance, by 2.1% and 1.8%, respectively in the hypoxic 

group. However, training in normoxia also resulted in a significant improvement of swimming 

performance at 100m and 200m, by 1.1% and 0.8%, respectively. In conclusion, the most 

important finding of this study includes a significant improvement in anaerobic capacity and 

swimming performance after high-intensity IHT. However, this training protocol had no effect 

on absolute values of V02max (Czuba et al., 2017). 
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In another study by Czuba et al. (2011), the authors evaluated the efficacy of intermittent 

hypoxic training (IHT) on aerobic capacity and endurance performance in well-trained cyclists. 

Twenty male elite cyclists were randomly divided into a hypoxia group and a control group. 

The training program used during the experiment was the same for both groups. For three 

weeks, the subjects in the hypoxic group performed 3 training sessions per week in 

normobaric hypoxia environment (n = 10, FIO2 = 15.2%), whereas subjects in the control group 

trained in normoxic conditions (n = 10, FIO2 = 21%). During IHT sessions, the intensity was set 

at 95% lactate threshold workload (WRLT) for 30-min in the 1st microcycle, 35-min in the 2nd 

microcycle and 40-min in the 3rd microcycle. The same training procedure was provided in 

the control group, yet the intensity of the main sessions were set at 100% WRLT in the 

normoxia environment. The results indicate a significant (p < 0.05) increase in VO2max, oxygen 

consumption at lactic threshold (VO2LT), maximal exercise work rate (WRmax), lactic, WRLT 

and change in lactate concentration (∆LA) during incremental test in the hypoxic group. Also 

a significant (p < 0.05) decrease in time of the time trial was seen, associated with a significant 

increase (p < 0.05) in average generated power (Pavg) and average speed (Vavg) during the 

time trial. This suggests that intermittent hypoxic training at lactate threshold intensity and 

medium duration (30-40min) is an effective means for improving aerobic capacity and 

endurance performance at sea level in individual sport athletes. 

 

2.7 Team Sports 

The effects of RTH in team sport athletes have also been investigated in sports such as rugby 

union and basketball. In particular, in a study by Hamlin et al. (2017), the authors investigated 

the performance changes in well-trained male rugby union athletes after repeat sprint-

training which occurred over 3 weeks in either normobaric hypoxia (FIO2 = 14.5%) or 

normobaric normoxia (FIO2 = 20.9%). The authors found that when compared to baseline, 

both the hypoxic and normoxic groups similarly lowered fatigue over the 8 sprints 1 week 

after the intervention (−1.8 ± 1.6%, −1.5 ± 1.4%, mean change ± 90% confidence interval in 

hypoxic and normoxic groups, respectively).  In another study, Czuba. (2013), evaluated the 

efficacy of a 3-week high-intensity interval training in either normobaric hypoxia (FIO2 = 

14.5%) or normobaric normoxia (FIO2 = 20.9%) on aerobic capacity in well-trained 5x5 
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basketball players. The training program applied during the experiment was the same for both 

groups, but with different environmental conditions during the selected morning interval 

training sessions. The research showed that training in hypoxia caused a significant (p<0.001) 

increase (10%) in total distance during a ramp test protocol, as well as increased (p<0.01) 

absolute (4.5%) and relative (6.2%) maximal workload (WRmax) on a bike. Also, the absolute 

and relative values of V02max in this group increased significantly (p<0.001) by 6.5% and 7.8%. 

However, small changes were observed in the normoxia group with an increase (p<0.05) in 

relative values of WRmax by 2.5%, as well as an increase (p<0.05) in the absolute (1.3%) and 

relative (2.1%) values of V02max. Although differences were found in the hypoxic group, small 

differences were also found in the normoxic group and is, therefore, an effective training 

means for improving aerobic capacity in basketball athletes. However, a point to note is that 

the training and testing protocol was not sport-specific, therefore its application to basketball 

performance might be considered equivocal. 

 

Some of the variations in response to repeat-sprint training under hypoxia between studies 

is probably due to the methodological differences. While most studies use a similar hypoxic 

training stimulus (FIO2 ~14.5% equivalent to ~3000 m), the repeat-sprint training protocols 

can vary considerably from repetitions of short duration high-intensity repeats to longer-

duration and subsequently lower-intensity repeats. Exercise prescription theory dictates that 

exercise training prescription should be as specific as possible to facilitate appropriate 

physiological adaptations (Reilly et al., 2009). Therefore, repeat-sprint training protocols 

should be based on work-to-rest ratios of actual repeat sprint ability while playing the sport. 

Adding hypoxia to this training serves to induce a larger metabolic stimulus resulting in 

potentially greater adaptation. 

 

2.8 Fitness Components for 5x5 and 3x3 Basketball 

Five vs. five basketball is considered an intermittent high-intensity sport that requires mainly 

anaerobic metabolism (Castagna et al., 2010; Hoffman, Epstein, Einbinder, & Weinstein., 

1999). However, the duration of a basketball game (40 minutes) requires a high level of 

aerobic metabolism to enhance the resynthesis of creatine phosphate, lactate clearance from 

active muscle, and removal of accumulated intracellular inorganic phosphate (Glaister., 
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2005). In the game of 5x5 basketball, the values of maximal heart rate ranges from 187 – 198 

beats per minute (BPM) in elite players, with a mean of 194 BPM. Sub-elites ranged from 192-

195 BPM with a mean of 199 BPM. Total distance travelled in any given 40-min game ranges 

from 1,991 m to 6,310 m in elite, while sub-elite ranges from 3,722 m to 6,208 m per game, 

whereas average distance 4,369 m compared to sub-elite 5, 377 m. The samples for mean 

blood lactate post-competition was 5.1 ± 1.3 mmol/L which taken together suggest a high 

level of fitness is required to play this sport 

 

In comparison, the demands of 3x3 basketball are different in that it is significantly more 

anaerobic than traditional 5x5 basketball (International Basketball Federation (FIBA), 2019) 

given the shorter court and quicker transitions of which team has possession of the ball. It is 

categorised as a high-intensity workout over a relatively short duration (10 minutes) and is 

referred colloquially as the “10-minute sprint”, however, a high aerobic capacity would be 

required as the debilitating effects of anaerobic glycolysis from the repeated-effort demands 

can be offset by a greater energy provision from aerobic pathways (FIBA, 2019). In the game 

of 3x3 basketball, 15-30 seconds makes up 45% of all measured intervals during play, whereas 

bench time of a player is 0-30 seconds. The average distance covered, heart rate, and peak 

heart rate in a game were 771m, 152 BPM and 186 BPM, respectively (FIBA, 2019). The 

samples for blood lactate post-competition was 6 mmol/L, which indicates are higher 

anaerobic sport compared to the 5x5 game. 

 

Finally, no research with IHT has been performed on female 3x3 basketball athletes where 

repeated sprint ability, anaerobic power, and aerobic endurance play a significant role in 

player performance. Therefore, the main objective of this study is to investigate if completing 

four weeks of repeated sprint and high-intensity training in hypoxia (3000 , FIO2 = 15%) 

improves maximal aerobic performance and repeated sprint ability in 3x3 basketball players 

compared to the same training in a normoxic condition (sea level; FIO2 = 20.9 %). 
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3 Methods 

 

3.1 Subjects 

Nine female representative 3x3 basketball players from Canterbury, New Zealand 

participated in this study. Players were non-professionals who had over 10 years’ experience 

in both regional and national level competition and were building up to a major international 

tournament.  Subjects were randomly divided into a hypoxic  (n = 4; age 20.0 ± 1.6, height 

169.4 ± 4.6, body mass 76.9 ± 6.5, haemoglobin 135.8 ± 4.1, mean ± SD), or normoxic  group, 

(n = 5; age 20.8 ± 2.2, height 174.7 ± 5.2, body mass 68.0 ± 4.3, haemoglobin 128.2 ± 11.3). 

This study was carried out in accordance with the recommendations of the Lincoln University 

Human Ethics guidelines with written informed consent gathered from all subjects prior to 

the start of the study. The protocol was approved by the Lincoln University Human Ethics 

Committee (reference # 2019-57). All players were healthy, free from injury, lived at sea level 

and had not resided at altitude within the previous 6 months. Players were asked to maintain 

their usual basketball training sessions throughout the study which consisted of 2 team 

trainings per week and to maintain their normal diet.  

 

3.2 Experimental Design 

This research was a single-blind controlled trial conducted during the player’s specific training 

phase of the preparatory period (September – October, 2019). Players were given a 

familiarisation session on all protocols and procedures two days before the baseline testing 

where the players completed all tests at a low intensity. Players completed a 4-week training 

block with performance tests conducted pre and post training. The tests included a repeated 

speed ability test, explosive muscular power, and a Yo-Yo Intermittent Recovery Level 1 test 

(YYIR1) all commonly used on basketball players (Castagna, Impellizzeri, Rampinini, D’Ottavio, 

& Manzi., 2008). To aid in the blinding, all players were under the impression that they would 

be receiving altitude training. The players were asked to arrive at training and testing in a fully 

rested and hydrated state and to refrain from alcohol for 24-h, and avoid eating a heavy meal 

or consuming caffeine containing beverages or food for 4-h prior to all testing. Players were 
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also asked to record all of their training, performance and perceived subjective ratings of 

stress and sleep on training days throughout the study. 

 

3.3 Testing Protocol 

Prior to performance testing, players resting haemoglobin concentration was measured from 

a drop of blood from the index finger using a sterilised lancet and an automated haematology 

cell analyser (DiaSpect Tm, (DiaspSpect Medical GmbH, EKF Diagnostics Holding plc, Cardiff, 

UK)).  Player’s height was measured to the nearest 0.1 cm with shoes and socks removed 

using a portable stadiometer (Seca 213, Hamburg, Germany) and body mass to the nearest 

0.1 kg (Tanita BWB-800, Tokyo, Japan). Before performance testing, players completed a 

warm-up consisting of a 5 min slow jog, followed by a series of standardised dynamic 

movements utilising the lower and upper body.  

 

3.4 Squat Jump 

Explosive power (peak power) and velocity (peak velocity) during a squat jump was 

determined using a wooden dowel connected to a linear position transducer (LPT) 

(GymAware; Kinetic Performance Technologies, Canberra, Australia) and an iPad (Apple Inc., 

USA running GymAware App, Australia). Previous research has shown the GymAware system 

has high test-retest reliability during counter-movement jump testing (r = 0.95) (Wadhi, 

Rauch, Tamulevicius, Andersen & Souza., 2018). Players were asked to stand vertically upright 

on the basketball court floor with the dowel placed across their shoulders and upper back, 

with feet placed hip-width apart and hands gripping on both sides of the dowel. The LPT was 

then attached to the right hand side of the dowel with the encoder placed directly under and 

perpendicular to the bar dowel. The LPT was then calibrated prior to every individual player 

performing the jumps and was “zeroed” while the tether was fully retracted. The LPT software 

was connected to an iPad via Bluetooth connection. The player then dropped into the squat 

jump position to a self-selected depth, followed by a maximal effort vertical jump and landing 

in an athletic position back on the floor. Peak power and peak velocity from the LPT was 

determined based on change in displacement from the starting position. Players completed 
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three jumps with at least 5 min between efforts and the best jump was used for analysis. If at 

any point the player exhibited excessive knee flexion once airborne, the jump was ruled 

invalid and repeated. Peak power (power (w) = force x velocity) and velocity from the LPT was 

calculated (velocity (m/s) = displacement/time) in the manufacturers software. 

 

3.5 Countermovement Jump Test 

A countermovement jump was determined by using a Contact Mat (Smart Jump, Fusion Sport, 

Australia) and an iPad (Apple Inc., USA running Fusion Sport Smart Speed App, Australia). 

After a 5 min passive rest, the players completed a countermovement jump test. Players were 

asked to stand vertically upright on a contact mat with their feet placed hip-width apart with 

hands resting by the side of the body. Prior to each jump, a player stood on the contact mat, 

which was then zeroed to calibrate the device. The player then dropped into the 

countermovement position to a self-determined depth, followed by a maximal effort vertical 

jump and landing in an athletic position on the jump mat. Players completed three jumps with 

at least 2 min rest between efforts and the best jump was used for analysis. If at any point, 

the player exhibited excessive knee flexion once airborne, the jump was ruled invalid and 

repeated. Jump height was calculated (jump height = (gravity*(flight time)²)/8) in the 

manufacturer’s software. 

 

3.6 Sprint Ability Test 

After a 10 min passive rest, the players completed the sprint ability test, which consisted of 

completing as many shuttle sprints as possible over a 17-m distance for a timed period of 1 

minute. The National Basketball League (NBA), Division 1, 2 and 3 college basketball teams in 

the United States of America use a similar test called the 3 minute run, where players must 

sprint as fast as they can from baseline to baseline (28 meters) as many times as they can 

within the 3 minute period. However, as this test is used on 5x5 players and court dimensions 

are comparatively different (i.e. 28m long compared to 14m in 3x3), an abbreviated version 

of this test was used. Players were instructed to sprint maximally for every sprint and pacing 

was discouraged. From a standing stance, 0.4 cm behind the starting line, when instructed to 
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start, player’s sprinted in-line for 17 m, touched a line on the floor with at least part of the 

foot and then completed a 180° change of direction and sprinting back to the starting line to 

also touch this line with at least part of the foot. This sprinting continued for 1 min without 

any rest. Players were instructed to stop immediately and stand in position once 1 min was 

completed. The total distance achieved (to the nearest 1.0 m) was recorded using marked 

cones. Observers were present at either end of the court ensuring players touched the line 

with at least part of their foot. Failure to do so resulted in a warning of possible withdrawal 

from the test. 

 

3.7 Aerobic Test 

Finally, after another passive rest of 15 min, players completed the Yo-Yo Intermittent 

Recovery Level 1 test (BangsboSport, Denmark), which was completed according to 

previously-published protocols (Bangsbo et al 2008) and involved players completing 2 x 20 

m shuttle runs according to a timed audio signal. Players started with both feet on or behind 

the starting line and ran towards a line aiming to reach this line in time with the audio signal. 

Players then turned and ran back to the starting line, again, according to the audio signal. At 

the end of each 2 x 20 m shuttle there was a 10 s period where players walked or jogged 

around a cone (placed 5 m past the finishing line) back to the starting line again for the next 

shuttle. The test was concluded if, after one warning, the player failed to complete a shuttle 

in time, or the player removed themselves voluntarily. The Yo-Yo IRT L1 finishing shuttle 

number was converted to a distance and then used in the analysis.  

At the end of each test, the players were asked to rate their perceived exertion using the 6-

20 Borg scale (Borg, 1982). All tests were completed indoors on a FIBA measured basketball 

court in normoxic conditions at the same time of day under similar climatic conditions. Players 

also wore basketball court shoes. All players were given strong verbal encouragement to 

maintain effort throughout the testing. 
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3.8 Hypoxic and Normoxic Training 

On 8 separate occasions over 4 weeks (with at least 2 days rest between each occasion), 

subjects completed 60 min of high-intensity interval training on a variety of devices positioned 

inside an altitude room (Vertex Altitude, Christchurch, NZ). Players initially completed a 5 min 

slow jog (6-8 km.h-1) as a specific treadmill warm-up inside the room, then performed a series 

of dynamic movement warm-up patterns which included the following areas: chest, side 

abdomen, back, hip flexors, groin, quadriceps, hamstrings, gluteal and calves for a further 5 

minutes.  Following that, six sets of 6 reps of 6 different exercises with 30 s maximal exertion 

and 30 s of passive recovery between reps, were completed on the following pieces of 

equipment; a rowing ergometer (Concept 2, Model C, Concept 2 Inc., USA), a motorised 

treadmill (Star Trac E-TRx, USA), battle ropes, a ski ergometer (Concept 2, SkiErg PM5, 

Concept2 Inc., USA) and an assault bike (Assault Air Bike Classic, LifeCORE, USA). A two min 

active recovery (walking inside the room) was given between sets with a 5 min walk and 5 

min stretch for a cool-down given at the end of the exercises inside the room. All exercises 

were an all-out effort and players were constantly encouraged to reach maximal intensity 

during the exercises. The entire training session was completed within the single room with 

players breathing either normobaric hypoxia (FIO2 ~ 15.3% to simulate an altitude of 3000 m) 

or normobaric normoxia (FIO2 ~ 21.0%) delivered via a Pressure Swing Absorption Hypoxicator 

(Vertex Altitude Training, Christchurch). 
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3.9 Physiological Measures 

At the end of each set during the training sessions, heart rate (FT1; Polar, Kemple, Finland) 

and arterial oxygen saturation (Sp0₂), (Sport-Stat; Nonin Medical, Minneapolis, Minnesota, 

USA) was recorded by the researchers with players unable to view the data. 

 

3.10  Subjective Measures  

Unfortunately, many existing subjective questionnaires (e.g., Recovery Stress Questionnaire 

for Athletes (Kellmann and Kallus., 2001), Daily Analysis of Life Demands of Athletes (Rushall., 

1990), and Multi-Component Training Distress Scale (Main and Grove., 2009) are long with 

numerous questions making them time-consuming and complicated and not fit for purpose 

in a practical setting. Due to time restrictions, our research group decided to incorporate 

elements of established measures into our own customised, brief, easy-to-use, self-report 

measure. For this study, we asked a series of questions used successfully in a number of other 

studies (Hamlin and Hellemans, 2007; Hamlin et al., 2017) which were modelled on previous 

research (Mackinnon and Hooper, 1996) were based on a five-point Likert scale to record 

athletes subjective ratings of stress (1 = no stress, 2 = little stress, 3 = slightly stressed, 4 = 

quite stressed, 5 = very stressed), Fatigue (energy) (1 = excellent, 2 = good, 3 = normal, 4 = 

poor, 5 = very poor), sleep quality (1 = very good, 2 = good, 3 = normal, 4 = below average, 5 

= poor), muscle soreness (1 = no soreness, 2 = mild soreness, 3 = quite sore, 4 = very sore, 5 = 

extremely sore), training performance (1 = very good, 2 = good, 3 = normal, 4 = below average, 

5 = poor). 

Players were asked to input their subjective training data after each training. Furthermore, 

player’s rate of perceived exertion (RPE) during training was recorded at the end of each set 

and at the end of training with the Borg scale (6 – 20) (Borg, 1982).  
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3.11  Statistical Analysis 

Changes in the measurement variables from baseline to post-training along with standard 

deviations representing the between-and within-subject variability were estimated using a 

mixed modelling procedure (Proc Mixed) in the Statistical Analysis System (Version 9.3, SAS 

Institute, Cary, North Carolina, USA). The differences in performance and physiological 

variables were compared between groups and Cohen’s value of 0.2 of the between-subject 

standard deviation was used to assess the smallest worthwhile change (Cohen, 1988). Results 

are displayed as mean ± SD or percent change ± 95% confidence interval. All data were 

assessed using the clinical inference, which is more conservative regarding the risk of harm 

(Batterham & Hopkins., 2006). In this regard, an odds ratio of benefit:harm was only accepted 

if it was above 66%; if not, the effect was considered “unclear”. The magnitude of the change 

was reported using the following scale <0.5% = most unlikely; 0.5–5% = very unlikely; 5–25% 

= unlikely; 25–75% = possibly; 75–95% = likely, 95–99.5% = very likely, >99.5% = most likely 

(13). P-values are also given for the between-group comparisons for those who use traditional 

hypothesis testing. We used an alpha level of p ≤ 0.05 for significance in this study. 

We used a spreadsheet (Hopkins, 2006) to calculate the number of players required in the 

study with the smallest worthwhile change in performance being 1.0% (Paton et al., 2001) 

and the typical error or within-subject SD in similar tests of 0.7% (Spencer et al., 2006) Using 

a type 1 error of 0.5% and a type 2 error of 25% the number of players in a pre-post parallel-

groups controlled trail was calculated to be 7 per group. We aimed for 10 per group to account 

for any drop-outs. 
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4 Results 

 

4.1 Physical Performance 

At baseline, the two groups were similar in all characteristics apart from repeated sprint 

ability and age (Table 1). Unfortunately, we were not able to collect data on the 20 subjects 

we had originally calculated as 5 pulled out due personal reasons, another 6 pulled out due 

to work commitments leaving us 9 participants (5 normoxic and 4 hypoxic). For repeated 

sprint ability, the normoxic group was able to cover significantly more ground at baseline, 

compared to the hypoxic group (8.5 ± 5.6 m, mean ± 95% CI). Whereas, for age, at baseline 

the normoxic group was significantly older than the hypoxic group (20.8 ± 2.2 20.0 ± 1.6 years, 

mean ± SD for the normoxic and hypoxic group respectively). 

 

Table 1 Physical and Performance Characteristics of the two training groups at baseline. 

 Normoxic 
n = 5 

Hypoxic 
n = 4 

Age (yr) 20.8 ± 2.2 20.0 ± 1.6* 
Height (cm) 174.7 ± 5.2 169.4 ± 4.6 
Body mass (kg) 68.0 ± 4.3 76.9 ± 6.5 
Haemoglobin (g/L) 128.2 ± 11.3 135.8 ± 4.1 
Squat PP (W) 3578.4 ± 484.1 3668.8 ± 1018.5 
Squat PV (m/s) 2.69 ± 0.20 2.64 ± 0.3 
Repeat Sprint (m) 238.8 ± 1.1 230.3 ± 9.0* 
CMJ (cm) 39.4 ± 4.3 34.0 ± 5.6 
YoYo IRT L1 (m) 17.4 ± 1.1 18.0 ± 1.0 

Data are mean ± SD. Squat PP; Squat jump peak power, Squat PV; Squat jump peak velocity, 
Repeat Sprint; 1-min repeated sprint test, CMJ; Countermovement jump, YoYo IRT L1; YoYo 
intermittent recovery test level 1 *significantly different between groups at baseline. 
 
 
 

4.2 Body Mass and Performance Change 

Compared to the normoxic group, the hypoxic group showed a likely increase in distance 

covered during the repeated sprint test (9.1 ± 9.0 m, mean ± SD, (p = <0.05), after training, 

but all other variables showed unclear differences between the groups as a result of training 

(Table 2).
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Table 2. Body mass and performance change in basketball players before (pre) and after (post) high-intensity training. 

 Normoxic Group  Hypoxic Group 
 

 

  
 
 

Pre (n = 5) 

 
 
 

Post (n =5) 

Control 
Group 

Pre-Post 
Change (±  
95% CL) 

  
 
 

Pre (n = 4) 

 
 
 

Post (n = 4) 

Hypoxic 
Group 

Pre-Post 
Change (±  
95% CL) 

Between Group 
Pre-Post Change 
(±  95% CL) and 

Clinical Inference 

Body mass (kg) 68.0 ± 4.3 68.3 ± 4.3 0.3 (6.7)  76.9 ± 6.5 76.3 ± 7.0 -0.5 (7.4) -0.8 (10.0) 
Unclear 

Haemoglobin 
(g/L) 

128.2 ± 11.3 128.0 ± 8.4 -0.2 (14.5)  135.8 ± 4.1 136.8 ± 16.0 1.0 (14.6) 1.2 (20.5) 
Unclear 

Squat PP (W) 3587.4 ± 484.6 3479.6 ± 229.7 -107.8 
(896.3) 

 3668.8 ± 
1018.5 

3575.4 ± 
680.0 

-93.4 (896.5) 14.4 (1268.6) 
Unclear 

Squat PV (m/s) 2.69 ± 0.2 2.75 ± 0.1 0.06 (0.3)  2.64 ± 0.3 2.67 ± 0.3 0.03 (0.3) -0.03 (0.4) 
Unclear 

Repeat Sprint 
(m) 

238.8 ± 1.1 239.2 ± 2.7 0.4 (6.1)  230.3 ± 9.0 239.7 ± 1.7 9.5 (6.7)* -9.1 (9.0) *^ 
Likely positive 

CMJ (cm) 39.4 ± 4.3 38.6 ± 5.0 -0.8 (6.5)  34.0 ± 5.6 33.7 ± 4.2 -0.3 (6.4) 0.5 (9.1) 
Unclear 

YoYo IRT L1 (m) 968.0 ± 237.3 976.0 ± 362.9 8.0 (537.8)  940.0 ± 425.2 1210.0 ± 
580.9 

270.0 (614.5) -262.0 (825.2) 
Unclear 

YoYo IRT L1 RPE 17.4 ± 1.1 18.2 ± 1.3 0.8 (1.4)  18.0 ± 0.8 18.5 ± 0.6 0.5 (1.6) -0.3 (2.1) 
Unclear 

Data are mean ± SD of each group with the difference between groups given as the mean ± 95% confidence interval. Squat PP; Squat jump 
peak power, Squat PV; Squat jump peak velocity, Repeat Sprint; 1-min repeated sprint test, CMJ; Countermovement jump, YoYo IRT L1; YoYo 
Intermittent Recovery test level 1 * Statistically significantly (p < 0.05); ^Clinically substantial change between groups.
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4.3 Sp0₂ 

Sp0₂ during training is shown in Figure 1. Sp0₂ was consistently lower during each training 

session in the hypoxic compared to the normoxic groups. Overall, mean Sp0₂ (for all 

repetitions on all training days) for the normoxic group (95.2 ± 1.4) was substantially higher 

than the hypoxic group (90.7 ± 1.7) (Figure 1). 
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Figure 1. Comparison of Sp0₂ between normoxia and hypoxia groups during training sessions. 
*Statistically significant and clinically substantial differences between normoxic 
and hypoxic groups. 
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4.4 Rate of Perceived Exertion 

Player’s rating of perceived exertion (RPE) taken immediately after each repetition during 

training is shown in Figure 2. The hypoxic group RPE was substantially lower during the first 

training day in sets 1, 2, 3, 5 and 6 compared to the normoxic group. Although the RPE was 

lower in the hypoxic group in some sets in the following days, by training day 4, both groups 

RPE was similar. Overall (mean of all sets over all training days), RPE in the normoxic group 

(17.8 ± 0.7) was similar to that of the hypoxic group (17.1 ± 0.7, p = 0.26). 
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Figure 2. Comparison of RPE levels between normoxia and hypoxia groups during training 
sessions. *Statistically significant and clinically substantial differences between 
normoxic and hypoxic groups. 
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4.5 Heart Rate 

Player’s heart rates during trainings are shown in Figure 3. Individual training-set heart rate 

was higher in the normoxic group compared to the hypoxic group on a number of occasions 

during training. Taken together, the normoxic group’s heart rate (179.4 ± 4.0, mean of all sets 

over all training days ± SD) was substantially higher than the hypoxic groups (172.3 ± 4.3, p = 

0.02). Heart rates tended to be lowest during the first set of the training day and then 

progressively increased in the following sets. 
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Figure 3 Comparison of HR between normoxia and hypoxia groups during training 
sessions.*Statistically significant and clinically substantial differences between 
normoxic and hypoxic groups. No data collected on the hypoxic group on training 
day 1 and training day 6 due to equipment failure and availability. 
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Subjective Measures 

4.6 Stress 

Perceived stress in players taken immediately after training finished is shown on Figure 4. The 

normoxic group on average had substantially more stress on the 1st, 2nd, 3rd, 6th and 7th 

training days. However, both hypoxic and normoxic groups showed similar stress measures 

training day 4, 5 and 8. 

 

4.7 Fatigue 

Perceived fatigue in players also taken immediately after training finished is shown on Figure 

4. When compared to the normoxic group, the hypoxic group recorded substantially higher 

levels of fatigue on day 1, 2, 7 and 8.  
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Figure 4 Subjective measures stress and fatigue comparison between normoxia and hypoxia 
groups during training sessions. *Statistically significant and clinically substantial 
differences between normoxic and hypoxic groups. 
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4.8 Muscle Soreness 

Relative to the normoxic group, the hypoxic group had clearly substantially more muscle 

soreness on training days 1, 2, 3, 6 and 7 (Figure 5). On days 4 and 5, similar results were 

observed. By training day 8, perceived muscle soreness in the two groups was similar.  

 

4.9 Sleep Quality 

When compared to normoxic group, the hypoxic group had better sleep quality during the 

2nd, 3rd, 4th and 7th training days (Figure 5). However, the normoxic group had substantially 

better sleep quality on the 7th training day. Both groups trended towards better sleep quality 

over the 8 sessions. 
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Figure 5 Subjective measures muscle soreness and sleep comparison between normoxia and 
hypoxia groups during training sessions. *Statistically significant and clinically 
substantial differences between normoxic and hypoxic groups. 
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4.10 Training Performance 

On average, both groups showed similar ratings of training performance (i.e. a subjective 

Likert scale of 1 to 5 with 1 being excellent performance to 5 being poor performance) when 

taken immediately after the training sessions (Normoxic: 2.6 ± 0.3; Hypoxic: 2.8 ± 0.4, p = 

0.44)  (Figure 6). However, on two occasions the hypoxic group indicated a better training 

performance compared to the normoxic group (training days 2 and 6). 

 

4.11 Session Rate of Perceived Exertion 

We also asked players to rate the overall training session once they had cooled down and 

recovered (about 30 min post training). Similar results were shown for overall (mean of all 

days) perceived exertion ratings in both groups 30 min after training (Normoxic: 18.2 ± 0.7; 

Hypoxic: 18.3 ± 0.7, p = 0.27) (Figure 6). However, the hypoxic group showed an overall higher 

perceived exertion rating post session 1, whereas the normoxic group showed a higher 

perceived exertion rating after session 5 and 6. 
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Figure 6 Subjective measures training performance and session RPE comparison between 
normoxia and hypoxia groups during training sessions *Statistically significant and 
clinically substantial differences between normoxic and hypoxic groups. 
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4.12 Individual Differences in Yo-Yo Intermittent Recovery Test L1 

To get a better indication of the effect of training on individuals we have calculated the post-

pre change (%) for all players. Performance change as a result of the training varied 

considerably between individuals (Figure 7), ranging from a 47% increase to a 37% decrease.  
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Figure 7 Player’s percentage difference (%) in Yo-Yo Intermittent Recovery Test Level 1 post-
pre training in hypoxic and normoxic individuals.
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5 Discussion 

In the present study we investigated the effect of adding hypoxia to high-intensity 

intermittent training in well-trained female basketball players. The major findings indicated 

that, within this sample, eight sessions of high intensity intermittent hypoxic training 

indicated beneficial effects on repeated sprint ability conducted under normoxic conditions. 

However, the effect of intermittent hypoxic training on muscular power and aerobic fitness 

was unclear.   

 

5.1 Repeated Sprint Performance 

In the present study, the hypoxic group showed a significant improvement after training in 

their repeated sprint ability when compared to the normoxic group (9.1 ± 9.0 m, p < 0.05) 

(Table 2). This finding supports an emerging body of research indicating that repeat-sprint / 

high-intensity intermittent hypoxic training is an effective training modality for team sport 

athletes (Bocherie el al., 2015; Hamlin, 2017; Brechbuhl et al., 2018). However, not all 

researchers have found beneficial effects when adding hypoxia to this type of training (Galvin 

et al., 2013; Goods et al., 2015), which may be due to a number of factors including a 

mismatch between hypoxic training protocols used, different fitness levels between players, 

degree and frequency of hypoxia given, differing post-training testing times and subsequent 

performance testing procedures. For example, Galvin et al. (2013), asked rugby players to 

complete 12 sessions of ten 6-s all out sprints with a 30-s recovery on a non-motorised 

treadmill under hypoxic conditions (approximately 2500 m, FIO2=15.2%), but used a 

performance test that did not match this protocol (i.e., 10 × 20 m running sprints with 30 s 

rest period). Data obtained from the Galvin et al. (2013) study showed that the average time 

to run 20 m by these athletes was ∼3 s. Therefore, to match the training program to the 

testing protocols, these athletes should have been running ∼40 m during performance testing 

and not 20 m. Such details are important, as during training, these athletes would have been 

stressing and subsequently adapting to more aerobic than anaerobic metabolic processes. 

But during testing, these athletes would have been relying to a greater extent on their 

anaerobic rather than aerobic metabolic systems. Not surprisingly, these authors reported 

substantial improvements in endurance (aerobic) performance after training (∼15% 

improvement in VO2max in the hypoxic compared to normoxic group), which suggests the 
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training was more conducive to endurance performance than anaerobic repetitive sprinting 

performance adaptations. Goods et al. (2015) found similar improvements in repeated sprint 

ability after hypoxic (13.4%) or normoxic (15.4%) training.  Goods et al. (2015) had football 

players complete 15 repeat sprint cycling sessions, 3 times a week for 5 weeks during the pre-

season phase of training. Training was either normoxic or hypoxic (approximately 3000 m, 

FIO2=14.5%) and consisted of 3 sets of 7 x 5 s maximal sprints with self-selected recovery times 

of 15 s to 35 s between sprints and 3 min of self-selected light activity recovery between sets. 

Due to the intermittent nature of these recovery periods, different metabolic demands could 

have been placed on each participant throughout each training session and therefore caused 

different training adaptions. Furthermore, regular team sport training was also completed by 

all groups, which comprised of two 60 min sports specific training sessions per week, two 45 

min strength training sessions, one circuit-based conditioning session and one 30 min interval 

running session performed on sand. Goods et al. (2015) did not quantify the training loads 

between groups during these sessions, that being, the distances achieved during team 

trainings, the intensity of each session and the metabolic demands of each. Therefore, the 

varied training loads may have had an effect on the fatigue and general training adaptions of 

the two groups which may have affected the response to the repeated sprint training. 

 

The increased repeated sprint ability in the hypoxic compared to the normoxic group in this 

study along with no substantial between-group change in the aerobic measure (YYIR1) 

suggests improvement mainly in the anaerobic rather than the aerobic metabolism is involved 

with such training. It is suggested that the work-to-rest ratios for such training needs to be 

approximately 1:5 so that the glycolytic energy system does not “time-out” (Billat et al., 2001). 

An example of this would be 30 s work: 2:30 min rest giving you a work to rest ratio of 1:5. 

The longer rest periods allow for recovery from strenuous work including the restoration of 

intramuscular ATP levels, clearance of lactic acid and return to equilibrium, permitting 

another very high intensity work interval to be completed in a subsequent rep or set (Billat et 

al., 2001). However, due to the intermittent nature of the sport of 3x3 basketball where sprint 

bouts found in real 3x3 basketball games are typically 30 s work: 30 s rest (International 

Basketball Federation (FIBA), 2019), the design of this study was tailored to suit the physical 

demands required to play this sport (i.e. 3x3 basketball). Typically, 1:1 work-to-rest ratios 

target the aerobic metabolism, where timings range from 5 min work: 5 rest and longer. 
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However, due to low duration of exercise (i.e. 30 s work: 30 s rest), and high intensity, the 

energy system involved in this study relied heavily on the anaerobic metabolism. Similar 

improvements in sprint performance when comparing hypoxic to normoxic groups was also 

observed by Bocherie e al. (2015), where the authors applied a work: rest ratio of 1:1, (15:15 

s). However, Jones et al. (2015), used a 1:1.25 ratio, (60:75 s), while Hamlin et al. (2017), used 

a 1:5 ratio (5:25 s), which also showed significant beneficial improvement in the hypoxic 

compared to the normoxic group. Interestingly, Brechbuhl et al. (2019), found no benefit in 

repeated sprint performance in tennis players with a 1:4 ratio (6:24 s) while Galvin et al. 

(2013), found no benefit in rugby union and rugby league players with a 1:5 ratio (6:30 s). To 

summarise, the smaller work-to-rest ratio, the less recovery is given, which gives less time for 

the aerobic system to aid in the recovery of muscular ATP-PC, which results in greater stress 

(and subsequent adaption) on the anaerobic metabolic system during repeated sprint 

training. In future repeated sprint research studies, the work to rest ratio should be such that 

it allows maximal anaerobic stress and adaptation response to occur. 

 

Postulated mechanisms responsible for such improvement in sprint performance include 

enhanced anaerobic glycolytic activity and modified acid-base homeostasis (Faiss, Léger, et 

al., 2013). Training in hypoxia lowers the rate of oxygen delivery to the muscle (as witnessed 

by the Sp0₂ levels in the players in this study, see Figure 1), which increases the stress on the 

anaerobic metabolic pathways, thereby resulting in the upregulation of anaerobic 

metabolism (Faiss, Léger, et al., 2013). However, this remains speculative for the players in 

this study since no mechanistic variables were measured apart from SpO2. More research is 

needed to investigate these variables which may help us better understand mechanisms with 

such training. 
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5.2 Aerobic Performance 

The addition of high-intensity intermittent running sprints, and all-out efforts in normoxic 

training programs has previously been shown to be effective for increasing aerobic 

performance in team sport players (Czuba et al., 2013; Galvin et al., 2013). For example, Czuba 

et al. (2013), found that 3 high intensity interval training sessions per week for 3 weeks 

consisting of four to five 4-min bouts at 90% of VO2max velocity caused a 5% (p < 0.05), 

improvement in VO2max in the hypoxic  compared to the normoxia group in male 5x5 

basketball athletes. Furthermore, in a study outlined previously, Galvin et al. (2013), also 

found a 7.2% (p < 0.05), improvement in the hypoxic compared to the normoxic group in 

VO2max of rugby players. However, the results in the current study showed unclear differences 

(improvement of 262.0 ± 852.2 m, mean ± 95% CL), in aerobic performance (YYIR1 test) in the 

hypoxic compared to normoxic group. This was expected as the total duration of hypoxic 

exposure was probably too low for inducing any positive haematological, capillary or 

mitochondrial adaptations (Ploszczyca et al., 2018). Moreover, training intensities and work-

to-rest ratios used in the current study were not likely to elicit VO2 responses near VO2max. It 

is more likely that such training would stimulate adaptation in other central (i.e. ventilatory, 

hemodynamics, or neural adaptations) or peripheral (i.e., muscle-buffering capacity, 

economy, mitochondrial biogenesis, lactate transport, pH regulation) factors (Faiss, Girard, & 

Millet., 2013). Team sport training stimulates a myriad of metabolic and neuromuscular 

systems simultaneously, thus anaerobic glycolytic energy contribution and neuromuscular 

load/musculoskeletal strain are likely the more important variables to consider (Buchheit & 

Laursen, 2013). This supports similar findings from Truijens et al. (2003), where improvement 

in VO2max in swimmers had not been observed after a high-intensity interval training program, 

which included (≤ 60 s bouts) with high intensity. Similarly, Hamlin et al. (2017), observed 

unclear differences in aerobic performance in YYIR1 test after short interval training (5 x 5s 

sprints with 25 s and 5 min of active recovery between reps and sets, respectively).  Although 

overall results showed unclear differences in the current study, some individuals benefited 

from this training (see Figure 7), therefore we would urge coaches and trainers to test the 

effectiveness of such training individually on their athletes before considering any 

implementation. 
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5.3 Muscular Power 

The results of the current study showed unclear differences between groups in explosive 

muscular power in squat jump peak power (14.4 ± 1268.9 w, p= 0.98) squat jump peak velocity 

(0.03 ± 0.4 m/s, p= 0.86), and countermovement jump performance (0.5 ± 9.1 cm, p= 0.90). 

However, in a study by Brocherie, et al. (2015), the authors examined the effects of 5 weeks 

(~ 60 min per training, 2 days per week) of run-based high-intensity repeated-sprint (15:15 s 

x 5-6 reps, x2-3 sets), and explosive strength/agility/sprint training (3-4 reps, < 5 seconds in 

duration x 4-6 sets) in either normobaric hypoxia (approximately 3000 m, FIO2 = 14.3%) or  

normoxia (FIO2 = 21.0%). Brocherie, et al. (2015), found that the countermovement jump 

performance improved to a similar extent in both hypoxic and normoxic groups (+6.5 ± 1.9% 

vs. +5.0 ± 7.6% (p < 0.001), for the hypoxic and normoxic groups respectively). These 

improvements in lower-limb explosive power seem unlikely to result from the 

hypoxic/normoxic training protocol. It is possible that this improved explosive muscular 

power was a result of a better production/force application due to neural adaptions as no 

strength or power training was used in the training protocol for these athletes. Therefore, 

similar to the repeated sprint results, it seems unlikely that improvements in muscular power 

will occur without specifically training for power production, something we did not do in the 

current study (we had no explosive maximal contraction-type exercises in our training). 

Whether the addition of hypoxia to this training improves the adaptation and subsequent 

power output is yet to be determined. 

 

5.4 Sp0₂ 

In the current study, peripheral saturation of blood oxygen levels (Sp0₂) were substantially 

lower in the hypoxic group when compared to normoxic (90.7 ± 1.7, 95.2 ± 1.4). Similar results 

have been observed in previous studies associated with hypoxic training (Hamlin et al., 2017; 

Brocherie et al., 2015; Goods et al., 2014). The lower SpO2 is due to a reduction in the partial 

pressure of oxygen in the inspired air (PI02) and a subsequent drop in the amount of oxygen 

in the arterial blood (Pa02) (Hamlin et al., 2012). A reduction in the concentration of oxygen in 

the circulating arterial blood results in a decreased ability to extract oxygen for the working 

muscles and a reduced oxygen uptake (Hamlin et al., 2012). However, while differences were 

observed between groups, individual players showed considerable variation in Sp0₂ levels 
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(see Figure 1), even though players were breathing the same concentration of oxygen during 

training sessions. This may have caused different stressors on the aerobic and anaerobic 

metabolism in each individual and thereby affected overall results.  

 

5.5 HR 

In the present study, when compared to the hypoxic group, the normoxic group showed 

substantially higher heart rates during most training sessions (179.4 ± 4.0, 172.3 ± 4.3, mean 

of all sets over all training days for the normoxic and hypoxic groups respectively) which is 

unusual as this group had access to normal levels of oxygen during training. The current 

findings conflict with other studies as heart rate typically increases with high altitude training 

in hypoxic groups (Khodaee et al., 2016). During maximal exercise at high altitude, an increase 

in cardiac output is essential for maintaining oxygen delivery to the tissues, as the oxygen 

available progressively decreases with increasing altitude (or lower inspired oxygen level) 

(Khodaee et al., 2016). As a result, heart rate tends to increase to compensate for lowered 

blood oxygen levels and subsequently reduced oxygen delivery to tissues (Khodaee et al., 

2016). Although our data shows a lower heart rate in hypoxic players, RPE levels indicate they 

were in fact giving similarly maximal efforts throughout each session (See Figure 2).  This 

result is unusual and requires more investigation. It may be, that the hypoxia causes increased 

feelings of fatigue and therefore the hypoxic group lowered its work intensity to compensate. 

Subsequent research studies should look at possible mechanisms involved in this 

phenomenon in an effort to improve the hypoxic training experience. 
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5.6 Rate of Perceived Exertion during Trainings (at the end of each set) 

Generally, the addition of hypoxia during exercise results in substantially higher ratings of 

perceived exertion (Buchheit et al., 2012; Goods et al., 2014). It seems that when exercising 

under hypoxic conditions, even when the workload is reduced to account for the lowered 

oxygen availability, participants perceive the exercise to be more difficult (Buchheit et al., 

2012). However, in the current study, this was not the case. Perceived exertion values showed 

similar levels within or between groups as players gave maximal effort during every rep and 

set of each training session (Figure 3). As suggested above, perhaps the hypoxic players 

lowered the workload intensity to reduce feeling of fatigue which would also lower the RPE 

scores and heart rates, however this hypothesis requires further investigation in subsequent 

research studies. We also speculate that the rather low subject numbers and large variation 

between individuals probably resulted in unclear changes in groups. 
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5.7 Subjective Measures 

In order to gain maximal benefit from altitude training and to identify players who were 

perhaps not responding effectively to training, a number of subjective variables were 

monitored over the training period, which included muscle soreness, fatigue, stress, sleep 

quality, training performance and session RPE.  

 

In most cases, and particularly on day 2 and 6, the hypoxic players perceived their training 

performance to be significantly higher than the normoxic group (Figure 6). Further to this, 

when compared to the normoxic group, the hypoxic group showed more muscle soreness, 

better sleep quality and more fatigue. These results may be explained by the fact that on the 

whole, the hypoxic players muscles were probably working harder during training. According 

to Henneman’s size principle motor units are generally recruited in order of smallest to largest 

as the contraction increases (Henneman et al. 1965). It is currently thought that in general, 

type I (small, slow twitch oxidative) motor units are recruited first, then type II (large, fast 

twitch glycolytic) are recruited as the force required to be generated is increased. Therefore, 

during high-intensity intermittent training, type II fibres have to take up much of the work. 

There is evidence that breathing hypoxic mixtures during training increases type II 

recruitment compared to normoxic air (Melissa et al. 1997). Breathing hypoxic air during 

training may therefore cause earlier than normal fatigue of type I fibres (which rely on oxygen 

and therefore fatigue early in a low oxygen environment), which creates greater reliance on 

the type II fibres which are required to complete a greater amount of the work causing more 

muscle damage and subsequently fatigue and muscle soreness. In terms of better quality 

sleep, it is unclear what mechanisms contributed. Perhaps hypoxia has an influence of sleep 

hormones i.e. serotonin, or the fact the athletes are more exhausted than the normoxic group 

could have played a role. 

 

Similar results were shown in both the normoxic and hypoxic groups for session RPE (18.2 ± 

0.7; 18.3 ± 0.7 (Figure 6). These results were expected as players were advised to give 

maximum effort in every training session. However, other studies have noted that the 

addition of hypoxia during exercise resulted in substantially higher ratings of RPE in the 

hypoxic group (Shephard et al., 1992; Buchheit et al., 2012; Goods et al., 2014). This could be 
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due to the methodological differences between studies where the hypoxic group had their 

workload reduced to account for training in altitude or where the training workload was 

submaximal. However, with a small sample size, caution must be advised, as the findings in 

the current study might not be transferable to the majority of the population. More research 

on this topic needs to be undertaken before the association between hypoxia and aerobic 

performance and explosive muscular power is clearly understood. 
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6 Limitations 

A limitation of this study is that we used well-trained 3x3 basketball players and therefore the 

results may not reflect what may occur in untrained team sport athletes, or even 5x5 

basketballers. Another limitation was that no skeletal muscle biopsy samples were taken 

which would have confirmed training induced adaptive mechanisms at the muscular level. 

However, the main reason not to perform invasive measurement was that this study was 

conducted within a realistic applied setting on developing athletes. Another limitation is 

training volume in the week. Although we asked the players not to do anymore training than 

the intervention and team training sessions, they may have completed other trainings which 

may affect fatigue and therefore training adaptation. A further limitation was the limited 

number of players available for the study; while a minimum of 7 players per group was 

calculated from our subject numbers power test, 5 players were removed from the study due 

to personal reasons before intervention. Small sample sizes increase variation and the 

possibility of outliers, which will have an effect on the outcome. Similarly, large variation 

decreases the chance of finding small but worthwhile effects. Finally, while players were 

asked to maintain their normal diet during training, this was not measured and may have 

changed, which could have had an effect on training performance, recovery and testing 

performance.  

 

7 Conclusion 

In conclusion, a clinically substantial improvement in repeat sprint ability at sea level was 

found after high-intensity hypoxic interval training in well-trained female 3x3 basketball 

players. High-intensity interval training provides an effective strategy compared to similar 

training in normoxia for improving performance in a test that simulates on-field performance. 

However, this training protocol had unclear effects on muscular and aerobic performance. 

Further applied research in larger samples is required to better understand how to optimally 

design exercise and recovery parameters (intensities or exercise-rest ratios) to improve 

anaerobic and aerobic performance in hypoxic conditions. 
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9.1 Exercice Medical Questionnaire 

 
FOR YOUR SAFETY     Please answer the following questions as well as you can. It is important to 
check each item carefully. 

PERSONAL INFORMATION 

 
Name:____________________________________________________________________________ 
 
Sex:     M / F         Age:  _____________________________            Birth Date:  _____/_____/_____ 
 
Address:__________________________________________________________________________ 
 
Telephone:  ___________________________ (hm)    __________________________________ (wk) 
 
Emergency:  Contact Name: ________________________________ Telephone:  _______________ 
 

1. Have you ever had any injury, illness, back or joint injury, muscular pain that may be aggravated by 
vigorous exercise? 
Yes/No 

 
2. Have you ever had: Arthritis, Asthma, Diabetes, Epilepsy, Hernia, Ulcer or Dizziness? 

Yes/No 
 

3. Have you ever had a Heart Condition, High Blood Pressure, Stroke, High, Cholesterol, and pains in the 
chest? 
Yes/No 

 
4. Have any immediate family members had heart problems prior to age 60? 

Yes/No 
 

5. Are you now or is there a chance that you are pregnant (e.g. having sexual relations without birth 
control)? 
Yes/No 

 
6. Are you taking any prescribed medication? 

Yes/No 
 

7. Have you been hospitalised recently? 
Yes/No 

 
8. Do you have any physical disabilities that will limit your ability to participate in vigorous to maximal 

exercise? 
Yes/No 

 
9. Have you been going to your normal training sessions and participating in vigorous to maximal 

exercise regularly? 
Yes/No 

 
10. Is there any reason not mentioned above that may prevent or affect your ability to perform physical 

exercise?  
Yes/No 
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11. Are there any other reasons e.g. cultural, why you would prefer not to participate in this study? 
Yes/No  

 
 

  
IF YOU ANSWERED YES TO ANY OF THESE QUESTIONS PLEASE PROVIDE MORE INFORMATION.  
__________________________________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________ 

 
I ________________________ state to the Tourism, Sport and Society Department of Lincoln University that I 
have furnished details of any medical condition I have had, and all recent medical treatment received by me. I 
also state that all questions have been answered to my satisfaction.  
 
Signed _______________________________________                              Date:  _____/_____/_____ 
 
Witness ______________________________________                              Date:  _____/_____/_____ 
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Department of Tourism, Sport and Society 

 

9.2 Research Information Sheet 

 
You are invited to participate as a subject in a project entitled: 
 

Effect of altitude training on Basketball performance 
 
The aim of this project is:  
To investigate the effectiveness of simulated altitude training on performance in basketball 
players.  
 
Your participation in this project will involve: 
Being randomly selected into one of two experimental groups and undertaking a series of 
exercise tests before and after completing 4 weeks of high-intensity exercise training 
combined with simulated altitude. You will be a well-trained basketball player who exercises 
regularly as part of your normal daily life.  
 
Experimental testing will involve subjects performing a series of measures aimed at 
establishing changes in power, repetitive sprint ability and endurance. On each of the 2 
testing days (1 week before and 1 week after the training) subjects will complete a warm-up 
followed by a power test (squat jump/counter movement jump), repeated sprint test and 
finally a Yo-Yo endurance test. You will be given adequate time between tests to recover fully 
and hydrate. The testing will take approximately 1 hour to complete. A number of variables 
will be measured non-invasively during these tests including power output and heart rate. We 
will also take a finger prick blood sample to test your blood for haemoglobin. 
 
All subjects will also perform a total of 4 weeks of high-intensity interval training. During 
training, subjects will receive normobaric hypoxic gas (at a concentration that simulates high 
altitude) via the Vertex Altitude hypoxic room (http://vertexaltitude.co.nz/). The altitude 
room will be operated by a researcher who has experience and knowledge with such a system. 
Normobaric hypoxic gas refers to low oxygen concentration gas which has a barometric 
pressure equivalent to that of sea level. During the training sessions, heart rate will be 
recorded continuously by means of a heart rate monitor and arterial oxygen saturation will 
be monitored by an oximeter at the end of each exercise bout. Subjects will be asked to 
complete 2 training sessions per week for 4 weeks (8 sessions in total). Each session will 
consist of a series of high-intensity exercises on various types of equipment including the 
treadmill, bike, rower as well as some body weight and resistance exercises. All training 
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sessions will be preceded by a 5-minute warm-up on the Watt Bike at a low work intensity 
(30-50 watts) followed by stretching of the major muscle groups of the upper and lower legs. 
 
You will also be asked to record all of your training, performance and subjective data onto 
recording sheets on a daily basis throughout the study. Subjects will be asked to abstain from 
alcohol for 24-h, and avoid eating a heavy meal and caffeine containing beverages or food for 
4-h prior to all experimental testing. In total, your involvement in this study would require 
approximately 1 hour per week of your time on the testing weeks (of which there are 2) and 
2 hours per week on the training weeks (of which there are 4) totalling 10 hours of your time 
over 6 weeks. 
 
In the performance of the tasks and application of the procedures, there are risks of:  
Subjects experiencing fatigue and discomfort for a short period, however, these feeling are 
only temporary and usually subside within approximately 2 hours. The risk of injury or illness 
is low, and is no more than what would be expected during a normal training sessions. From 
the finger prick blood sample your finger may be bruised but such bruising is unusual and 
normally disappears within 24-48 hours. 
 
The results of the project may be published, but you may be assured of your anonymity in this 
investigation: the identity of any participant will not be made public, or made known to any 
person other than the researcher, his or her supervisors and the Human Ethics Committee. 
To ensure anonymity the following steps will be taken: Data will be transferred from the data 
sheets to a computer, which will be password protected. The data sheets and consent forms 
will be placed under secure storage in the researcher’s office and after the study, placed in 
the Lincoln University Archive Room.  These will be destroyed after 6 years. Participants in 
this study may at any time withdraw from the project, including withdrawal of any 
information they have provided, up to 30 December 2019. 
 
 
The project is being carried out by: 
 
Hoani Smith 
 

Contact details: 
Phone: (03) 423-0489,  
Cell: 027-8158-058,  
Email: hoani.smth@lincoln.ac.nz 
 

He will be pleased to discuss any concerns you have about participation in the project.   
 
The project has been reviewed and approved by the Lincoln University Human Ethics 
Committee. 
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9.3 Consent Form 

 
Name of Project:    Effect of altitude training on Basketball performance 
 
 
I have read and understood the description of the above-named project.  On this basis I 
agree to participate as a subject in the project, and I consent to publication of the results of 
the project with the understanding that anonymity will be preserved.  I understand also that 
I may at any time withdraw from the project, including withdrawal of any information I have 
provided, up to 30 December 2019. 
 
 
 

Name:    
 
 
 
Signed:    
 
 
 
Date:    
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9.4 Rate of Perceived Exertion Scale 

 

6  No Exertion at All 

7  Extremely Light 

 

8  Very Light 

9  

10  Light 

11 

12  Somewhat Hard 

13 

14  Hard (heavy) 

15 

  

16  Very Hard 

17 

 

18  Extremely Hard 

19  Maximal Exertion 

20 

 

(Borg, 1982) 
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9.5 Training Day Data Sheet 

 
Participant:______________________________ 
 
 
Day 1. 
          
Any recent illness / injury? 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
 
(Measure Heart Rate, SPO2, RPE immediately at the end of the last rep of the set) 
 

Set Heart rate SPO2 RPE  Set Heart 
rate 

SPO2 RPE 

Set 1     Set 2    

Set 3     Set 4    

Set 5     Set 6    

 
Day 2. 
          
Any recent illness / injury? 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
 
(Measure Heart Rate, SPO2, RPE immediately at the end of the last rep of the set) 
 

Set Heart rate SPO2 RPE  Set Heart 
rate 

SPO2 RPE 

Set 1     Set 2    

Set 3     Set 4    

Set 5     Set 6    

 
 
Day 3. 
          
Any recent illness / injury? 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
 
(Measure Heart Rate, SPO2, RPE immediately at the end of the last rep of the set) 
 

Set Heart rate SPO2 RPE  Set Heart 
rate 

SPO2 RPE 

Set 1     Set 2    

Set 3     Set 4    

Set 5     Set 6    
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Day 4. 
          
Any recent illness / injury? 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
 
 
(Measure Heart Rate, SPO2, RPE immediately at the end of the last rep of the set) 
 

Set Heart rate SPO2 RPE  Set Heart 
rate 

SPO2 RPE 

Set 1     Set 2    

Set 3     Set 4    

Set 5     Set 6    

 
 
 
 
Day 5. 
          
Any recent illness / injury? 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
 
(Measure Heart Rate, SPO2, RPE immediately at the end of the last rep of the set) 
 

Set Heart rate SPO2 RPE  Set Heart 
rate 

SPO2 RPE 

Set 1     Set 2    

Set 3     Set 4    

Set 5     Set 6    

 
 
 
 
Day 6. 
          
Any recent illness / injury? 
__________________________________________________________________________________________ 
__________________________________________________________________________________________
__________________________________________________________________________________________ 
 
(Measure Heart Rate, SPO2, RPE immediately at the end of the last rep of the set) 
 

Set Heart rate SPO2 RPE  Set Heart 
rate 

SPO2 RPE 

Set 1     Set 2    

Set 3     Set 4    

Set 5     Set 6    
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Day 7. 
          
Any recent illness / injury? 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
 
(Measure Heart Rate, SPO2, RPE immediately at the end of the last rep of the set) 
 

Set Heart rate SPO2 RPE  Set Heart 
rate 

SPO2 RPE 

Set 1     Set 2    

Set 3     Set 4    

Set 5     Set 6    

 
Day 8. 
          
Any recent illness / injury?  
__________________________________________________________________________________________
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
 
(Measure Heart Rate, SPO2, RPE immediately at the end of the last rep of the set) 
 

Set Heart rate SPO2 RPE  Set Heart 
rate 

SPO2 RPE 

Set 1     Set 2    

Set 3     Set 4    

Set 5     Set 6    
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9.6 Rate of Perceived Exertion Training Sheet  

Name: _____________________   (Scale 1 = excellent, 2 = good, 3= normal, 4= poor, 5 = very poor) Intensity RPE = (6 No Exertion, 9 = very 
light, 13 = somewhat hard, 17 = very hard, 19 = extremely hard, 20 = maximal exertion). 
 

 Day Date Injuries Stress 
Level  

Fatigue 
(Energy) 

Muscle 
Soreness 

Sleep Training 
Performance 

Training Information/Load 

Freq.        RPE        Activity     Duration            

E.G Mon 1/4/2013 Bruised 
Thigh 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 

5 
1 2 3 4 5 1 

1 
15 
18 

45min 
1 hour 

10km run 
Cycle 

 
 
Week 
1 
 

Mon   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Tue   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Wed   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Thu   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Fri   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

 Sat   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5  
 

    

 Sun   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5  
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Week 
2 
 

Mon   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Tue   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Wed   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Thu   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Fri   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

 Sat   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5  
 

    

 Sun   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5  
 

    

             

 
 
Week 
3 
 

Mon   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Tue   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Wed   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Thu   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Fri   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

 Sat   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5  
 

    

 Sun   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5  
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Week 
4 
 

Mon   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Tue   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Wed   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Thu   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Fri   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

 Sat   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5  
 

    

 Sun   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5  
 

    

             

 
 
Week 
5 
 

Mon   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Tue   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Wed   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Thu   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Fri   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

 Sat   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5  
 

    

 Sun   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5  
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Week 
6 
 

Mon   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Tue   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Wed   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Thu   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Fri   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

 Sat   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5  
 

    

 Sun   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5  
 

    

             

 
 
Week 
7 
 

Mon   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Tue   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Wed   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Thu   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

Fri   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5   
 

   

 Sat   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5  
 

    

 Sun   1 2 3 4 5 1 2 3 4 5  1 2 3 4 5 1 2 3 4 
5  

1 2 3 4 5  
 

    

 


