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Introduction

Exercises at altitude make more rapid and
greater physiological changes than those at sea
level. This is because altitude hypoxia leads to
exercise-induced physiological changes such as
total blood volume, hemoglobin, number of red
blood cell, mitochondrial concentration and muscle
enzyme activity changes(1). Sincethe Mexico City
Olympic Games were heldin 1968, the high altitude
training (HAT) methods have had a substantial
place in the area of training sciences to enhance the

performance of athletes(2). Researchers tried live
high-train highprocedure to gain the positive conse-
quences of altitude training extensively(2, 3, 4, 5).

Nevertheless, due to the fact that to bring ath-
letes to high altitude, and keep them there at least a
couple of weeks(6) take a long time and cost too
much, new approaches have been found. To provide
live high-train low/high or live low-train high (also
known as intermittent hypoxic training) environ-
ments at the sea level, some special altitude cham-
bers and/or devices in laboratories have been uti-
lized(7, 8, 9).
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ABSTRACT

Introduction: The purpose of the present study was to examine the effects of single Wingate anaerobic test on heart rate varia-
bility (HRV) parameters at 162 m, 1015 m, 2146 m, and 3085 m of altitudes, and to understand how normobaric hypoxia affect the
autonomic nervous system.

Material and methods: A total number of 21 (10 male, 11 female) physically active adult college students participated in this
study voluntarily. After the informed consent forms were filled out by all participants, and their body composition was measured in
the first visit, subjects visited the laboratory four more times with the 2 days of intervals. In every visit a participant’s HRV measure-
ment was collected after the hypoxia mask was placed on his/her face, and participant was taken to Wingate Anaerobic Test with the
mask. Immediately after the Wingate Anaerobic Test, the HRV was collected again. This procedure was applied at 162 m, 1015 m,
2146 m, and 3085 m of altitude randomly.

Results: Despite the fact that all HRV values were significantly different in the comparisons of pre- and post-test results, no
change was found in any of SDNN, SDSD, RMSSD, TP, HF, LF/HF, HF, HFnu, LF, LFnu, and VLF parameters depending on the dif-
ferent altitudes. We also found no change on anaerobic power levels.

Conclusion: In accordance with the present findings of the study it could be concluded that to exposure to normobaric hypoxia
at 162 m, 1015 m, 2146 m, and 3085 m had no additional effect on both autonomic nervous system determined by using HRV measu-
rement and anaerobic performance.
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To date, the big majority of high altitude stud-
ies examined the performance effects of different
training methods at different altitudes, and numer-
ous studies reported beneficial effects of these pro-
cedures(10, 11, 12), whereas some others did not(7, 13).

The alterations and adaptations observed as a
result of high altitude training are mostly consid-
ered to be depended to autonomic nervous system(14,

15, 16). Heart rate variability (HRV) is a non-invasive
method to evaluate the autonomous heart func-
tions(17),and has been used in the field of sports sci-
ences to investigate chronic effects of exercise and
acute effects of physical activity(18) by examining
parasympathetic and sympathetic influences on
heart. The successful adaptation of ANS to HAT has
a critical importance not only for the expectation of
increased performance of an athlete but also the
health of an athlete. Therefore, researchers have
also focused the relationship between HRV and
HAT in recent years. Menz et al. (2016) found
decreased HR results at submaximal load after a
training program in hypoxia (at 4500 m) and
demonstrated a decrease on sympathetic activity(19).

The effects of acute hypoxia on HRV were
investigated by Zhang et al. (2014). Researchers
found significant changes on some frequency-
domain HRV parameters which indicated a
decrease on sympathetic activity at hypoxia (3000
m, and 4000 m) by comparison with sea level(20).
Taralov et al. (2015) reported that the sympathetic
activity was maintained during hypoxia, and the
decreased vagal activity increased right after
hypoxic exposure in healthy men(16). Another studies
also observed increased sympathetic activity after
exposure of acute hypoxia(15, 21-24).

Nevertheless, none of the research mentioned
above has sought the HRV responses after a single,
maximum anaerobic work load at different alti-
tudes. In the present study, therefore, we aimed to
investigate the acute effects of a Wingate anaerobic
test on heart rate variability parameters at 162 m,
1015 m, 2146 m, and 3085 m in healthy, physical-
ly-active adults. These measurements would pro-
vide us to compare the mean differences of HRV
values obtained at different altitudes, and under-
stand the mechanism of HRV after a single maxi-
mum work load in normobaric hypoxia.

Methods

Participants
A total number of 21 (10 male, 11 female)

physically active adult college students participate-
din this study voluntarily. The participants com-
posed of healthy students who used to exercise
minimum 3 days a week, one hour per session for at
least 6 months prior to the studyregularly. The
mean age of participants was 19.81 ± 1.25 year,
body weight 66.27 ± 13.12 kg, body height 171.67
± 8.64 cm, and percent body fat 20.69 ± 4.93 %.

Procedures
First,the informed consent forms were filled

out by all participants, and their body composition
was measured in this first visit. All participants vis-
ited the laboratory 4 more times with the 2 days of
intervals. In every visit a participantwas lain down,
then the hypoxia mask was placed on his or her
face, and the HRV measurement was collected.
After HRV measurement was finished, participant
was stood up and taken to Wingate Anaerobic Test
(WAnT) ergometer with the mask on his/her face,
and the test was started with standardized warm up
and resting procedure. Immediately after the WAnT,
the participant was lain down, and the HRV mea-
surementwas performed again. The altitude of the
hypoxia (162 m, 1015 m, 2146 m, and 3085 m) was
determined for each visit randomly, and participants
were blinded to the altitude condition. The partici-
pants were told not to drink alcohol, and do exer-
cise for at least 24 hours prior to the each testing
day, and also advised to maintain their normal
drinking and eating habits. Throughout all these
measurements the humidity was set under 60 %,
and air temperature was kept between 20-22 Cº in
the laboratory.

Body composition
Body weightand percent body fat were mea-

sured with Avis 333plus (Korea) analyzer and
Holtain branded stadiotmeter with 1-mm distance
was used to measure body heights (Holtain, U.K.).

HRV analysis in normobaric Hypoxia
A portable hypoxic generator (Everest Summit

II, Hypoxia, NY, USA) was used to provide the nor-
mobaric hypoxic ambient. The mask of the genera-
tor was placed on the participant’s face for five
minutes in the supine position. The altitudes used in
the present study were 162 m, 1015 m, 2146 m, and
3085 m. After finishing the resting period, the HRV
measurement of four different altitude implementa-
tions wascollectedby using a device with model
OmegaWave 800 (OW, Oregon, USA).
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This measurement took approximately 5 min-
utes and allowed to have some time- and frequen-
cy-domain HRV parameters. The measurements
were obtained in position of supine on the litter
while the participants were wearing only
shorts.Three of the 7 electrodes which were used
during measurement were thoracic Wilson elec-
trodes and 4 of them were tarsale Limb electrodes.
During these measurements subjects were warned
not to speak and move. The parameters derived
from HRV measurement include; heart rate (HR),
standard deviation of all NN intervals (SDNN),
standard deviation of successive differences
between adjoining normal cycles (SDSD), square
root of the mean of the sum of the squares of differ-
ences between adjacent NN intervals (RMSSD),
total power (TP), LF and HF ratio (LF/HF), high
frequency (HF), normalized high frequency
(HFnu), low frequency (LF), normalized low fre-
quency (LFnu), and very low frequency (VLF). 

HRV is a functional indicator to understand
the state of the autonomic nervous system, and a
better ANS is correlated with increased perfor-
mance level(25). The balance of the sympathetic and
parasympathetic nervous systems controls the heart
rate(26). Sympathovagal balance is evaluated by
LF/HF ratio, which is the one of frequency-domain
analyses of heart rate variability. HF components
are related to the cardiac parasympathetic activity,
whereas LF components are relevant to both sym-
pathetic and parasympathetic activity(22, 27).

An increased TP is related with increased
parasympathetic activity. As for the other frequen-
cy-domain analyses, VLF is much less described
in terms of the physiological evidence.
Furthermore, measurements of VLF, LF, and HF
components are usually performed in absolute
values of power, but LF and HF may also be
normalized (LFnu) (HFnu) as normalization
leads to reduce the effect of the changes in total
power on the values of LF and HF compo-
nents(28). Unlike the frequency-domain parame-
ters, the increase in all the time-domain parame-
ters of HRV is related an increased parasympa-
thetic activity.

Wingate anaerobic power test
The Wingate Anaerobic Power Test

(WAnT) was conducted by using a cycle
ergometer (Ergomedic 894 E Peak Bike, Monark,
SWEDEN) according to the procedures suggested
by Inbar et al.(29).

According to this, athletes warmed up for 4
minutes at between 60-80 rpm with two 3-second
loads at 1:30 and 2.30 minutes, and had another 4
minutes for resting period. Subsequently, the ath-
letes were encouraged verbally to show their maxi-
mal limits during the WAnT protocol. The parame-
ters derived from the software were peak power
(PP), relative peak power (RPP), average power
(AP), relative average power (RAP), minimum
power (MP), relative minimum power (RMP), and
power drop (PD).

Statistical analysis
SPSS 20 (SPSS Inc., Chicago, IL, USA) was

used for statistical data analyses in the research.
Firstly, the distribution of data was tested by Shapiro
Wilk test. After confirming the normality, the differ-
ences of HRV parameters and the outcomes of
WAnT were compared by Variance Analysis in
Repetitive Measurements or Friedman tests. In order
to determine which group had different data in vari-
ance analysis in which Friedman Test was used, the
analysis was performed with Wilcoxon Test. To ana-
lyze the pre- and post-test HRV results Paired
Sample T-test or Wilcoxon Test was utilized accord-
ing to the normality. Alpha value was accepted as
0.05 for all of the statistical analyses.

Results

The results of WAnT values and their mean
differences according to different altitudes are
shown in Table 1.

According to the findings shown in Table 1 it
could be seen that exposure to hypoxia at different
altitudes had no effect in any of WAnT parameters.
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Parameters 162 m 1015 m 2146 m 3085 m p _

PP (W) 695.15 ± 233.59 693.53 ± 251.85 670.93 ± 225.21 687.54 ± 240.34 0.326

RPP (W/kg) 10.29 ± 1.65 10.19± 1.81 9.92 ± 1.55 10.14 ± 1.71 0.305

AP (W) 473.24 ± 157.25 471.37 ± 160.18 466.16 ± 153.56 464.39 ± 160.40 0.164

RAP(W/kg) 7.00 ± 0.98 6.96 ± 1.05 6.89±0.94 6.85 ± 1.05 0.142

MP (W) 266.72 ± 103.02 250.87 ± 89.78 237.83 ± 81.56 247.92 ± 85.15 0.107

RMP (W/kg) 3.91 ± 0.85 3.73 ± 0.80 3.58 ± 0.88 3.67 ± .65 0.338

PD (%) 61.64 ± 7.65 63.14 ± 6.68 63.11± 10.00 63.59 ± 4.77 0.662

Table 1: WAnT values and their mean differences of all partici-
pants.
PP: Peak power; RPP: Relative peak power; AP: Average power, RAP:
Relative average power; MP: Minimum power; RMP: Relative mini-
mum power; PD: Power drop



In Table 2 the differences and their mean com-
parisons of the time- and frequency-domain HRV
parameters derived from pre- and post-WAnT test
are shown for all participants.

The only significant change observed in Table
2 was HR among the altitudes. HR value at162 m
altitude was significantly higher than 1015 m, 2146
m, and 3085 m altitudes (p= 0.046, p= 0.003, and
p= 0.030 respectively).In addition to that, when the
pre- and post-test results were examined, significant
differences can be seen in all of the variables (p<
0.01).

Discussion and conclusion

The purpose of the study was to understand
the acute adaptations of the autonomic nervous sys-
tem after a maximal anaerobic load by using HRV
values at different altitudes (162 m, 1015 m, 2146
m, and 3085 m) in healthy, physically-active adults.
We, therefore, compared the differences of the
time- and frequency-domain parameters of HRV
which were derived from pre- and post- Wingate
test. The results of the present study showed that
there was no change in any of SDNN, SDSD,
RMSSD, TP, HF, LF/HF, HF, HFnu, LF, LFnu, and
VLF parameters depending on the altitudes.

The only significant change was found in heart
rate value. The difference of heart rate was higher at
162 m. Apart from this, exercise effects were found
significantly different between pre- and post-test

results (p< 0.01). In a study investi-
gating the effects of acute exposure
to simulated altitude on heart rate
variability during exercise at 500 m,
1500 m, 2500 m, and 3500 m within
2 h of exposure to that altitude, the
effects of exercise intensity were
found significant at all altitude levels
in accordance with the present study
results; but the altitude effects were
found only during exercise at 3500
m(30).
Another study, conducted on seden-
tary and endurance-trained female
subjects in order to determine the
physiological responses of during
maximal exercise at different levels
of acute hypoxia (sea level, 1000 m,
2500 m, and 4500 m), showed that
HRmax was lower at every altitude
in both groups compared to sea-
level measurements(31). When the
changes of HR to high altitudewere
examined, incompatible responses
can be seen. Thus, the significant

difference on HR seen at 162 m could be occurred
coincidentally.

High altitude training and its effects on auto-
nomic nervous system by using HRV measurement
has been widely investigated in the recent years.
Even though it is generally accepted in the litera-
ture that hypoxia has substantial effects on auto-
nomic nervous system by causing increased sympa-
thetic activity and decreased vagal activity(15, 21-24),
the findings of the present study indicate opposite
results.

A very similar study to the current was done
by Al Haddah et al. (2012). Researchers investigat-
ed the acute effects of 20-second supramaximal
running test in normobaric hypoxia (2400 m) and
normobaric normoxia in healthy males.

Findings showed no difference in running
speed and also maximal heart rate in both of the
conditions. They also found no significant differ-
ence in HRV values (HR, LnRMSSD, LnHF,
HFpeak, LnLF/HF, mRR) by comparison of hypox-
ia with normoxia. The reason not to find any rela-
tionship with increased altitude and impaired HRV
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Parameters 162 m 1015 m 2146 m 3085 m p _

HR (beat/min) 46.48 ± 11.53† 39.29 ± 11.62† 38.00 ± 10.20† 40.48 ± 11.78† 0.020*

SDNN -38.33 ± 32.59† -35.62 ± 29.43† -37.33± 35.84† -34.67 ± 26.57† 0.787

SDSD -74.57 ± 56.08† -64.05 ± 46.47† -69.81 ± 62.91† -60.86 ± 37.37† 0.184

RMSSD -58.76 ± 43.94† -50.14 ± 35.30† -54.62 ± 49.58† -48.24 ± 28.36† 0.264

TP -2040.95 ± 2254.31† -1816.81 ± 2566.17† -2122.14 ± 3134.59† -1629.52 ± 1789.49† 0.119

LF/HF 2.14± 1.74† 1.76 ± 1.89† 2.37 ± 2.56† 2.48 ± 2.64† 0.353

HF -1388.67 ± 1986.78† -1010.76 ± 1418.29† -1496.24 ± 2688.56† -1067.33 ± 1421.14† 0.640

HFnu -30.13 ± 15.83† -24.30 ± 13.44† -25.98 ± 12.08† -21.33 ± 12.97† 0.104

LF -558.57 ± 417.81† -705.67 ± 1122.60† -539.24 ± 478.72† -491.43 ± 375.78† 0.383

LFnu 30.15 ± 15.82† 25.25 ± 13.08† 25.96 ± 12.08† 24.92 ± 13.50† 0.611

VLF -97.86 ± 43.07† -101.05 ± 101.66† -86.52 ± 49.54† -114.10 ± 78.15† 0.312

Table 2: The differences and their mean comparisons of HRV parameters deri-
ved from pre- and post-WAnT test throughout normobaric hypoxia at different
altitudes.
*p<0.05 among altitudes, †p< 0.01 between pre- and post-tests.
HR: Heart rate; SDNN: Standard deviation of all NN intervals; SDSD: Standard devia-
tion of successive differences between adjoining normal cycles; RMSSD: Square root of
the mean of the sum of the squares of differences between adjacent NN intervals; TP:
Total power; LF/HF: LF and HF ratio; HF: High frequency; HFnu: Normalized HF;
LF: Low frequency; LFnu: Normalized LF; VLF: Very low frequency



in both of the studies could be depended on the type
of the activity performed during hypoxia(15). 

Studies with the significant effects on HRV
after hypoxia were done by using submaximal or
intermittent workload(15, 22), or without a workload(23,

32, 33). Povea et al. (2005) reported that TP, LF,
LF/HF values decreased in acute hypoxia (1200 m)
significantly more by comparison to normoxia in
athletes(22). Al Haddah et al. (2012) found in the
same study mentioned above that heart rate recov-
ery decreases after a submaximal work load (lasted
5 min) at 2400 m of altitude(15). Studies were con-
ducted not only on athletes but also on people with
chronic diseases. Botek et al. (2015) found signifi-
cantly decreased vagal activity after exposure to
high altitude at 6200 m in healthy, male sports sci-
ence students(32). Similarly, Iwasaki et al. (2006)
reported that acute exposure to mild hypoxia (from
21 % to 15 % of inhaled oxygen) cause increased
sympathetic activity(23). Limberg et al. (2015) inves-
tigated the effects of hypoxia on HRV values in
people who had type 1 diabetes mellitus, and found
worse impairments on RMSSD, SDNN and mean
NN interval values during the hypoxia in this popu-
lation(33).  With the difference of the present
researchthese studies did not expose the subjects to
a work load at altitude.

Another outcome of the study was observing
the acute anaerobic performance at different simu-
lated altitudes. We found no change in any of the
WAnT results depending on normobaric hypoxia.
Even though it is accepted that long term exposure
to hypoxia affects both aerobic and anaerobic
metabolism(34), no significant change reported in
many of the studies investigating the acute effects
of hypoxia on anaerobic power. For instance, Oguri
et al. (2008) stated that acute hypoxia (approxi-
mately 2000 m) does not affect the performance of
supramaximal exercise such as 30 seconds Wingate
test neither in athletes nor in untrained adults(35).
Friedmann et al. (2007) supported that there is no
influence of the acute hypoxia on anaerobic capaci-
ty(36). They concluded that anaerobic capacity is not
significantly affected by acute exposure to moder-
ate hypoxia (about 2500 m) in endurance-trained
athletes. Additionally, normobaric hypoxia (2400
m) had no effect on 20-second supramaximal run-
ning speed(15). The results derived from the present
study show a high consistency to these studies.

In accordance with the findings of the current
study it could be inferred that to exposure a supra-
maximal load in normobaric hypoxia has no addi-

tional acute effects on both the level of anaerobic
performance and HRV values except HR. HRV is a
very sensitive indicator of autonomic nervous sys-
tem, and can be affected even by the type of the
exercise. For instance, Weippert et al. (2014)
showed decreased SDNN, LF, and HF during iso-
metric exercise when compared with dynamic in
healthy men(37). It is known that HRV parameters are
also influenced by the breathing rhythm(28).

In this present study we did not evaluate the
breathing rhythm. Therefore, more research involv-
ing breathing rhythm measurements, and with dif-
ferent exercise types are needed to understand the
mechanism of the autonomic nervous system when
exposure to high altitude.
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