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ABSTRACT

The aim of this study was to examine the use of hormone and metabolic modulators (SARMs), that have the same effects of an-
drogenic anabolic drugs and the use of selective estrogen receptor modulators (SERMs) as estrogen receptor agonists or antagonists. 
Examples of substances in this class include tamoxifen and clomiphene. In sport, this drugs are used  by athletes as performance-en-
hancing drugs to stimulate anabolism, improve the strength and enhance muscle mass. These drugs are banned by the World Anti-Dop-
ing Agency and have negative side effects but not more of anabolic agents as testosterone and steroids. 

The WADA list comprises a total of 10 different classes of banned substances (S0– S9), three different groups of prohibited 
methods (M1–M3), and two classes of drugs (P1 and P2). The latter are banned from selected sports only. We have analysed the dop-
ing’s spread in Italy about S4 classes of substances since 2005. The data come from the databases of government and sports Italians 
institutions. The data show, in the last years, an moderate increase of utilize of this classes of drugs as performance-enhancing drugs. 
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Introduction

The use of drugs in athletes should be careful-
ly evaluated due to the limited margin of benefit and 
sometimes serious side effects that some of them 
present. Particularly intense training and competitive 
physical activity can induce amenorrhea and irregular 
menstrual cycles in numerous athletes(1,2).

Certainly, menstrual disorders are common to 
young athletes and oral contraceptives are often rec-
ommended(3). They generally have a benefit on body 
composition and may also be recommended "to pre-
vent bone loss" in female athletes with permanent 
amenorrhea and estrogen deficiency(2).

Combined pill and progestogen only pill (oral 
contraceptives) are sometimes prescribed to restore 
menstruation and can therefore be a valuable ally 
against the syndrome named in 1992 by the American 
College of Sports Medicine as “Female Athlete Tri-
ad”, which describes a condition typical of some ath-
letes, characterized by minor eating disorders, amen-
orrhea and osteoporosis, whose factors triggers seem 

to be a low-calorie diet and a negative caloric balance, 
associated with excessive training(4,5). However, mi-
nor information is available on the effects that oral 
contraceptives can have on physical performance and 
body composition. Therefore, the studies performed 
showed no improvement in muscle strength, nor did 
they highlight changes in lean mass. On the contrary, 
only a slight increase in fat mass is known(2, 6,7). This 
last effect could, however, negatively affect the per-
formance of the athlete.

Currently, for therapeutic use, in addition to the 
estroprogestinic associations, the utilize of periodic 
injections (every 3 months) of high-dose progestins 
has spread(1). These hormonal therapies can be associ-
ated with consistent blood loss and iron deficiencies. 
Furthermore, estroprogestinic drugs can induce mood 
alterations, associated with states of depression, these 
reactions which can compromise the competitive spir-
it and have negative repercussions on the results of 
the competition(8,3).  

Nevertheless, among the factors that can inter-
fere with the effectiveness of the combined pill and 



444   Filomena Mazzeo, Domenico Tafuri

progestogen only pill there is no physical activity(9, 

10). Moderate intensity exercise has no significant ef-
fect on the menstrual cycle. There is no relationship, 
for example, between the coincidence of the time the 
oral contraceptives is taken with that of a sport activ-
ity such as aerobics and body building, practiced for 
about two hours. Indeed, physical activity could coun-
teract any undesirable effects (metabolic effects) that 
may, although today more rarely due to the low dosag-
es used, derive from them(11). About use of nutritional 
supplements such as creatine, there are no studies that 
correlate creatine supplementation with the oral con-
traceptives. However, it must be considered that this 
supplementation can generate an increase in water re-
tention, a phenomenon which, as we have said, is also 
common to the use of combined pill and progestogen 
only pill(12). This association could increase body hy-
dration. The oral contraceptive, if taken simultaneous-
ly with creatine (administered especially to athletes 
who practice power sports), can lead to greater hydra-
tion and therefore greater sweating(12,13). 

In ministerial report among the most used and 
declared specific drugs by the athletes 55 declarations, 
equal to 2.1% of the total (2061) of all the declared 
preparations (drugs and other products) and to 3.9% 
of the total 1420 of the drugs used, concern the use of 
combined pill and progestogen only pill. Before start-
ing to take a certain combined pill and progestogen 
only pill, the athlete consult the sports authorities and 
report the prescription in the appropriate form during 
the doping test.  About concern  others hormone and 
metabolic modulators they  have been prohibited as 
doping agents in and out of competition since 2001 
for men and since 2005 for women (classes S4). There 
are generally 5 different types prohibited substances 
in the S4 category list  including : Aromatase inhibi-
tors, selective estrogen receptors,  Selective estrogen 
receptor modulators (SERMs), Other anti-estrogenic 
substances, Agents modifying myostatin functions 
and metabolic modulators.

Methods

Data are originated from the report commis-
sioned by the Italian Ministry of Health. The last  
years results have been collected and combined 
among them.  The literature search was performed on 
the PubMed and Scopus databases and on the official 
website of the Italian Ministry of Health. The analy-
sis of use the substances classified in S4 as “hormone 
and metabolic modulators” are reviewed and analyz-
ed since 2005.

Results

The data show the anti-doping test took place 
in Italy during the last ten years: from 2003 to 2018. 
The literature search was performed on PubMed and 
Scopus database and Italy Anti-doping official web-
site.

Data showed are originated from the report 
commissioned by the Italian Ministry of Health. 

The authors have compared the above men-
tioned data, but they have demonstrate and analyze all 

1. Aromatase inhibitors including, but not limited to:

2-Androstenol (5α-androst-2-en-17-ol)

2-Androstenone (5α-androst-2-en-17-one)

3-Androstenol (5α-androst-3-en-17-ol)

3-Androstenone (5α-androst-3-en-17-one)

4-androstene-3,6,17 trione (6-oxo)

Aminoglutethimide

Anastrozole

Androsta-1,4,6-triene-3,17-dione (androstatrienedione)

Androsta-3,5-diene-7,17-dione (arimistane)

Exemestane

Formestane

Letrozole

Testolactone

2. Selective estrogen receptor modulators (SERMs) including, but not 
limited to:

Raloxifene

Tamoxifen

Toremifene

3. Other anti-estrogenic substances including, but not limited to:

Clomifene

Cyclofenil

Fulvestrant

4. Agents preventing activin receptor IIB activation including, but not 
limited, to:

Activin A-neutralizing antibodies

Activin receptor IIB competitors (e.g. decoy activin receptors (e.g. ACE-031))

Anti-activin receptor IIB antibodies (bimagrumab)

Myostatin inhibitors (myostatin-neutralizing antibodies (e.g. domagrozumab, 
landogrozumab, stamulumab), myostatin-binding proteins (e.g. follistatin, 
myostatin propeptide); agents reducing or ablating myostatin expression)

5. Metabolic modulators:

Activators of the AMP-activated protein kinase (AMPK), eg. AICAR, SR9009;

Peroxisome Proliferator Activated Receptor δ (PPARδ) agonists , e.g. 
2-(2-methyl-4-((4-methyl-2-(4-(trifluoromethyl)phenyl)thiazol-5-yl)methyl-
thio)phenoxy) acetic acid (GW1516, GW501516);

Insulins , and insulin-mimetics;

Meldonium

Trimetazidine

Table 1: WADA 2018 list . The following classes of 
antiestrogenic substances, on the other hand, are always 
prohibited both in competition and out of competition.
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the data but the only spread of S4 classes (Hormone 
and metabolic modulators). 

First of all, it is important to know that hormone 
and metabolic modulators have been prohibited as 
doping agents in and out of competition since 2001 
for men and since 2005 for women. Generally, irreg-
ular is the focus on the consumption of prohibited 
substances and considered that the control activities 
of the Anti-Doping Commission began in April 2003. 
Table 1 shows the lasses of antiestrogenic substances, 
on the other hand, are always prohibited both in com-
petition and out of competition.

In table 2, the doped athletes from 2007 to 2017 
breakdown by substance and by gender. In table 3 are 
reported the absolute and percentage values of the 
active substances recorded at the controls, divided 
by class according to the law 376/2000. In this table, 
since some (12 athletes) have taken more than one 
substance, the total number of active substances re-
ported is greater than the number of positive athletes.

In 2018, the highest percentage of active ingre-
dients detected in doping controls belongs to the S8 
class of cannabinoids with 33.3%, followed by ana-
bolic agents (26.7% class S1) and stimulants (class 
S6) with 26.7%.

During 2018, the most controlled events con-
cerned events relating to basketball (21.1%), to 
football (13.3%) and to swimming (10.2%). The S4 
substances have a peak of consumption in 2006 and 
2016-2018. In the last years, their use in the is charac-
terized by ups and downs. The statement of employ-
ment of combined pill and progestogen only pill in 
2018 was 4.5% of all drugs intake.

Conclusion

The Prohibited List category of “Hormone and 
metabolic modulators” comprises five sub-categories 
and substances of for the most part diverse physic-
ochemical nature. Amongst these, aromatase inhibi-
tors as well as selective estrogen receptor modulators 
(SERMs) and other anti-estrogens were measured in 
particular concerning the possibility to test for their 
presence in human urine(14,15). Therefore, strength and 
combat sports, weightlifting, boxing as well as endur-
ance sports such as cycling and cross-country skiing 
are affected, but the most widespread abuse occurs in 
the body building(9). Hormone and metabolic modula-
tors are substances which influence the hormones and 
thus modify their effects and which act on the body's 
metabolism. They have  anti-estrogenic effect and are 
used to prevent the adverse effects of anabolic agents. 
In the last years, anabolic agents experienced a point-
ed increase in their consumption in 2008 and 2013, 
respectively with 37.1% and 35%. The average con-
sumption is 16.9%. Constantly there is an evolution of 
doping substances and methods(15).

Therefore, each historical period is marked by 
the use of one or more specific substances or meth-
ods, which usually become prohibited only after be-
ing identified by the competent anti-doping entities. 
Current anti-doping strategy is to eliminate the doping 
in sport, especially in the elite sport.

References

1) Kazis K, Iglesias E. (2003).The female athlete triad. Ad-
olesc Med14(1): 87-95

2) Montesano, P. (2016). Goalkeeper in soccer: perfor-
mance and explosive strength. Journal of Physical Ed-
ucation and Sport, 16(1), 230

3) Hee L, Kettner LO, Vejtorp M. (2013). Continuous 
use of oral contraceptives: an overview of effects and 
side-effects. Acta Obstet Gynecol Scand , 92(2): 125-36. 
doi: 10.1111/aogs.12036. 

4) Loveless MB. (2017). Female athlete triad. Curr 
Opin Obstet Gynecol,. 29(5):301-305. doi: 10.1097/
GCO.0000000000000396.

Substances

 Years 200..

7 8-9-10 11 12 13 14 15 16 17
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