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Countries with athletes in Rio who have had a doping suspension
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Tokyo Marathon winner Endeshaw Negesse has become the first Ethiopian named
in connection with a failed drugs test following reports that as many as nine
athletes from the distance running powerhouse are under investigation.
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ARTICLE 1 DEFINITION OF DOPING

Doping is defined as the pccurrence of one or more of the
anti-doping rule violations set forth in Article 2.1 through
Article 2.10 of the Code.

2021 Code Review Process: Schedule
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tabled 2t EC
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04 JUN - 14 SEPT.
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10 DEC 2618 - 04 MAR 2019

* Due to particular ciscumstances, the ISL will undergo one unique phase of consultation from 14 July 10 14 September 2018
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THE PROHIBITED LIST (2018)

Non-approved substances

Prohibited at all times

Anabolic agents, peptide hormones,
growth factors, related substances and
mimetics, beta-2 agonists, hormone and
metabolic modulators, diuretics and
masking agents

Methods at all times

Blood doping, chemical and physical
manipulation, gene doping-editing
Prohibited substances in-competition

Stimulants, narcotics, cannabinoids,
glucocorticoids

Prohibited substances in particular sports
Beta-blockers

THE WORLD ANTI-DOPING CODE
INTERNATIONAL
STAN

PROHIBITED LIST

JANUARY 2018
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AGEMCY
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T oéficial taxt of the Probited L ahal be masinssined by ##04 an3 shak s pobsisbed in English ard French.

In tha sveni of any cenifbcl between the English end Franch semsions, the Erginh versien shall prevai.
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Main organs affected by biomedical side effects

Cardiovascular system

(& Blood and
4@\, vascular system

Musculoskeletal
system

Central
nervous system

Immune system



The dual character of drugs/doping substances

Drugs

P

’5’/ Medical Drug
purpose abuse

Therapeutir: Overdose

\ doses )

Biomedical side effects

— T

temporary (acute damage) reversible / irreversible long term (late effect)
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ATHLETE’S DIARY

10-9 weeks before the competition daily:
Ephederine, AN 1, Catagon, Aspirine, Valium,
Clenbuterol

8-6 weeks before the competition daily:

2 injects Testoviron a 250mg, 1 inject
Parabolan, 30 tabletts Halotestin, 30 tabletts
Metandienon, 20IE* STH, 20IE* Insuline,

5-3 weeks before the competition daily:

2 injects Parabolan, 2 injects Stromba, 30
tabletts Halotestin, 50 tabletts Stromba,
241E* STH

2-1 weeks before the competition daily:

2 injects Masteron, 2 injects Stromba, 40
injects Halotestin, 80 tabletts Stromba, 24 IE*
STH, Insuline, IGF




Birgit Dressel died due to
anaphylactic shock in 1987:

v Toxicology report

showed 102 different
substances in her body




Biomedical side effects of doping substance abuse...
...on the cardiovascular system

Cardiac side effects induced by Side Effects

most effects

Anabolic androgenic steroids

Cocaine, Ephedrine

Amphetamines, Alcohol Sudden cardiac death

Human growth hormone (hGH) Arrhythmias
Bota-2-agonists Myocardial il-'ifﬂl'l:tinﬁ
Cannabinoids :::;:'::';;
Glucocorticosteroids Coronary artery disease
Erythropoietin Left ventricular hypertrophy
Diuretics
Narcotics

less effects




Table 1. Adverse Events Associated With Anabolic-
Androgenic Steroid Usa®

Organ System/Effect
Cardiovascular

Dyslipidemia, ++
atherosclerotic disease
Cardiomyopathy ++
Cardiac conduction +
abnormalities
Coagulation +
abnormaiities
Polycythemia +
Hypertension +
Meuroendocrine {males)
HPT suppression, ++
hypogonadism from
AAS withdrawal
Gynecomastia +
Prostatic hypertrophy S
Prostate cancer +i—
Wirilizing effects
Meuroendocrine {fernales) ++
Neuropsychiatric
Major mood disorders: ++
mania, hypomania,
depression
Aggression, violence +
AAS dependence ++
MNeuronal apoptosis, Hi—
cognitive deficdts
Hepatic
Inflammatory and +
cholestatic effects
Peliosis hepatis (rare) +
Neoplasms (rare) +
Musculoskeletal
Premature epiphyseal +
closure (in adolescents,
rarg)
Tendon rupture +
Kidney
Renal failure secondary +
to rhabdomyolysis
Focal segmental +
glomerutoscierosis
MNeoplasms (rare) +i—
Immune el
Immunosuppressive
effects
. " Dermatologic
Figure 1 The most frequently reported adverse effects of anabalic Acne +
Striae
a n d rD g E n I E SterD 1 d ab u SE'. * Sewerity is scored as follows: ++, well-recognized and probably of serious
concern; +, well-recognized but either less common or causing less serious
marbidity, +/—, possible risks whose relation to AAS use remains poarty

understood.

Birzniece, Intern Med J, 2015 Pope et al., Endocrine Rev, 2014



AAS CARDIOVASCULAR SIDE EFFECTS

Altered exercise-induced cardiac
adaptations

Cardiomyopathy
Myocarditis

Arterial hypertension
Coronary atheromatosis
sternid skeleton

Arrhythmias
LV dysfunction

Myocardial infarction

Sudden Cardiac death
J\f\j\j \JJ\\ﬁ\i\\f\[\ J \/\ DY j“\[\_«\[\/\/




Direct Effects . Indirect Effects

Hypertension a— = ‘Supra-physiological’ exercise capacity
Dyslidipemia S— = Extreme cardiac remodeling

Myocyte hypertrophy ‘E@ Exercise-induced cardiac injury
Interstitial Akbrosis ' —F _ v, Interstitial Fbrosis

Clinical consequences

Increased risk of arrhythmias, heart
failure and sudden cardiac death

Figure 3. Adverse athletic heart remodeling as a

consequence of both direct and indirect effects of
performance-enhancing drugs.

La Gerche et al., Circulation, 2017



MECHANISMS OF CARDIOVASCULAR SIDE EFFECTS

Biomedical side effects of anabolic androgenic steroids. ..
é ...on the cardiovascular system

Atherogenesis Mechanism

Hepatic triglyceride lipase

g

Serum HDL-cholesterol &
Serum LDL-cholesterol 1t

e

Atherosclerotic changes
in blood vessels




MECHANISMS OF CARDIOVASCULAR SIDE EFFECTS

Biomedical side effects of anabolic androgenic steroids. ..
6 ...on the cardiovascular system

Thrombosis Mechanism

Platelet aggregation 1
& Fibrinolytic activity &

L

Blood-clot formation 1t

Cardiovascular risk €

thrombus of the RIVA 32 yr. old bodybuilder




MECHANISMS OF CARDIOVASCULAR SIDE EFFECTS

Biomedical side effects of anabolic androgenic steroids. ..
é ...on the cardiovascular system

Coronary Artery Vasospasm
Mechanism

Nitric oxide (NO)
endothelian-derived relaxing factor
in smooth muscles of arteries
= Vasodilatation

relaxed smooth muscles
! @ ®
@
AAS B

Vasospasm / Vasoconstriction 4
by nitric oxide




MECHANISMS OF CARDIOVASCULAR SIDE EFFECTS

Biomedical side effects of anabolic androgenic steroids. ..
a ...on the cardiovascular system

Direct Cell Death Mechanism

Anabolic androgenic steroids
o

Myocardial cell hypertrophy
i

Myocardial cell injury
I

Myocardial cell death
I
Fibrosis
4

Ventricular arrhythmias
&

Sudden cardiac death




MECHANISMS OF CARDIOVASCULAR SIDE EFFECTS

é Biomedical side effects of anabolic androgenic steroids. ..

...on the cardiovascular SYStEI’ﬂ ﬂ’f o
(dendrite)

Degenerative Changes

|

Degenerative
sympathetic neurons
leading to arrhythmias

intermeuron s-ﬂallalal muai:ha cell




Biomedical side effects of doping substance abuse. ..
...on the blood & vascular system

Vascular side effects induced by Side effects

most effects

Erythropoietin Deep vein thrombosis
and Lk Pulmonary emboli

4 o8 Coronary or cerebral
thrombosis

Erythropoietin mimetics

Transfusions

Infectious diseases

less effects
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T B rHu-EPO SIDE EFFECTS
IS

18 deaths in cycling due to rHu-EPO ! >50% Hct Loss of fluids
(rHu-EPO abuse) (sweat)

Der Spiegel
10t of June 1991

A Blood viscosity

A Cardiac afterload

Heart failure
Stroke

Myocardial

intarchion Arterial Thromboembolic

Pulmonary hypertension episodes
embolism




Hematocrit levels of pro cyclists in a state-run Italian doping
programme

Tour/ peak season
Mid-season

Off season
A Marco Pantani
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LYEF (%)

-—%—' 1995 Tour De France cyclists

-—%—l 1999 Tour De France cyclists

Figure 2. Larger hearts in professional cyclists at the height of erythropoietin use: a causal association?
Adaptation of data from Abergel et al** demonstrating that cyclists n the 1999 Tour De France had larger hearts (LVIDd, left ven-
tricular internal diameter) and lower systolic function (LVEF, left ventricular ejection fraction! than cyclists in 1995, Cne potential
explanation is that envthropoietin use is believed to have increased dramatically over this peniod. Thus, performance-enhancing

drugs may facitate greater exercize capacity and indirectly increase athietic cardiac remodeling. The health consequences of
this are not known. Adapted from Abergel et al* with permizsion of the publisher. Copyright ©2004, Elsevier.

Abergel et al., J Am Coll Cardiol, 2004




DIURETICS & SIDE EFFECTS

Loss of water Loss of electrolytes

Arrhythmias




SUBSTANCES ACTING ON CNS

» AMPHETAMINES
» CAFFEINE

> COCAINE
> ANALGESICS (OPIOIDS)




AMPHETAMINES

" FATIGUE, DEHYDRATION

= INSOMNIA
= STROKE
= HYPERTENSION
= ARRHYTHMIAS
= CHEST PAIN
= CARDIOMYOPATHY
= HEART FAILURE
= SUDDEN DEATH




COCAINE




> MYOCARDIAL OXYGEN DEMAND

»> CORONARY SPASM

» THROMBOGENESIS




= ARRHYTHMIAS
= CONDUCTION DISORDERS
= MYOCARDITIS

= CARDIOMYOPATHY
= ENDOCARDITIS
= RUPTURED AORTIC ANEURYSM
* PULMONARY OEDEMA
* STROKE




COCAINE & SUDDEN CARDIAC DEATH
MECHANISM
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Position Paper

ESC Study Group of Sports Cardiology Position Paper on
adverse cardiovascular effects of doping in athletes
Asterios Deligiannis®, Hans Bj Ejrnstadh, Francois Carre®, Hein H&idbﬂchat‘d,
Evangelia Kouidi®, Nicole M. Panhuyzen-Goedkoop®, Fabio Pigozzi,
Wilhelm Schinzer® and Luc Vanhees” on behalf of the ESC Study Group
of Sports Cardiology

Table 2 Cardiac side-effects of prohibited substances

Hyper- Arrhyth- LVH CAD Ml HF SCD
tension mias

AAS -+

hGH

EPO +

Beta-2 agonists

Diuretics

Amphetamines

Cocaine

Ephedrine

Narcotics

Cannabinoids +
Glucocorticosteroids +

Alcohol + o + + +

+Indicates an effect on a parameter; LVH, left ventricular hypertrophy; CAD,
coronary artery disease; M|, myocardial infarction; HF, heart failure; SCD, sudden
cardiac death; AAS, androgenic—anabolic steroids; hGH, human growth
hormone; EPO, erythropoietin.

Deligiannis et al., EJCPR, 13: 687-694, 2006



Hellenic J Cardiol 2012; 53: 447-457

Review Aricie:

Cardiovascular Adverse Effects of Doping in
Sports

AsTERIOS P. DELIGIANNIS, EvanGELLa 1. Kouro
Lahoratory of Sporty Medicine, Aristotle University of Thessalonila, Greece

Cardiovascular Adverse Effects of Doping

Table 2. Common cardiovascular complications caused by the most frequently used doping substances.

Cardiomyopathy Arrhythmias

AAS N
Other anabelic agents (clenbuterol)
hGH

EPO

Beta-2 agonists

Duuretics

Amphetamines

Ephedrine

Cocaine

.

P

=

Narcotics
Cannabinoids

=

v indicates an effect. AMI - acute myocardial infarction; CAD - coronary artery disease; SCD - sudden cardiac death; AAS — anabolic androgenic sreroids;
hGH - growth hormone; EFO — erythropoietin.




Int J Legal Med (2017) 131:1589-1595 @ CrossMark
DOI 10.1007/500414-017-1589-3

ORIGINAL ARTICLE

Ventricular androgenic-anabolic steroid-related remodeling:
an immunohistochemical study

Rossana Cecchi' @ - Barbara Muciaccia® - Costantino Ciallella” -
Natale Mario Di Luca® - Akihiko Kimura® - Cristina Sestili* - Mizuho Nosaka® -
Toshikazu Kondo'

inflammatory reactions and the presence of an increased num-
ber of M2 macrophages in the areas of fibrotic remodeling
confirm that the fibrotic changes in the heart are apoptosis-
related and not necrosis-related.

Conclusions In conclusion, the study indicates that, in very
young subjects with chronic hypoxia-related alterations of the
heart, signs of a heart failure in the other organs and a history
of AAS abuse, death can be ascribed to progressive heart
failure due to the direct apoptotic cardiac and endothelial
changes produced by AAS.

Int J Legal Med (2017) 131:1589-1595
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Fig. 3 Heart tissue of the control case. a Anti-CD 163-positive M2-type macrophages sparsely in the tissue without forming infiltrates (arrows). b
Caspase 3-negative endothehial cells in two small vessels (arrowheads) and positive in few apoptotic myocardocytes (arrows) (anti-caspase 3, 20x)




Published in final edited form as:
Cire Heart Farl 2010 .Tuly 1; 3(4): 472-476_ doi:10.1161/CIRCHEARTFATILURE 109 .931063.

Long Term Anabolic-Androgenic Steroid Use is Associated with

Left Ventricular Dysfunction

Aaron L. Baggish, MD1, Rory B. Weiner, MD1, Gen Kanayama, MD, PhDZ, James |. Hudson,
MD, ScDZ. Michael H. Picard, MD' Adolph M. Hutter Jr., MD! and Harrison G. Pope Jr.,
M

1 Division of Cardiology, Massachusetts General Hospital, Boston, MA and Department of
Medicine, Harvard Medical School, Boston, MA

2 Biological Psychiatry Laboratory, McLean Hospital, Belmont, MA and Department of Psychiatry,
Harvard Medical School, Boston, MA

Abstract

Background—Although illicit anabolic-androgenic steroid (AAS) use is widespread, the cardiac
effects of long-term AAS use remain inadequately characterized. We compared cardiac parameters
in weightlifters reporting long-term AAS use fo those in otherwise similar weightlifters without
prior AAS exposure.

Methods & Results—We performed 2-dimensional, tissue-Doppler, and speckle-tracking
echocardiography to assess left ventricular (L'V) ejection fraction, LV systolic strain and
conventional indices of diastolic function in long-term AAS users (n=12) and otherwise similar
AAS non-users (n=7). AAS users (median [Q1,Q3] cumulative lifetime AAS exposure 468 [169—
520] weeks) closely resembled non-users in age, prior duration of weightlifting and current
intensity of weight training. L'V structural parameters were similar between the two groups.
However, AAS users had significantly lower L'V ejection fraction (50.6% [48.4, 53.6] versus
59.1% [58.0, 61.7]; p=0.003 by Wilcoxon rank sum test, two-tailed); longiudinal strain (16.9%
[14.0, 19.0] versus 21.0% [20.2, 22.9]; p = 0.004), and radial strain (38.3 [28.5, 43.7] versus 50.1
[44.3, 61 8]; p=0.02). Ten of the 12 AAS users showed LV ejection fractions below the accepted
limit of normal (=55%). AAS users also demonstrated decreased diastolic function compared to
non-users, as evidenced by a markedly lower E' velocity (7.4 [6.8, 7.9] versus 9.9 [8.3, 10.5]; p=
0.005) and E/A ratio (0.93 [0.88, 1.39] versus 1.80 [1.48, 2.00]; p = 0.003).

Conclusions—Cardiac dysfunction in long-term AAS users appears more severe than
previously reported, and may be sufficient to increase the risk of heart failure.




© 2016, Wiley Periodicals, Inc.

DOI: 10.1111/echo.13243 Echocardiography

Comparison of Right Ventricle Systolic Function
between Long-Term Anabolic-Androgenic Steroid
User and Nonuser Bodybuilder Athletes: A Study of
Two-Dimensional Speckle Tracking Echocardiography

Elnur Alizade, M.D., Anil Avci, M.D., Mehmet Mustafa Tabakci, M.D., Cuneyt Toprak, M.D., Regayip Zehir,
M.D., Goksel Acar, M.D., Ramazan Kargin, M.D., Mehmet Yunas Emiroglu, M.D., Mustafa Akcakoyun, M.D.,
and Selcuk Pala, M.D.

Steroids and RV Dysfunction in Bodybuilders

' of L ' o
L} L4 L4

5
[
4

RV Free Wall Systolic Strain Rate (per/second)

RV Free Wall Systolic Strain (%)

AAS non-users AAS users AAS non-users AAS users
n=18 n=15 n=18 n=15

Figure 2. Comparison of peak systolic RV free wall strain and strain rate parameters between AAS user bodybuilders and
nonusers.




The International Journal of Cardiovascular Imaging
https://doi.org/10.1007/510554-018-1370-9

ORIGINAL PAPER

Left atrial myocardial dysfunction after chronic abuse of anabolic
androgenic steroids: a speckle tracking echocardiography analysis

Antonello D’Andrea’ - Juri Radmilovic - Stefano Caselli? - Andreina Carbone' - Raffaella Scarafile' -
Simona Sperlongano' - Giampaolo Tocci' - Tiziana Formisano - Francesca Martone' - Biagio Liccardo’ «
Michele D’Alto" - Eduardo Bossone® - Maurizio Galderisi* - Paclo Golino'

Fig. 1 Left atrial strain curves in a control subject (a) and in a power athlete abusing AAS (b). Left atrial deformation of lateral wall was signifi-
cantly impaired (arrows) in the athlete




Case Report

Aortic Dissection in a Healthy Male Athlete:
A Unique Case with Comprehensive Literature Review

Balraj Singh,' Jennifer M. Treece,” Ghulam Murtaza,” Samit Bhatheja,'
Steven J. Lavine,' and Timir K. Paul'

' Department of Internal Medicine, Division of Cardiology, East Tennessee State University, Jolmson City, TN, USA
_:DEPEI'IHI-E'HI of Internal Medicine, East Tennessee State University, Johnson City, TN, USA

Correspondence should be addressed to Timir K. Paul; pault@etsu.edu
Received 11 July 2(16; Accepted 29 August 2016

Academic Editor: Takatoshi Kasai

Copyright © 2016 Balraj Singh et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

A young otherwise healthy 27-year-old m.a}e[ who has been using anabolic steroids for a long timegdeveloped Type I aortic dissection
associated with heavy weightlifting. The patient did not have a recent history of trauma to the chest, no history of hypertension,
and no illicit drug use. He presented with severe chest pain radiating to back and syncopal event with exertion. Initial vitals were
significant for blood pressure of 80/50 mmHg, pulse of 80 beats per minute, respirations of 24 per minute, and oxygen saturation
of 92% on room air. Physical exam was significant for elevated jugular venous pressure, muffled heart sounds, and cold extremities
with diminished pulses in upper and absent pulses in lower extremities. Bedside echocardiogram showed aortic root dilatation and
cardiac tamponade. STAT computed tomography (CT) scan of chest revealed dissection of ascending aorta. Cardiothoracic surgery
was consulted and patient underwent successful repair of ascending aorta. Hemodynamic stress of weightlifting can predispose to
aortic dissection. Aortic dissection is a rare but often catastrophic condition if not diagnosed and managed acutely. Although rare,
aortic dissection needs to be in the differential when a young weightlifter presents with chest pain as a delay in diagnosis may be
fatal.




{a} (b

Ficure 6: Echocardiogram five-chamber view showing severe aortic regurgitation.




Selective Androgen Receptor Modulators (SARMs)
& DOPING

* MK-2866 1} GTx-024 (Ostarin)

SARMs vs. Traditional Steroids

*LGD-4033 (Ligandrol) Anabolic-to-

androgenic
*LGD-3303 ratios starting
at 3:1 and

* GSX-007 n 5-4 (Andarin) going as high
as 90:1

* GW-501516 (Cardarin)

brittle Bone




Performance Image Enhancing Drugs
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SARMs and Peptides carry a substantial risk of long
term harmful health consequences, which are usually
understated by the person promoting their use.
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Tetrahydrogestrinone (THG) OTHER -
T DESIGN DRUGS

Tetrahydrogestrinone Trenbolone

FIMS ARTICLE

Phosphodiesterase Type 5 Inhibitors,
2, Sport and Doping
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MELDONIUM & DOPING

What is meldonium?

v Also known as Mildronate, it is used to treat
angina and myocardial infarction

v Manufactured and marketed by Latvian company
Grindeks
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Energtisks vielmoipos uzlabobdi

v Used in Russia and Lithuania, but not approved by

food and drug administrations of many countries

SHARAPOVA /[:\

DRUG TEST § .
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athletes
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> 500 GENES RELATED TO SPORTS
PERFORMANCE

5100413
S100/A
SCN48
SCOTIN
SDPR

SEMAIC
SERPING1
SERPINH1
DKFZpT81C168 SESN1
DLC1 SESN3
CMD LOC182073 SFRP2
DMCL1 LOCZE3241 SH3BGRL
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GENE DOPING: THE GREAT THREAT




The use of genes for performance enhancement: doping or therapy? RS, Oliveira, TF. Collares, KR, Smith, T.V. Collares and FK. Sexas. Braz J Med Biol Res 2011; 44: 1194-1201.

Brain: increase
pain tolerance

Heart: enhance
cardiac output

Kidneys: intensify
erythropoietin production
by interstitial cells

Liver: intensify energetic
metabolism and
Cori cycle

Muscle: change muscle quality,
percentage, structure and
vascularization

Bone marrow: increase
enthrocytes production,
enhancing oxygen transfer

Figure 1. Targeted tissues and organs for gene doping. Main aims of gene doping to enhance sports performance: improvement of pain tolerance {endorphinfenkephalin genes),
muscle quality and vascularization (VEGF gene and myostatin antagonists) and endhrocyte number (EFOC geng]. With more genomic understanding, other organs will be targeted in the
future, such as heart and kidneys, to increase cardiac output and EPO production, respectively. WVEGF = vascular epithelial growth factor, EPO = enthropoistin,




GENE THERAPY & GENE DOPING
BIOMEDICAL SIDE EFFECTS

> Lack of regulation in establishing correct
levels of gene expression

> Gene therapy may lead to unexpected
cardiovascular side effects




TABLE 2. POTEMTIAL GENES THAT CAM BE LUSED IN DOPING, TARGET TISSUERSYSTEMS AND POTENTIAL RISK TO THE ATHLETE'S
HEALTH [29-&5].
 _— —_—
Potential genes Tagetusale.'syﬁtem( Filsks o heaith \ 1. Physioiogical function
2 Expecied pnenotypic perfimance
EPD Biood system - Icreased biood viscosity, 1. Increasen number of red biood ceks and increased
Locus: 722 — Difficait Iaménar biaod fiaw Brougs bénod eygenation
e vessels, 2 Incraasad endurance
— SEvans IMMUnNe ISEponEs
IGF1/GH Endocrine andmuscl] - nbecranial hypestansion 1. Excessive growTh of bones and HEsUE mass,
Locus: 12q23.20 system — Annomnal vision, MSCE and hypemiasia, and
17qa—qa4 - Headache, NALSEa, vomiting, stimigation by musce regeneration (IGF1),
— Peripneral pedama, - stimulation of giycogenolysis and Inceased release
— Campai fmmel synrome, of glucose from Iver, increased lipatysis and
— Paln in the joints and muscies, reduced Apogenasle, nereased proben synness
— CWEFDFOWIN of the cartiiage of the {GH)
s El'llj]-a!'l' 2. Increasad endurance, Eml!'l'l'lﬁ'. Increasad musse
- Can Mass and SEngth (IGF1, GH)
— insulin resistEnce and dishstes,
— Meoplashc disease
HIF-1 ‘Blood and Immune - Increased biood viscosly, 1. Increased number of red binod cefs and increased
Locys: 14g23 SYEiEm — Hypertansion béood oxygenation (indirecty by affecting, among
— Meoplastc diseass pihers, EPO gene or genes encoding giyeolytic
ENZymes)
2. Incraased muscie smengih and endurance
PRARD Muscular systam — Owverexpression of 58x hormanes, 1. Acceleration of skeletal musce u::ai'rnemnhm
Locus: 5p212 - Colon cancer increased insuln senstivity, Increasad
2. Increased endurance and speed. Prababéy At
In the oI of bady welgnt
METN WAIECUAr EystEm — Damage of the igamens, tenoons | 1. Hypermphy and Nyperpiasta of MUSCE mass
Locus: 29322 and bones 2 Increased MUSCE Mass and sTng
ACTNZand MAECUr EYStEm — M0 data on the negative eMects 1. Increased 1ate of gRICOSE MEl3DolSm! I rEsponse
ACTNI {actn flaments within]  of gene doping using ACTHZ and o training (ACTN3),
Locus: 1g42-q43 ! the myofibrils of the ACTNI — Compenzsation for lnss of function of ACTHI gene by
1giad siriatad muscle, fast- ACTNZ gene
twitch flbres ACTNE 2. Increased endurance, MUSCE Erength and speed
{type [ ibfes). of musie; INcreasad eMoiancy I Spriniers
VEGFA vascular endotheium|  — Neoplastic dissase, 1. Intuction of new bigod vessel formation
Locus: 5pl12 — Immune response [anglogenesis)
2. Increasad endurance
POMCY Ceniral nervous systefn — Increased sk of overinadng 1. Moduiation of paln percaption thrashoid
PENK DFECUTGOTE e mscuskeietal sysiem and 2 Increased endurance
Endorpain cardlovaseular syssem,
Enkephaing — Siress and increased candias
Locus: 2p23.3 woioad,
Bo2i-gad — Suriden deatn
ACE Skelstal muscie - Angioedema 1. Adjusting biood pressure by acting on angiotensin
Locys: 17g23.3 I} finerease In biood prassurs), and panticipation In
ihe In@ctvation of Bradykinin [gecrease in bood
pressure), ncreasing e proporton of slow-twitch
muscie fibres (hype Ij
2 Increasad endurance andior sprnt efMclency
PCKT Skelatal muscie %0 datz on the negative alfects of 1. Adjimong he Metannic processes Noloding
Locus: 20913.31 qgene doping using PCK1 in amictes EOGENEEIS, IMVOMved in Me KieoE cycls
\ 2. Increased musce endurance

Brzezianska et al., Biol Sport, 2014

Increased Risk of
Mutation Genesis

Atypical regulation:
> cell growth

> toxicity due to chronic
hyper-expressions of
growth factors and
cytokines

> malignant cells

100 M MENS FINAL




FIGHT AGAINST DOPING

~__ ANTH-DEPING:
 EDUCATED!

MEASURES PREVENTION




WHAT CAN WE DO?

THE FIGHT AGAINST ABUSE OF ERGOGENIC AIDS IN
SPORTS DEMANDS:

(@) Lippincott
Williams & Wilkins
inigs

# Walters Kluyr bugin

Position Paper

ESC Study Group of Sports Cardiology Position Paper on
adverse cardiovascular effects of doping in athletes

Asterios Deligiannis®, Hans Bj b'mstaclh, Francois Carre®, Hein HaidbUch&Id,
Evangelia Kouidi®, Nicole M. Panhuyzen-Goedkoop®, Fabio Pigozzi,
Wilhelm Schénzer® and Luc Vanhees" on behalf of the ESC Study Group

INFORMATION of Sports Cardiology

ABOUT USE & ACTION OF er—
ERGOGENIC AIDS

Cardiovascular Adverse Effects of Doping in
Sports

ASTERIOS P. DELIGIANNIS, EVANGELIA 1. KoulnDr
Laboratory of Sporty Medicine, Arviotle University of Thessalonik, Greece




WHAT CAN WE DO?

THE FIGHT AGAINST ABUSE OF ERGOGENIC AIDS IN
SPORTS DEMANDS:

INFORMATION EDUCATION

ABOUT USE & ACTION OF EFFECTIVE IN
ERGOGENIC AIDS DEVELOPMENTAL AGES




Harmonising the
Knowledge about -
Biomedical Side

Effects of Doping

Aristotle University of Thessaloniki, Lab of Sports Medicine, Greece



www.doping-prevention.com

TECHNISCHE ! [ : [ = :
UMNIVERSITAT £ - ) Harmonising the knowledge about
MUNCHEN e 4 e e P biomedical side effects of doping
1l
'en|de|il|hu|da|e||es|p||bg|fr|pl|fi|s\r|cs|et|nl|lt|l\r|sk|sl|ro

Youare here: Startpage

¥ Doping in general SETE Madical University of
!

j
* Substances and % Plovdiv, Bulgaria
rmethods

¥ Human bady
* Doping preventian Y / . Tun Technische Universitt

tdnzhen, Ger many
P Control system &

analytics

 Links & downloads . Ey - Knowing the risks of doping!
f - x - Aristotle University of

| Thessaloniki, Gresce

Thig informational platform addresses all interested people in and out
sports. Many experts have given all their recent knowledge on doping
related issues. Hence, it was possible to develop this interactive internet
platfarrn and multi-level teaching materials containing versatile
infarmation,

= Institute of Sport
| “arsawy, Poland

Uniwersity of

Extremadura, Spain

% Dovwmload: Download: ;- Explanatory mowvie:
@ fulti-lewvel teaching material Congress Manual y Hover to use the Wabsite!
" "Biomedical Side Effects of Doping” :

& Print

inforEdoping-prevention de Home | Impressum




fu bt e o e e et o e
B o 272 hre Siaripage - HUEn bagy- Cardovasculer ayetem i

The humnan heart weighs betwesn 200 10 400 grams and s & litle lsger than the 22 of 3 fist The heart i= located between the lungs, behind and slightly to the 2%t of the stemum. A double-apered
membrane (called the pencardium) surmounds the heart ke 3 sac The hean is the pump respensible for maintainng adzquate ciroulation of caygenatzd bloed around the vascular netwark of the body
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Cardiovaseular system through the ot valve. Four types of valves regulate bood flow thoough the heart [n particular, the tricusgid valve reguistes blood flow betwesn the right sirium and the right wentricke. The mital valve fets
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Crosstalk: - Cardiovaseular system

The cardicuascuiar systern & quite often aflected by different substances and methads. YWithin this Crosstatk-Box you tan choose the substances and methods with their specifin effects on the
CardouEsCUar system
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and musculoskeleis|
systam
Cardiovascular system
Respirstory system
Gastrointestinal system
Liver

Reproductive and
endocnne system

Kidney

Elecirofyte metsbolism
Immune system

Shin

Elood

Central nervous system

Psychological effects
and addicition

¢ Coping prevention

» Control system &
anaiytios

¢ Links & down‘pads

The upper chambers of the heart are called the l2ft and right afria, and the lowar chambers are called the [eft and the nght ventricles. & wall of muscle called the septum separates the |eft and the right atria
snd the |eft and the nght ventricles. The left ventricle is the largest and strongast chamber in the heart. The walls of the left ventnicle are only about 1 om thick, but they have enough force 1o push the blood
through the aarbc valve. Four types of valves regulste blood fiow through the hesr. In particulss, the tncuspid valve regulates blood flow between the right atrium and the right ventricle. The mitral valve lets
cxygenated blood from the lungs pass from the left atrium into the left ventricle. The pulmanary valve controls biood flow from the night ventricle into the pulmonary arteries. The aortic valve opens the way
for oeygensted blood to pass from the left ventricle inlo the aorta.

The heart and the circulatory system make up the cardiovascular system. The heart works a5 8 pump that pushes blood 1o the organs. tissues, and celis of tha body. Blood delivers oxygen and nutrients to
every cell and removes carbon dioxide snd metabelites. Blood is carmied from the heart 1o the rest of the body through & complex network of arteries, sriericles and capiflaries. Biood is retumed to the heart
through veins.
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Zrosstalk: Cardiovascular system « Anabolic agents

The cardiovascular side effects of androgenic-anabolic steroids (AAS) ere manifold and unclear, mainly because @ i= difficult to distinguish the side sffects of the drugs used. Myocardial infarction and
sudden cardias death are the most serious complications. Other common cardiovascular disorders are arterial hyperiension, heart fallure, cardiomyopsthy, amhythmias, thrombosis etc.

Many studies have demonstrated that AAS sbuse in combination with resistance fraining cause concentric hyperrophy of the |eft ventricular wall. However, not only contractible but also non-
contractible elements are increased. Generzlized and focsl fibrasis and myofibrillar disarrsy are siso found in sutopsy of athletes consuming large amounts of AAS. Furthermare, itis reported that AASs
use may lead to dissiolic dysfunction and to dysthythmiss. AASs are found to sffect the cardisc sympathetic nervous system and slso slectrolyte concentrations, which may lead fo atrisl or ventrioular
fibrillation. Sudden cardiac arrest refated 1o adrenergic strass snd documented by 2n extensive myocardial necrosis is alse found In young sihletes sbusing AAS.

Use of AASs s found te lead to & significant decrease in high-density lipoprotein cholesterol snd an increase in low-density lipoprotein cholesterol, Decreased fonnalytic achivity and increased clotting
fantors heve slso been reported. It is slse supported that AAS snd particularly androgens may Incresse either systolic or disstolic blood pressure.
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General overview

E
ope The teaching material presented here for free download is regarded to be helpful and practical for the teaching staff in educational institutions.
Former EU projects
The didactic slides are available in 3 different degrees of difficulty so that the compiled knowledge can be used
ATLAS & ATHENA

= forthe basic education of children and juveniles,

A ) st = for the continuing education in sportive areas (athletes and coaches),
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CONCLUSIONS

DOPING IN OUR ERA IS LIKE
A WAR WITH NO END

THE USE OF NON-
APPROVED SUBSTANCES IS
ASSOCIATED TO A LARGE
NUMBER OF MODERATE TO
SEVERE CARDIOVASCULAR

SIDE EFFECTS

RESEARCH & EDUCATION
ARE THE MOST POWERFUL
WEAPONS FOR AN
EFFECTIVE FIGHT AGAINST
DOPING IN SPORTS




Useful links

EU Project (www.doping-prevention.com)

UKAD (www.ukad.org.uk)

SPORTS MEDICINE LAB AUTH (http://[spmedlab.phed.auth.gr)
WADA (www.wada-ama.org)

IAAF (www.iaaf.org)

Council of Europe (www.coe.int)

ANADO (www.anado.org)

koutlian@phed.auth.gr
+30 2310 992188




