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A B S TRACT   
BACKGROUND: The aim of this study was to assess whether the arm from which the blood sample was taken could 
potentially affect the results of the athlete’s biological passport (ABP) data.
METHODS: The study involved 25 adult male athletes aged between 20 and 35 years old. The analysis took place in 
an accredited laboratory, where all participants had their blood collected in the morning after fasting from both the right 
and left arms. Regarding the evaluation, we focused on the parameters monitored in the ABP (hemoglobin, reticulocytes, 
Off-score). The sampling was carried out at 8:00 a.m. The parameters analyzed were those monitored in the athlete’s 
biological passport: hemoglobin and reticulocytes, from which the Off-score was derived (Off-score = Hgb × 10–60 × 
(√reticulocytes).
RESULTS: The research results suggest that the sampling location – that is, from which arm the blood was sampled, may 
have a significant impact on the data interpreted in the ABP. 
CONCLUSIONS: Based on our findings, we recommend further research focused on investigating potential differences 
caused by the location of blood sampling. Future research should involve conducting similar measurements on a larger 
sample size of both athletes and non-athletes.
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The athlete’s biological passport (ABP) can 
be seen as one of the most groundbreaking 

instruments for detecting dopers, but there are 
many cases that raise questions about its reliabil-
ity1. For illustration, while several global stud-
ies validate the substantial impact of hypoxic 
training, detraining, or diurnal variation on he-
matological parameters observed in the ABP2-5 
it turns out that these facts can sometimes be 
disregarded when interpreting the results. It is 
also worth noting that many studies1, 4, 6-9, 1, 4, 10, 11 

raise controversy about the reliability of the val-
ues for ABP purposes or even highlight short-
comings in their interpretation. On the other 
hand, it is paradoxical that many times when ac-
cusing athletes, the evaluators cited publications 
questioning the influence of hypoxic training, 
dehydration and diurnal variation on the hema-
tological variables monitored in the ABP,12-15 
creating a need for further research in this area. 
Studies have given relatively little consideration 
to the analytical, physiological, or methodologi-
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cal factors that influence the interpretation of 
results in the ABP. Within the framework of the 
project VEGA1/0707/22 (Specifics of variability 
of hematological markers in Athlete Biological 
Passport) our aim was to assess whether the arm 
from which the blood sample was taken could 
potentially affect the results of the ABP data. 
Studies carried out by Morris et al.,16 Wiehl,17 
Lima-Oliveira et al.,18 Killilea et al.19 indicate 
that the sampling location (side) may affect he-
moglobin level determinations, but we have not 
encountered similar perspectives regarding the 
interpretation of the ABP results.

Materials and methods

The study involved 25 adult male athletes aged 
between 20 and 35 years old. The analysis took 
place in an accredited laboratory, where all par-
ticipants had their blood collected in the morning 
after fasting from both the right and left arms. 
Regarding the evaluation, we focused on the 
parameters monitored in the ABP (hemoglobin, 
reticulocytes, Off-score). The sampling was car-
ried out at 8:00 a.m. The parameters analyzed 
were those monitored in the ABP: hemoglobin 
and reticulocytes, from which the Off-score was 
derived (Off-score = Hgb × 10–60 × (√reticulo-
cytes). The sampling adhered to the methodolo-
gy used in data collection for the ABP.20 We used 
highly reliable analyzers, for reticulocytes Min-
dray BC 6200 (Shenzhen Mindray Bio-Medical 
Electronics Co., Ltd, Shenzhen, China; preci-
sion: ≤15.0% red blood cell [RBC] ≥3×1012.L-1; 
≤1.0% reticulocytes % ≤4.0%), for hemoglobin 
Mindray BC 6000 (precision ≤1.0% [110-180 
g.L-1]). The study protocol and procedures were 
approved by the Ethics Committee of Matej Bel 
University and were conducted in accordance 
with the Declaration of Helsinki on Ethical Prin-
ciples of Medical Research.21

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
When comparing the measured values between 
the right and left arms, there was no statistically 

or substantively significant difference in hemo-
globin, reticulocytes, or Off-score. In the con-
text of the results interpretation in the ABP, data 
aggregated for a group or population cannot be 
considered as decisive, as individual characteris-
tics have to be taken into account. The readings 
indicated that there was no clear trend showing 
significantly higher or lower values in either arm 
for hemoglobin (right 161 g.L-1 [SD±8.231], left 
160.24 g.L-1 [SD±8.237]). As depicted in Figure 
1, the individual differences measured between 
the right and left arms in several cases reached a 
level that can be considered significant from the 
perspective of the ABP.

The highest difference (participant 25) be-
tween the right and left arms was 7 g.L-1(right 
– 157 g.L-1, left 150 g.L-1), in the other two cases 
(participants 10, 13) the difference was 5 g.L-

1. Interestingly, both participants had the same 
value of 163 g.L-1 measured on the left arm, but 
on the right arm, one recorded a value of 153 
g.L-1 and the other recorded 168 g.L-1. There-
fore, while they had the same result on the left 
arm, there was a difference of 10 g.L-1 between 
them on the right arm. In three additional cases, 
the difference between the arms was 4 g.L-1, 
in five cases the difference was 3 g.L-1 and in 
the remaining 14 cases the difference was less 
significant (0-2 g.L-1). Considering that the in-
terpretation of the ABP calculates a variance of 
approximately 29 g.L-1 for hemoglobin,22 which 
is a variance from the mean predicted value of 
less than 15 g.L-1, in 11 cases, the difference be-
tween the right and left arms exceeded 3 g.L-1, 
representing 20% or more of the potential vari-
ance from the mean. The highest observed dif-

Figure 1.—The comparison of hemoglobin levels between 
the right and left arms.
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ference of 7 g.L-1 represented nearly half of this 
variance, posing a potential risk in interpreting 
the ABP results.

A similar trend was observed for reticulocytes, 
with the average value measured at 1.5352% 
(SD±0.2948) when collected from the right arm 
and 1.5536% (SD±0.3077) when collected from 
the left arm. However, as we can see in Figure 
2, certain individual differences can be deemed 
significant in the context of ABP.

The most significant difference recorded (par-
ticipant 24) was 0.41 percentage points, the sec-
ond most significant difference (participant 22) 
was 0.4 percentage points, then it was 0.21 per-
centage points (participant 12), 0.17 percentage 
points (participant 10) and in the other 8 cases 
the difference was 0.11-0.14 percentage points. 
In the remaining 13 cases, the difference was 
between 0 and 0.1 percentage points. Given that 
the ABP assumes a variance of about 1 percent-
age point, which is 0.5 percentage points from 
the average of the potential variance, the two 
most significant differences are very close to the 
maximum variance from the average values. As 
in 12 cases a difference of more than 0.1 percent-
age points was observed between the arms, it is 
necessary to considerate this in the case of reticu-
locytes as well.

The third parameter assessed is the Off-score, 
which reflects the relationship between hemo-
globin levels and the proportion of reticulocytes. 
As shown in Figure 3, there was no significant 
difference between the arms in this indicator ei-
ther, with the mean Off-score for the right arm at 
86.99 (SD±10.74) and for the left arm at 85.83 
(SD±11.57).

The most significant difference in Off-score 
was 11.9 (right 94.40, left 82.50) for participant 
22, followed by the second most notable differ-
ence of 10.48 (right 81.34, left 91.82) for partici-
pant 24, and the third biggest difference of 10.18 
(right 90.72, left 80.54) for participant 25. Re-
specting the predicted variance of the Off-score 
of approximately 45 (i.e., 22.5 from the mean),21 
a difference exceeding 5 can be regarded as a 
significant difference between the arms. Such a 
difference was recorded in 8 cases. Similar to he-
moglobin and reticulocytes, our findings suggest 
that the arm from which the sample was taken 
could also influence the outcome evaluated in the 
ABP.

Discussion

While we consider the ABP as a valuable tool 
in combating doping, our research also reveals 
several limitations associated with this indirect 
method of doping detection. In the context of our 
research, it is important to mention that contro-
versies about differences in hemoglobin level 
measurements between the right and left sides of 
the body were already present in the middle of 
the 20th century.17 However, it must be noted that 
at that time, capillary blood from the finger was 
used, and of course, methods for determining 
hemoglobin levels have significantly improved 
since then. The differences we observed in sam-
pling between the right and left arms are not clin-
ically significant, but such potential influences on 
the results need to be considered when interpret-
ing the results in the ABP. Highlight possible dis-
crepancies in different blood collection locations 

Figure 2.—Comparison of the proportion of reticulocytes 
between the right and left arms.

Figure 3.—Comparison of Off-scores between the right and 
left arms.
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when determining hemoglobin levels, noting that 
while the differences are not large, they are sta-
tistically significant.19 In the summary of their 
study, they outline interpretation boundaries that 
must be adhered to in order to prevent misinter-
pretation of their research conclusions. We con-
sider it crucial to continue gaining new insights 
in the future, as we are mindful of the current 
research’s limitations, particularly in terms of 
analysis. Additionally, other studies mentioned 
above also point out the necessity of contemplat-
ing similar issues, especially in the context of 
data objectivity in the ABP.1 The limitations in 
interpreting the cited studies mainly stem from 
the use of capillary blood, as was the case in the 
study.16 Their results indicate a significant im-
pact of the capillary blood sampling location on 
the obtained result. Other studies most often cite 
the same sources as we did. In the context of our 
research, an interesting finding comes from Li-
ma-Oliveira et al.,18 who, in their study compar-
ing the effect of body position (standing, lying 
down, sitting), show a significant impact of the 
body position on measured hemoglobin levels. 
The above information also implies that there are 
still several questions regarding the ABP that, 
while not crucial from a medical standpoint, are 
certainly worth further investigation in terms of 
interpreting results in the ABP.22 

Limitations of the study

We view the ABP as a suitable, innovative, and 
modern tool for combating doping. However, we 
must also acknowledge its limitations and the 
potential risks associated with it being an indi-
rect method of doping detection, which involves 
subjective opinions of evaluators. We view the 
most significant risk in this context the possibil-
ity of an athlete who has not violated anti-doping 
rules theoretically being punished, which we find 
unacceptable. Combating doping cannot include 
the risk of punishing an innocent athlete.

Conclusions

The research results suggest that the sampling 
location – that is, from which arm the blood was 
sampled, may have a significant impact on the 
data interpreted in the ABP. Based on our find-

ings, we recommend further research focused 
on investigating potential differences caused by 
the location of blood sampling. Future research 
should involve conducting similar measure-
ments on a larger sample size of both athletes 
and non-athletes. If similar findings to those we 
observed are confirmed, efforts should be made 
to determine the underlying reasons and mitigate 
the risks of misinterpretation, thereby reducing 
the possibility of false positives in non-doping 
athletes. 
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