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A B S T R A C T
BACKGROUND: Over the past 2 decades, our studies have revealed that despite extensive research, many unanswered 
questions persist regarding hypoxic preparation and the resulting adaptive response. For these reasons, we believe it is 
essential to investigate the impact of environmental hypoxia at altitudes below 1500 m above sea level on the parameters 
monitored in the athlete’s biological passport (ABP).
METHODS: The research was conducted as a pilot part of research on a group of seven Slovak endurance athletes (4 
males, 3 females) aged 22-27 years who are active in athletics and cross-country skiing. All participants have extensive 
experience with hypoxic training (more than 5 years). As part of the research, we monitored their adaptive response to 
hypoxic conditions at altitudes up to 1350 m above sea level.
RESULTS: The findings from the study conducted on seven athletes affirm that, contrary to typical interpretations (such 
as those in the ABP sampling protocol), even hypoxic conditions at 1350 m above sea level can have a notable impact on 
the outcomes analyzed in the ABP. The results showed that exposure to hypoxia below 1350 m above sea level resulted 
in a reduction in hemoglobin levels, while a contrary trend was observed for reticulocytes. This trend was reflected in the 
Off-score, showing a decrease across all cases.
CONCLUSIONS: The data obtained confirmed the effect of hypoxic conditions at altitudes up to 1350 m above sea level 
on erythropoiesis.
(Cite this article as: Pupiš M, Pupišová Z, Bako K. Is an altitude below 1400 m above sea level sufficient to trigger an adap-
tive response? Gazz Med Ital - Arch Sci Med 2026;185:227-31. DOI: 10.23736/S0393-3660.25.05862-0)
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Over the past 2 decades, our studies1-4 have 
revealed that despite extensive research, 

many unanswered questions persist regarding 
hypoxic preparation and the resulting adaptive 
response. The results of several studies5-7 sug-
gest that various methods of hypoxic training 
lead to significant hematological changes. In 
this context, it is interesting that their findings 
suggest that the achieved adaptive response may 

indicate a violation of antidoping rules, con-
sidering how this is interpreted in the athlete’s 
biological passport (ABP). It is worth noting 
that the ABP sampling protocol currently only 
regards staying at altitudes above 1500 m above 
sea level as a significant factor (this is to be re-
ported by the athlete). However, there are stud-
ies8, 9 suggesting that even altitudes of 1000-
1200 m above sea level can have a significant 
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impact on the indicators monitored in the ABP. 
Certainly, it is crucial to recognize the varia-
tions in the adaptive response of each organism. 
Some studies10-12 demonstrate a notable differ-
ence in the adaptive response to hypoxia, with 
certain individuals exhibiting minimal or no 
adaptive response at all. In recent years, several 
cases have sparked a society-wide debate about 
the reliability of the ABP, as some athletes have 
had abnormal ABP findings (in terms of how the 
ABP results are interpreted). The athletes were 
subsequently suspended, and in some cases, 
found not guilty after a long and costly process 
of proving their innocence. This situation may 
have involved training at altitudes below 1500 m 
above sea level, which the ABP sampling pro-
tocol does not consider as an important factor. 
For these reasons, we believe it is essential to 
investigate the impact of environmental hypoxia 
at altitudes below 1500 m above sea level on the 
parameters monitored in ABP. Additionally, we 
aim to clarify the specifics of the adaptive re-
sponse in such conditions. As part of the research 
within the grant projects VEGA1/0707/22 (spe-
cifics of variability of hematological parameters 
monitored in the biological passport of an ath-
lete) and VEGA (1/0547/22 The use of hypoxia 
and hyperoxia in sports preparation), we have 
also investigated the use of hypoxic training at 
altitudes up to 1500 m above sea level. This is 
because the protocol for sample collection for 
the biological passport of an athlete only consid-
ers training at altitudes above 1500 m above sea 
level as noteworthy.

Materials and methods

The research was conducted as a pilot part of a 
research on a group of seven Slovak endurance 
athletes (4 males, 3 females) aged 22-27 years 
who are active in athletics and cross-country ski-
ing. All participants have extensive experience 
with hypoxic training (more than 5 years). As 
part of the research, we monitored their adaptive 
response to hypoxic conditions at altitudes up to 
1350 m above sea level (Štrbské Pleso). Blood 
samples were taken before ascending to an al-
titude of approximately 1350 m above sea level 
and during the 6th day of their stay at this alti-

tude. The sampling was conducted at 7:00 a.m. 
The analyzed parameters included those moni-
tored in the ABP: hemoglobin and reticulocytes, 
from which the Off-score was calculated using 
the formula (Off-score=Hgb×10-60x (√reticulo-
cytes). Additionally, the level of erythropoietin 
was monitored as a supplementary indicator. The 
sampling methodology used for the ABP sam-
pling was adhered to. We used highly reliable 
analyzers: for reticulocytes Mindray BC 6200 
(precision ≤15.0% [RBC ≥3×1012 g.L-1; ≤1.0% 
RET% ≤4.0%]), for hemoglobin Mindray BC 
6000 (Shenzhen Mindray Bio-Medical Electron-
ics Co., Ltd, Shenzhen, China; precision ≤1.0% 
[110-180 g.L-1]).

The experiments reported in the manuscript 
were performed in accordance with the ethical 
standards of the Helsinki Declaration and that the 
participants signed an informed consent form.

Results

The research results suggest a decrease in hemo-
globin levels associated with staying at an alti-
tude of 1350 m above sea level, possibly linked 
to hemodilution due to induced erythropoiesis. 
As seen in Figure 1, all seven athletes experi-
enced a decrease in hemoglobin levels.

Within the group, the mean hemoglobin before 
ascending to the altitude of 1350 m above sea 
level was 156.57 g.L-1 and during the 6th day, the 
mean hemoglobin was recorded at 151.57 g.L-1, 
resulting in an average decrease of 5 g.L-1. The 
most notable decrease (2 g.L-1) was observed in 
subjects 1 and 6, while the most significant in-

Figure 1.—Comparison of hemoglobin levels before staying 
at altitudes up to 1350 m above sea level and on the 6th day 
of staying at this altitude.
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crease was observed in subjects 3 and 4, with a 
decrease of 7 g.L-1.

For reticulocytes, all 7 subjects experienced 
an increase, with an average rise from 1.43% to 
1.75%, reflecting an increase of 0.32% points. 
As shown in Figure 2, the smallest increase oc-
curred for subject 7 (0.12% points). The most 
significant increase was observed in subject 5, 
by 0.52% points, while the second most notable 
difference was seen in subject 1 (0.44% points).

In terms of interpreting the results in the ABP, 
the correlation between hemoglobin levels and 
the proportion of reticulocytes defines the Off-
score. As shown in Figure 3, the Off-score de-
creased for all seven subjects. The average de-
crease was from 85.25 to 72.80, with a lower 
difference in scores than 10 recorded for subjects 
6 and 7, while the most significant decrease of 
18.11 was achieved by subject 5 (decrease from 
71.31 to 53.20). Other significant differences 
were recorded for subjects 3 and 4 (decreases of 
15.01 and 13.99, respectively).

The assumption that even an altitude of 
1350 m above sea level can induce a significant 
adaptive response is supported by changes in 
erythropoietin levels. As can be seen in Figure 4, 
all 7 subjects showed an increase in erythropoie-
tin levels, with an average increase of 1.49 mLU.
mL-1 (from 8.30 to 9.79 mLU.mL-1). Subjects 
2, 4, 6, and 7 showed an increase in erythropoi-
etin levels of up to 1 mLU.mL-1, but subject 3 
showed an increase of 3.29 mLU.mL-1 (from 
7.12 to 10.41 mLU.mL-1). A consistent trend ob-
served in all seven subjects suggests stimulation 
of erythropoiesis even at an altitude of 1350 m 
above sea level.

The research findings clearly confirm the posi-
tive effect of altitudes below 1350 m above sea 
level on the organism of the athletes studied. 
Based on the conducted research, it is important 
to note that these findings are somewhat specific, 
as they apply to the seven subjects studied in this 
research. To achieve a broader generalization, 
it is necessary to conduct research involving a 
larger group of athletes. However, the consistent 
trend observed in this study provides insight into 
the changes that can be expected.

Discussion

As stated by Čillík et al.,4 the interpretation of 
the body’s response to hypoxia typically implies 
that hypoxic conditions stimulate erythropoiesis 
and enhance athletic performance.5-7, 13, 14 How-
ever, it is important to note that the interpreted 
data cannot be generalized. Our research high-
lights the fact that even altitudes below 1500 m 

Figure 2.—Comparison of the proportion of reticulocytes 
before staying at altitudes up to 1350 m above sea level and 
on the 6th day of staying at this altitude.

Figure 3.—Comparison of Off-score before staying at alti-
tudes up to 1350 m above sea level and on the 6th day of 
staying at this altitude.

Figure 4.—Comparison of erythropoietin levels before stay-
ing at altitudes up to 1350 m above sea level and on the 6th 
day of staying at this altitude.
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above sea level can affect erythropoiesis, which 
is particularly significant given the sample sub-
mission protocol for the ABP. This finding cor-
responds to studies8, 9 indicating an adaptive 
response even at altitudes below 1500 m. Our 
research results confirm the positive impact of 
hypoxic exposure at altitudes up to 1350 m on 
a group of athletes (3 women and 4 men). These 
changes demonstrate that such exposure can also 
influence results in the ABP. This factor must be 
considered, especially in further research aimed 
at optimizing the data interpretation for ABP 
purposes. Čillík et al.4 point out the need to con-
sider the fact that there are studies10-12 that show 
a significant difference in the adaptive response 
to hypoxia, while some individuals are described 
as having little or no adaptive response. Tak-
ing into account that in the interpretation of the 
ABP, a variance of approximately 29 g.L-1 for 
hemoglobin,15 i.e., a variance from the mean 
predicted value of less than 15 g.L-1, the most 
significant difference we observed was 7 g.L-1, 
which is almost half of this value. This cannot 
be considered negligible. This is similar for re-
ticulocytes, where the ABP calculates a variance 
of about 1% point,15 i.e., half a percentage point 
from the mean. For this reason, it is important 
to note that for one subject, the change was as 
much as 0.52% points, while the average differ-
ence was 0.32% points, which is more than half 
the variance from the mean. Respecting the pre-
dicted variance of the Off-score, approximately 
45 (i.e., 22.5 from the mean),15 we can consider 
a significant difference greater than 5, which was 
achieved by all observed subjects. For these rea-
sons, we consider it essential to verify on a larger 
group the impact of environmental hypoxia at 
altitudes below 1500 m above sea level on the 
parameters monitored in the ABP. Additionally, 
at higher altitudes and with other methods, it is 
necessary to verify the specifics of the adaptive 
response in a larger group of elite athletes.

Conclusions

The findings from the study conducted on seven 
athletes affirm that, contrary to typical interpreta-
tions (such as those in the ABP sampling proto-
col), even hypoxic conditions at 1350 m above 

sea level can have a notable impact on the out-
comes analyzed in the ABP. The results showed 
that exposure to hypoxia below 1350 m above sea 
level resulted in a reduction in hemoglobin levels, 
while a contrary trend was observed for reticulo-
cytes. This trend was reflected in the Off-score, 
showing a decrease across all cases. The data ob-
tained confirm the effect of hypoxic conditions at 
altitudes up to 1350 m above sea level on eryth-
ropoiesis. Monitoring changes in erythropoietin 
levels, which increased in all subjects, was also 
conducted to objectify the data. For these rea-
sons, it is considered necessary to further expand 
our understanding of hypoxic preparation and the 
data analyzed in the ABP. Taking fair play prin-
ciples into account is essential when interpret-
ing results in an ABP. Inaccurate or inconsistent 
data interpretation may lead to unjust accusations 
against innocent athletes. This not only violates 
fair play principles but also undermines the core 
values of sports and the primary goal of the anti-
doping system, which is to detect doping viola-
tions and not to unfairly penalize honest athletes.
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