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  The Effect of Acute and Chronic Exposure  
to Hypobaric Hypoxia on Loaded Squat Jump Performance 

by 
Amador García-Ramos1, Paulino Padial1, Blanca De la Fuente2,  

Javier Argüelles-Cienfuegos2, Juan Bonitch-Góngora1, Belén Feriche1 

The present study aimed (1) to compare loaded squat jump performance after an acute and chronic exposure to 
a moderate natural altitude between normoxia and hypobaric hypoxia conditions, and (2) to analyze the effect of an 
altitude training camp on loaded jump squat development. Sixteen male swimmers (17.1 ± 0.8 years) took part in a 17-
day training camp at a natural moderate altitude. They were randomly tested in counterbalanced order on days 1 and 3 
in normoxia and hypoxia (pretest) and on days 15 and 17 again in normoxia and hypoxia (posttest). The peak velocity 
reached with loads equivalent to 25%, 50%, 75% and 100% of swimmers’ pretest body weight in the loaded squat jump 
exercise was the dependent variable analyzed. An overall increase in peak velocity during the test performed in hypoxia 
of 6.5% in pretest (p < 0.001, ES = 0.98) and 4.5% in posttest (p < 0.001, ES = 0.81) was observed. An overall 
increment in peak velocity of 4.0% considering the data for normoxia tests (p < 0.001, ES = 0.61) and 2.1% considering 
the data for hypoxia tests (p = 0.008, ES = 0.36) was achieved after the altitude training camp. These results highlight 
the beneficial effects of hypobaric hypoxia on jump performance after short and longer term exposure to a natural 
moderate altitude. The increase in loaded squat jump performance following the 17-day training camp suggests that 
altitude training could constitute a favorable stimulus in explosive strength. 
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Introduction 

The hypobaric hypoxic conditions 
induced by increasing the altitude have profound 
effects on athletic performance (Kenney et al., 
2012; Levine et al., 2008). Physical factors due to 
the reduction in the barometric pressure 
(hypobaric) and/or physiological factors arising 
from the reduced partial pressure of oxygen in the 
inspired air (hypoxia) may be responsible for the 
changes in physical performance (Levine et al., 
2008). As the altitude increases, aerobic 
performance and maximal oxygen uptake are 
impaired due to the hypoxic environment (Fulco 
et al., 1998; Wehrlin and Hallen, 2006). In contrast 
to long-duration activities at which the aerobic  
 
 

 
metabolism is paramount, for high-intensity 
activities lasting less than 1 min, the predominant 
energy source is phosphorylation and non-
oxidative production of ATP (di Prampero, 2003). 
Therefore, it is not expected that such activities 
are compromised by the decrease in oxygen 
availability (Feriche et al., 2014; Levine et al., 
2008). 

Certainly, an acute ascent in the altitude 
has been related to an improvement in the 
performance of explosive actions (Kenney et al., 
2012). The multiple world records broken in short 
events (sprinting and jumping) during the 1968 
Mexico Olympics held at 2240 m, as well as other  
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positive results reported in scientific research into 
explosive actions performed at the altitude 
support this assertion (Hahn and Gore, 2001; 
Levine et al., 2008). Reduction in the external 
resistance to the movement due to the decrease in 
air density at the altitude (~ 3% reduction for each 
305 m rise [Levine et al., 2008]) has been proposed 
as the principle explanation for these results 
(Hahn and Gore, 2001; Kenney et al., 2012; Levine 
et al., 2008; Peronnet et al., 1991). Nevertheless, 
different physiological factors such as additional 
recruitment of fast twitch muscle fibers 
(Schoenfeld, 2013) or the increased activity of the 
sympathetic nervous system (Hainsworth et al., 
2007) could also be implicated. 

In contrast, chronic exposure to the 
altitude has been related to a deterioration in lean 
mass (Deldicque and Francaux, 2013; Mizuno et 
al., 2008) and its functional capacity (Felici et al., 
2001; Ferretti et al., 1990; Narici and Kayser, 1995; 
Raguso et al., 2004). The effect of hypoxia itself on 
the protein metabolism (Deldicque and Francaux, 
2013; Etheridge et al., 2011), an insufficient energy 
intake (Aeberli et al., 2013; Fulco et al., 2002) or a 
reduced training stimulus (Feriche et al., 2014; 
Hoppeler and Desplanches, 1992) have also been 
identified as possible explanations for this 
impairment. However, the studies that have 
found adverse effects of chronic hypoxia on the 
muscle size and strength/power adaptations were 
conducted at a high altitude (> 5000 m asl). 
Therefore, it is necessary to study the effect of 
chronic exposure to a moderate natural altitude 
(2000–2500 m asl) on muscle power adaptations. 

An increased velocity against the same 
absolute load has been described during 
traditional resistance training exercises such as the 
bench press (Feriche et al., 2014) and half-squat 
(Chirosa et al., 2006) following a sudden ascent 
(within 1-5 hours) to a moderate altitude (2320 m 
asl) from normoxic conditions. However, whether 
this enhanced performance could be maintained 
after a longer period at the altitude is unknown. 
Similarly, there is a shortage of knowledge about 
the development in explosive strength 
performance after a training camp at a moderate 
altitude. Therefore, the aims of the present study 
were (1) to compare loaded squat jump 
performance after an acute (1-3 days) and chronic 
(15-17 days) exposure to a moderate natural 
altitude between normoxia and hypobaric  
 

 
hypoxia conditions, and (2) to analyze the effect of 
an altitude training camp on loaded jump squat 
development. 

Material and Methods 
Participants 

Sixteen male swimmers from the Spanish 
Junior National Team (age 17.1 ± 0.8 years, body 
height 1.81 ± 0.07 m, body mass 73.9 ± 7.8 kg) 
volunteered to participate in this study. 
Swimmers were in their competitive period and 
had participated in national and international 
competitions for at least one year prior to the 
beginning of the study. All participants were 
informed of the procedures to be utilized and 
signed a written informed consent form prior to 
investigation. For swimmers under 18 years old, 
consent was obtained from their legal guardians. 
The study protocol adhered to the tenets of the 
Declaration of Helsinki and was approved by the 
University of Granada Institutional Review Board. 
Study design 

A repeated-measures design was used to 
investigate the effect of an acute and chronic 
exposure to hypobaric hypoxia on loaded squat 
jump performance. The participants were 
assessed and monitored over a 17-day period at 
the High Performance Centre of Sierra Nevada 
(Spain), located at 2320 m asl. During this period, 
swimmers were tested four times, twice in 
normoxia (690 m asl) and twice in hypobaric 
hypoxia (2320 m asl). The swimmers were 
randomly tested in counterbalanced order on 
days 1 and 3 (acute exposure) in both normoxia 
(N1) and hypoxia (H1) and again on days 15 and 
17 (chronic exposure) in normoxia (N2) and 
hypoxia (H2). The individual load-velocity 
relationships with loads equivalent to 25%, 50%, 
75% and 100% of swimmers’ pretest body weight 
(BW) in the loaded  squat jump exercise was 
determined on each day of testing. Peak velocity 
(PV) was collected with a linear velocity 
transducer (T-Force System) to compare the acute 
effect of altitude exposure (N1 vs. H1 and N2 vs. 
H2) as well as the adaptation after the training 
camp (N1 vs. N2 and H1 vs. H2). An overview of 
the experimental procedure is depicted in Figure 
1. 
Procedures 

After determining the athletes’ body 
height (Seca 202, Seca Ltd., Hamburg, Germany)  
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and mass (Tanita BC 418 segmental, Tanita 
corporation, Tokyo, Japan), swimmers completed 
a standardized warm-up based on jogging, joint 
mobility, dynamic stretching, six jumps without 
additional weight and one set of five jumps lifting 
17 kg in the assessed exercise. Subjects then 
performed an incremental loading test in the 
loaded squat jump exercise. The loads used were 
25%, 50%, 75% and 100% of the swimmers’ pretest 
BW. Since the weight of the unloaded Smith 
machine bar was 17 kg, the swimmers with body 
mass < 68 kg performed their first set with a 
relative intensity a bit higher than 25% of BW. The 
absolute loads used during the test were 19.0 ± 1.8 
kg (25.4 ± 0.7%BW), 37.5 ± 3.9 kg (50.0 ± 0.3 %BW), 
56.1 ± 5.8 kg (74.9 ± 0.3 %BW) and 74.4 ± 7.8 kg 
(100.1 ± 0.3 %BW). The same absolute loads for 
each subject were used in all tests, allowing the 
assessment of the load-velocity relationship in 
identical loading conditions (Hansen et al., 2011). 
Two repetitions were performed with each load. 
Recovery time was 1 min between attempts with 
the same load and 5 min between the attempts 
with different loads. 

The movement commenced from a 
standing position with the knees and hips fully 
extended, feet approximately shoulder-width 
apart and the barbell resting across the back at the 
level of the acromion. The swimmers then slowly 
assumed a squatted position until the back of the 
thigh touched a rod on a tripod set at a knee angle 
of 90º previously measured with a manual 
goniometer (Bazuelo-Ruiz et al., 2015). The 
subjects were instructed to maintain this position 
for two seconds before performing a purely 
concentric action in order to jump as high as 
possible (Markovic and Jaric, 2007). Movements 
such as countermovement or throwing the bar 
over the shoulders were not allowed. If any of 
these movements were observed, the jump was 
repeated after a corresponding rest period. 

All the tests were performed with a Smith 
machine (Technogym, Barcelona, Spain). A 
dynamic measurement system (T-Force System; 
Ergotech, Murcia, Spain) validated by Sánchez-
Medina and González-Badillo (2011) was fixed 
perpendicularly to the bar to record directly its 
vertical instantaneous velocity at a frequency of 
1000 Hz. Peak velocity (PV) was defined as the 
maximum instantaneous velocity value attained 
during the concentric phase of each repetition.  
 

 
Peak velocity was used since this variable had 
shown to be closely related to vertical jump 
performance (i.e., jump height) (García-Ramos et 
al., 2015). Only the repetition with the highest PV 
at each load was considered for further analysis. 
In addition, an overall PV value for each subject 
was calculated by averaging the PV values of each 
individual load. 
Training prescription 

The swimmers completed the training 
programs prescribed by their coaches and the 
training load was monitored in training diaries. 
One coach was responsible for filling in the 
training diary of each swimmer. On average, 
swimmers performed 25 pool sessions (mean ± 
standard deviations [SD]; duration: 119.8 ± 10.8 
min, CR-10 RPE (Borg et al., 1985): 7.3 ± 0.9, and 
distance: 6696 ± 644 m) and 10 dry land sessions (4 
sessions of circuit training and 6 of strength-
power training). The lower limb exercises 
performed by the swimmers were: the half-squat 
(3-4 sets of 6-8 repetitions with 70-90% of BW and 
fast speed) and the lunge (3-4 sets of 6-12 
repetitions with 30% of BW and moderate speed). 
Prior to the study outset, swimmers had been 
following similar resistance training routines as 
the one carried out in the present study. 
Additionally, they were requested to include the 
exercises employed during the altitude training 
camp as part of their training schedule at least 2 
months before the beginning of the study. 
Statistical analysis 

Data are presented as mean ± SD. A three-
way (test [pretest and posttest] × condition 
[normoxia and hypoxia] × load [25%, 50%, 75%, 
and 100% of BW]) repeated measures ANOVA 
was used to examine peak barbell velocity during 
the different tests performed. When a significant F 
value was achieved, pairwise differences between 
means were identified using Bonferroni post hoc 
procedures. The magnitude of the differences was 
expressed as a standardized mean difference 
(Cohen’s d effect size; ES). The criteria to interpret 
the magnitude of the ES were as follows: <0.2 = 
trivial, 0.2–0.6 = small, 0.6–1.2 = moderate, 1.2–2.0 
= large, and >2 = very large (Hopkins et al., 2009). 
Test-retest absolute reliability was measured by 
the standard error of measurement (SEM) which 
was expressed in relative terms through the 
coefficient of variation (CV), whereas relative 
reliability was assessed by the intraclass  
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correlation coefficients (ICC) calculated with the 
two-way random effects model. The reliability 
analysis was done between the two repetitions 
performed with each load in the pretest for each 
specific environmental condition (normoxia or 
hypoxia). Given that the order of the tests in 
normoxia and hypoxia was counterbalanced, the 
learning effect in the loaded squat jump exercise 
was assessed comparing the data from test 1 (50% 
of the data came from the normoxia test and 
remaining 50% from the hypoxia test) and test 2, 
in both pretest and posttest. The T-test for paired 
data and ES were used to compare test 1 and test 
2 in pretest and posttest. All statistical tests were 
performed using the software package SPSS 
(version 20.0: SPSS, Inc., Chicago, IL, USA). The 
level of significance was set at p < 0.05 and the 
confidence interval at 95% was indicated when 
appropriate (95% CI). 

Results 
The three-way repeated measures 

ANOVA revealed significant main effects for the  
test (F[1,15] = 33.6, p < 0.001, 2

pη  = 0.691), 

condition (F[1,15] = 135.1, p < 0.001, 2
pη  = 0.900)  

 

 
and load (F[1.4,21.7] = 1888.6, p < 0.001, 2

pη  = 

0.991). However, neither of the interactions 
reached statistical significance: test x condition 
(F[1,15] = 2.32, p = 0.149, 2

pη  = 0.134), test x load 

(F[3,45] = 1.99, p = 0.129, 2
pη  = 0.117), condition x 

load (F[3,45] = 1.27, p = 0.296, 2
pη  = 0.078) and test 

x condition x load (F[3,45] = 0.06, p = 0.983, 2
pη  = 

0.004). 
 Table 1 summarizes PV descriptive values 
for all conditions tested in the present study. An 
overall increase in the load-velocity relationship 
of 3.1% (95% CI = 1.9–4.2%) in the posttest (2.128 ± 
0.115 m∙s-1) compared to the pretest (2.065 ± 0.126 
m∙s-1) was observed (p < 0.001). A 5.5% (95% CI = 
4.5–6.5%) increase in PV during the test conducted 
in hypoxia (2.153 ± 0.120 m∙s-1) compared to 
normoxia (2.041 ± 0.120 m∙s-1) was reached (p < 
0.001). 
Normoxia 1 vs. Hypoxia 1 // Normoxia 2 vs. 
Hypoxia 2 

Higher PV values were reached during 
the tests conducted in hypoxia in both pretest and 
posttest with the four loads analyzed (Figure 2). 

 

 

 

 
 

Figure 1 
 

Overview of the experimental procedure used in the study.  
N1, pretest conducted in normoxia; H1, pretest conducted in hypoxia;  

N2, posttest conducted in normoxia;  
H2, posttest conducted in hypoxia; n, number of subjects 
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Table 1 
Peak velocity values (m∙s-1) for the different conditions tested 

 

Load 
(% body weight) 

Pretest Posttest 

Normoxia Hypoxia Normoxia Hypoxia 

25% 2.463 ± 0.17 2.570 ± 0.17 2.539 ± 0.12 2.615 ± 0.15 

50% 2.104 ± 0.16 2.237 ± 0.13 2.205 ± 0.13 2.295 ± 0.14 

75% 1.843 ± 0.13 1.985 ± 0.13 1.908 ± 0.12 2.012 ± 0.11 

100% 1.591 ± 0.11 1.728 ± 0.11 1.673 ± 0.10 1.781 ± 0.09 

 
 
 
 
 
 
 
 

 
Figure 2 

 
 Effect of altitude exposure on peak bar velocity during the loaded  

squat jump in pretest (A and C) and posttest (B and D).  
Graphs A and B show the comparison of mean values with the four loads used.  

Graphs C and D show individual responses using the average  
peak velocity value of the four loads. N1, pretest conducted in normoxia;  
H1, pretest conducted in hypoxia; N2, posttest conducted in normoxia;  

H2, posttest conducted in hypoxia; CI, 95% confidence interval;  
p, statistical significance; ES, effect size ([mean hypoxia – mean normoxia] / SD normoxia).  

Standard deviations were omitted for clarity, but are included in Table 1 
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Figure 3 
 

Chronic effects of the altitude training camp on peak bar velocity during the loaded jump squat.  
Graphs A and B show the comparison of mean values with the four loads used.  

Graphs C and D show individual responses using the average peak  
velocity value of the four loads. N1, pretest conducted in normoxia;  

N2, posttest conducted in normoxia; H1, pretest conducted in hypoxia;  
H2, posttest conducted in hypoxia; CI, 95% confidence interval; p, statistical significance;  

ES, effect size ([mean posttest – mean pretest] / SD pretest).  
Standard deviations were omitted for clarity but are included in Table 1. 

 
 
 

Table 2 
Peak velocity (m∙s-1) comparisons between test 1 and test 2 in pre- and posttest 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Overall, data obtained averaging the four loads; ES, effect size ([mean Test 2 – mean Test 1] / SD both). 

 

Load 
(% body weight) 

Pretest Posttest 

Test 1 Test 2 Test 1 Test 2 

25% 
2.516 ± 0.17 2.517 ± 0.19 2.564 ± 0.15 2.589 ± 0.14 

ES = 0.003 ES = 0.063 

50% 
2.163 ± 0.16 2.179 ± 0.16 2.232 ± 0.16 2.268 ± 0.13 

ES = 0.034 ES = 0.082 

75% 
1.906 ± 0.15 1.921 ± 0.15 1.947 ± 0.15 1.973 ± 0.11 

ES = 0.027 ES = 0.052 

100% 
1.643 ± 0.14 1.676 ± 0.12 1.721 ± 0.13 1.733 ± 0.09 

ES = 0.054 ES = 0.021 

Overall 
2.057 ± 0.14 2.073 ± 0.15 2.116 ± 0.14 2.141 ± 0.11 

ES = 0.033 ES = 0.053 
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An overall increase in PV during the test 

performed in hypoxia of 6.5% in the pretest (95% 
CI = 4.7–8.2%, p < 0.001, ES = 0.98) and 4.5% in the 
posttest (95% CI = 3.2–5.9%, p < 0.001, ES = 0.81) 
was observed. All swimmers, apart from subject 8 
in the pretest (N1 = 1.948 m∙s-1 and H1 = 1.941 m∙s-1) 
and subject 3 in the posttest (N2 = 2.108 m∙s-1 and 
H2 = 2.086 m∙s-1), showed higher PV values during 
the tests conducted in hypoxia (Figure 2). 
Normoxia 1 vs. Normoxia 2 // Hypoxia 1 vs. 
Hypoxia 2 

Significant increases in PV were observed 
after the training period with the four loads 
analyzed (Figure 3). An overall increment of 4.0% 
(95% CI = 2.3–5.8%, p < 0.001, ES = 0.61) 
considering the data for normoxia tests and 2.1% 
(95% CI = 0.6–3.7%, p = 0.008, ES = 0.36) 
considering the data for hypoxia tests was 
achieved. Analysis of the data recorded in 
normoxia showed that 75% of the swimmers (n = 
12) improved PV performance by more than 1%, 
whereas changes in the remaining 25% of the 
subjects (n = 4) were between +1% and -1%. 
Considering the data recorded in hypoxia, 62.5% 
of the swimmers (n = 10) improved PV 
performance by more than 1%, 25% (n = 4) were 
between +1% and -1%, and 12.5% (n = 2) showed a 
reduction in PV performance by more than 1%. 
Learning effects 

High test–retest reliability for PV values 
was observed in the pretest at 25% BW (CV: 2.5%, 
ICC: 0.89 [0.79–0.94]), 50% BW (CV: 2.1%, ICC: 
0.92 [0.84–0.96]), 75% BW (CV: 3.1%, ICC: 0.85 
[0.72–0.92]), and 100% BW (CV: 2.8%, ICC: 0.89 
[0.79–0.95]). There were no significant differences 
between test 1 and test 2 for any of the loads 
analyzed in the pretest and posttest. In addition, 
the magnitude of the differences between both 
tests was always trivial (Table 2). 

Discussion 
This study was designed to analyze 

whether the beneficial effects in explosive actions 
that followed a sudden ascent to altitude were 
maintained after a chronic exposure of 15-17 days 
to a moderate natural altitude. The results  
revealed significant increments in loaded squat 
jump performance when the tests were performed 
in hypoxia compared to normoxia in both pretest 
(6.5%) and posttest (4.5%) conditions. Given that 
the improvements caused by the physical factors  
 

should be similar in both tests, the 2.0% difference 
could be caused by physiological changes which 
occur during the exposure to the altitude. In 
addition, an overall increase in the load-velocity 
relationship after the altitude training period was 
also observed. These results suggest that altitude 
training could constitute a favorable stimulus for 
the development of explosive strength 
performance. However, the presence of a control 
group training in normoxia would have been 
recommended to examine further whether 
altitude training really has an additional benefit 
compared to training at the sea level. 

Contrary to the deterioration in aerobic 
performance widely described at the altitude, 
some studies have shown that performance of 
non-aerobic dependant explosive actions 
improves at the altitude (Hahn and Gore, 2001; 
Kenney et al., 2012; Levine et al., 2008). In 
accordance with our results, an increase in the 
velocity at which a determined absolute load can 
be lifted following a sudden ascent to the altitude 
has also been described (Chirosa et al., 2006; 
Feriche et al., 2014). The improvements in 
movement velocity at a natural altitude may be 
caused by different factors such as: (a) reduced 
external resistance to the movement due to 
physical factors (Hahn and Gore, 2001; Kenney et 
al., 2012; Levine et al., 2008; Peronnet et al., 1991); 
(b) an incremented ability of the subject to 
produce force due to a stimulation of 
physiological factors, such as additional 
recruitment of fast twitch muscle fibers 
(Schoenfeld, 2013) or (c) a combination of physical 
and physiological factors. 

Reduction in the external resistance to the 
movement has been proposed as one of the main 
reasons for the improvements in explosive actions 
performed at the altitude (Hahn and Gore, 2001; 
Kenney et al., 2012; Levine et al., 2008). Peronnet 
et al. (1991) indicated that running speed in sprint 
events (100 and 200 m) was faster as the altitude 
increased (up to 4000 m), due to the progressive 
reduction in air resistance without the detrimental 
effect of reducing energy availability. In addition, 
Feriche et al. (2014) compared the effects of acute  
exposure to a real (hypobaric hypoxia) or 
simulated altitude (normobaric hypoxia, 15.7% 
inspired fraction of oxygen) on the force-velocity 
relationship during a bench press exercise in two 
groups of athletes from combat sports. While the  
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group tested in hypobaric hypoxia showed an 
increase of 5.7% in the one-repetition maximum 
bench press, as well as a faster velocity for a given 
load compared to normobaric normoxia, no 
changes in any of these variables were observed 
in the group tested in normobaric hypoxia. 

However, the slow velocities produced 
during loaded squat jumps suggest that it is 
unlikely that all differences can be explained by 
the physical factor alone (lower air resistance). In 
addition, if physical factors were the only cause, 
the same differences between hypoxia and 
normoxia would be expected in both tests. 
Nonetheless an increase of 6.5% in the overall 
load-velocity relationship considering the data 
from the pretest and an increase of 4.5% 
considering the data from the posttest were 
observed in hypobaric hypoxia. Given that air 
resistance was similar in both tests, the 2.0% 
difference could be explained by changes in 
physiological factors during the exposure to and 
training at the altitude. 

Chronic hypoxia has been frequently 
associated with the loss of muscle mass 
(Deldicque and Francaux, 2013; Mizuno et al., 
2008) and its functional capacity (Felici et al., 2001; 
Ferretti et al., 1990; Narici and Kayser, 1995; 
Raguso et al., 2004). However, most of these 
studies were conducted at high altitudes (> 5000 
m asl), while altitude camps are usually held at 
moderate altitudes (1800-2500 m asl). Despite the 
fact that an ascent to moderate altitudes seems to 
improve the performance of explosive actions 
(Feriche et al., 2014), there is a lack of longitudinal 
studies analyzing the effects of altitude training 
camps on explosive muscle performance. In this 
context, the results of the present study revealed 
an overall increment of 4.0% in loaded squat jump 
velocity after the altitude training period when 
compared to normoxia tests, before and after the 
camp. 

Wide variability in aerobic adaptations 
between individuals after altitude training is 
frequently reported (Friedmann et al., 2005). 
However, in the present study, only one swimmer 
in the pretest and another swimmer in the posttest  
developed higher velocity values during the tests 
conducted in normoxia. In addition, when 
considering the data from normoxia tests, 75% of 
the swimmers (n = 12) improved loaded squat  
jump performance by more than 1%, whereas the  
 

 
changes in the remaining swimmers (n = 4) were ± 
1%. Therefore, the altitude training camp worked 
well for most of the swimmers. 

The improvement in loaded squat jump 
performance following the altitude training camp 
could have been caused by the occurrence of 
learning effects in the assessed exercise (Hopkins, 
2000). However, based on the non significant 
differences and the trivial ES (< 0.10) between 
trials 1 and 2 in the pretest and posttest, we can 
affirm that there were no learning effects in our 
study sample. One would expect an increased 
performance in test 2 in comparison to test 1 
(especially in the pretest) if the swimmers did not 
have the proper technique in the assessed 
exercise. Additionally, the test-retest reliability of 
the four loads studied was high (CV: 2.1%–3.1%; 
ICC: 0.85–0.92). These results convince us that the 
change in performance was truly an effect of the 
altitude training and was not due to motor 
learning in the exercise assessed. However, a 
control group (training in normoxia) would have 
been necessary to examine further whether 
altitude training really has an additional benefit 
compared to training at the sea level. 

In conclusion, the present findings 
indicate that loaded squat jump performance 
improves when the test is conducted at moderate 
natural altitudes compared to normoxic 
conditions. An overall increase in the load-
velocity relationship of 6.5% and 4.5% was 
observed after an acute (1-3 days) and chronic (15-
17 days) exposure to the moderate altitude, 
respectively. Physical and physiological factors 
arising from the reduction in the barometric 
pressure may be responsible for these changes. 
Given that the differences caused by the physical 
factors should be similar in both tests, the 2.0% 
difference observed between the two periods of 
exposure to the altitude could be caused by 
physiological changes. Although the main 
mechanisms of these improvements remain 
unclear, the overall training effect increment of 
4.0% in loaded squat jump performance observed 
in normoxia following the altitude training camp 
suggests that such procedures constitute a  
favorable stimulus in the development of 
explosive strength. 
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