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SaZetak

Uvod: Nema mnogo podataka o utjecaju dugotrajne tjelovjezbe na bazalnu
koncentraciju prolaktina kod sportasa, osobito kod profesionalnih nogome-
tasa. Cilj ovog ¢lanka je usporediti koncentracije prolaktina u serumu profe-
sionalnih nogometasa s koncentracijama kod kontrolnih ispitanika, zdravih
muskaraca (davatelja krvi) sa sjedilackim nacinom Zivota.

Ispitanici i metode: Koncentracija prolaktina u serumu izmjerena je kod
31 igraca profesionalne nogometne mom¢adi prve talijanske lige (“serie A”)
i kod kontrolne populacije od 195 ispitanika, zdravih muskarca (davatelja krvi)
sa sjedilackim nacinom Zivota. Sportasi su imali 24-satni odmor nakon zad-
njeg treninga. Svi uzorci krvi prikupljeni su ujutro nataste te su svi ispitanici
imali barem 30 minuta odmora prije vadenja krvi iz vene.

Rezultati: Nije primijecena statisticki znacajna razlika u jutarnjoj koncen-
traciji prolaktina u serumu izmedu sportasa i kontrolnih ispitanika (12,9 +
1,0 prema 11,8 + 0,8 ng/mL; P = 0,471). Postotak sportaa Cije su vrijednosti
koncentracije bile izvan raspona specificnog za njihovu dob i spol nije se zna-
¢ajno razlikovao od postotka za kontrolne ispitanike (< 3,4 ng/mL: 0 prema
1%, P =0,642; > 16,2 ng/mL: 29 prema 23%, P = 0,154).

Zakljucak: Rezultati naseq ispitivanja pokazuju da bazalna (jutarnja) kon-
centracija prolaktina u serumu vjerojatno ne varira statisticki znacajno zbog
redovite tjelovjezbe. Stoga bi se referentni raspon za generalnu populaciju
mladih odraslih muskih osoba mogao primijeniti i na skupinu profesionalnih
nogometasa te vjerojatno i na druge skupine sportasa sa slicnim fizickim op-
terecenjem.
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Abstract

Background: There is little information on the influence of reqular physi-
cal exercise on baseline prolactin levels in male athletes, especially in pro-
fessional soccer players. Therefore, the aim of this article was to compare
serum prolactin levels in professional sportsmen with those of a control
population of healthy, sedentary, male blood donors.

Patients and methods: Serum prolactin was measured in 31 membe-
rs of a professional soccer team playing in the Italian major league (“Se-
rie A”), and in a control population of 195 healthy, sedentary, male blood
donors. Athletes had rested 24 hrs since the previous training session. All
samples were collected in the morning after an overnight fast and a mini-
mum of 30 min rest before venipuncture.

Results: No significant differences could be observed in the morning
concentration of serum prolactin between athletes and sedentary contro-
Is(12.9 + 1.0 vs. 11.8 = 0.8 ng/mL; P = 0.471). The percentage of athletes
displaying values outside the age- and sex-specific reference range did
not differ significantly from that of the control population (< 3.4 ng/mL: 0
vs. 1%, P = 0.642; > 16.2 ng/mL: 29 vs. 23%, P = 0.154).

Conclusions: Results of our investigation show that the baseline (morni-
ng) concentration of serum prolactin might not vary significantly in res-
ponse to reqular physical exercise. Therefore, the reference range for the
general population of young male adults might also be used for professio-
nal soccer players and, probably, other sportsmen with a similar physical
workload.
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Uvod Introduction

Prolaktin ili luteotropni hormon (engl. luteotropic hormo-
ne, LTH) je pleotropni neuroendokrini hormon koji proiz-
vodi hipofiza (1). Kod ljudi se prolaktin uglavhom pove-
zuje s laktacijom, iako ima jo$ nekoliko drugih bioloskih
funkcija kao $to su regulacija orgazama te stimulacija pro-
liferacije prethodnickih stanica oligodendrocita koje se
dalje diferenciraju u oligodendrocite, stanice odgovorne
za stvaranje mijelinske ovojnice na aksonima srediSnjega
ziv€anog sustava (1). Neki dokazi takoder podrzavaju hi-
potezu bi prolaktin mogao biti uklju¢en u odrzavanje
imunoloske kompetencije, buduci da su njegovi recepto-
ri pronadeni na ljudskim limfocitima (1). U posljednje se
vrijeme velika vaznost pridaje mjerenju koncentracija tog
hormona kod sportasa, bududi da te vrijednosti pokazuju
toleranciju i uskladenost organizma s tjelovjezbom. Tako-
der postoji hipoteza da se mjerenja koncentracije prolak-
tina mogu koristiti u pronalazenju optimalnog sportasa
za odredeni sport te u istrazivanju ucinka vjezbi kod spor-
tasa (2). Medutim, koliko smo mi upoznati, postoji malo
podataka o utjecaju dugotrajne tjelovjezbe na bazalnu
koncentraciju prolaktina kod sportasa, a o referentnim
vrijednostima tog hormona kod profesionalnih nogome-
tasa nema podataka. Stoga je cilj ovog istrazivanja bio us-
porediti koncentraciju prolaktina u serumu kod profesio-
nalnih sportasa s koncentracijom kod kontrolne popula-
cije zdravih ispitanika, muskaraca sa sjedilackim na¢inom
zivota.

Materijali i metode

Koncentracija prolaktina u serumu izmjerena je kod 31
igraca profesionalne nogometne momcadi (dob: 27 + 1
godina) prve talijanske lige (,Serie A"). Sportasi su dosli u
nas laboratorij na zakazano testiranje na pocetku sezone
(14. srpnja 2008.). Kontrolne ispitanike cinilo je 195 zdra-
vih muskaraca sa sjedilackim nacinom Zzivota (dob: 27 +
1 godina, P = 0,155), koji su stigli u nas laboratorij na re-
dovito davanje krvi. Sportasi su nakon zadnjeg treninga
do vadenja krvi imali 24-satni odmor. Uzorci su prikuplja-
ni ujutro nataste (izmedu 8.00 i 9.00), a ispitanici su prije
vadenja krvi imali barem 30 minuta odmora (2). Krv je iz-
vadena u epruvete bez aditiva (Becton-Dickinson, Oxfo-
rd, Velika Britanija). Nakon desetominutnog centrifugira-
nja na 1.500 g na sobnoj temperaturi, odvojen je serum
koji je odmah zatim analiziran. Koncentracija prolaktina
izmjerena je komercijalno dostupnom automatiziranom
kemiluminescentnom imunometodom na analizatoru
Immulite 2000 (Diagnostic Products Corporation, Los An-
geles, SAD). Koeficijenti varijacije unutar serije i iz dana u
dan za ovu metodu su manji od 3,4% (3), a referentni ras-
pon za mlade odrasle muske osobe je 3,4-16,2 ng/mL (4).
Rezultati mjerenja usporedeni su Wilcoxon-Mann-Whit-
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Prolactin or luteotropic hormone (LTH) is a pleiotropic
neuroendocrine hormone produced by the anterior pitui-
tary gland (1). In humans, prolactin is primarily associated
with lactation, though it exerts several other biological
functions, including regulating orgasms and stimulating
proliferation of oligodendrocyte precursor cells which
further differentiate into oligodendrocytes, the cells res-
ponsible for the formation of myelin sheath on axons in
the central nervous system (1). Some evidence also sup-
ports the hypothesis that prolactin might be involved in
maintenance of immune competence, since prolactin re-
ceptors have been identified on human lymphocytes (1).
Recently, major emphasis has been placed on the measu-
rement of this hormone in sportsmen, because its value
would reflect compliance and tolerance to physical exer-
cise. It has also been hypothesized that prolactin measu-
rement may be used to identify the most suitable athlete
for a given sport and mainly to survey exercise as rewar-
ding behaviour in trained people (2). There are, however,
little data on the influence of chronic physical exercise on
baseline prolactin levels in male athletes and, especially,
there is no information on the reference values of this
hormone in professional soccer players, to the best of our
knowledge. Therefore, the aim of this article was to com-
pare serum prolactin levels in professional sportsmen
with those of a control population of healthy, sedentary,
male blood donors.

Materials and methods

Serum prolactin was measured in 31 members of a pro-
fessional soccer team (age: 27 + 1 years) playing in the
Italian major league (“Serie A”). Athletes came to our la-
boratory for a planned laboratory testing at the beginni-
ng of the season (14 July 2008). The control population
consisted on 195 healthy, sedentary, male blood donors
(age 2741 years, P = 0.155), referred to our laboratory for a
regular blood donation. Athletes had rested 24 hrs since
the previous training session. Samples were collected in
the morning (between 8.00 and 9.00 AM) after an over-
night fast and a minimum of 30 min rest before venipun-
cture (2), in vacuum tubes containing no additives (Bec-
ton-Dickinson, Oxford, UK). After centrifugation at 1,500
g for 10 min at room temperature, serum was separated
and immediately analyzed. Prolactin was measured by
a commercially available automated chemiluminescent
immunoassay on the Immulite 2000 (Diagnostic Products
Corporation, Los Angeles, USA). Mean intra- and inter-as-
say coefficients of variation for this assay are < 3.4% (3)
and the reference range for young males is 3.4-16.2 ng/
mL (4). Results of measurements were compared using
the Wilcoxon-Mann-Whitney test (for continuous variab-
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neyevim testom (za kontinuirane varijable) ili hi-kvadrat
testom (za kategoricke varijable). Podaci su izrazeni kao
srednja vrijednost + standardna devijacija (SD). Statisticka
analiza napravljena je statisti¢ckim programskim paketom
SPSS verzija 12.0 (SPSS, Chicago, IL, SAD), a statisticka je
znacajnost postavljena na P < 0,05.

Rezultati

Rezultati istraZivanja prikazani su na Slici 1. Nije pronade-
na statisticki znacajna razlika u jutarnjoj koncentraciji pro-
laktina u serumu izmedu sportasa i kontrolnih ispitanika
(13,9 £ 5,5 prema 14,0 + 6,6 ng/mL; P = 0,471) te se ukup-
na raspodjela vrijednosti uglavnom preklapala. Stovise,
postotak sportasa cije vrijednosti nisu bile unutar raspo-
na specifi¢tnog za njihovu dob i spol nije se statisti¢ki zna-
¢ajno razlikovao od istog postotka kod kontrolnih ispita-
nika (< 3,4 ng/mL: 0 prema 1%, P = 0,642; > 16,2 ng/mL: 29
prema 23%, P = 0,154).

Rasprava

Dobro razumijevanje izvora prijeanalitickih varijacija kod
laboratorijskog testiranja vrlo je vazno za pouzdano tu-
macenje rezultata. Taj aspekt postaje posebno vazan u
odredenim okolnostima, kao $to su odredivanje koncen-
tracije hormona kod fizi¢ki aktivnih osoba, kada niz razli-
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Serum prolactin in professional soccer players

les) or the chi-square test (for categorical variables) and
data are presented as mean * standard deviation (SD).
Statistical analysis was performed with the statistical pac-
kage SPSS version 12.0 (SPSS, Chicago, IL) and the level of
statistical significance was set at P < 0.05.

Results

The results of this study are shown in Figure 1. No sig-
nificant differences could be observed in the morning
concentration of serum prolactin between athletes and
sedentary controls (13.9 + 5.5 versus 14.0 £ 6.6 ng/mL; P
= 0.471), and the overall distribution of values was mos-
tly overlapping. Moreover, the percentage of athletes
displaying values outside the age- and sex-specific refe-
rence range did not differ significantly from that of the
control population (<3.4 ng/mL: 0 vs. 1%, P = 0.642; >16.2
ng/mL: 29 vs. 23%, P = 0.154).

Discussion

Broad comprehension of preanalytical sources of varia-
tion in laboratory testing is important for the reliable in-
terpretation of test results. This aspect becomes critical in
specific circumstances, as for the evaluation of hormones
in physically active individuals, when a variety of exerci-
se-induced metabolic adaptations might translate in sig-

Sedentary individuals

SLIKA 1. Jutarnja koncentracija prolaktina u serumu kod profesional-
nih nogometasa (N = 31) i kontrolnih sa sjedilackim nacinom zivota (N
= 195). Pune vodoravne linije postavljene su na geometrijsku sredinu,
isprekidane vodoravne linije oznacavaju donju i gornju granicu refe-
rentnog raspona.

Soccer players

FIGURE 1. Serum morning prolactin concentration in male professio-
nal soccer players (N = 31) and sedentary blood donors (N = 195). The
continuous horizontal lines are drawn at the geometric mean, the dot-
ted horizontal lines designate the lower and upper limits of the refe-
rence range.
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¢itih metabolickih prilagodbi izazvanih vjezbanjem moze
izazvati znacajne varijacije hormonskog profila (5). lako je
opce prihvaceno da fizicka aktivnost, ovisno o njenom in-
tenzitetu, trajanju te tjelesnoj kondiciji osobe, ima citav
niz u¢inaka na musku reproduktivnu funkciju, objavljeno
je dosta proturjecnih podataka o utjecaju redovite tjelov-
jezbe na bazalnu koncentraciju prolaktina kod sportasa.
Radeci na istrazivanju koje je ukljucivalo profesionalne
bicikliste tijekom kontinuirane intenzivne biciklisticke ut-
rke (Vuelta a Espafa, 1998) Fernandez-Garcia i suradnici
nisu pronasli statisticki znacajnu razliku u koncentraciji
prolaktina izmedu dvije razli¢ite momcadi tijekom cijelog
istrazivanja, osim statisticki znac¢ajnog povecanja izmedu
mjerenja nakon dva tjedna i na zavrsetku utrke (6). Di Lui-
gi i suradnici su takoder zabiljezili statisticki znacajno po-
vecanje koncentracije prolaktina nakon tridesetominut-
nog vjezbanja na traci za tréanje (7). Sve u svemu, takve
su se varijacije pripisivale akutnoj izlozenosti hiperoksiji
tijekom vjezbanja (8). Suprotno tome, koncentracija pro-
laktina kod nogometasa bila je povisena jedino na poluv-
remenu utakmice dok se koncentracija na kraju utakmice
nije razlikovala od one prije pocetka (9). Niti Fournier i sur.
nisu primijetili statisticki znac¢ajne promjene koncentraci-
je prolaktina kod trkaca nakon ultramaratonske utrke od
110 km (10). Osim akutnih ucinaka tjelovjezbe, malo je po-
dataka dostupno o kroni¢nom utjecaju redovitog vjezba-
nja na bazalnu koncentraciju prolaktina, s time da takvi
podaci ne postoje za profesionalne nogometase. lako se
pretpostavljalo da dugotrajna tjelovjezba moze doves-
ti do adaptivnih promjena u koncentraciji prolaktina, us-
tanovljeno je da je hormonski odgovor na optereéenje
zbog intenzivne tjelovjezbe u obrnuto proporcionalnoj
vezi sa stupnjem tezine vjezbanja; odnosno, na stupnju
opterecenja gdje je kod osoba sa sjedilackim nacinom zi-
vota, odgovor prolaktina bio najvisi, kod osoba koje se in-
tenzivno bave sportom nije zabiljeZzena nikakva reakcija
(10). Wheeler i sur. su takoder izvijestili da su srednje vri-
jednosti koncentracije prolaktina bile statisticki znacajno
nize kod trkaca na duge staze nego kod kontrolnih ispita-
nika, iako su se vrijednosti kretale unutar fizioloskih gra-
nica (12).

Pouzdani dokazi ukazuju da dugorocno fiziolosko suzbi-
janje hipotalamo-hipofizno-gonadne osi kod sportasa
ima manji klinicki znacaj (11-14). Rezultati naseq istraziva-
nja slazu se s hipotezom da bazalna (jutarnja) koncentra-
cija prolaktina u serumu kod profesionalnih nogometasa,
odredena na pocetku nogometne sezone, ne odstupa
statisticki znacajno kao reakcija na dugotrajnu tjelovjez-
bu niti se statisticki znacajno razlikuje od populacije zdra-
vih ispitanika sa sjedilackim nacinom Zivota. Ovaj rezultat
ima neke prakti¢ne posljedice na podrucju sportske me-
dicine. Prvo, dokazali smo da se tradicionalni referentni
raspon za opcu populaciju mladih muskaraca moze rabiti
i kod profesionalnih nogometasa te vjerojatno i kod dru-
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nificant variations of the hormonal profile (5). Although
it is conventionally acknowledged that physical activity
exerts a broad range of effects on male reproductive
function, depending upon the intensity and duration of
the activity and the fitness of the individual, controver-
sial data have been published on the effect of regular
physical exercise on baseline prolactin levels in male
athletes. When studying male pro-cyclists during conti-
nuous intense competition (the 1998 “Vuelta a Espana”),
Fernandez-Garcia et al. found no differences in prolactin
concentration between two different teams and throug-
hout the study, except for a significant increase between
two weeks and the end of the race (6). Di Luigi et al. also
observed a significant increase of prolactin following a
thirty-minute treadmill exercise (7). Overall, such varia-
tions have been mainly attributed to acute exposure to
hyperoxia during exercise (8). Conversely, prolactin was
found to be increased only at half-time in soccer players,
whereas its concentration at the end of the match did not
differ from that measured before the start (9). Fournier et
al. also observed no significant modification of prolactin
in runners after an ultra-marathon race of 110 km (10). Be-
sides the acute effects of physical exercise, little data is
available on the chronic influence of regular exercise on
baseline prolactin levels, and no information is available
in this regard for professional soccer players. Although
it has been hypothesized that regular physical training
might lead to adaptive changes in prolactin, hormonal
response to absolute workloads was found to be inverse-
ly associated to the degree of training, i.e. at a workload
where prolactin response was already maximal in untrai-
ned subjects, no response could be registered in highly
trained subjects (10). Wheeler et al. also reported that the
mean levels of prolactin were significantly lower in endu-
rance runners than in controls, although levels remained
within the physiological range (12).

Reliable evidence suggests that the long term, physiolo-
gical suppression of the hypothalamic-pituitary-gonadal
axis in sportsmen is probably of minor clinical significan-
ce (11-14). Results of our investigation are consistent with
the hypothesis that the baseline (morning) concentration
of serum prolactin in professional soccer players assessed
at the beginning of the competitive season might not va-
ry significantly in response to chronic physical exercise,
nor it differs from that of a population of healthy seden-
tary individuals. This finding has some important practi-
cal implications in the field of sports medicine. First, we
provided evidence that the traditional reference range
for the general population of young male adults might
also be used in professional soccer players and, probab-
ly, in other sportsmen with a similar physical workload.
Accordingly, the measurement of morning prolactin
concentration might be used to assess compliance and
tolerance to physical exercise throughout the competi-
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gih sportasa sa sli¢cnim fizickim opterecenjem. Prema to-
me, mjerenja jutarnje koncentracije prolaktina mogu biti
korisna u procjeni uskladenosti i tolerancije tjelovjezbe ti-
jekom natjecateljske sezone tako da se moze pratiti hor-
monski odgovor na optereéenje zbog intenzivne tjelov-
jezbe te se mogu uociti eventualne varijacije nastale zbog
prekomjernog treniranja i/ili prenaprezanja (15). Rezulta-
ti ovog ispitivanja se zbog malog broja ispitanika trebaju
potvrditi na vecem uzorku profesionalnih sportasa.
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