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The main objective of this research was to evaluate the efficacy of intermittent hypoxic training (IHT) on aiming performance and
aerobic capacity in biathletes. Fourteen male biathletes were randomly divided into a hypoxia group (H) (n=7), which trained
three times per week in a normobaric hypoxic environment (FiO, =16.5%, 2000 m a.s.l.) with lactate threshold intensity (LT)
determined in hypoxia, and a control group (C) (n=7), which exercised under normoxic conditions with LT intensity determined
in normoxia. The training program included three weekly microcycles, followed by three days of recovery. The main part of the
interval workout consisted of four 7 min (1* week), 8 min (29 week), or 9 min (3™ week) running bouts at treadmill separated by
2 minutes of active recovery. After the warm-up and during the rest between the bouts, the athletes performed aiming to the target
in the standing position with a sporting rifle (20s). The results showed that the IHT caused a significant (p <0.05) increase in
retention time in the target at rest (RT9,s) by 14.4% in hypoxia, whereas RT postincremental test (RT9,,) increased by 27.4% in
normoxia and 26.7% in hypoxia. No significant changes in this variable were found in group C. Additionally, the capillary oxygen
saturation at the end of the maximal effort (SO cqpillary max) in hypoxia increased significantly (p < 0.001) by ~4% after IHT. The
maximal workload during the incremental test (WR,.x) in normoxia also increased significantly (p < 0.001) by 6.3% after IHT.
Furthermore, in absolute and relative values of VO, in normoxia, there was a propensity (p < 0.07) for increasing this value by
5% in group H. In conclusion, the main findings of this study showed a significant improvement in resting and postexercise
aiming performance in normoxia and hypoxia. Furthermore, the results demonstrated beneficial effects of the IHT protocol on
aerobic capacity of biathletes.

1. Introduction

Biathlon is a winter sport that combines cross-country skiing
with rifle shooting. Biathlon competitions consist of 3-5
skiing laps incorporating 2-4 shooting rounds which
comprise 5 shots fired from the prone or standing positions.
A penalty lap or penalty time is given for each failed target,

and such adverse events strongly influence the biathletes’
final competition result. The shooting trials are very chal-
lenging for biathletes because they demand coordination of
visual input, postural balance, and precise timing of index
finger contraction on the trigger [1, 2] and usually take place
in challenging environmental conditions including cold and
altitude. In the latter case, low (500-1500m a.s.l.) to
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moderate (1500-3000 m a.s.l.) altitudes are frequently used
for completions as well as for biathletes’ training [3]. Despite
the mentioned difficulties, the cross-country skiing is per-
formed under conditions of intense cardiovascular load
reaching 90% of maximum heart rate [4]. It implies that
shooting trials, especially the last few, may take part under
central [5-7] and/or peripheral fatigue and each of them can
be exaggerated by the hypoxia-induced deteriorating effect
on muscles and the central nervous system [8-10]. However,
some data show that peripheral and central neuromuscular
adaptations during a sustained fatiguing contraction are
similar regardless of whether the contraction is performed in
a normoxic environment or in acute hypoxia [11].

Previous research has shown that each reduction by 1%
in oxygen saturation of the blood (SO,) below the level of
95% results in a decrease in VO, by 1-2% [12]. The
decline in SO, occurs already for low- and medium-intensity
exercise, even in well-trained elite athletes [13]—a phe-
nomenon shown to impair exercise performance [14]. In-
terestingly, previous findings indicate that exercise intensity
has a negligible effect on shooting in the prone position but
strongly affects shooting in a standing position by altering
the stability of the hold [15].

In the case of biathlon, hypoxia is an inherent envi-
ronmental stimulus in motor preparation of athletes because
of the need for training on trails covered with snow in the
preparation period (summer and fall) that forces athletes to
move to the altitude of 2000 to 3000 m above sea level. The
training program most commonly used altitude by biathletes
is based on the classic “live high, train high” (LH-TH)
method. Its modification which combines both aerobic and
interval training programs (live high, base train high, in-
terval train low—HiHiLo) revealed a significant improve-
ment in VOj,.x by 3% and in the 3 km race time by 5.8 s on
average [16]. When this method was applied to biathletes at
2000 m a.s.l., an improvement in hematological indices was
observed without any changes in VO,,.,. However, these
changes were accompanied by reduced energy expenditure
[3]. The available reports demonstrated that the training
process performed in the hypoxic environment can decrease
the energy cost of exercise by reducing oxygen demand by
3-10% [3, 17]. Additionally, previous results concerning the
utilization of hypoxic methods for improvement in exercise
performance in biathlon and other endurance sports
revealed their favorable impact on blood oxygen-carrying
capacity and/or exercise capacities in normoxia [3, 18-21].
For example, in our previous study [3], we found a sig-
nificant 5-6% increase in hemoglobin concentration,
number of erythrocytes, and hematocrit value and a 16%
increase in the percentage of reticulocytes in elite biathletes
after 3weeks of HiHiLo procedure at 2000m altitude.
Furthermore, Wehrlin et al. [20] demonstrated a 4% increase
in VO, pax and improvement of 5000 m running time (~2%)
after 24-day LH-TL at 2500 m, accompanied by the im-
provement of hemoglobin mass and red cell volume by 5% in
orienteers.

However, another important issue for biathletes that
may influence sport performance is the effect of hypoxia on
shooting efficiency. This particular issue has not previously
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been addressed in the literature. Studies conducted on
representatives of other sports have found that exposure to
moderate hypoxia limits cognitive abilities and ability to
perform psychomotor activities [22]. Likewise, the most
recent examination performed with rifles by untrained in-
dividuals confirmed the impairment of marksmanship at
higher simulated altitudes, both at rest and postexercise [23].
The impairment of shooting efficiency in a hypoxic envi-
ronment seems to be especially important in biathlon be-
cause both training and competition are held at altitude.

There is some evidence that a novel concept applied in
preparation of athletes for competitions based on hypoxia-
exercise integration has better potential to induce optimal
training adaptations at physiological, biochemical, and ge-
netic levels [24]. It is considered that intermittent hypoxic
training (IHT) can act as an additional stimulus for the
muscle tissue adaptations and may be useful for preparing
for competitions at altitude [25]. However, further evidence
is needed to explain how hypoxia may modify biathletes’
shooting performance. Thus, the present study verifies the
hypothesis if IHT at lactate threshold with implemented
aiming exercise may simultaneously improve aerobic ca-
pacity and aiming performance of well-trained biathletes.
Based on findings published by Moore et al. [23] and
Kryskow et al. [26], one might presume that the primary
mechanism behind the improvement of shooting abilities
after adaptation to hypoxia can be an increase in SO,. To test
this assumption, we integrated IHT in the preparation pe-
riod to reveal the impact of normobaric hypoxia on aiming
performance of biathletes either in hypoxic or in normoxic
environments. Furthermore, cardiorespiratory (i.e., maxi-
mal oxygen uptake, maximal ventilation, maximal re-
spiratory ratio, and maximal heart rate during the
incremental test) variables were also measured pre- and
post-IHT.

2. Materials and Methods

2.1. Participants. This study examined 14 well-trained male
biathletes. In order to detect a small effect size (d=0.4)
[27, 28], with a power of 0.80 and « = 0.05, a sample size of at
least 12 individuals was determined using the GPower 3.1
software. We recruited the number of participants that was
nearly 20% higher than the necessary level, taking into
account the potential chance events (illness, injury, etc.). The
basic inclusion criteria were a minimum of five years of
training experience and at least 4months of rest from
previous altitude training. Characteristics of the participants
are reported in Table 1.

All participants were randomly divided into a hypoxia
(H) group (n=7), who trained in a normobaric hypoxic
environment, and a control (C) group (n=7), which exer-
cised under normoxic conditions. In the H group, the
concept of IHT procedure was proposed, according to our
previous study [29].

Participants were allocated to conditions using a com-
puter-generated randomized list (block randomization: 7
blocks of 2 participants, each person within a block was
assigned to one of the two conditions) [30]. All athletes had
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TaBLE 1: Characteristics of study participants.

Variable Group H (n=7) Group C (n=7)
Age (years) 21.2+1.5 20.1£2.0
Training experience (years) 71+15 6.5+1.1
Body height (cm) 179.8 +4.7 180.2+3.1
Body mass (kg) 732+4.2 711+51
Fat content (%) 9.8+4.1 10.4+2.7
VOsumax (ml/kg/min) 63.6+4.8 65.7+1.5

current medical examinations, without any contraindica-
tions to performing exhaustive exercise in a hypoxic envi-
ronment. The participants provided their written, voluntary,
informed consent before participation. No adverse effects in
both experimental and control groups were observed during
the experiment. There were also no dropouts from the study.

The research project was conducted according to the
Helsinki Declaration and was approved (no. 5/2013 and
10/2015) by the Ethics Committee for Scientific Research
at the Jerzy Kukuczka Academy of Physical Education in
Katowice, Poland.

2.2. Experimental Design. The research was conducted at the
beginning of the preparatory period. The experiment was
divided into three series of tests performed in a laboratory
environment. All participants were familiarized with the test
protocol one week before the first evaluations. Then, three
microcycles (three weeks) with a progressive training load
were applied, followed by a short recovery microcycle (three
days). The final evaluations were performed after the re-
covery microcycle. The testing procedures in all series were
identical for all participants. Participants in both groups
were not informed about environmental conditions of the
testing protocol.

2.3. Testing Protocol. This research project used three test
series (S1, S2, and S3). The first test was performed 4 and
3 days before training (S1), the second test at 3 and 4 days
after training (S2), and the third test at 14 and 15 days after
training (S3). All test series (S1, S2, and S3) included one day
of examinations in normoxia and one day in normobaric
hypoxia (2000 m). The details of the study design are pre-
sented in Figure 1.

On the first day of each test series (S1, S2, and S3), before
breakfast and after an overnight fast, body mass and body
composition were evaluated using the electrical impedance
technique (Inbody 720, Biospace Co., Japan). Two hours
after a light breakfast (5kcal/lkg of body weight, 50%
carbohydrates, 20% proteins, and 30% fats), the incremental
treadmill test was performed to determine aerobic capacity.

The incremental running test started with a speed of
6km/h that was increased by 2km/h every 3 minutes until
the speed reached 14km/h. Exercise intensity was then
increased by adjusting the treadmill incline by 2.5% every
3 minutes to volitional exhaustion. The exercise intensity
was expressed in watts (W), as calculated by the MetaSoft
software (Cortex, Germany). If a participant terminated the
test before completing a given workload, the maximum

workload was calculated from the formula WR_, =
WRy + (t/Tx WR;,) [31], where WRy = previous workload,
t=exercise duration with the workload until premature
failure, T'=duration of each workload, and WR;, =amount
of workload by which exercise intensity increased during the
test.

During the test, heart rate (HR), oxygen uptake (VO,),
expired carbon dioxide (CO,), and minute ventilation (VE)
were measured continuously using the MetaMax 3B te-
lemetry spiroergometer (Cortex, Germany) in the breath-by-
breath mode. The criteria of reaching VO,,.x included the
following: a plateau in the level of VO, or a gradual decrease
in peak VO, during the maximal workload, respiratory
exchange ratio (RER above 1.1), blood lactate concentration
(LA above 8.0 mmol/l), as well as predicted maximal heart
rate [32]. All athletes finished the incremental test with
required criteria of reaching VO, ,y.

Fingertip capillary blood samples for the assessment of
lactate (LA) concentration (Biosen C-line Clinic, EKF-di-
agnostic GmbH, Germany) were drawn at rest and at the end
of each step of the test, as well as during the 3", 6™, 9, and
12™ minute of recovery. The lactate threshold was de-
termined by the D-max method [33]. Our earlier study [34]
demonstrated that LT determined by the D-max method
corresponds to the maximal lactate steady state (MLSS).
Additionally, capillary rest and postexercise blood samples
were used to determine acid-base equilibrium and capillary
oxygen saturation of hemoglobin (SOscapiitary) (RapidLab
248, Bayer Diagnostics, Germany).

Furthermore, a minute before and after the progressive
test, the athletes performed aiming to the target in the
standing position with a sporting rifle (20s). The following
variables were recorded (SCATT Shooter Training System,
Russia): length of the vertical and horizontal tracking trace
(LVTT and LHTT, respectively), maximum target tracking
speed (MTTS), and retention time in the area of 9.0 (RT9;
Table 2). This shooting system employs a laser aligned with
the rifle barrel and an instrumented target to detect the
position of the aim point on the target. The system was
calibrated for each athlete. The manufacturer guarantees the
system accuracy of 0.1 mm.

On the second day of the examinations, all athletes
repeated the incremental treadmill test and aiming test. The
tests were identical as on the first day, but they were per-
formed in a normobaric hypoxia chamber at 2000m
(FIO,=16.6%) to establish aerobic capacity and aiming
performance in hypoxia and to determine individual
training loads for the IHT sessions (%WRthyp).

2.4. Training Program. The training program included three
microcycles (three weeks) with progressive training loads.
The same training program was used for both groups but
with different environmental conditions during the selected
interval training sessions. Training with lactate threshold
intensity was repeated three times a week. The hypoxic
group (H) performed training in a normobaric hypoxic
chamber (FiO,=16.6%, equivalent to 2000 m). The nor-
moxic group (C) performed the same training program
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point fluctuation.

under normoxic conditions in hypoxic chamber. Both
groups were blinded to the environmental conditions during
training. Training load was recorded using heart monitor
(Forerunner 935, Garmin). It was calculated after each
training session and archived using WKO+ 4.0 software
(TrainingPeaks, USA) and presented as training stress score
(TSS) (Figure 2).

Training intensity was adjusted individually based on the
results of lactate threshold determined in normoxia (group
C) or hypoxia (group H) during the initial treadmill test.
Each workout was performed on a treadmill and consisted of
a 15-minute general warm-up (70% of workload at lactate
threshold determined in hypoxia and normoxia; WR; thyp/
WR_ 1), a 40- to 50-minute main part, and a 5-minute cool-
down (60% WRthyp/WRy ). The main part of the workout
consisted of four 7min (1** week), 8 min (2™¢ week), or
9 min (3" week) bouts at 100% of WRythyp/WRt (group
H/group C, respectively) separated by 2 minutes of active

4
[]
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il THT (3x/week) = 2 S3
I . B
. ° (FiO, = 16,6%; ~2000 m) é . ° . °
4 -v E | -— -
t &N\ N } N
+ >
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£ 2
! 3 weeks of training
| | | | | | | | |
T I | I [ I [ [ [
-7 -4 -3 0 21 43 44 +14 415 Days
Pretest-familiarization with the test protocol
S1,52, and S3 — 1%, 2™, and 3¢ test series:
v resting blood samples
v/ incremental test in normoxia (N) and hypoxia (H)
v/ 20-second test of aiming in a standing position (SCATT shooter training system)-before and after the incremental test
l 20-second test of aiming in a standing position (SCATT) - during the first and last training session in normoxia and hypoxia
(after the warm-up and during the rest between the bouts)
Figure 1: Illustration of the study design.
TaBLE 2: Variables indicating aim-point fluctuation. recovery. After the warm-up and during the rest between the
Variable STRIEITI bouts, the athlete performed aiming to the target in the
: — p N o0 duri standing position with a sporting rifle (20s). Each trial was
Percent of retention time in the area of 9.0 during recorded by SCATT Shooter Training Systems (length of the
RT9 (%) 20 s aiming test. Greater RT9 values indicate better . . . .
steadiness of aiming vertical and horizontal tracking trace, maximum target
- - tracking speed, and retention time in the area of 9.0) whereas
Length of the horizontal tracking t &<P
ength of the horizontal tracking trace. .
LHTT (mm)  Smaller LHTT values indicate decrease in aim- aiming beyond the targe.t (the are? of 9.0) was alertftd bya
point fluctuation in the X (horizontal) axis. beep. All parts of the training session (warm-up, main part,
Length of the vertical tracking trace and cool-down) and the aiming exercise during recovery
LVTT (mm)  Smaller LVTT values indicate decrease in aim- bouts in group H were performed in a hypoxic environment.
point fluctuation in the Z (vertical) axis.
MTTS Maximum target tracking speed. 2.5. Statistical Analyses. The results of the study were ana-
(mm/s) Smaller MTTS values indicate decrease in aim- lyzed by means of the StatSoft Statistica 12.0 software. The

results were presented as arithmetic means (x) with standard
deviations (SD). The statistical significance was set at
p<0.05. The Lilliefors test was used to demonstrate the
consistency of the results obtained in the study with a
normal distribution. The intergroup differences between
research series (group x time) were determined using the
two-way analysis of variance (ANOVA) for repeated mea-
sures. Significance of differences between individual re-
search series in the study groups was calculated based on the
post hoc Tukey’s test. Effect sizes (ESs) were calculated from
standardized differences (Cohen’s d units). Threshold values
for Cohen ES statistics were considered to be small (0.20-
0.60), moderate (0.60-1.20), large (1.20-2.0), very large
(2.0-4.0), or extremely large (>4.0) [28].

3. Results

3.1. Aiming Indicators at Rest and after the Incremental Test.
Results showed significant group x time interaction for the RT9
at rest, before the incremental test in hypoxia (RT9,, F = 6.068,
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FIGURE 2: Training loads during investigation in the hypoxia (H) and control (C) groups.

p <0.01). The analysis also revealed a significant group X time
interactions for the RT9 and LVTT, after the incremental test in
hypoxia (RT9pess F=6.102, p<0.01; LVI Ty F=3871,
P <0.05) and after the incremental test in normoxia (RT9pegs
F=4.096, p <0.05; LVTTypoq; F=4.609, p <0.05).

After IHT training, RT9,,0 significantly increased by 27.4%
(p <0.05; ES: large), whereas LVTT, significantly decreased
by 17.1% (p < 0.05; ES: large) in normoxic conditions. In the
control group, no statistically significant changes were found for
aiming variables at rest and postincremental test in normoxia
(Table 3). Similar results were obtained for the hypoxic con-
ditions. After IHT intervention, RT9,, significantly increased
by 26.7% (p<0.001; ES: moderate), whereas LVTT, de-
creased by 11.3% (p <0.05; ES: very large; Table 4). Further-
more, the post hoc analysis also revealed a significant increase
(p <0.05; ES: moderate) in RT9,. in hypoxia for both groups.
14 days after completion of the training program, RT9..,
RT9pos» and LVTT,o in both normoxia and hypoxia had
returned to initial values.

3.2. Aiming Indicators during the First and Last Training
Sessions. The analysis of the groupxtime interaction
revealed a significantly different RT9 at rest (RT9,.) and
RTY after 1%, 2", 3™, and 4™ bout (RT9 1%, RT9 2", RT9 3",
and RT9 4™) during the first and last training sessions in
normoxia (RT9 1% F=30.09, p <0.001; RT9 4™, F=5,036,
£ <0.05) and hypoxia (RT9,es; F=4,05, p <0.067; RT9 2"%;
F=10,735 p<0.01; RT9 3"F=6,963, p<0.05).

After IHT training, RT9,. and RT9 4™ during the
training session in normoxia significantly increased
(p <0.05; ES: moderate) by 9.4% and 10.9%, respectively. On
the contrary, in the control group, RT9... decreased
(p <0.01; ES: moderate) by 9.4%. The IHT training also led
to significant increases in RT9.. by 11.3% (p <0.05; ES:
large), RT9 2™ by 13.8% (p < 0.01; ES: large), and RT9 3™ by
11.4% (p<0.01 ES: large) during the training session in
hypoxia (Figure 3).

3.3. Maximal Workload and Cardiorespiratory Variables.
Results showed significant group x time interaction for
WRpypax (F=6.825, p<0.01) and absolute and relative

VOomax (F=4.379, p<0.05 and F=5.199, p<0.05, re-
spectively) during the incremental test in normoxia. The
analysis also indicated a significantly different RER value
(F=6.67, p<0.01) during the incremental test in hypoxia.
Furthermore, SO,c,pillary immediately after the incremental
test in hypoxia (SOjcapillarymax) Was also significantly dif-
ferent (F=8.42, p<0.01).

The post hoc Tukey’s test showed that WR ;. in normoxia
increased significantly (p <0.001; ES: large) by 6.3% after
IHT and by 3.6% (p <0.05; ES: moderate) two weeks after
IHT compared to the initial measurements (Table 5). The
SO, capillary max after the incremental test in hypoxia increased
significantly (p < 0.001; ES: large) by 4.0% immediately after
IHT, but it returned to the pretraining values 14 days after
IHT (Figure 4). Additionally, in absolute and relative values of
VOjmax in normoxia, there was a propensity (p <0.07; ES:
moderate) for increasing this value by 5% in group H after
IHT (Table 5). Furthermore, in group H, RER value in
hypoxia increased significantly (p < 0.05; ES: large) by 4.5%
immediately after IHT and it remained higher 14 days after
IHT in relation to initial measurements (Table 6). Further-
more, there were no significant changes in maximal heart rate
(HRhay) and delta heart rate values during 1-minute recovery
(delta HR ) following an incremental test in both groups (H
and C) in normoxia and hypoxia (Figure 5). Also, there were
no significant changes in maximal workload and other car-
diorespiratory indices in the C group in normoxia and
hypoxia. The training did not have a significant effect on
changes in body mass or body composition (Table 7).

4. Discussion

4.1. Shooting Performance. The high level of technical skill of
shooting is a crucial factor for sport success in biathlon. So
far, the literature fails to provide information about the effect
of hypoxic training on the shooting performance despite the
fact that some periods of training and biathlon competitions
take place at altitude conditions. Thus, we decided to in-
vestigate how 3 weeks of intermittent hypoxic training (IHT)
aimed at development of endurance executed with lactate
threshold intensity may influence aiming performance of
well-trained biathletes.
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normoxia and hypoxia (2000 m). **p <0.01 indicates statistically significant differences in relation to initial measurements. *p <0.05
indicates statistically significant differences in relation to initial measurements.

Our study showed that IHT training has a beneficial
effect on biathletes’ aiming performance measured by means
of shooter training systems. Importantly, the improvement
of aiming efficacy was observed both in normoxia and in
normobaric hypoxia at rest, in the postincremental test, and
during training sessions. These improvements were related
first and foremost to enhanced retention time in the target.
After IHT, RT9,0 increased by 27.4% in normoxia and
26.7% in hypoxia compared to the pretest. Furthermore,
postexercise length of the vertical tracking trace was reduced
by 17.1% in normoxia and 11.3% in hypoxia. No significant
changes in this variable were found in the group that trained
in normoxia. Analysis of aiming bouts performed in the first
and last training sessions also demonstrated that IHT has a
positive impact on RT9 during aiming bouts performed after
exercise at LT intensity. The hypoxic stimulus was a sig-
nificant factor that has an impact on the improvement in
RTY, since improvements in this variable were not found in
the control group although the group followed the same
training program in normoxia.

The results of our study indicate the improvement in
terms of factors responsible for aiming performance after
IHT training, which does not occur after identical training
in normoxia. We suppose that reduction of aim-point
fluctuation that we recorded in our study can result from
improved stability of hold and postural balance, which are
important technical components in shooting accuracy in
the standing position [2, 35-37]. The study conducted by
Sattlecker et al. [38] indicated that in the case of the load
with physical exercise, body sway in the standing position
and vertical rifle motion in the lying position determine
the shooting performance in biathletes. Shooting ability
can be disturbed by involuntary movements such as
physiological tremor. However, with such a form of fast
shooting used in biathlon, tremor size plays an in-
significant role, since initial preprogrammed impulse is
more important than the sensory control phase [39].
Additionally, weapon mass and inertia in biathlon

mitigate the increase in tremor size, and the method of
gripping the weapon reduces the transmission of high-
frequency tremor [39]. Moreover, isometric effort that
participates to a larger extent in maintaining a standing
shooting posture is also associated with a brief reduction
in tremor size [40].

Some studies have indicated that shooting performance
depends on the intensity of the exercise which precedes the
shooting task [1, 41] and it is less effective after completion of
exercise at higher intensity. In practice, biathletes, when
approaching the shooting range, attempt to reduce HR,
which is aimed at improving shooting accuracy [4]. In our
study, we did not observe any changes in HR ., and delta
HR,,,s in normoxia and hypoxia after THT. However, HR .«
values were achieved at a higher maximum workload after
IHT, which may have had an effect on delta HRo. This
observation and the results of our previous research [42],
where after the IHT training we noted a significant reduction
in HR,,, during cycling time trial, accompanied by an in-
crease in average power, suggest that IHT may affect the
reduction of submaximal HR and thus contribute to the
improvement of the shooting performance. However, in
opposition to the above postulate, some researchers argue
that lower HR during shooting is not necessarily conducive
to the improvements in the shooting performance. Lower
HR allows for a longer duration of weapon stabilization
before shooting. However, as HR declines, stroke volume
(SV) increases, leading to greater body motion and rifle
deflection and, consequently, higher likelihood of a mistake.
Therefore, faster reduction in HR before shooting is not as
beneficial as it would seem [39]. The relative importance of
HR and SV to optimal shooting performance still remains
unclear.

Shooting performance can be disturbed not only fol-
lowing physical exercise but also after hypoxic exposure.
Obviously, depending on the level of its intensity, exposure
to hypoxia can lead to higher muscle tremor, disturbed
balance, and deteriorated postural stability as well as reduced
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ability to perform psychomotor activities or weakening of
cognitive functions [22, 43-46]. These changes can have a
negative effect on the shooting performance in biathlon
when competing at altitude. So far, Tharion et al. [47] re-
ported deteriorated aiming accuracy, whereas Kryskow et al.
[26] demonstrated a decline in shooting speed after exposure
to the altitude of 4300 m. Furthermore, Muza et al. [48]
found that the shooting performance was significantly re-
duced already at an altitude of 2743 m. Important exami-
nations of the effect of hypoxia on the shooting performance
were performed by Moore et al. [23]. The study examined the
shooting performance at rest and following exercise at sea
level and altitudes of 1000-4000 m. The shooting score was
significantly lower at an altitude of 4000 m compared to
other altitudes. A downward propensity in shooting scores
was found at an altitude of 3000 m. No decline in shooting

performance was demonstrated at altitudes of 1000 m and
2000 m. Due to the very low number of studies concerning
this problem, it remains unclear whether there is a specific
hypoxia threshold which has an impact on reduction in
shooting performance.

There are a few studies that have demonstrated that
although acute hypoxia may impair shooting performance, a
stay at altitude leads to adaptive changes and restoration of
shooting performance to standards reached at sea level
[47, 48]. Our study was the first to reveal the impact of IHT
training on aiming performance of biathletes either in
hypoxic or in normoxic environments. One of the mecha-
nisms behind the improvement of aiming abilities after IHT
training can be an increase in SOscqpiitary- It is worth noting
that in our study, improvements in postexercise aiming
performance were accompanied by an increase in
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FIGURE 5: Delta heart rate during 1-minute recovery (delta HR o) following the incremental test in the experimental and control groups H,

(n=7; C, n=7) in normoxia and hypoxia (2000 m).

postexercise SOjcapillary> Whereas deterioration in perfor-
mance was associated with a decline in SO,capitiary (Figure 4).
SOscapillary after the incremental test in hypoxia was 4%
higher following the IHT protocol compared to the values
recorded before the experiment, and at 2 weeks after
completion of hypoxia training, it had returned to the initial
level. A similar propensity was found for postexercise
SOscapillary in normoxia. This observation is consistent with
findings published by Moore et al. [23] and Kryskow et al.
[26], who found a significant correlation between SO, and
shooting performance in hypoxia. Moore et al. [23] sug-
gested that in hypoxia, the correlations of shooting accuracy
with SO, and ventilation rate (VR) are critical to shooting
performance. Kryskow et al. [26] observed a correlation
between SO, and shooting speed, whereas Moore et al. [23]
found correlations of SO, and VR with marksmanship. Since
both the increase in altitude and physical exercise lead to a
decline in SO, and increase in VR, exercise performed in
hypoxia translates into a reduction in shooting performance
[23].

4.2. Aerobic Capacity. In recent years, the vast majority of
research investigating the application of altitude/hypoxic
training has focused on aerobic endurance outcomes [24]. It
is suggested that endurance athletes could benefit from IHT
(with intensity around the anaerobic threshold), especially
during the precompetitive phase [49]. The present study
extends our understanding of this issue in the situation
where IHT was implemented in the second mesocycle of the
preparation period. Biathletes are characterized by decreased
endurance capacity during this period compared to the
competition period. Therefore, the main objective of the
training process during this period is the reestablishment of
endurance capacity. Therefore, we proposed the lactate
threshold intensity during an interval workout, which is the

one of the most effective methods to improve endurance
performance. Despite this, the results did not demonstrate a
meaningful improvement in the analyzed cardiorespiratory
variables after the training program. However, the signifi-
cant increase in WR,,,, as well as the propensity (p <0.07)
for the increase in VO, values was only observed fol-
lowing the IHT training.

Previous reports on the effectiveness of IHT protocols in
improvement of aerobic performance remain unclear. There
are reports which have demonstrated an increase in aerobic
capacity and exercise capacity following the IHT protocols
[42, 50-54]. However, part of the data indicate that the
benefits of the IHT training are similar to the effects of
training in normoxia, whereas hypoxia does not represent an
additional stimulus for greater adaptive changes [29, 55-60].
Although Hendriksen and Meeuwsen [56] found a signifi-
cant increase in maximal power output (W,,,,) following 10
days of training in hypoxia (2500m), Roels et al. [59]
demonstrated a significant increase in peak power output
(PPO) after 3 weeks of the IHT protocol (3000 m), and
Morton and Cable [58] observed significant improvements
in Wy and VO, after 4 weeks of IHT (2750 m); these
changes did not differ significantly from the findings in
groups that trained in normoxia. Similarly, in the experi-
ment conducted by Geiser et al. [55] a 6-week IHT protocol
(3850 m) yielded improvements in both VO,,,x and PPO.
However, significant differences were not found between
IHT effects and training in normoxia. It is worth noting that
despite the lack of statistical significance, the change in
VOjmax after IHT was 2% greater than after training at sea
level. As suggested by Levine and Stray-Gundersen [61] and
Fulco et al. [62], who reviewed investigations with elite
athletes in whom training adaptations were difficult to
improve due to many years of training, even small im-
provements (documented as statistically insignificant during
the examinations) in one of the capacity indices may
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translate into improved exercise capacity and improved
competitive performance.

The lack of IHT training efficiency in terms of aerobic
capacity can be partially explained by an improperly chosen
load during training sessions in hypoxia. As shown in the
findings of a meta-analysis performed by Bonetti and
Hopkins [63], exercise intensity can be critical to adaptive
changes during training in hypoxia. Our previous exami-
nations in a group of cyclists [42, 53] demonstrated that the
IHT protocol based on prolonged exercise (30 to 40 min) at
lactate threshold is an important training resource for the
improvement in VO,,,,,, and exercise capacity at sea level. In
the present study, although the length of a single repetition
during the interval training ranged from 7 to 9 minutes, total
exercise volume at the level of 100% WR; thyp ranged from
28 to 36 min and was similar to the volume used in our
previous experiments. This training protocol led to a sig-
nificant increase in final load (WR,,) during exercise to
exhaustion, whereas a noticeable increasing propensity (by
5%) was observed in VO,,.x. The lack of significant changes
in this area is most likely to result from the small research
sample. The results obtained in our study are similar to the
results presented by Dufour et al. [50] and Zoll et al. [51]
where, after interval training in hypoxia (3000 m) with
similar intensity and total exercise volume to those used in
our study (24-40 min at the second ventilatory threshold),
an improvement of 5% VO,,,,, was observed.

4.3. Study Limitations and Perspectives. To the best of our
knowledge, our study is the first in which the impact of IHT
training on the aiming efficiency was assessed in hypoxia and
normoxia. Our investigations, however, are not without
certain limitations. Firstly, we conducted a study on small
sample size. The small sample size resulted from limited
access to a larger number of biathletes at the appropriate
sport skill level. Future research will be planned with the
participation of biathletes from other national teams in
order to verify the results obtained in our study. Secondly, in
our study, we found that the improvement of steadiness of
aiming after IHT training was accompanied by a significant
increase in postexercise SOcapillary- In addition to the SO,
level, ventilation rate (VR) measurements would also be
recommended to perform during shooting test. Determining
the level of postexercise rating of perceived exertion (RPE)
would also be desirable. This would allow for evaluation of
the relationship between these indicators and shooting
performance, especially in hypoxic conditions. Establishing
the above dependences could partly explain the mechanisms
responsible for improving shooting performance after IHT
training.

This is the first study in this area; therefore, many
questions remain open, such as the following: Does IHT
training in normobaric hypoxia also affect the shooting
performance in hypobaric hypoxia (terrestrial hypoxia)?
Does the improvement of steadiness of aiming after the IHT
training, which was recorded in our study, directly translate
into shooting performance determined by the number of
hits? Is the decrease in aim-point fluctuation after IHT
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training associated with the improvement of postural bal-
ance, rifle stability, or both factors? These and many other
issues require further research.

5. Conclusions

The results obtained in our study demonstrated un-
equivocally an influence of IHT training on aiming per-
formance. Following a three-week IHT protocol, adaptations
to hypoxia were observed, leading to improved resting and
postexercise steadiness of aiming, irrespective of the envi-
ronmental conditions (i.e., in normoxia or hypoxia). Fur-
thermore, the study demonstrated a beneficial effect of the
IHT protocol on exercise capacity of biathletes. These results
confirm the usefulness of hypoxic training in preparation of
biathletes, not only in the context of improved exercise
capacity but also enhanced aiming performance.

The results have practical implications. Although the
experiment was carried out during the preparation period,
we suggest that the proposed IHT protocol can also be used
successfully during the competitive period. The use of IHT
does not require the acclimation phase, often associated with
deterioration of mood and the need for reducing the training
load. Consequently, IHT is not associated with the risk of a
decrease in the fitness level, which is particularly unwanted
in the competitive period. Additionally, the benefits in the
form of improved shooting performance following IHT
training may have a significant effect on the sports per-
formance, especially in competitions held at altitude.
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