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Abstract

Androgenic-anabolic steroids (AAS] are synthetc deovitives of e male
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karmone fesmosterone. They can exert =strong =i Tects on the uman body that may
be Lenehicial for athletic performance. & mewizw of the lilerature revealed that
must laboratory stodizs did not ‘nvestigate the actual doses of AAN curmently
abused in e feld, Therefore, these studics may ok retlect the actual {adver=z)
effect: of serads The availabla scientific lierames describes that short-tonm
administration of these drogs by athletes co neresse strength and bodyoegight.
Strenpth guns of sboul 5-20% of (he ioiial steazth aod oremens of 2 5k
hodywcight, that may be sunbuted W an imcrease ol the l2an body mass, hve been
observed. A reducdon of fat mass does ool seem o cocur. Although AAS
adminisreation mav affect ryvthropoicsis and blond hacmog lobin concentrations,
o e[fect on endurance performance was ohacrved. Litde data about the effects of
AAS oo metabelic wspanses during sxercize trzining and recovery arz availzhie
and. therefoze, de ool allow Firon conclisions,

The main unteward elfects of short- and long-lerm AAS abuse that male
athletes most often self-report are an increase o sexual dove, the occurrence of
acne volgars, increased body huin amd increment of apgressive behaviour, AAS
adlministracion will disturh the regular endogenous prodoction of testosterone and
gonisdctrophins that may porsist for nmonths after drog withdrawal. Cardiovascular
risk factors mav ondergn deletericus alterations, inchuding clevatian of blond
pressure and depression of semam high-density lipopeotein (HDLY-, HDL2- and
HEL2-cholastere] levels. In echosrdiagraphic studies in male athletes, AAS did
not seem e allecl candize streciurs and function, altbough n ol studiss tese
drugs have been observed o exert bazerdous effects on beant suuctune amd
function. In studies of ailbleles, AAS were nol found o damage the hiver. Psyche
and behaviour seem w0 be strongly affectsd by AAS, Generully. AAS scem o
indoce increments of zgimession and hostility. Mood dizturbances (e.g. depros-
sian, [hypo-Jmania. pavchotic framres) are likely o he dose and drog dependent.
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AAL dependence or wilhdrwal ettectz (such as depression) scem o oocur only in
@ small number of AAS users, Dissatisfaction with the haody and lowr s21F-estecm
may leac to the so-cellsd “revermse ancrexia svadeone’ Ul predis poses o 1he start
of AAS use. Many other adverse effects huve been associaied withy AAS misuse,
e wling distoclenes of endnerine and immune function. alterations of sebacecus
systern ang skin. changes of hacmostatic system and wrogenital tract. Cne ha= ta
seep in ming that e scientific data may oaderestimats the acroal unieward
cffcets because of the relatively low doses adoargstensd i these stwdies, sinee
hey do ot approvimate doses used by illicn steroid users

The mechanizm of acrion of AAS may differ betwsen compeunds because of
wartadons o the stepond molconle and atfinity o gndroesen recepoors. Several
pathways of action bave begn recognisad, The enzyme S-re-roductase secms
[lay an important rols by converting AAS ine dibvdrotesposterane [andooss
nolancy that acts e e cell nuclews ol mrgsl comus, sech as male accessory
plans, skin and prosmam. O0er mechanisms comprises mediation by the sneyine
wromalase that converts AAR in semale sex homenes (esimadiol and esoone).
anlagonizic action o esd:opans and a camperitive anmagonism to the glucocor:-
codd receplons. Purthernore. AAS stimilate crythenpoictin synthasis and red ccll
nrodoction as well s bone fonmadon but conneract hone breakadoen. The effcers
on the cardinvascular system are proposed we be medizted by the oceurrense of
AAS-irdueed atherosclarosis (due to unfaveuarable wlvence oo seoom Lpids sowd
lipopneheina], fheowhosis, vasnspasm or direct mjuey 1o vessel walls, or may be
axeribed Wooa conbivarion of the differeat mechanismes. AAS-mduced increment
of muscle lssue s be attributed o byperrophy and the formation of new moscle
fiores, m which xey reles are played by satelite cell number and oirzstructure,

androgen receptors aod oy ool

For many years, androgenic-anabolic steroids
(AAS] have been popular among athiews both for
pecformancs umproy emnent and for szstheric ceasans,
Thz first documentcd reports of misuse of AAS by
athleles stem fram the 1950=. At the world champi-
onship weizhtlifting in Wienna {Auvstriad it was
rumared that the Russan eam physician bl the
US tearn doctor thal smoe Ruessian athletes osed
androgens o cnhance their performance, and that
hack in the 15 the wam physican introduced the
admindsieation of thase drugs in athlctes, Since the
first results wers less motivabng, he concludesd that
androgans mizht esert particular psychological ef-
fects. However, sinee several AAS-using athletes
won competibons and charnpionships in that period,
the abuse of these apents in sport bepan o
spread 1171
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The Imtematonal Olempic Comumittee (10
startad the fight against doping in the 19605 The
first doping conmol procedure: were perfonned al
e Mexico Oy myac Ganes in 1968 and AAS were
placed on the list of banncd substances in 1976, A
decade larer the 100 decided vy intmodduce the sa-
-called “owt-of-compstinon” doping controls. The
reason for starting hese controls was thar many
athletes vsed doping suhstanoes (expecially AAS) in
their training penod ruther than dunng cornpetition.
Fur many years the anabolic agants have been by tar
the most detected doping substances i 10C-ac-
cradited lahoratories 1

Abusc of AAS is ot limired to elite athletz=s, b
i% alsn common proclice wmong many amateor and
recreationdl athletes. It has been cstablished that the
use among athlefes in gyms is extensive. Although
the spons angamsation: and media pay less aention
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tr the abuse of AAS by these athleles it s of greal
medical comeern. In recent veats many reports an the
side effects af hese substances i athletss have been
published 1+141

In thiz aticle we review the effacts of AAS
administration on boly composition and perfarn-
ance as well as the untoward attects on health status
in athletes. Furtharmaore, we describe what AAS arc
and discus: the mechanism of aclion of these ster-
oids,

1. What Are Androgenic-Anabolic
Steroids {AAS)T

AAS arc symhetic dervatives of the male hor-
mone testosterone. In lomans, wstosterone i pro-
duced in the Lewdig colls in the weses For maony
wears it had heen well known that castration resulred
in the loss of certwin secoadary male sex churscleris-
tics: therefore, in the early 1900s several alizmpts
were mede 10 obtwin a substance with the same
potential @s lestoslerone. Al ihe 2nd of the 19205 an
active exlract became available and the production
of symihetic androgens was possible in 193351191
Although the seperation of androgenic and anabaolic
properties was pursued. complete separation was mil
suceesstul; however, there ans now products availa
bz with more androgenic and substances with mare
anabolie properties. The androgenic actions priman-
1y inclodz the development of the male claraoteris
tics, that is, incressed steenglh. voice deepening and
the Lypical male hair zeowth. The anabolic action
affects protein metabolism by stimolation of proiein
symthesis and inhibition of protein breakdown, !>

Meither omul nor pursnteral administration of ex-
azenous lestosterone exerts significant effects in the
human body becanse they are rapidly metabolised.
To circumyvent this problem, several chemical modi-
fications of t2stosterone have been developed. The
varicty of these modifications has led 1o substances
with different action modes. Three major moditfica-
tions can be distinguished thar have therapeutic po-
tential. First, alkvlzhon e the | T-o-position with
methyl or ethyl group. Alkylation was important to
cocate orally active compounds since this imphes

B 200 Acks Dt indfoaimgrton B, A0 ghls raseroed.

slower degradation of the dmeg by the hver. Sacond-
Iy, throwph estenificution of wesiosierone and nores-
wslerone at the [7-Fposition it was possihle w
administer these substances persnteradly and the ce
ration ol elfectiveness could be prolongsd. Agent-
soluble o oily vehicies used for injections may be
present in the body for several months, Finally,
alterations of the ring smucture of tesiosternne were
apphied for both oral amd parenteral azents and in-
creased the activity of thesc substanzes.-#

Currenty, the therapeutic use of AASR 1 limed
aml may wvary belween steraids. The mest impamant
indizztions are endocrine dysfimeticn of the Lesles
anid af the hypothalemus-pilciary-gonadal axis .o
male hypogonadizm énd peonweh retardstion). Tuas-
thermome, AAS are weml o reat disiorbances aof
nitrogen balasce and mwscular development and
several ather non-endoctne diseases, inclading sev
eral forms of anasmia, hereditary angionsurehic oe-
dema, hreast carcinoma end osteaporosis.

In addition w the eshiished indicaions, several
attempts have been made to develop adequale reat-
ment of male infertility with @siosemne adminis-
trafian. Conversely, testosterane 15 also subject w
extensive clinical trizls in the development of a male
oontreoeplive, To date, these effors have not been
satisFactory. It 22

Reoontly, the value of AAS treatment i several
acute and chronic diseases has been investigated.
From climeal imals i seems likely that seaall
amcunts of AAS may cxert a positive effect on
pitroegen balance in pelylrawma patients, atter ab-
dominal surgery and after burm injury P Addigon-
ally, in chronic obstructive pulmonary discaszi2-=
and FTV patients™ % A4S have been shown o
increase 1zan body mass, although this effect seems
1o be related w0 notritional stats and intaks,'=! For-
thermore, clinical dats indicate that thess drogs may
exert beneticial effects in musceular dystrophy =9 and
severdl dermatolazical dizesses P12 However, be-
cause of the small number of invespgations. the
actal valee of AAS weatment in these conditions
has to be established.
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2. Limilations of Research on the Effects
of AAS in Athletes

Scwewtitic resenech on the eTects of AAS o alk-
letes started in the 1900s, Since then, & oumber of
stuches have been published. The first sdies to
cused on athlenc performance, with special anention
to strength and emlurance capacity allerations. Lal-
or, in part along with the dramalic imcrease of AAS
rususe by athlcies for acsthetic purpeses, the imopgst
of AAS on body composition became of interest
Concurrent will: the increwsed misuse of AAS Gw
nen-medical reasons, mwwe allenlicn was paid w the
adverse cffects, This led o an overwhelming num
ber al publications with largz methodolcgical and
gualilative differences. Ao resalt, differsnt comclu-
sicns amd inespretations were drawn. Therelore,
seversl methwedologicsl considerations nead o be
addressed.

2.1 Fudy Design

Althwough a lot of AAS swdies have been pub-
lished, only a fow meer corrent scientific quality
standurds of randomised, double-blind plascha-con-
trollad study design. Furthermore, the design nesds
to follow AAS abuse practices of real life to obtain
insight into what really happens in sport, In investi-
paling e elfects of AAS, the combination of bath
demand: conflicts. espacially because of elncel
considerations, It is not ascapiable to expose healthy
humans wr peientially hazardous drigs in suprather-
apautic dosipes [or the single purpose of impraving
sports performance. Thersfors, differsal study de-
sigms have heen wsod, with cach posscssing some
benefits and disslvantages.

2.2 Cross-3ectionc! Shodies

A number of cross-sectional studies have misin
terpreted the abserved difforences betwoen AAS
users and contrals by stnbuting them o a cowsal
relationship. Cross-secticnal studie:s are not de-
signed to smdv cansal relationships: at most, they
are o observe an associalion. For example, several
cross-sectional studies concluded that differences of

& 0 Acker Lol fonmotion B 2D ghes nesssesd,

heart morpholoey betwesn AAS users and controls
were aiributad to AAS wse P

2.3 Prospective, Intervantional Studie:

Althowgh scieatifically preferable, randonsed.
placcho-conmolicd studics have scveral disadvan
Lapes for investigating AAS effects in athlzies, He-
s of ethical consideralions, only relatively line
doses for a Emdted tiwe perod can be sudied.
However, such studics do nat refleet sports practices
anil may therefore provide only & glimpse of actusl
elTects.

2 & Prospocive, Cosanyamicral Siudias

Mrospectve, observational studies can cvercanme
several limitztions of intcrvantional stodics. b
huve the disadvantage of seicction mas end sre less
cortralald =

2.5 Long-Term STucios

To datz, no stedics investigating the loag teom
cffects of AAS are svailable. Only a few ohsorvs-
tiwmal reporls describing alierations of body compo-
sition and haalth stamos in 2 single subjact have been
published. Therefore, the long-torm cifcsts of AAS
ahuse are as yelL unknown.

2.6 Caze Reoorts

Cazz reponts are conunonly usad o describe (he
gesociztion of abusc of AAR with the most nnzx-
pectsd, severe and dramatic disease condidons.
Such reports must be intarpreted with cawtion. Thay
are characterised by describing a possible relation-
ship hetween AAS admimistradan and the disease
condition and, since evidancs is lacking, may exagz-
xerate the problam.,

2.7 Subjects ond Owufcome Meosuwes

Inchsaon of athletes of only one sport discplne
may improve validity of te observauons since ath-
letes from ditfercnt sports have set different objec-
fives to wse AAR. For example, in a number of
studies “strength athlet=s’ were the subpects of the
investigation, "Strength athletes” is a tomm comps-
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ing athletes o several disciplines with differ=m
gozls, A powerliitars objective i 10 Lt weaights,
whereas hodybuitders are focused 1o enlarge musele
ma=s aml dimensions. In wrestlers, ahsoloe power

and rouzcle mass are nol important at all. Swdying a
varsity group af sc-called “strength athlates’ may
influcnzc smidy results of body composition, musele
mass and strength.

2.8 Regimnens. Doses ond Curation of
AAL =2

Anather problzim researchers are confromted wilk
is the regimens vsad by athletes, sspecially those
involved in strengh sports. Athletes ase so-callod
stacking regionens, characterised by ke adrminisiza-
ticn af several AAS simultaneously i huge amounl:
in weskly changing dosages. Such roginens anc
applied bosed on the behefs and insighs of the
athlete, althcuzh no ragonale for such & regimen 1=
wvailablz yet. Anorher problem is that since the
subilances ure obtained from the black marioet quski-
by 15 not guaranteed. This may alse induce the ongo-
ing ncreass of doses administared since many vials
and loblers abimnesd on the Mack market only con-
tain & fraction of the declared dosage.

2.5 Setaclon Bias

Becuuse af cthicsl considerations, many studies
chose o study volunteers who had decided 1o self-
admirdzter AAS and subyects who wers oot willing
W ke AAS at all, The inclusicn of participant:
without the passihihity of randomization may influ-
cnee the smdy outceme a= & resell of selection hias,
To reduce this problem, strict inclusion and exclu-
sion criteria have o be set, cspecially with respect o
training and training history, as well o health status
und nisk factars of diseases,

2,10 Surmmary

In sununary, it has o be kept in mind that the
wvailable litcratuge serafches only the sorface of
whal actually happens in AAS nsers, They underes-
timete the real, want=d and untoward effecrs of AAS
admpistration, In most well designed investiga-
tiong, the duraton and dosages of AAS administa-

4 P00 Ay [t Imonmiomon By, A0 dgh s neacead.

ticn are Far helow daily practicss in gyms or on the
field. As & resull, the nhservarions underestimate the
tie cffects since it kas been established that dosc-
response relatiansiips exisl On the ither haml, casc
reports bave the disadvantage of highlighting the
most severe adverse effects and complicatons of
AAS misuse, which may be primarily due to &
temporal association cather than w2 cacsal relation-
ship. In the ahservational (cross-sectional as well as
longitudinal) studies, sclection biag may be an im-
partant confounder because of the lack of randam
ESSignMCAt of participenls o Py AAS use ar mon-
use group. Forthermore, since mwsl drugs are oh-
tained from the black marker, qualily 1% nol guaran-
tend and polvdrug use exclodes the possibiity of
attribuzing the observed effecis 102 single dup
However, with respect @0 the methadolagical son-
siderations rai==l, a review of the available litera-
ture on wandad and adverse effects AAS in athlees
i prowided

3. Effects of AAS in Athletas

Soon after the developiment of synihelic AAS,
these drugs wene discovered by athlstes for their
musele boilding and pedfurmance enkancing proper
lies. Since the 19408 nwny researchers have invesh-
eated the elfects of these dmgs in athletes. However,
many laboratory studies have the disadvantage of
not mimmicking actual AAS abuse habits among ath-
letes, especizlly since the dosages sell-udministered
increased dramaticallv m the last few decade:s. For
example, most of the early, well desipned stodies
asemsed one drop in a therapewlc dose, whilz ath-
letes are aow used o self-admindstering polydrug
regimens in dostges tal may be 3-20 fimes higher
than in mest studies ™ [Towever, designing high
standard scientific studics that approximale actual
AAL abuse habits is preciuded by ethical considera-
licms. This emphasises the nesd for rescarch designs
that mimic real spor habirs, In recent decades, this
problem was addressed by stodying the salf-adimin-
ptration regimens of athlstes. WNevertheless, the ac
tual doses and regimens taken currently are much
higher than described in those smdies. Thersfore,
when reviewing the scisntific likerzture, one has o
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take inta acoount that the =urrean scicnt fic knowl-
cdze af the effecs of AAS mav prwide oniy a
glirnpee of the actea effects of hese doping agents
in athiees.

3.1 Body Compostion

F 0.1 drnrrenaiuie Fow

Tor many years e elfects of AAS on body
composiiion in athlzres has been of interest (2 many
sgicntists. In most smidics, body composition was
determined w-ing the two-compantment model, di-
viding the body o lean and Fae mass, The method
sl frequently applied was maasurement of tour
skinfolds from which the porconape of fal was
estimated %0 [k o rmnonty of AAS spadies ender-
waler weighing, previously racoenised as the gold
standard. was vsad for the derermipation of hody
campasitinn 0N More recently, three-com-
partment ™ g wellas four-compartment metheds,
the contemporary gold standerd, have beco ap-
pligd =1

3.1.2 Bodyweigh!

although many swmength athletes frequently re-
puort increments of abom 10-13ke of bodyweight
due to AAS administration, such alerations have
not heen docomented mowell desigred prospective
studdies. Maost swedies show that bodyweight may
increasa by 2-2ke as a result of shoo-term (<10
wacks) &A% nscPF 05 The mnst pronounced
average mwin of hidyweight was reparted by Cagner
aned coworkers™ after 6 weeks of stanozalol admin-
istraticn (table 5. However, in a casc report, an
increase of 12 7ke over o 2-year AAS administra-
tinn period was tegislered ™

3. 1.3 Body Dimensions

Body dircnsions may be atfected by AAS ad-
ministranion. Althouph in some studes e allera-
tioms  of ciceumferences  could  Be ob-
seryed, A0 most research showed that
AAS indoced allerations of body dimensions (lable
[1).[45 5156 FT TR The largest pains of circumfer
enves can be found at the neck, thorax, shouldors
and upper arm and may in part depend on the drogs
and (".I‘:il;'ﬁ Lm.l‘&'}.:-l S5 FRETR T |
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Apar s a single exception,! ™! no stady wis
able w elozidate significant far mass  docre-
mepits et W8TV TUH] Therefire, the slieration of
bodyemght may be atrboted maiely wan ncrease
of lean mass. In this light, Koo and coworiers®
repuried intecesting preliminary data, indicating that
AAS ugers may be distingmished from non-users oy
calenlation of the fa-fres mass indes, a fommula
incarporating fal-lres mass and height. The effects
on lean body mass have baen shown (0 be dose
dapendent” == and regional dufferences in eapres-
sian of the AAS-imduced gaim n lean body tnass
kave heen demonslraled 50142

For many yoars the precse compositivn al the
inercased lean mass was nol establizhed. Altwouzh
AASR have been demaonstrated to stimulate profein
synthiesis, ™ the effects an muscle tssue cauld mo
be zsmaniishoad. It hus only hesn |

e the last decade
that clezr evidence for the muossle building propor-
ues of AAS in nommal males and athletzs hecame
ﬂ‘r’ﬂilﬂbh.l.'lz'ﬂ‘"l-"'?;E"'Eg:

Tt bies also been proposcd thar an increzse of
mlocd volume™ andfor water retention™ ™! due 10
AAS use may accur in normal e, although resent
research could 0ot conficm such findings P27

A 1.5 Fat Mass

Since AaS were found o redece [al mass
animal studhes, athletes concloded that thiz might
also sceur in homans, However, research could ni
support this  claim, hw revealed the oppo-
gippl A HARSISIAR bl ITT). In theee stadics. =
reduction in e percentage of fat could be abserved:
lowever, this was nat reflected 1noa decremuse of al
rnass P& Therefore, the change in percantage fat
can be attributed o the increase of lean body mass
(lable IIT3. Converscly, personal ohsocrvations e-
vealed that strength athletes combine low calonic
intake with concurrent AAS nake, The rationalz
for such rezimens iz that the athleres aim to reduce
fat mass with simulancous maimterance of muscls
mass.

3. 1.8 Muscle
The most provalent reason for athleles initiating
AAS wse 15 to promole muscle mass and srength. A
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recent secies of well designed swodies by Bhazin and
coworkers!™! investipated the afects of excponons
testasterond £dminsteation, with and withoot an ac-
sompanying steength aining progranumne, cn mes-
cle tissue in ergonadal males. Through vse of mag

netic rEsoncnse imaging measurements thay ab-
servied that 10 weeks of testostecone administration
(GO0 meSweck) may 12ad to inceements o the arca of
the triceps brachii and quadriceps muscles, The
gains in muscle mass ware laczer when testostorons
administration was combined with a steength train-
ing programme, amd may lead 0 increments of
approximately 13%: of the area of the triccps braczhii
and quadriceps mscles, ! [n another smdy, ditter-
enr dosapes of testosteronc cnantate (25, 501, 1235,
00 and 600 mpfweck) for 10 wesks were adminis-
tered o non-exercising volunteers. 1t was foand taa
the effects on thigh muscle volume and gquadriceps
muscle volume were highly dose dependent. 7 Gi-
orgi el al ™ registered pains in muscle mass of
reciu: femorns muscle and the imeeps brachin muscle
by means of ulrsanography.™ Van Marken
Lichtenbelt and coworkers"™ demonstreted that the
effects of AAS oo lean body mass could be atiatul-
ed 1o real mescle growtly since ao alterations of
hydrational status of lean body mass could be ob-

sarved,

Becawse of the relationship botweon strength and
fast twitch muscle fibres it has been supposcd thar
AAS would affect tvpe 11 (fas twitch) moscic fibnes
more Gan type T (slow twatch) fbres. Inovao oross-
seclional studies investigaling muscular adaptation
at the cellular level n strength sthletes, the largest
difference in muscle fibre sixe belwesn AAS usens
and non-users was cheerved in ype [ muoscle Dhres
of the vastus lateralis™ ! and the roperius musele™
as a resuli of long-term ANS self-administration. On
the other hand, prospective stodies presented equiv-
ool resuolts. In athletes self-administering  high
toses of several AAS simultaneously, studizs found
increments of type | musele fibres of the vasms
lateralis muscle, wherzas the gype 1 fibres remained
unaltersd. "5 Hargens et al %% demonstratcd
that polydmg regimens for 8 wesks increassd mus-
cle fibre size of the deltoid muscls in suength ath-

Edfects of Andrgemic-Anshalic Steroids iv Atalekes

n
4
I

letes. with the mast prfound effect on the tvpe 1T
fibwes reflecied by a prowdh of nearky 15%. Admin-
stration of a single apabolic stecoid (e, ntramescu-
lar nandrolone decanoae 2000 mgfweck) for 8
weeks, however, had no =fectomn the siee of deloid
pnsele Dbwes 550 In muscle biopsy sumples Trom the
vastus lateralis, Sinha-Hikim et al ™ foend that
adranistration af testosterons 300 and Whng in-
creased the crose-sectivmal areas af wpe T mascle
fibres and Wie myenuclear number per Ghre, whils
tvpe IT muscle fbres wers only enlarged after the
600mg  administration megumen in sugonsdal
males P Lower doses of lestoslerune 25, 50 and
125 mgfwaek had o elTects on muscle fbre oross-
sectional areas. ™!

Frovm these shudics 1t can be concluded that AA5
wdministration may increase musche mass in a dose-
dependent relationship, hut independent of the regi-
men wied (single drog vs palydrg regimend.
Whether type T or tvpe 1T muscle fibres ane more
profoundly allected 15 not clear yer, bul that might
e related we the subslonce(s) amdior dose adimnis-
teced. The underlying mechani=m has boen the sub-
ject of study by Kadi and coworkers 1?8057 Thajp
research showed that the increase in muscle mass
can be attributed (0 muscle hyperwophy and alsa the
formation of new muscle fibees ' Thev alza hy-
pothzsiscd that the fondamental proccss for muscle
fibre growth seemed to be the incarporarion of the
sulellite cells into pre-cxistng fibres o mainizin o
constant muclews w cytoplasm ranio. Monsover, key
roles seam Lo be plaved by sulellile cells d.e. they
are enhanced by AAS admunisteation) and androgen
recepbors, Androgen receptors are sxpressed in my-
anucled of muscle fibres and in capillarics and are
mewe present in neck and shoulder muscles than in
Limb muscles. AAS administration imduces an in-
crease in androgen receplor-conlainiog myoneclel
in the shonkder zirdle muscles but ot in the vasmus
Izteralis® 2 alkhopgh  Sinha-Hikim ¢t =1B%
demnomnstrated that high doses of teswosterone wers
alse able 1o increase the myonuclear number per
fibrre in the vastos lateralis muoscle. Recentdy, Sinha-
Hikim and associates ! abserved that muscle hy-
pertrophy induced by exogenous testosterone ad-

o P00 At Doy InPoirrartion B, A ipints iscsres

i mistralion was associated with an ncrease i sat-
ellme cell numbar, changss in satziliez ccll wviora
siruCtine and & proporionate ineregse inmyanne bear
number. These cheervations may. at least pantia |y,
explain the regional differences in body changes and
muscle fibre adaptation 5=

3. 1.7 Body Composlion Changas Affer

Drug Withdrowaol

After drug withdrawal the alfzraticns of body
campasition fade away slowly, but may he perbally
present for e periods up W 3 manths 77555 5
Honwever, on the basis of scientific data, the final nzt
resull of short-tzrm AAS administration on body
compasitian szems W be rather small. From our own
abservetions, this seems 0 be particularly Uae [or
recreational athletes as they are not capable of main
maining the mutritional intake and training workload
of e level required for significent body conposi-
tdon changes. """ On the other hasd, short-rerm AAS
selCadminismration in these athletes sesuls in Fast
gains and is, therzfore, very siimctive w them,

3.1.8 Summaory

In strength athletes, bath shom- and long-term
AAS administration will increase lean body mass
siymificantly, which may contribute 1o an increase of
muscle mass. In the upper body, type I muscls
fibres scom to incTease moe than tvpe T bres aller
shomt-tenm AAS use. whereas in the thigh the oppo
site apay occur, Conversely, tvpe | fibres may grow
atter porsistent long-term AAS abuse. The hydration
of twe lman toass reains unaffected, although simall
increments of bleod volume canmot be miled oot
Adza, far mass docs is nor altered by AAS use. The
ctrects on lean body mess are dose dependant. al-
though it is not clear which drug adminismration
regimen leads to the mast pronounced results. The
administration of therapeuie doses of a single ster
oid for penods up to 10 weeks does not scem o
exert medsorable cffects on musche mass, although:
body changes are ohiervable. The upper region of
the body (thoras, neck, shoulders and uppor arm)
seems 1o be more suszeptible for AAS than other
hody regions becase of predominance of androgen
receplors in the upper body, After drag withdrawal

Fprats s 20004 524 B
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the effects fade away slowly, but may persist for
mare than =12 woeeks after cessalicn of AAS nse

3.2 Srength

Suremgrth iy an irnporant quality for many spors,
Strength is relavant not only in specifically strength
sparts (o.g. weighditting), bt alse in many wthers
such ws nowing, spomting amnd cycling. Many re-
seprchers have investigaled the efects of AAS on
Strepprhi3e4nem 4 400 SR LT fbla (V)
Several of these stedics do not mest the quality
standards [ar seientfic research. Based on availablz
well dezigned swdies it can be concluded that Ass
enhance the effects of strength maining, The oh-
servied improvements were i the range of 3-20% of
baseline sieength, largely depending on the drugs
and dosa vsed as well as the administration poriodd.
Althooph mast rescarch has focosed on absolawe
strength determined by one repetition maximuom o
izokinetic strenath, one study tzsed the ctfects on
canpeing capacitics., Rademacher et al ™Y reporied
thiat in male canoeisls, § weeks of Oral-Turinabel !
administration improved srength and performance
measurctd by canoc cregomemy with 6% and 9%,
respectively [

For many vears it was assumad thot AAS only
exerted significant effects in expenienced slrength
athlotes, particulasdy ased on the studics of Hervey
and cwvarorkers P45 However, recently, Bhasin ot
al"™! demonstratsd thal =ven in novice athletes o
10-week strepgth raining progranune accomparied
by testostoronz administration may  improve
strength more than strenpth treiming alone does.
Previowsly, a4 literature review by Elashof et all™
concluded that strength improvemenss in cxper-
iznced strength athletss may be only slightly lurger
than in novice athletes. Morsover, injectable t2smos-
terome (600 mg/weck intrammscolarly) has clearly
been demonstratsd 1o improve strength even withoul
# coneomitant exemise training programme. ™!

From the available Tisraiore it seems anpossible
to predict which dregs and dose will exert the best

o 20 A Caertod Indfcircalicon B B0 ighis reddrveaed.

eprovements tnostrength, For ssample. mewodie
nome (oethandroslenclone) is the muost feaquently
investigaed drog and siwdies dilfersd with respect

W dose  and  duration ol  drue adenpistra-
Ligpny 1 F-M1A2,25 ST456,50 ELASE6ALEAT The majarily of
stuchies observed significant strength guins, especial-

Iy for bench press performance, duning metandie-
nune sbministratipn,[H-4047.62 38 SRALASRRETI g foare..
a1 [our stucies no sirength alleradons were report-
ed [ S The sirengnh pains did not seem 1w
depend on durstion of metandicnone pae since
changes coulid already e observed after 5 weeks”
admimstration of [0 mgtday P25 The impoet of
the: admimstered dose 15 difficolt oo assess hecaose
in st reeearch o dase of 1D mghlay was invesigal-
ed wilh S reporting slrengtl:
pains, ARSI wile plhers could ot find
such improvemants P9 MNevertheless, it seams
lizely that deosages exceeding 10 mgfday will in-
crezse strength, 5155 s lshongh the resulis from
ume slwly not reponing strengith improvements ane
difficult w explain,

Few studizs investigaled the effects of imjectable
sterids, Testozterone enantate his been damonztrat
ca to cansistently enhance strength after administra-
dom of daily dosages of 300mg and oved ™™ or by
wiing 3.5 mpfkg bocdywoight. U Fricdl o al ¥ also
dermonsirated that andrigenic suhsnees influence
strength more Gien anabolic geents. Wik respect o
steength enhancemant it rernain: debatable whether
polydrag regimans are supecior o single drog ad-
ministratian, 4% githough the former increase
muscle dimensions, which are closcly related o
sirength, more than the laner B9 However, we
should emphasize agzoin that labomatory stedies may
nat adequately mimic the actual AAS-indoced iim-
provements of strength since the drugs and doses
investigated in most studics are not in agrecrocnt
with current sterodd  administration regimens by
AMS abusgers.
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Hartgons & Kuiper:

3.2 Hoembology ard
Endurance Perforrmancs

Span after their intmaducton. AAS were regis-
tered for the reaument of several kinds of anasmia
Long-term reatment with AAS has besn demon-
strated to increase scrum haemnogplobin concentra
tions."Y Beeause of the reladonship  befwoen
heermuglabin and endurance performance, sthletes
startad 1o self-administer AAS, However, only e
investigations were sahle w regisler AAS-induced
alterations of haemaology in athletes.*57 A1énl
described mcrsases in semm hacemoglamn concen-
trations.  hacmatocni, mean corpuscelar
hacmaglohin concentration and medn corpascular
hasrnaglobin, the nwnber of whits blood colls and
platelets in athletes after & months” self-admimistra-
fion of high doses of AAS, whersus mean red cell
vidume  remained  unaliered ™ More  reocntly,
Hartgens et alM" found an increase of platelet coant
after B wosks of AAS ose, whensas all other
heematological parameters remained unattected, !

The majority af shudies demonstratad that AAS
were nol ahle o increase endusance performancs in
athletes #3452 7600 Hopeerer, in tan studies,
an improvement of acrobic capacily was  no-
tived ¥ Remarkably, the voluniesrs in both stmd
ies were strenpth athletes who did not tmain for
enderance performanoe, 136551

The increasa of ant-doping conmols, the devel-
opment of more slvanced urinalysis echnigues and
the availabality of recombinant human ervthropole
tin has lad to the abandcament of the use of AAS for
improvemcnt of acrohic capacities among athletes

3.4 Recovery

Many athlztes report that AAS wdminisirabon
enhances recovery Ume [rom sirenuous training.
Unfortunately, the research done cn this issue only
studicd indirect paramerers that are associaled with
recovery Lime PRS00 The investipation of Keul
and coworkerst™®! showed that exercise-indoeed in-
crements of heart rate and serum lactate levels were
significantly delayed with vse of randrolone deca-
nnate. Additionally, after completion of the cxercise

o 200 Al Doy Infomreartion B, AD gt neearoaal

scssion the returm of the beart rare and lactate bevel
to baseline values was faster in the AMS usors, !
One the cther hand, adevpistration of injactable tes

losterons enantate hal na effect on semum levels of
ureA, ammania, creatinine, crzstine kinase {CK) and
aspamate aminotransferase (ASAT), indicating tha:
thiz subsiance did ool affect regenecation in well
raned endurance athletes. ™" Roeenek er al "%
found  higher androgenfcortisol rabos and  Jower
piasma lacrate levels in AAS wsers comparal with
nan-users after complating a strength-training wars
out. The anthors suzgested thar the lower subjoctive
level of fatigue after caining sessions could be at-
tibuzed w AASIM Booae et al’™! concloded that
AAS adimiastration cesulled n o dicunished CE
response arml an allersd siress cmsoonse o2 single
boul of resistance exercise!™ The CE esponse
vheerved was in bne with the previous findings of
MeKillop amd comrkers U™ Althoueh in an-
mal an enhanced recovery has been demonsiraled

aller AAS admepisiration,] ™ research an the reco -
ery Tale 0 humans s oo Hmited o draw defnie
conchesions vet.

4. Adverse Effects

Tt sems redundant to mention that anuse of AAS
may affect health stans. On the ofher hand, the
many casz reports in the litereture indicate that a
substantial number of athlztes will ot b determoed
by the adverse cffesrs and will accepr the risks of
(major] health damage, As mentionsd previously,
since most well desizned swdics are oot able to
address the AAS issve of real life. we want to
crphasisze that the untoward effects mav ke mors
prononnsed than has been damenztrated in labocato
ry smdics, Also, (he extent of side effects in AAS
users will be much larger than may be expacted on
the basis of the available scientific data

Side cffects can be divided in subjective and
abjective, First, we doscribe studies that focnsed on
subjective perceived side effects, Later we discuss
the undesined health effects that are apen to objecti-
Ficaticmn.

Spor Med 200 34 0
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4.1 Self-Roported Adverss Effects

To date, only a fow reports investigaling the self-
reported adverse eflecls in arhlctes vsing AAS have
been published, = Y Thege repams emploving
questionnaires showed clearly that the mejoriy of
athletes expenienced undesired health =ffects ot
anly when on AAS, but zlso after drug withdrawwsl.
These data are very valuahle since they indicats the
extent of self-reported untoward effecss when using
high doges of AAS in stacking regimens reflecting
real-lite AAS abuse. The side effects reported in @
least 40%: af the male suhjects in these studies
mcluded increased sepual drive )5 S92 gacgrence
of acne "™ increased body haid "™ and n incroase
m aggressive behaviowr 1% Fohermore, meny oth-
er side effects affecting severa! bady systems weare
mentioned by the steroid vsers. These includs fluid
retention, elevawd blood pressuze (BP), sleepl=ss-
ness, increased irritability, decreased libido. in-
crewsed appetite, enhanced transpiration, increased
fealing of well-heing, deprecsive mod statzs, loss
of head hair and the ocourrence of pynaecomasia.

Data relaling o temale athleles are verv
scanry.** % Sirangs e al ) inierviewed ten fe-
males who all ceporled lowering of the voice
brought on by AAS pse. Furthermors, ninc af oo
females admitied inercased growth of facial hair,
enlargement of the clikors and an incoease in aggres-
siveness and appetite, Y Recently, in the stady by
D Boer et 2l nine of o imerviswed femalz
athletes had expenenced side effects due o stemoid
wse I The side effects reporied were acne [50%),
fluid retention (4% and aleration of lida (50%),
Cither side effects were anly mentionad by <20% of
the wamen, ! The discrepancy between the rzport-
ed side elfects in both studies can, at least in part, bz
attribeted 1o the difference in substances and dos-
ages used, The subjects in the sody of Stravss et
al " gelf-administesed more androgenic agents
and wvsed much higher doses than the female
badybuilders of DeBoer @ al,"s smdy which may
be responsible for the masculinising cffects, OfF
preat ooncer 1s that athletes are nod aware of many
side effacts during sterond sdministration, since sev-
eral unwanted health affects may be defectad only

£ A0 A Dota Indciricabe B S8 nghits nessnms.

after Gwrough medical cxamination, incluwling
blowt analysiz,

4.2 The Reproductve Systzrm

Sincz AAR are derived from lestosterone they
zxett nportand effects on the sex hormaones and the
reproductive system. They will suppress (he hypo-
thalzmic-pimitary-zonadal axis, which acs as a
feedbark system. Consequenty, @xgenous admin-
isTration of AAS will disturb the endogenaus pro-
duction  of teslslerine and  posadoiophins
{heinising hormooe [LIT] amd folbclz-stimnlating
bonoane [FSHL In males. suppres-ion of gonado
tropin production educes testicolar sirophy and
recnacs samen production and gquality, Smdies have
shown that the nse of AAS may dramatically lower
serum gonadomophin concentrations: 7 TRIE-0] 5
deeline can b cheerved within 24 hours.) " Serum
estosterane levels will also decrease, 10503 gxeap
when exogenous testosterche is sdministerad in
amounts wsually practsed by srenzth atliletes '™
Honwever, Bhasin et al. "™ proved that a close dose-
response relationship exists between the adminis-
rezed dose of westosterane and serem levels of Lesios-
rerone ™ Adminisiration of weekly doses of intra-
muscular  festosterone E300mg  increase  scrom
levels of testosterone and free testosterone, whereas
weekly doses of 25 or S0mg resulaed in lower serum
levels of testasterone and free lestosternne ™. Provi
ously, it has been demonstrated that the administra-
tion of high doses of wstosterone in polvdrug abuos-
ers will induce supraphysiclogical levels of serum
wiel and free testosterone and estraudio] 108190040
Semm  concentrations  of  androstenedione  and
diydrotestosterone closely follow the same pai-
e " The high serum levels of estradiol, andros-
tenedione and dibydrotestosterone can be explained
by peripheral conversion of AA5 11V

The asdmnistration of supratherapentic doses of
AAS will redoce the quantity and gualiry of semen
production in male athletes and may lead o inferdli-
ty within mwnths [0S This js in agreement
with the results of research into the use of androgons
for contraceptive purposes in males, although this
method of contraception is still experinsntal and nol
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vet reliable ! Once the steroid intake is stopped.
the exwcl e neaded for tull recovery of reproduoc-
tive Menclion s oot kaown and may vary depending
un the doses taken and ducation of AAS abuse. Afler
long-tenn (6 months) palydrug administration, fell
recovery may take al least 4-5 months 5800902
However, in some individuals camplete restortion
of normel reproductive tunction may take more than
a year "™ Long-term administration of high doses
of AAS may provoke hypogonadotrophic hy-
pogenadisu, characterised by tesdoular atrophy,
oligo- or aZoaspermia, low serm concentrations of
LH and F5H, and of endogenons testasterone and
precursors. 2 A pumber o7 ataletes try W prevenl
o reverse this disturbance of the reproductive sys-
tem b using human choronic ponudowrophin or
clomitenz together with the AAS or imrediately
after the ond of the AAS course, although scientific
rationaie Sor such regimens i= ool available. Treatl-
ment of hypogonadetrophic hypogonadism with
hurnan chorionic gonadourephin resultad ina testic-
ular responsivenes:  cormparalde  wih  that o
prepubertal boys. "™ Qn the other hand, in recent
case studies it has been reported that clomifzne may
suecessfully restore ANAS-Inducad pitwitary-gonadal
dysfuncticn'™" and meatment with both human cho-
riomic gonadotrophin (hC0) and human menopasal
ponadomophing (hMGE) reversed persislenl ao.-
permia dus o the misuse of AASI? Moreover,
Karila and cowarkers! 5 demonstralad that in AAS
abusers spermatopanesiz can be maintaincd by using
hCG doring an AAS course, although sperm quality
mexy e impaired.

Another adverse effect s e occurrence of
pvnaccomastia in malz athlatzs 5 a rcsolt of AAS
abusc. Besides the pain thar may accompany
pynaccomastia, the cosmebc implicabons may be
imporlant  for  bodybwilders. Development  of
gvnaecormastia i= associated with the peripheral con-
version of AAS o estropens, as a result of the hope
amounts of exagenous AAS administened 312425
In the early slupes sponlaneows regression may be
expected, bul in long-term cases surgical corection
may he the only appropriate meatment V4 A com-
mon practice amang strengrh athletes 1 o soccompa-

B 200 mok Dola rtorstion S A ighls resene

ny AAS abusz with sell-adrministration of wmoxiien
for the preventicn of gynaecomasta. MNevertheloss,
scientific dara do not suppont the citestivencss of
this preveative methed [

Rescacch explaring the etfects of AAS in females
is searec; the administration of AAS will induzce
masculinisabion in women. Female bodybmldens ne-
purted the developroent of aone vulpan=, changes
likido and alecations of the voice as the mest pro
nonneed sdverse effects in the first woeks of AAS
uge P Long-tzrm AAS adminismation may induce
lozs of hair of the head, aleratons of pobic har
growh and enlargemest of the clitons. Furthemsore,
menstrual mregulantizs and a reduwction of the
hreasts usuallv occus Finally, adolesoents mav he
prune Lo early clasure of growth plates resulting in
premature stop of length growth '

4.3 The Cordiowascular Svetam

Inrecent years e abuse of AAS has been associ-
ated with the accurrence of serwus cardiovascular
events in healthyy young athleres, including the de-
veloprnent ol curdiomyopathy, aimial fibollation, QT
dispersion, cerebrovascular accideant, myocandial i0-
farcrion, disturbanccs of the hasmosmatic sysem,
veninoular tnmbosis and systemiz embalism, znd
acute hean failure )" Mopsover, several reports
associated  AAS abuse with cardisc  sudden
death MY Althaugh fhese repacts mwst b2 inter-
preded with caution, they teach os 1o look thoroughly
at the different mechanisms in which AAS abuse
may affect e cardiovascular system. However,
againy, 1t should be remembered that in case reports
the most dramatc side elfects are oflen desenbed
and that they do not prove a cavsal reladonship
between AAS ahuse and the disease comdition or
cardiac death.

Althouph these case repoms may draw our atien-
tion to different ways in which the cardivascular
system may be affected by AAS, research has main-
Iy focu=ed on evaluation of risk factors for cardio
vascular dizease and examination of cardhac struc-
ture and functicn by echocasdiograghy .
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4.3.1 Blood Pressure
Aeveral studics investizgating different AAS rem-
mens showed na alteration in B ia healthy strength
athletes PR =515 HYowever, in other investga-
hong, an clevation af svswolic or dastolic BI* has
been ahserved as a resull of the sdmimstration of
high doses of &A% MBSNZE8030 4 o awation of
Bl may be present wichin 4 weeks of @king ster-
2ids "™ The most promewnced inzrease of diastalic
pressurc was reported by Kuipers o al ™ Thay
found an increase from 74 1o 86anm Hg due 1o 10
weeks ol self-administration of high-dose Aa5 ™1
Incrzrnants of systolic BP of shaur 107 and 1 2mm
Hg “lin normesensive siength athletes due to AAS
have been reported. Adier druy cessabion the BP
seerns Lo return o pre-stecedd levels within several
woeks ™ [Towever, a recent prospective study by
Hartpens ¢t al'*! conld nel confirm clevations o
DF in athletes, even in twse sell-administering
supratherapeulic doses of AAS for periods of up o
16 weaks, 1=
12 availahle literature is not conclusive with
respect w the effects of AAS on BRIt is suppested
that clevations of sysiwolic andfor dissiolic BP may
wceur in some individoals; however, the ellecl does
not seem W be consistent. Androgens seem o affect
BF more than anabelic agents, although the cxact
mechanism remaing o be established 1?5450 Howe-
ever, il elevations of BF occur thev seem 1o be sinall
ang transient, indicating that the impact on healih
status of the athlete may be limaed.

4.3.2 Lipaprotein Matobolism

Taral Cholestesal

Thez effects of AAS on serum total cholesterol
melshalism are not determined in detail vel Most
prospective studies, investigating either low or high
dases of single drug use or polvdrug adminismration
far periods from 3 1o 26 weeks, reported no altera-
tiens af serum total cholestero] leve]s 44502 051-157]
MNevertheless, some studies found that AAS were
ahlz to induce an increase of serum wotal cholesterol
bevel s WFIH whoreas  others chserved a de-
crease )8 The natwre of this discrepancy of se-
rum cholesterol response has yel o be esthlished.
However, the response of serum total chiolestarol

E 2004 Adis Taba Irdcnneticor BV &1 spilds iosensed

levzls to nandrolone  decancals  admdnistranan
secms Lo e very oonsistent, The vse of therapentic
and supratherapenic doses of nandrofonz decanoare
docs ot ssem e affect  serum cholesterol
lovels FS S I spreppth alhiletes, lestosterone
enuntate admimstered by intramuscular injectico
may have no effsct on serum toral cholesterol leveks
after 3 weeks of administration,”'™! bul afler &
wicks & reduction of toal cholesieral may occur '
Om the other hand, supratherapentic doses of ancther
Iesioslerone substance (e, festostorons cipionatc)
do ot exert sipnificant =ffects on se=rum total cho-
lesterol Ievels il

High Carsty Lpcomodsin-Cholesters| and

tts SubrTacTon:s

Hizh-deasity LEpopoot=in {HDL pcholesterol and
its sobfracticns have been recopnized as indepen-
dent fisk Factors for the ocourrenes of cardiovascular
dizzase " There is strung evidence that AAS ad-
ministration will indoce remarkable redections of
the serum levels of these lipoprotins!? =415 L1
The suppressive effect varies berwcen differsnt an-
drogepic-anabelic compounds, with decramsants of
HIL-cholesteral ranging from 39-T0%% Y4 The
st proneunced suppressian has beon observed in
serum levels of HDL2-cholesterol rather  than
HDL3-cholestero] 481401881521 it supprassion
ranging from 55-59% for HDL2-cholesterol and
fromn 13-55% for HDLA-chodesterol 545 The pe-
duetion of sermum HDL-cholesterol levels is medi
zted by hepatic triglyceride lipase (HTGL), &n on-
eyme that regulates serum Fpids!' and sxposes the
AAS-uzing athletes w an increased atheropanic
rigk L1520

The orally aken 1T-w-alkylacd substances (such
as stapazolol, exymetholons and meandienone) ex-
crt much smonger effects than other AAS 715 The
decline of HDL-cholestzrol can be observed witlan
a few days of starting steroid administeation, !
Afrer an initial strong negative effect, the suppres-
st af the serum HIM -chalesternl and s subfrac-
Uons  conlinues al a  more  moderatz  lev-
] P13 41508 & fror B weeks of AAS administra-
tion no further decline of HDL-, HDL2- and
HDL3-cholasteral can be observed !4
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Short-term administration of androgens, such a-
testosterone enantite and cipionatz, also depres-
serum HDL-chadesierol Jevels sizniticantly e+
Effects of testosterone supplementution on lpopro-
teins, hwowever, have becn shown mo be dose depen-
dent. "™ Sipgh et al "™ demonstrated thar intramns-
cular testosternne S0 migfweek reduced TIDL-chao-
lesterol levels, whereas Iower doses did nol exert
any effect on lipoprotein profiles.H ™! HDI -choles-
teral suppiession by 19-noatastosferons osiers secm
e [ollow another patlern since adverse effects in
males have heen demonstrated only alter loog-lem
wilminiztretion, whercas inowomen alleratons have
been obscrved after short-torm use of low doses.
Parenteral administration of nandralons decanaats
For periods up o 2 months doz: not affct HRL
cholesierol  amd  subfractions i healthy  ath-
letes, ™ 080 Howeever, moclinical siodies this sier-
oid was foumd o affzct HD-cholesterc] metabo-
ksm unfavourably in male haemodialysis pavients
when sdministered for more than 6 maaths 17 in
womch with postmenopavsal ostcoporosis & rodn -
tion of serum HDL-cholasterol levels was moticed
even after 3 weeks I'70

After steroid withdrawsl, the disturbed lipid and
lipoprarein profiles racover complately, althovgh at
least 4-12 weeks ars needed for retuen 10 baselins
values FRUEELEE Hungens and coworkensd '™
dermonstreted that recovery depends strongly on the
doration of :n AASN conrse.

Low-Dsnsity Loocomots n-Cholestaro)

In general, the admimstration of meluple AAS 5
likely o incresse serum low-d=nsity lpoprotcin
(LDL)-cholesieral levels HSSEDISEIRD The ofoyy-
Lion parzllels the decrease of HDL-cholesterol and
may be ohserved within a tew days after initiaticn of
steroid wse.'®! Sinple anabolic steroid administra-
tion may cxen different effects on serum LDL levels
depending on the stercid and route of adimnisira-
tion. Cral administration of stanceolol mersssed
LDL levels "™ whersas the intramuscolar injec-
fions of leswsisrone oplonale or  Esosicoone
enantale did ol aller LDL levels 160550

© 200 Acte [l informarton By, A Aghts oseraed

I yerides

The ellects on glycende metaholism appear to
e moe uneguivocal. Mosl prospectve swdies in
athlctes did not observe any allzration of seruo
trighycenide  levels due 10 AAS  administra
Liggn JPRBE LIS SIS ) though tn one smdy an cle-
vation of approsimately 23% " has been ohserved.
The sbemrant result of the latter swudy 15 hard Lo
explain sinee in other studies of this Finaish re
search group with the same strengh athlcles as
volunteers noe effect an nglycenides were report-
PR

ARl e

Coly a [ew studies have invesbgated the effeors
of AAN oo apolipoprateing in healllyy woomyg ath-
letes, These smidics mainly foenged on sereny apoli-
poprotzins A-1 and B levels. They demonstrancd
fhat  AAS  diminish serum apolipoprtein A-1
levelg MRS ST an g jnduce elevations of apali-
pupmulsin B levels (5L S50 However, nandralone
cecanoate does nol reem oo affest the apoli-
poprotzing at sl These findings are nul surpris-
i since apolipoprotcins are very closely relared 1o
HDL- and LDL~cholesteral @nd are in accordance
with resules in non exercising humans [707 178
Hivwever, the magnitude of changzes may depend co
the deug and dose administered ™ The 17--alky-
lated drugs [z stanoeclol) rather then testosterone
esters gre responsibls for indvcing more profoend
elfects, #9580 The same holds mue for polydme
regimens when compared with single-drag usc.13%
The time course untld compler recavery al serum
apalipoproteins after drug withdrawal depends on
the duzation of the AAS course used [

Ligeoe Ctezir

Recently, lipoprotein(z) [Lp{a)] has been

recogniscd as an independent nsk factor for cardio-
vascular diseasc. The fat composition of Lpda) is
comparible with that of LIM.-cholesterol acconmp-
nicel by the presence of a specific apoprotzin{a). The
serum levels of Lp{a) scem to be penstically deter-
mined and, when elevated, can be hardly influenced
by nutrition and doogs. However, AAS have boon
demonstruted to improve serum Lpca) levels in men
and women ! ™ Besearch in AAS-abusing ath-

Tgava s Ml 2002, 34420

Erfects of Androgenc-anabolic Steraids in Atk letes

letes has Baen started very recendy and, therefore,
anly Few data are available, In a cross-sceriongl
study, Cohen et al'®) were the first rescarchers 1o
anserve thal AAS-using budlybuilders possessed
heneficial serum Lpdal lewels, wlule non-usiog
houdyhuiliers showed atherogenic Lpad levels !B
In a senies af prospective (blindad 2nd unhlinded)
studies Hartpens and coworkers0 ™ demonstratzd a
strong Lpla)-lowering eflect of polydrup regimens
of AAS in sength athletes, while the effect of
gdrnimstration af etramuscelar nandrolone docs-
noate 200 medwesk for § wesks wes nonsignificant.
Morz research is wananted W elucidate the effscr
on Lpdal, and the impact of nofaveorable changes of
serum hipads and lipoprofein levels in combingtion
with a beneficiadly altered serum Lpia) level.

Summary o0 Lipdeis andd Lgoprarsing

In summary. many stodies investgating thera-
peutic and suprethermpentic doses of AAS adminis-
tration beive consistently demonstrated that seram
lipids and lpoproeins are unfavourably allersd by
these suhstances. However, the effects may varny
considerably with regmmen and rypes of AAS nsed,
and with route of admimsratgon. Serum wdal chas-
lesterol znd mmighyceride levels seem to remain unaf
fecte]l by AAS sbusz. Scveral AAS have been
demonsiraled W suppress serum HOL-cholesteral
Izvels, with a e distinct effect on TIDLE- rather
than on HIM 3-chalesterel, LDL levels will increase
and parallels the pattemn of HI-cholestorol sup-
prezzion. The effects on apolipoproein A and B-1
arz in finc with the effects on HDL- and LDL
chalesterol, resulting in AAS-induced clevations of
apolipoprotein A and a decline of apolipoprotein
B-1. Recent research indicated that Lpya) levels may
he beneficially aftected by the administration of a
combination of several AAS in high doses.

The unfavouranle cffects of aliylated AAS ox-
ceed thase of lestosterone esters, The influence of
polvdmg regimens on lipoprotein melabalism is
more proncunced than the administration of a single
sleraid. Mareover, short-termn admnini stration of nan-
drolone decanoate. even at high doses, does not
affect lipoprarein metabelism in young athletzs. (n
e ather hand, long-term ose of nendrolone deca-

& A0 Acks Do Inkomcrlion B Al sgnile dessres

xle i opatients allzrs Lpoprotein levels considera-
bly,

The sometimes dranaic changes in sermum hpids
and lipoprarcin lovels expases the AAS vser o an
nercasad cardiovascular risk, althongh the fmpact
of shar-termn dislurbaness of the cardiovascolar nsk
profile in otherwise healihy yourp whlewe 1 wen-
kwvwn vet, This ignorancs is enhanced by the possi-
nle beneficial alteration of Lpdal lavels Distusbed
serum lipuds and lipoproweins may recover within a
[ewe muonths, althowgh this s stronely dependent on
duration of the AAS course rather than on the dos-
Ages wsad,

4.3.3 Hean Strucfure ana Function

The introcuztion of cchosardiography was un
partant for investipating the physiologizal responses
uf the heart e exercise anc raining. Gehocand-
cemaphy bas also been applied for evaluation of
AAS on hear smucture and function. Eight cross
sectiomal stwliss abserved differences inoane o
prme echocadiographic variables belwesn AAS
nsers and non-using strength athlores, o3 T8 TR
whoreas five suwlies did not register any differ-
enpce! B0 TR fable V) Cornpared with mon-
users, stercid wsers ave boen demonstrated to show
larger loft ventricolsr mass andfor lzit venmicnlar
imddex TNy farger posterior wall and in-
terventricular sapium thicknesseg W8I0 Tha
majority of smdics seem o show that the et ven-
tricular cavity during diaswle and syswole 35 not
sulject 1o alleaticos unde: e wse ol sier-
Dicls 1146171082, 154 183

To date, only 5% prospective echosaurdiograplus
stodics have been publishodi® 451811525155 188 (ah o
Wi and only one sudy reported steroid-induced
changes in echocardiographic varjables. ™ Sach-
theben et al 4! observed siznificant chanzes of loft
wenmicular mass, intervenincular seplum thickness
snd left ventmcular end-diastalic diarneter. but the
left ventricular posterior wall thickness remained
unatfeored by AAS. 5 However, the reseerchers did
i pay allention W an increase in work Joad of the
AAS users during the stody peried. Thercfare, these
results most be interprered with caution, especially
since all ather sludies unapimouwsly ceperted nc
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changes in any cchocsrdingruphic variable mea-
sred donng AAS administraion, #1588 RR
Although a nonblinded desizn was applicd o all
studies except one '™ these results inbicale that
changes in hean strocmre and funcien are not (2 be
expecrod when an athlele lakes AAS for pericds af
up o 4 manths ¥ The effects of prolonped AAS
abuze andlor the use of many suocessive AAS
courses remain unknown. Mevertheless. animal
studics clzarly have shown thet sher-term vse of
androgens amd anaholic agents may cxert simong
hazardous effects on cardiac structure and [umc-
ticn! "™ and, therefare, it has besn proposed thar
schocardiography rmght be ot sensilive enovgh o
deteswl early and small changes doe to AAS admins-
tradion. 44

4.4 Hepatic Efects

Liver funcuon disturbances and discasss due o
AAS treatment in patienss. as wcll as 0 AAS-
abusing arhlctes, have been of greal concern si00c
amimal smdies have clearly shown the hazgardous
effecls of AAS on the liver 2% Taking inta ac-
counr the resolts of the trials, it is plagsible that AAS
can induce serons liver disorders such as sobeello-
lar changes of hepatocyles, inpairad excretian func-
ticn, cholestasis, peliosis hepatis and hepatocellular
hyperplasia, and carcinomas in humans 50201
Addwionally, several cuse reports have associsiod
the occurrence of alorementioned liver disorders
with the abuse of AAS in young, kealhy all-
Jotes BEAUL These disesse conditons are mainly
attribuled o the administeation of 17-c-alkylatzd
steroids, that is, methyltestosterone, oxymetholone,
fluoxymestcrons, norcthandrolone and  metandie
none 51329 Tnjeriable lestoslerone cipionate and
enaniale preparations do nod appear to affect bver
funCTion cnzymes, Whersas (nor-Jlestaslerane eslers
may induce parenchymal lesions of the liver™
Some researchers have propesed that the ecourmence
of AAS-induced liver disease may be dependent oo
the liver condition before swring drug administea
ton 71

Several studies have investgated the effects on
serum liver enzyma activities in athicres, In mast
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studies. the common liver cnrymes ASAT. alanine
aminotransfzrazse (ALAT), sglutamyl transpep-
tidase (G310, lactate delydrogerase (LIDH) and
alkaline phasphstase (AP} were studied. Monitoring
of liver function =nzvmes during AAS administra-
tion provided equivocal results. Howsver, the ma-
joriry of longimdinal studies reportsd no changes
due 1 AASHHSIRRGESIN Gihoueh eleva-
tions of ASAT or ALAT have been observad within
saveral weeks of aking steroids in some stud-
igs MBS These elevalions were atmibutad to
the intake of oral sterodds and weaded 1o retom to
baseling levels within sowveral weeks afler cessa-
tion = On the other hand, serum lovels of GCT,
AF snd LDH remained onaffecis) nooall sosd

T [RERTSEABI Ropanily, Dickerrnan et sl P10
slated thatl elevalions of scrum aminotransferase
lewels may represent muscle damapge mther than
hepatic dysfunction because of the close relation-
ship s increments of serum CK levels, They demon-
strated that GGT was the mast distinetive enzyme
for the detection of hepatic dyv:function in excreizing
vilumieers, Therefore, the anfhors recommended
evaluation of hepatic function in AAS users to deter-
mine CK and GOT level: in addition 10 ASAT and
AL [E

4.5 Psvcha and Bahovicur

4.5, 1 The Relofionshio betweean Serum
Testasterone Levels and Mental Siofe/Behaviour

When AAS abuse by athletes first began the
medicsl socieny (and others) were rightly concemed
about the untoward physical effects. Later it became
obwvious that hese agenls exent profound cffects on
psyche and behavicur. From animal and human
sludies the relationship between endogenous male
s hormones on one side and psychalogical fone-
tion andfor behaviour oo the other has been sssessed
thoroughly. In several animal species a relationship
between endopenous t=stosterone levels and agercs-
sive behavionr was likely 1o be present however,
the findings in humans were less consistent '
From clinical swdies it appeared thar aggrossive
behaviour and endogenous lestosterone levels did
i correlats very well B2
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4,52 Cose Repor's

The first observatons of psycholagical funcion
alteraticns due 10 AAS abuse were reporied I cags
studies describing athletes abusing buge amounrs of
N Far example, self-adminisira-
tion of AAS was associated with the occurmence of
schizophrenia '™ sweroid dependence, ™' affective
and psychotic symptoms,!™™ and homicide znd
near-homizide. “ WMoreaver, many other changss
of mental health and behavioor duc o AAS abuse
have bean repacted in the literature 1?1 5221222 inelnd
ing hypomanic cpisndes®Y viclent murcer,#H
child abuse’ ™ and spovse batrery, 2

4.5.3 Ageression and Hastlity

O of the L repurls investigating the effects of
AAS oo psyche and ehaviour in athletes was par-
farmed by Lindstzom ct 8l In their survey, male
hodybuilders reported mood changes and an in-
creased libido when on steroids 2® Many articles
have bean publishod since then; self-reporting of
athbetes as well a5 survey studies indicats that AAS
users searn 10 be subject 10 an increase of aggression
andior hostility, 222 Conversely, some investi-
gations did net pheerve such a relationship!™=* and
in voe study slrength athleres were found to demon-
strate aven lower hastility with anehalic sieroids 75

4.8 4 Mood

Sonc rescarchers could not demmansirae oy el
fects on mw! while athers observed mood dismr-
bances in AAS users, although the slferations may
be very subtle somefimcs (7726 1203323340242
Mool changes associated with AAS abwse inclnded
depression )+ Be2al paranoia, [ hye-
manial %2 and pavehotic features.™ Y Some slud-
1es indicated that the geowrrence and sericusness of
mocd disturbances are dose dependent, 22820
and the cffact may be not eniform across inbividoals
since only few individuals will be affected; most
will show oaly little psychological alrerations while
only a fzw may develop prominent changes ™3

4.5.5 Body image

The relationship hetween body image and AAS
use was subject of & small nember of smdies, Thess
imvestigarians demonsirated thar AAS users are ofl-

B Z00 Sl Dowa nfomietion B A0 g rescnaod.

cn dissatisficd with their nody and hove low self
exteem ™ This may lead w te so-called “reverss
anorexia &vadrore” =154 that was later defimed
a3 “muscle dysmomhia’ as an expression al a oo
of hody dysmorpe disorder. This svodroane refecs
1o athbetes (in general, bodybuilders, althoogh it may
refer w0 others as well) who belicve they have a
small and disproportionate hody and are pathologi-
cally prencoupied with their degree of muosculacd
by Becawse of their puthological preoceupation,
thezz subjects have been suggestied 10 be mare sus-
ceprible to mking AA% 129 Furthermore, AAS-
msing hodybuilders and weighthiiers were found w
[oseie 4 mre naccissistic personality cornparcd
with non-users 12 Recently, Pape and Katzl# in-
trocinaed the term “Adonis complex” for athleles
whi expenence such personality chunges,

4.5.4 Dependence ond Withdrawa! Effecis

[oring the last decade, AAS dependence and the
withodraewal effects of AAS have been subject o
research. In 1989, Easlikin and Kleber®* proposod
the anabolic steroid addiction hvpothesis znd suge-
gosted that a proportion of AAS abusers are prons (0
developiog addictive disceders, although their hy-
pothesis was not proven af that dme. Shortly thereal-
ter, several invesbgations explonng the relabonship
beltwesn AAS abuse and mental Jisorders appeared
in the scieanific litzrature, Brower et al!> reported
that more than half of the AAS gsers demonstraled
symplonns comsistent with o diagmosiz of depen
dence =M Hewever, nore racent reszarch conlbd not
confim sech & high percentage of addictive AAS
wiers, instead reporting that AAS dependence may
exizl in approximately 25% of users, 252251 Ricgk
factors for dependency on AAS invalve & pereeption
af oneself as not being big or srong snowgh and
lomg-term abuse of high dosez of AAS P On the
other hand, withdrawal effects seam to accur in only
a small number of AAS nsors [HA1LELIT]

4.5.7 Female Afhleles

The psycholagical cffects of illicit AAS use in
wormen have seldom heen stulicd In tao stwdies,
female athletes reported an incoease 1o agpressive
ress when on seroids, ™22 Gruber and Popei2®]
assessed the paychistne statws of female athletes

Effects of Anwiroponic Ancbolic Steroids in Alklelzs

attending wyms. OF thesz wamen. one-third had a
history of AAS abuse. The researchers observed a
number of mantal abnormalites amone AAS users,
inclwling polysubstancs dependence, bypomanic
symploms, depressive symploms during withdraw
al, righd diztary practices. non-traditional sex rolzs
aml chromic dizssatisfaction and preocoupation with
weir physicues (*mosele dysmorplaa’ ) P+

4.5.8 Summwny

Somraarizing the lierature, 1 can e conchuded
b AAS My cxen profound elfects on mental state
aml kehaviour, although only & small swober of
abusers may be affecied. Increased azgression and
hostility seem the musl prominent alterations ob-
served, althongh this sondinon ey become senous
in only a limited nomber of wsers, Mood disture-
bances may occour, the extent of which is doss de-
pendont, AAS vser: oflan sapose & nerc s sl per-
swality and arz often dissatizfied with their cwn
bedy. Pope arnl Katz™¥ introduced the concept that
subjects with (hese characterstics suffer from the
Adonis complex, referring 10 a my twloeical chars-
Ler with the same personality waits. Forthermors. an
individval’s dissau=laclion with their body is a risk
factar for developing AAS dependence, ax is the
abuse of these substances for longer penods in
supratharapeutic doses.

4.6 Otner Advernse [Fock:

MAS abuse has been proven ro have the pacnsial
to dramatically disturb the hypothalarme-pinnary -
gonadal axis, although other endocrine systems have
als been shown to he snsceptible for these sub-
stances. Deregulaton af glucose metabolism seonn-
dary to insulin resistapce =7 and impairment of
thyrdd Tunction!! 42591 have baen observed. Moreo
wer. the effects on skin may be profound. Kirsly and
cowarkers! 42 fonnd enlorpement of seha-
ceous plands, inerease of sebacecus production and
elevation of skin sorface lipid cholesterol levels duc
to AAR A28 Byphermore, thees agenis were
fownd tor reduce immune fosction*! w affect e
Iaemostalic system™ 2% and o altcr soft tissuc
collagen metaboelisn,*™ althooeh the climcal rele-
vance of these observations is yet o be determined.
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Reoendy, Farssinen et a1 reporied o 4-fodd in-
crzase in the mortzlity rae among powerilers whis
wene strongly suspected to have nsed AAS for sev-
eral years in Lthe past compared with conmol subjests
ovel & 12-vear follow-up penod. Suicids and acue
myacardial infarction wers the most prevalent
cawses of premature death among the athleres 121

In case reports, many ober side effects of AAS
abusz among athlcies have been published. Tt is
nevitable that dramatic side effeors may ocour in
some individuals as a result af the huge amounts of
sunstances administersd. In a number of case suod-
ies, AAS have been reported ro affect the musculo-
sheletal sysiem by cansing bone fractores =7 1en-
don pahioleg v =T and rhabdomyolysis 75200 1y
several casc stndics the development ol dermalolog-
ical adverse effeors have boen described. including
oceurrence of acne vulgaris U acee folminang 2™
hereditary coproparpliveia P linear keloid farma-
finnl™ and cxaccrhations of psoriasis P [Towev-
er, whether these reponied conditions are adverse
effects of ANS 01 noLlias yeu e be established since,
in contrast, AAS ars used i experimental clincel
irials n the reatment of seversl dermatclogical dis-
ease conditions ™ Allerations of the prosmate and
bladder have also besn atmbuted o these ser-
aids 30 ax have several malignant diseases i
young athletes. Tor example, Wilms' tomonr, 1281
renal cell carcinomat ™ and carcinoma aof the pros-
tate 528 Bven vory rare discase conditdons, such
a5 sleep apnoea syndrome (Pickwick discase), were
also linked 1o AAS administraton ™ Alhough a
larpe number of rcpoms associated AAS abuse in
healthy young athletes with the occurrence of a
broad spectrum of (sometmes dramanc) side ef-
facts, this may not always reflect a causal relation-
ship with AAS wnd, therefore, such reports most be
irarpreted with caution.

5. Mechanism of Aclion

The mechenism of action of AAS is not com-
pletely understood and is sull subject o research.
Several gencral mechanisms have been demonstrat-
ed 1o explain action of AAS, whilz in recent years
several specitic mechanisms and theoretical models
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of action on lssue and orgens have alie boen
recognised. Fignre 1 ilustrates the gencral mecha-
nism of actian of AAS.

5,71 Gensral Machanism

The mechznism of action of AAS may Jiffer
between compound:s becavse of vanations in the
steroid malecoles, These varations are responsible
for differences in the specifizity of binding W recep-
tor prodeins or Lo inteiaction with varicos steroid
metabelising enzymes.'? B2 Wil respect to inter-
actions with intracellular steroid receptor proleins,
several puthways can be distinguished '%#* Fics,
binding with high affinity 10 androgen receptors —
these steroids are therefors recogniscd as smong
androgens  (eg.  19-porfestosterone. mele-
nolone) P27 Secandly, several compovnds are
characterised by hinding with low affinity to andro-
gens and therefors are weak androgenic subslances
{e.g. slanozelol, flooxymesterone) 271 Thicdly,
some AAS (c.g, oxymetholaone) do oot bind to the
androgen receptor al all.?% These steroids are sup-
pasad Lo 2ot after biotransfarmation w moze active
pompounds or via alternative mechanisms of action.
Furthcrmere, it has been established for AAS thal
other mechanizms may also be imvolved 1125

5.2 SwReductase

The cnzyme S--reductase has been recognised
as playing an important rele in the mechenisn of
action. Figure 1 shows that this encyms converts
AAS into the more sctive compound dibydrotestos-
terone ! Afier diffusion into the cells of wapes

A0 Ak [t Infionrestes B 8l gt s,

tssue, AAS may be suljact to two man pathways,
The steroid binds directly, or after conversion (0 0w
mere active compound difydrotesioslerane, 1o spe-
cific receploms far androgens. 7 This res:bs in the
farmation of a steroid-reccptor complex n e cell
nucleus, The swrmid-receptor complex stimolatcs
the promin synthesis by inleraction with RNA aml
[N A7

The most impomant ongan sysiems with high S-o-
reductase aclivily are the male pcecssory sex glands,
the skin, the prostare. the lings, the brain, fat cells
and bonz, Therefore, these organs posses a high
affinity to androgenic rather than to anabolic com-
pounds. Conversely. there arc organs (=.g. heart and
skelatal muscle) that posses o low S-o-reductase
activity amd exerl o sironger esponse o anabolic
suhelinces.

5.2 Aromatose

Anather encyme, aromalase, sesms t0 play a
Bmitad role under nomal circumstances. This en-
zyme is bocated inside the cell and is responsible for
canversion of AAS inte the female sex hormones,
such s estradiol and estrone (figure 1), Female sex
hormones bind to estrogen receptors and form s-
trogen-receptor complexes. These complexes exert
their effects in Ml Gssee, Leydiz and Senoli nissue
and in some nucled in the CNS, This mechamism will
probably only he activatsd when the androgen re-
ceptor svslem is saturated by the circulating andro-
eens and anabolic steroids. Conversely, AAS may
have an antagonistic schon on esirogens when
supraphyzislogcal serum levels of AAS arc present.
This will 1ead ro samration and down-regulution of
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the anwdrogan receptars. The cxeess of AAS will then
try 1o bimd 1 the estrogen receptors in competition
with the estrogens avatlable. Thersfore, the net out-
come of these two conflicting pathrways 1= ol pre
dictablc.

5.4 A Glucocortic o Action

Complementary 1o the competitive antagonism
with (he estrogen receplors, o similer competidve
an@ponism has been described wilh respect w0
glucogorticoid receptors, = Glucocomticoids anc
substances with catabolic properizs thar will he
relewsed in the serum sy a result of (srong) physical
or menlal sress, eog exercise baining, surgery and
peychalogical problems, By binding to the zlosocor-
ricoid receptors, the AAS anc ablz o counteract the
breakdown of prowins by the glucocorizeids =71
Thiz competitive anlagenism may alzo play a role in
the treatment of astcaporosis through reduction of
none breskdown and stimulation of bone formation.
Eecently, evidence has becaome available that AAS
stimulate proliferarion and differendation of asteo-
hlastic cells and have the capacity to counteract
bane breakdown. Teslosterone hes also been found
t correct calcium balance and bone formation,
plaving a rale in the reduction of bone resorption.

5.5 The Haernatclogloal System

AAS are considersd woinfluence the haemato-
Iozical svstesn via two main patrways. First, anabal-
i steroids stimulate erythropoicsis directly and cr-
ythropoietin synthesis i e kidney I Secandly,
the effects of androgen: have been demonstrated w
promote erylheopoiatic stem cell differentiatdon and
to incressc the sensitivity of crythroid progeni-
o P Since the introduction of recombinant
hweman eryiheopoistin in the 1980s, the administra-
tion af AAS for the these effects has been relegated
to the background both by chnicians and athletes.

S Muscle

Research by Kadi and coworkers!® #5557 hgve
cnhanced insight into the mechanism of acdon of
AAS on muscles. The AASAndeced increase in
mnscle mass can be atributed (0 both muscle hyper-

42 A0 Acka Dol Indearrnation B, &0 iy iemarsed

trophy and the fonnation of new muscle fbnes, #0571
Kadi el al"**! also hvpothesised that the funda
mentil process far muscls fibee growth appeared o
bz the incorporation of the satellite cells into pre-
cxisting fbres e maintan a const@ant ooclews o
cyloplasm rato. Moreover, key roles seem o be
playad by satellite calls, that is, they arcenhansed by
AAS administration, and androgen receptors. An-
drogen meceplors are expressed in myooocle of
muscle fibras and in capillaries and are more presaent
in neck and shoulder muscles than in limb muscics.
AAS pdministration induces an increase in androgen
recepor-containing myonuclen in the shoolder gir
dle musales but not in e vastus lateralis ¥97 al
thoush Sinha-Hikim ot al. ™ dzmanstrated that high
doscs of testosterone wers also ahle to increase te
myanuchear number per fibre in the vasws laleralis
muscle. Becently, Sinka-Hikim and associatzs!® al-
£0 observed that muscle hypertrophy indoced by
CADPCROUA LestosiErone slminisiralion wils associi-
eid with an increase i saellite cell munber, chanzes
ur satellite cell vltrastructure and & proporionats
increase in myonuclesr number. These ohservations
may, at least paraally, explain the regional differ
ences in body changes and muscle fibre adapta-
tion =&l Moreaver, it has heen hvpothesised thal
alterations in muscle mass may be explaned by
gction of AAS on the mesenchymal pluripotent
celLlas!

ET Tre Cardicvasculan Systern

The cardiovazcular system may be affecied via a
legst four different pathways, as peoposed by
Melchert and Welder™ Althovgh hyporherical,
they provide inforesting models to explain AAS-
induced adverse effects on this svelenm.

5.7.1 Tha Atherogenesis Mede!

The atheropenesis model is based on the associa-
tion between AAS and HTGL., a0 enzyme that repu-
lates scrum lipids and lipoprodeins."™ AAS admin-
istration enhances HTGL activity that decreases re-
gression of atherosclerotic plaques by suppression
af serum HDL-cholestero] and slevation of LIDL-
cholestarol.
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5.7.2 The Thrombaosis Mode!

The thrombosis model is charctersed by inflo-
ence on the haemostatic svatem, with the strongest
effects of AAS on platelel aggragation that results in
enhanced hlocd-clol formation, incloding an in-
creased cardiovascolar risk.

5.7.3 The Coronary Arary Vasosposm Mode!

Since no evidence of atherosclerosis of theomba
sis af the coronary arenes was involved in several
reponts of swdden cardiae death, nitric oxide has
been suggested 1o play a role in the third model, die
copopnary artcry vasospaam model. Mitric oxide acts
as an erilothehal-dervad relaxing factor in smooth
muscles of areries. AAS may inhibit miric oxide
propentics and may indice vasospasm, although the
authors suggested that other modals may be in-
volved in conjunction with the vasospasm theary.
The later s supported by recent findings in animal
smdics, S5 Tapamakis et al P51 demonstrated
thal AAS may impair capillary supply of the heart a-
a result of an increase in myccardial mascle mass
and a relative decrease in capiilary density, which
may provoke compression of cosonary vessels that
conld trigper myocardial infarcrion, 5757

5.7.4 The Direc! Injury Mode!

The fourth hypothesis propased by Melchert and
Welder™™ i the direct injury model. AAS is y-
pothesised 1o indoce dircst myocardial cell injury,
leading 10 myocandial cell death and replacement of
dead cells by scar tsswe within the nvvocardium,
Developruent of fibrotic arcas predisposes to ar-
rhythmias, which exposes the individual w an in-
creased risk of latal evenls. Pestmomem pathologi-
cal findings in previous AAS uscrs included focal,
regional, interstitial and dissermnated Abrosiz of the
myocandium, althouph the wnpact of myocardial
fibrosis is still nnclear, /=124

5. 7.5 Ofher Modais

Several other hypotheses have been posiulated,
especially those affacting rad blood cells and vol-
ume. Recently, Fineschi ot a4 snpgested that
cardiac armest may be mediated cotecholamine my-
ooxicity associated with ventricular fibrillation du

o 200 A Dt el e, A il etecasddl

o myocasdial neceosis and degonerative changes
within the intramyoeardiac sympathatic neumons, 1

Al mechanizms proposed for explaining cardio-
vascular discase due to AAS use have interesting
points; however, fomere rescarch 15 nesled 1o clarifly
the rel=vance al each theory.

6. Conclusions aond Future Directions

AAS i supratherapeunc doses may increass
mscular strength and lean body mass i athletes,
whersas endurance performance and 3t mass ap-
pear to be unaffected, Becauss of the widespread wee
of large dises of AAS, the advere effects are of
areal comecern. The elfects on the reproductive sys
em appear o be profonnd and may kead 1o likido
changes and (temparare) infert ity AAS affevt rsk
lactors of cardiovascular disease wnlavourably, 25-
peciallv serum lipoprotein profiles. Althoegh the
ctfects on B and cardiae structure and function arc
not yel conclusive, AAS may also affect them. Un-
lik= the amounts of AAS wsed by athlses, the ad
verse oifcors an liver function scem to be limited.
Reoently, 11 hay hecome apperent that AAS may
exert sirong effects on psyche amd behaviowr.

Future research should primanly foous on the
short- and long-termn eff=ct: of intecmitent AAS
abusc an health, the effects on health after AAS
withtirawal, 25 well a5 on the long-term health ef-
fects in recalcitrant AAS users. Tnvestgating the
allerations of e reproductive and cardiovascuelar
systems, 85 well as psyehe and behaviour aliera-
tioms, should nave highest prionty.
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