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tHbmass and HBB gene polymorphisms in endurance athletes
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INTRODUCTION
Transport of oxygen to skeletal muscles by the cardiovascular system 
and its utilization in the muscle are essential factors affecting the 
aerobic capacity [20]. Efficient transport of oxygen to the tissues is 
conditioned by the size of muscle heart, blood volume and the 
amount of haemoglobin [20,21]. The role of haemoglobin in aero-
bic capacity is well documented. The results of many studies indi-
cate a strong relationship between total haemoglobin mass (tHb-
mass) and maximal oxygen consumption (VO2max) [1,6,8,12,13]. 
Previous studies concluded that an increase in tHbmass by 1 g 
causes a rise in VO2max of approximately 4 ml · min-1 [21]. 
However, such a dependency is not observed for blood haemoglo-
bin concentration, which is commonly used in sports diagnos-
tics [16,24]. 

It has been observed that endurance athletes have higher tHb-
mass values than untrained subjects or power-oriented athletes [12, 
15]. It is worth noting that tHbmass can also vary within endurance 
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disciplines, which might be caused by many factors [8, 12,21,25] 
including genetic predisposition [5,12,25].

So far, researchers have described 239 genes that could be re-
lated to predisposition to physical fitness and sports results [3]. 
One of them is the beta haemoglobin (HBB) gene [17]. However, 
haemoglobin genes are considered mainly due to haemoglobinopa-
thies, which are the commonest single-gene genetic disorders in 
humans [10]. The impact of the HBB gene on physical performance 
remains unclear. The effect of this gene on aerobic capacity was 
described only in one study with recruits from the Chinese military 
police, who undertook running training for 18 weeks [11].  
The authors suggested that homozygosity for the C allele of -551C/T 
and intron 2, +16 C/G polymorphisms may determine a higher 
concentration of haemoglobin in the blood and explain part of the 
individual variation in the cardiovascular adaptation to endurance 
training [11]. However, there is still no information concerning the 
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relationships between the HBB gene and the amount of haemoglo-
bin in the blood; therefore the aim of this study was to examine the 
association between tHbmass and HBB gene polymorphisms in 
athletes of endurance disciplines.

MATERIALS AND METHODS 
Subjects. Eighty-four athletes, both male and female, from cross-
country skiing and middle- and long-distance running, volunteered 
for the study. The subjects were given a medical and biochemical 
examination in order to exclude individuals who showed symptoms 
of infectious, cardiovascular diseases, latent iron deficiency (n=2) 
or iron deficiency anaemia. Finally, the results from 82 athletes,  
i.e. 36 females and 46 males, were analysed. Most of the study 
participants were members of national junior or senior teams.  
All athletes were Caucasians. The study was approved by the Insti-
tute of Sport’s Committee of Ethics and written informed consent 
was obtained from individuals.

Study design
The study consisted of the two stages performed on one day in the 
following order: 1) venous blood sampling, 2) evaluation of tHbmass. 

Blood collection and analysis
The blood samples were withdrawn from the antecubital vein in the 
morning in a preprandial state after staying at least 15 min in a sit-
ting position. 

Indices of iron status
Haemoglobin concentration (Hb), haematocrit (Hct), erythrocyte 
count (RBC), and percentage of reticulocytes (Ret) were determined 
by using an ADVIA 120 haematological analyser (Siemens,  
Germany). In blood serum the following assays were conducted: 
soluble transferrin receptor (sTfR) concentration by using immuno-
enzymatic commercial kits (Ramco, USA); ferritin concentration by 
using an immunoenzymatic method (Pentra, USA); total iron binding 
capacity (TIBC) by using a colorimetric method (BioMaxima, Poland); 
and C-reactive protein (CRP) by using an immunoturbidimetric 
method (Pentra, USA).

DNA isolation and HBB polymorphism typing
Genomic DNA was extracted from whole blood using the GeneMA-
TRIX Quick Blood DNA Purification Kit (Eurx, Germany) following 
the manufacturer’s instructions. HBB gene intron 2, +16C/G and 
-551C/T polymorphisms were analysed by PCR-RFLP methods 
using primer sequences and method conditions described previ-
ously [11] with our modification. Briefly, polymerase chain reactions 
were carried out in 20 μl of solution containing a standard PCR 
buffer, 200 ng of tested DNA, 1 U Taq Polymerase (Invitrogen, 
Brazil), 2 mM MgCl2, 200 μM dNTPs (Invitrogen, Brazil), and 1 
μM of each primer. Amplifications were performed under the fol-
lowing conditions: 94°C, 3 min; 35 cycles of 30 s at 94°C; 30 s 

at 58°C (for intron 2, +16C/G typing) or 57°C (for -551C/T typing); 
60 s at 72°C. The last elongation step was extended to 7 min. PCR 
products were digested with 2 U of AvaII restriction enzyme (Fer-
mentas, USA) for 2.5 h at 37°C (for intron 2, +16C/G typing;  
G allele was cut) or with 2 U of RsaI restriction enzyme (Fermentas, 
USA) for 2.5 h at 37°C (for -551C/T typing; T allele was cut). All 
digested products were electrophoresed on 3% agarose gel and 
visualized in a UV transilluminator using ethidium bromide staining. 

Determination of tHbmass 
tHbmass was assessed using a modified version of the CO rebreath-
ing procedure, according to Schmidt and Prommer [19,22]. Brief-
ly, this procedure comprised inhalation of a bolus of 99.9% chem-
ically pure CO (Linde Gas) in a dose of 1.0 ml · kg-1 body mass for 
males and 0.8 ml · kg-1 body mass for females. The samples of the 
arterialized capillary blood (Finalgon®, Boehringer Ingelheim,  
Germany) were taken from the earlobe three times: directly before 
the test and in the 6th and 8th minute after the respiration through 
the spirometer was started. Measurements of the percentage value 
of carboxyhaemoglobin (HbCO%) (ABL 80 Flex, Radiometer,  
Denmark) were performed in triplicate samples before and in  
the 8th minute, and in duplicate samples in the 6th minute, of  
the study. The detailed description of this method was given in 
publications by its authors [19,22]. In all participants measurements 
of tHbmass were done in duplicate. The typical error (TE) in our 
laboratory with 27 duplicated measures (24-48 h time lag between 
the tests) was 1.59%. 

Statistical analysis
All the data are presented as means and standard deviations, and 
were analysed using the Statistica 10 software package (StatSoft Inc. 
Tulsa, USA). Differences between mean values of tHbmass in groups 
of athletes possessing different genotypes of the HBB gene were 
tested (separately in males and females) by the Kruskal–Wallis test, 
whereas the Mann-Whitney U test was used in comparison of mean 
values of tHbmass in groups distinguished according to alleles.  
The significance of differences in genotype and allele frequencies as 
well as conformity with the Hardy–Weinberg principle was calculated 
using the χ2 test. The statistical significance was set at p<0.05.

RESULTS 
The physical characteristics of subjects, separated by gender, as well 
as basic data concerning sports experience, training load and indices 
of iron status, are shown in Table 1.

Both polymorphisms were in Hardy-Weinberg equilibrium in male 
and female athletes. No differences were found in the HBB genotype 
and allele frequencies between male and female athletes (Table 2). 
The HBB genotypes had no significant effect on relative values of 
tHbmass (Table 3). No relationships were found between HBB alleles 
in the case of both polymorphisms and relative values of tHbmass 
(Figures 1 and 2).
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DISCUSSION 
This study was the first to determine the association of tHbmass 
and the HBB gene in athletes. The main finding of the present 
study was no relationships between tHbmass and -551 C/T, or 
intron 2, +16 C/G polymorphisms in the HBB gene, either geno-
types or alleles.

No differences were found in the HBB genotype distribution 
between male and female athletes. Due to the limited extent of 
research in this area, it is difficult to compare our results to others. 
In the present study the frequency of HBB variants in males was 
different from that observed in the untrained Chinese male popula-
tion [11], which may result from ethnic origin or selection for 
endurance disciplines [11,27]. A lack of differences in genotype 

  intron 2, +16 C/G

 genotypes alleles

 CC CG GG C G

Female (n=36)
 

n 3 16 17 22 50

% 8.3 44.4 47.2 30.6 69.4

Male (n=46)
 

n 1 15 30 17 75

% 2.2 32.6 65.2 18.5 81.5

  -551 C/T

 genotypes alleles

 CC CT TT C T

Female (n=36)
 

n 8 20 8 36 36

% 22.2 55.6 22.2 50.0 50.0

Male (n=46)
 

n 4 24 18 32 60

% 8.7 52.3 39.1 34.8 65.2

TABLE 1. CHARACTERISTICS OF STUDY PARTICIPANTS 
(MEAN ± SD)

Variable Females (n=36) Males (n=46)

Age (years) 20.1 ± 3.4 18.7 ± 1.7

Body height (m) 1.7 ± 0.1 1.8 ± 0.05

Body mass (kg) 57.0 ± 5.4 68.4 ± 6.8

Training experience (years) 6.3 ± 2,7 5.7 ± 3.1

Training/week (h) 13.5 ± 6.9 14.2 ± 5.4

Haemoglobin (g · dl-1) 13.8 ± 0.8 15.7 ± 0.7

Haematocrit (l · l-1) 40.7 ± 2,7 45.1 ± 2.4

RBC (x 1012 · l-1) 4.7 ± 0.3 5.3 ± 0.3

Ferritin (ng · ml-1) 34.1 ± 24.6 51.1 ± 33.7

sTfR (mg · l-1) 5.0 ± 1.1 4.8 ± 0.9

TIBC (mg · dl-1) 324 ± 26.3 313.8 ± 34.4

TABLE 2. GENOTYPE AND ALLELE FREQUENCIES OF INTRON  2, 
+16 G/C AND -551C/T POLYMORPHISMS OF HBB GENE IN 
MALE AND FEMALE ATHLETES

FIG. 1. RELATIVE THBMASS ACCORDING TO ALLELES OF INTRON 2, 
+16 G/C POLYMORPHISM OF HBB GENE IN MALE (UPPER) AND FEMALE 
(BOTTOM) ATHLETES

FIG. 2. RELATIVE THBMASS ACCORDING TO ALLELES OF -551C/T 
POLYMORPHISM OF HBB GENE IN MALE (UPPER) AND FEMALE 
(BOTTOM) ATHLETES
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distribution of -551 C/T polymorphism between alpine skiing ath-
letes and untrained persons (control group) was described only in 
conference abstracts [18]. 

The HBB gene determines the structure of β chains of polypep-
tide in adult haemoglobin Hb A. Polymorphism -551 C/T of this 
gene is in the region which functions as a silencer in transient 
expression [7,11]. In turn, intron 2 +16 C/G of this gene may lead 
to different expression, because it is in the alternative splicing 
region of mRNA [11,23]. Simultaneously, it is suggested that the 
homozygous CC for both polymorphisms could have a higher hae-
moglobin concentration [11]. Because haemoglobin is the basic 
transporter of oxygen, a high total amount of it, in large part, de-
termines high maximal oxygen uptake (VO2max) [1,13]. The results 
of He et al. [11] indicated a lack of association of these polymor-
phisms and VO2max; however, homozygotes for intron 2, +16 CC 
and -551 CC had a decreased oxygen cost of running compared 
to the other genotypes, which suggested that C alleles were con-
ducive to aerobic capacity [11]. Although in the present study 
aerobic indices were not examined, our results did not confirm an 
association between C alleles in both polymorphisms and haemo-
globin amount. However, it cannot be excluded that the possible 
reason for a lack of relationships between both polymorphisms of 
the HBB gene and tHbmass was due to small sample size, espe-
cially in groups with CC genotypes. It is worth noting that haemo-
globin amount is a complex trait likely not reducible to double 
polymorphisms. Furthermore, epigenetic factors, the environment 

and the complex gene-gene and gene-environment interactions are 
also important determinants [2,14,26]. For example, Pro582Ser 
polymorphism of the HIF1α gene affects red blood cells, iron ho-
meostasis [26] and physical performance [4].

CONCLUSIONS 
The present study showed that -551 C/T and intron 2, +16 C/G 
polymorphisms of the HBB gene were not determinants of total 
haemoglobin mass, either in female or in male Polish endurance 
athletes. It is more likely that several polymorphisms, each with a 
small but significant contribution, are responsible for haemoglobin 
amount. Further research including tHbmass, genes and aerobic 
indices on a large population of athletes is necessary to better 
understand the relationship between haemoglobin amount, ge-
netic predisposition and physical performance.
  

Acknowledgements
Funding: The study was financially supported by the Ministry of 
Science and Higher Education of the Republic of Poland (grant no. 
N N404 52 52 38) and by the Ministry of Sport and Tourism of 
the Republic of Poland from the Fund for Development of Physical 
Culture (agreement number 2013/0209/0223/SubB/DSW/DK/JD).

Conflict of interest: The authors declare that they have no conflicts 
of interest concerning this article.

  1.  Ahlgrim C., Pottgiesser T., Kron J., 
Duerr H., Baumstark M., Schumacher Y.O. 
Relations between haemoglobin mass, 
cardiac dimensions and aerobic capacity 
in endurance trained cyclists. J. Sports 
Med. Phys. Fitness 2009;49:364-371.

  2.  Beall C.M., Cavalleri G.L., Deng L., 
Elston R.C., Gao Y., Knight J., Li C., Li J.C., 
Liang Y., McCormack M.,  
Montgomery H.E., Pan H., Robbins P.A., 
Shianna K.V., Tam S.C., Tsering N., 

Veeramah K.R., Wang W., Wangdui P., 
Weale M.E., Xu Y., Xu Z., Yang L.,  
Zaman M.J., Zeng C., Zhang L., Zhang X., 
Zhaxi P., Zheng Y.T. Natural selection on 
EPAS1 (HIF2alpha) associated with low 
hemoglobin concentration in Tibetan 
highlanders. Proc. Natl. Acad. Sci. USA. 
2010;107:11459-11464. 

  3.  Bray M.S., Hagberg J.M., Pérusse L., 
Rankinen T., Roth S.M., Wolfarth B., 
Bouchard C. The human gene map for 

performance and health-related fitness 
phenotypes: the 2006-2007 update. 
Med. Sci. Sports Exerc. 2009;41:35-73.

  4.  Drozdovska S.B., Dosenko V.E.,  
Ahmetov I.I, Ilyin V.N. The association of 
gene polymorphisms with athlete status 
in Ukrainians. Biol. Sport 2013;30:163-
167.

  5.  Eastwood A., Bourdon P.C., Norton K.J., 
Lewis N.R., Snowden K.R., Gore C.J.  
No change in hemoglobin mass over 40 

REFERENCES  

 intron 2, +16 C/G Kruskal-Wallis test

 
Female (n=36)

CC (n=3) CG (n=16) GG (n=17)

11.1 ± 0.8 10.6 ± 1.2 10.7 ± 0.8 p=0.57

Male (n=46)
CC (n=1) CG (n=15) GG (n=30)

13.8 13.2 ± 1.0 12.9 ± 0.9 not tested 

-551 C/T

Female (n=36)
CC (n=8) CT (n=20) TT (n=8)

10.5 ± 1.1 10.8 ± 1.1 10.8 ± 0.5 p=0.72

Male (n=46)
CC (n=4) CT (n=24) TT (n=18)

12.4 ± 1.0 13.1 ± 0.8 13.0 ± 1.1 p=0.29

TABLE 3. TOTAL HAEMOGLOBIN MASS ACCORDING TO HBB GENOTYPES IN MALE AND FEMALE ATHLETES (MEAN ± SD)



Biology of Sport, Vol. 31 No2, 2014   119

tHbmass and HBB gene polymorphisms in endurance athletes

days of physical activity in previously 
untrained adults. Scand. J. Med. Sci. 
Sports 2012;22:722-728.

  6.  Eastwood A., Bourdon P.C., Withers R.T., 
Gore C.J. Longitudinal changes in 
haemoglobin mass and VO2max in 
adolescents. Eur. J. Appl. Physiol. 
2009;105:715-721.

  7.  Elion J., Berg P.E., Lapouméroulie C., 
Trabuchet G., Mittelman M., 
Krishnamoorthy R., Schechter A.N., 
Labie D. DNA sequence variation in a 
negative control region 5' to the 
beta-globin gene correlates with the 
phenotypic expression of the beta s 
mutation. Blood 1992;1:787-792.

  8.  Garvican L.A. The importance of 
haemoglobin mass for cycling 
performance - Doctorate thesis. 
University of Birmingham 2011;pp.1-
206

  9.  Garvican L.A., Lobigs L., Telford R., 
Fallon K., Gore Ch.J. Haemoglobin mass 
in an anaemic female endurance runner 
before and after iron suplementation.  Int. 
J. Sports Physiol. Perform. 2011;6:137-
140.

10.  Giardine B., Borg J., Viennas E.,  
Pavlidis C., Moradkhani K., Joly P., 
Bartsakoulia M., Riemer C., Miller W., 
Tzimas G., Wajcman H., Hardison R.C., 
Patrinos G.P. Updates of the HbVar 
database of human hemoglobin variants 
and thalassemia mutations. Nucleic 
Acids Res. 2014;1:D1063-1069.

11.  He Z., Hu Y., Feng L., Lu Y., Liu G., Xi Y., 
Wen L., Xu X., Xu K.  Polymorphism in 
the HBB gene relate to individual 
cardiorespiratory adaptation in response 
to endurance training.  Br. J. Sports Med. 
2006;40:998-1002.

12.  Heinicke K., Wolfahrt B.,  
Winchenbach P., Biermann B.,  
Schmid A., Huber G.,  Friedmann B., 
Schmidt W. Blood volume and 

hemoglobin mass in elite athletes of 
different disciplines. Int. J. Sports Med. 
2001;22:504-512.

13.  Hinrichs T., Francke J., Voss S., Bloch 
W., Schänzer W. Total hemoglobin mass, 
iron status, and endurance capacity in 
elite field hockey players. J. Strength 
Con. Res. 2010;24:629-638.

14.  Kiefer C.M., Hou C., Little J.A., Dean A. 
Epigenetics of beta-globin gene 
regulation. Mutat. Res. 2008;647:68-
76. 

15.  Malczewska-Lenczowska J., Sitkowski D., 
Orysiak J., Pokrywka A., Szygula Z. Total 
haemoglobin mass, blood volume and 
morphological indices among athletes 
from different sport disciplines.  
Arch. Med. Sci. 2013;9:780-787.

16.  Mejuto G., Iñaki A., Cámara J., Puente A., 
Iturriaga G., Calleja-González J. The effect 
of a 6-week individual anaerobic 
threshold based programme in a 
traditional rowing crew.  
Biol. Sport 2012;29:297-301. 

17.  Pokrywka A., Kaliszewski P., Majorczyk E., 
Zembroń-Łacny A. Genes in sport and 
doping. Biol. Sport 2013;30:155-161.

18.  Polat M., Coksevim B., Taheri S.,  
Dundar M. The investigation of relation 
between alpine skiing success and ACE, 
NOS3, HBB gene polymorphisms and 
expression levels. Abstract. In: Sports 
Medicine, the challenge for global health: 
Quo Vadis? 2012; pp.371. XXXII World 
Congress of Sports Medicine.

19.  Prommer N., Schmidt W. Loss of CO 
from the intravascular bed and its impact 
on the optimised CO-rebreathing 
method. Eur. J. Appl. Physiol. 
2007;100:383-391.

20.  Saltin B., Strange S. Maximal oxygen 
uptake: "old" and "new" arguments for 
cardiovascular limitation. Med. Sci. 
Sports Exerc. 1992;24:30-37.

21.  Schmidt W., Prommer N. Impact of 

alterations in total hemoglobin mass on 
VO2max. Exerc. Sport Sci. Res. 
2010;38:68-75. 

22.  Schmidt W., Prommer N. The optimised 
CO-rebreathing method: a new tool to 
determine total haemoglobin mass 
routinely. Eur. J. Appl. Physiol. 
2005;95:486-495.

23.  Semenza G.L., Malladi P., Surrey S., 
Delgrosso K., Poncz M., Schwartz E. 
Detection of a novel DNA polymorphism 
in the beta-globin gene cluster. J. Biol. 
Chem. 1984; 25:6045-6048.

24.  Siewierski M., Słomiński P., Białecki R., 
Adamczyk J. Athletic performance of 
swimmers after altitude training  
(2,300 m above sea level) in view of 
their blood morphology changes.  
Biol. Sport 2012;29:115-120.

25.  Steiner T., Wehrlin J.P. Does hemoglobin 
mass increase from 16-21 and 28 in 
elite endurance athletes? Med. Sci. 
Sports Exerc.2011;43:1735-1743. 

26.  Torti L., Teofili L., Capodimonti S., 
Nuzzolo E.R., Iachininoto M.G.,  
Massini G., Coluzzi S., Tafuri A., Fiorin F., 
Girelli G., Zini G., Larocca L.M. 
Hypoxia-inducible factor-1α(Pro-582-
Ser) polymorphism prevents iron 
deprivation in healthy blood donors. 
Blood Transfus. 2013;11:553-557. 

27.  Wang G., Mikami E., Chiu L.L.,  
DE Perini A., Deason M., Fuku N., 
Miyachi M., Kaneoka K., Murakami H., 
Tanaka M., Hsieh L.L.,  
Hsieh S.S.,Caporossi D., Pigozzi F.,  
Hilley A., Lee R., Galloway S.D.,  
Gulbin J., Rogozkin V.A., Ahmetov I.I., 
Yang N., North K.N., Ploutarhos S., 
Montgomery H.E., Bailey M.E.,  
Pitsiladis Y.P. Association analysis of ACE 
and ACTN3 in elite Caucasian and East 
Asian swimmers. Med. Sci. Sports Exerc. 
2013;45:892-900.


