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Abstract Abuse of anabolic androgenic steroids (AAS) has been linked to a variety
of different cardiovascular side effects. In case reports, acute myocardial infarction
is the most common event presented, but other adverse cardiovascular effects such
as left ventricular hypertrophy, reduced left ventricular function, arterial thrombo-
sis, pulmonary embolism and several cases of sudden cardiac death have also been
reported. However, to date there are no prospective, randomized, interventional
studies on the long-term cardiovascular effects of abuse of AAS. In this review we
have studied the relevant literature regarding several risk factors for cardiovascular
disease where the effects of AAS have been scrutinized:

(1) Echocardiographic studies show that supraphysiologic doses of AAS lead to
both morphologic and functional changes of the heart. These include a tendency to
produce myocardial hypertrophy (Fig. 3), a possible increase of heart chamber
diameters, unequivocal alterations of diastolic function and ventricular relaxation,
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and most likely a subclinically compromised left ventricular contractile function.
(2) AAS induce a mild, but transient increase of blood pressure. However, the
clinical significance of this effect remains modest. (3) Furthermore, AAS confer an
enhanced pro-thrombotic state, most prominently through an activation of platelet
aggregability. The concomitant effects on the humoral coagulation cascade are
more complex and include activation of both pro-coagulatory and fibrinolytic
pathways. (4) Users of AAS often demonstrate unfavorable measurements of
vascular reactivity involving endothelial-dependent or endothelial-independent
vasodilatation. A degree of reversibility seems to be consistent, though. (5) There
is a comprehensive body of evidence documenting that AAS induce various
alterations of lipid metabolism. The most prominent changes are concomitant
elevations of LDL and decreases of HDL, effects that increase the risk of coronary
artery disease. And finally, (6) the use of AAS appears to confer an increased risk of
life-threatening arrhythmia leading to sudden death, although the underlying
mechanisms are still far from being elucidated. Taken together, various lines of
evidence involving a variety of pathophysiologic mechanisms suggest an increased
risk for cardiovascular disease in users of anabolic androgenic steroids.

Keywords Anabolic androgenic steroids ¢ Cardiovascular side-effects « Left
ventricle hypertrophy ¢ Hypertension ¢ Relaxation abnormalities « Vascular
reactivity ¢ Coronary calcification ¢ Blood platelet function ¢ Lipid alterations
e Myocardial infarction ¢ Arrhythmia ¢ Sudden death

1 Introduction

Over the last two decades there has been increased public focus on possible
detrimental cardiac effects of the abuse of anabolic androgenic steroids (AAS).
This awareness has, at least in part, been fuelled by an increasing number of case
reports in the literature, many of them describing the occurrence of serious cardio-
vascular events more or less obviously linked to AAS abuse, some of them even
with deadly outcome. The majority of described events have happened to body-
building AAS abusers, though not confined to competing athletes in this sport.
Abuse of AAS has been associated with a range of different cardiovascular side
effects (Fig. 1), starting with a case report of left ventricular hypertrophy in 1986
(McKillop et al. 1986) and one of a myocardial infarction in 1988 (McNutt et al.
1988), affecting a bodybuilder and a weightlifter, respectively, both of them very
young. In 1988 there was also a report of a young bodybuilder with an ischemic
cerebrovascular event and signs of cardiomyopathy (Mochizuki and Richter 1988).
Several reports followed, and by 2008 there were around 40 altogether. Acute
myocardial infarction is the most common event presented (Appleby et al. 1994;
Capezzuto et al. 1989; Ferenchick and Adelman 1992; Fisher et al. 1996, Giines
et al. 2004; Halvorsen et al. 2004; Hourigan et al. 1998; Huie 1994; Kennedy 1993;
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Fig. 1 Potential harmful cardiovascular effects of abuse of AAS

Lyngberg 1991; Tischer et al. 2003; Wysoczanski et al. 2008), but there are also
several reports of left ventricular hypertrophy (Figs. 2 and 3) (Campbell et al. 1993;
Dickerman et al. 1995, 1997a, c¢; Hausmann et al. 1998; Kennedy and Lawrence
1993; Mark et al. 2005; McKillop et al. 1986; Stevens et al. 2002; Tischer et al.
2003), reduced left ventricle function (Clark and Schofield 2005; Ferrera et al.
1997; Mark et al. 2005; McCarthy et al. 2000), cerebrovascular incidents (Frankle
et al. 1988; Laroche 1990; Mochizuki and Richter 1988; Santamarina et al. 2008),
atrial fibrillation (Lau et al. 2007; Sullivan et al. 1999), arterial thrombosis (Alvarado
et al. 2001; Falkenberg et al. 1997; Laroche 1990; McCarthy et al. 2000), pulmo-
nary embolism (Gaede and Montine 1992; Liljeqvist et al. 2008), valve disease
(Medras et al. 2005; Stevens et al. 2002), even one of a cardiac transplant (Menkis
et al. 1991), and, sadly, several ones of sudden cardiac death (Di Paolo et al. 2007,
Dickerman et al. 1995; Fineschi et al. 2001, 2007; Hausmann et al. 1998, Kennedy
and Lawrence 1993; Luke et al. 1990). Interestingly, a repeated finding has been
myocardial infarct without significant atherosclerotic coronary artery disease
(Ferenchick and Adelman 1992; Fineschi et al. 2001; McNutt et al. 1988). On the
other hand, severe premature coronary artery disease has also been observed (Fisher
et al. 1996; Giines et al. 2004; Huie 1994; Lyngberg 1991; Menkis et al. 1991; Ment
and Ludman 2002; Mewis et al. 1996; Nieminen et al. 1996).

A lot of attention has been generated by a Swedish autopsy study (Thiblin et al.
2000) where 34 male users of AAS were medico-legally investigated. Twenty of
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Fig. 2 Example of severe left ventricular hypertrophy, transverse section at mid-cavity level (not
from Thiblin’s study)

Fig. 3 Echocardiographic image of a drug-free 25-year-old powerlifter (/eft) with normal left
ventricular wall thickness and of an AAS-using 37-year-old bodybuilder (right) with concentric
left ventricular hypertrophy

them were either victims of homicide or had committed suicide, while the other
deaths were classified as accidental or indeterminate. Chronic cardiac pathological
changes were observed in 12 cases, specifically left ventricular hypertrophy
(Fig. 2), cardiac fibrosis and coronary artery disease.
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Concomitantly, a number of animal studies have been conducted over the years
to shed light on the mechanisms possibly involved in the link between AAS abuse
and cardiovascular pathology and/or mortality. The studies that looked at cardio-
vascular consequences of testosterone or their synthetic derivatives invariably show
unfavourable effects. Myocardial hypertrophy (Kinson et al. 1991; Koenig et al.
1982; Marsh et al. 1998; Moore et al. 1978; Morano et al. 1990; Pesola 1988;
Tagarakis et al. 2000; Takala et al. 1992), reduced ejection fraction (Radmo et al.
1987), increased myocardial stiffness (Trifunovic et al. 1995), left ventricular
remodeling (Woodiwiss et al. 2000), depressed cardiac contractile function
(Liang et al. 1993), impaired exercise-induced microvascular adaption (Tagarakis
et al. 2000), reduced endothelial function (Cunha et al. 2005), destruction of
mitochondria and myofibrils (Appell et al. 1983; Behrendt and Boffin 1977),
disruption of morphological integrity of myocardial cells (Melchert et al. 1992)
and apoptotic cell death in ventricular myocytes (Zaugg et al. 2001) are among the
findings.

Despite this heightened awareness and an increasing knowledge base, to date
there are no prospective, interventional studies on the long-term cardiovascular
effects of abuse of AAS. In fact, due to ethical considerations, such a study will
never be performed, and our present knowledge is largely based on case reports and
observational studies. A small number of prospective studies have been published,
but they are all done over a short period of time, and the doses of AAS used
were relatively low, and do not reflect the real-life practices in the bodybuilding
discipline.

As to the almost overwhelmingly high number of case reports and the severity of
events described in them, one must — on the other hand — take into consideration the
large population (Yesalis et al. 1993) using these drugs, and accept the fact that it
still remains to be proven that the associations described are more than chance
observations. Hence, from a solely scientific point of view, one must acknowledge
the fact that there is only indirect evidence pointing towards harmful effects and
possibly life-threatening consequences of AAS abuse, including higher cardiovas-
cular morbidity or mortality in bodybuilders using AAS.

In this article we will review the relevant literature regarding several risk factors
for cardiovascular disease where the effects of AAS have been scrutinized. In many
aspects, the use of supraphysiologic doses of AAS has shown a probable or certain
impact on those risk factors. In addition, and of particular interest, we will review
those studies that utilized the investigational modality of echocardiography, in
order to find abnormalities in the hearts of the individuals using AAS. In this
respect a substantial amount of data has been collected, where both cardiac
structure as well as function have been investigated.

Reviewing the entire scientific literature covering such a broad topic as the one
described here, the authors cannot refrain from applying a certain selection process
to the studies that will be highlighted. This should, however, not restrict our
conclusions drawn at the end of each section, which we believe reflect the current
state of knowledge in the field.
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2 Echocardiographic Studies

Cardiac size, i.e. chamber dimensions and wall thickness, as well as cardiac
function and hemodynamics, have been amenable to noninvasive assessment
since the introduction of echocardiographic techniques in the 1960s. Applying
these diagnostic modalities to the study of the effects of AAS on cardiovascular
structure and function has been a cornerstone of the growing knowledge base on
cardiovascular (CV) side effects of AAS. Hence a substantial part of the chapter on
CV effects of AAS will focus on those findings derived from diagnostic ultrasound
applications. The first studies on the effects of AAS on the parameters mentioned
above were done in the latter half of the 1980s. As technology has developed in a
rapid fashion, particularly in the last decade, the echocardiographic methods have
increased considerably in sensitivity and specificity. This has given researchers the
opportunity to evaluate the heart’s changes in different pathologic conditions and at
various settings with a greatly improved precision compared to the early echocar-
diographic studies. While this statement is true for most if not all clinical and
investigational applications of echocardiography, this is of course also the case
regarding the appraisal of effects of AAS on cardiac structure and function.

Nonetheless, and perhaps somewhat surprisingly, the number of these studies
(Table 1) is still rather few, given the long period of time since the first investigation
was published in 1985 (Salke et al. 1985). The controversy concerning the side
effects of AAS, especially within the bodybuilding milieu, has no doubt been
partially fuelled by the conflicting results found in echocardiographic studies in
the 1980s and 1990s. As is the case in evaluating all kinds of effects of AAS, the
unavoidable study limitations pertinent to research in this particular population
always make interpretation of findings debatable. Ethical concerns clearly make
prospective, placebo-controlled double-blind studies with “real-life” dosages of
steroids impossible to design and execute. In the studies that nonetheless have
been carried out, the participants often use different types of steroids and different
dosages, and the cycles of drug-use vary considerably. In addition, periods of
abstinence are not alike, training routines differ, and there is also widespread use
of so-called recreational drugs among users of AAS, which can influence the
results. Another weakness of the studies is of course the limited number of study
participants. Almost all of the studies are conducted on 15 or less AAS users. As
previously mentioned, in the few truly randomized studies the drug dosages were
low, and the study lengths short.

Nevertheless, and despite all these drawbacks, the echocardiographic studies
viewed as a whole have given us an important and comprehensive body of
evidence, and a solid basis for further investigations and discussion.

In general, most studies on the impact of AAS on echocardiographic parameters
have been done in comparison to strength athletes without AAS use or to sedentary
controls, or both. Interpretation of the studies has been made difficult by the
everlasting controversy in the literature regarding whether resistance training in
itself leads to structural changes in the myocardium, exceeding the degree of
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increase in body dimensions. Several studies have reported a slight concentric
hypertrophy in strength athletes (Colan et al. 1985; D’ Andrea et al. 2002; Dickerman
et al. 1998; Pearson et al. 1986) not considered to use AAS. In most cases in these
studies this was based on information provided by the subjects themselves, and
could thus not be objectified or controlled. In contrast, other studies with careful
control for AAS intake could not demonstrate increases in left ventricular mass
above and beyond the proportions of the increases in body dimensions (De Piccoli
et al. 1991; Urhausen and Kindermann 1999; Urhausen et al. 1989). In a study
(Pelliccia et al. 1991) of 947 elite, highly trained subjects, only 1.7% had hypertro-
phy of the myocardium (wall thickness greater than or equal to 13 mm). These
individuals were either rowers or canoeists, and one cyclist. In a follow-up study
(Pelliccia et al. 1993), 100 highly trained athletes participating in weight and power
lifting, wrestling, bobsledding and weight-throwing competitions were studied with
echocardiography. None of them had wall thickness of the left ventricle which
exceeded the generally accepted limits of normal (8—12 mm). On the other hand, the
calculated left ventricle mass index was slightly, but significantly greater than in a
control group of 26 sedentary healthy subjects. Taken together, much of the
evidence is difficult to reconcile, and further scrutiny of the key studies is therefore
mandatory in order to reach an understanding of the major issues in AAS research.
The following studies have been chosen for their important contribution to the
knowledge base.

In an observational, cross-sectional study, published in 1985, 15 bodybuilders
abusing AAS were compared to 15 drug-free bodybuilders and the same number of
inactive individuals who had never used AAS (Salke et al. 1985). The main finding
of this study was a significant increase in the thickness of the left posterior wall and
the interventricular septum of the left ventricle in both weight-training groups as
compared to controls. There were no differences between the weight-training
athletes with and without AAS when comparing the echocardiographic parameters
of wall thickness and chamber size. There was, however, a larger degree of
disproportionate septal hypertrophy in the AAS group, compared to the drug-free
athletes, though not statistically significant. Cardiac dilatation was not observed,
and there were no differences in fractional shortening, indicating no difference in
ventricular contractility. Finally, there were no electrocardiographic differences
between the three groups. The authors concluded that their study revealed no
echocardiographic evidence that anabolic steroids potentiate the myocardial re-
sponse to weight training.

Later, some studies have come to similar conclusions. On the other hand, the
majority of these studies actually pinpointed differences between AAS-using and
drug-free strength athletes quite clearly, yet never overwhelmingly.

One of those other negative studies (Zuliani et al. 1989) was a prospective study
that also aimed to look at blood lipids. The authors could not find any echocardio-
graphic differences between two groups of bodybuilders, a total of 15 persons, one
using both AAS and growth hormone (GH), and the other being drug-free. The
drug-using group had been free of steroids and GH for at least 8 weeks before
entering the study. They self-administered GH and anabolic steroids of different
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kinds, apart from one individual who restricted himself to GH use only. After six
weeks of medication, there were no significant changes in chamber dimensions,
wall thickness, or fractional shortening between the two groups. Apart from the
effect of six weeks of AAS use, this study does of course not tell us anything about
long-term functional or structural myocardial effects, which, alas, is typical of all
prospective studies performed in populations using anabolic steroids.

In a cross-sectional study from 1992, 12 weightlifters on AAS were compared to
11 who claimed never to have used these drugs (Thompson et al. 1992). To be
admitted to the study, the drug users were required to have used the drugs for at
least three cycles of 6-10 weeks within the past year. Long-term use was not a
requirement. All subjects had urine testing done. Interestingly, the detection of
steroids in urine did not always match the drug intake as reported by the subjects.
Only 66% of 29 declared drugs were actually detected, whereas 58% of the 12 users
provided urine samples containing an unreported drug. One of the subjects denied
steroid use, but drug testing still revealed traces of nandrolone. This illustrates one
of many methodological problems in doing studies on this kind of population. As to
the echocardiographic findings, no differences between the two groups were found
regarding chamber size, wall thickness or myocardial mass, neither were there any
differences in systolic and diastolic function, assessed by ejection fraction, rate of
wall thickening and transmitral flow, respectively.

In another mainly negative study (Palatini et al. 1996), the authors did not find
any significant echocardiographic differences between ten bodybuilders on AAS
and 14 who had not taken drugs. The study on the drug users was done both at the
end of a period of AAS intake, and at the end of a period of withdrawal. Only
interventricular septal thickness was slightly greater in AAS users than nonusers,
but the difference did not attain the level of statistical significance. Left ventricular
mass indexed for height or body surface area was only marginally increased in AAS
users. No differences were found between the AAS users at the end of a drug cycle
(mean 8.4 weeks) and at the end of a withdrawal phase (mean 11 weeks). The E/A
ratio (ratio of passive to active filling of the left ventricle, from the left atrium)
assessed by Doppler measurement of left ventricle filling rate was a little higher in
nonusers than in users, but did not reach statistical significance.

In a small study (Dickerman et al. 1998) published in 1998, four elite resistance-
trained athletes using steroids were found to have significant left ventricular
hypertrophy; one of them had a left ventricular wall thickness of 16 mm, which
at that time was the largest wall thickness ever reported in a resistance-trained
athlete. The investigators went on to look retrospectively at the echocardiographic
data from their previous study of 16 bodybuilders (Dickerman et al. 1997¢), eight of
them on AAS, and eight drug-free. In the latter group, 43% had left ventricle wall
thickness beyond the normal range (here defined as 11 mm), whereas all eight AAS
users had increased wall thickness. In addition, one of the drug-free subjects and
three in the AAS group were beyond the critical value of 13 mm, as defined in
Pelliccia’s large survey from 1991. None of the subjects demonstrated diastolic
dysfunction, detected by mitral inflow velocity patterns. Based on these findings,
the authors dispute previous publications stating that left ventricular wall thickness
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does not occur in resistance-trained athletes without AAS use, and that the short
bursts of arterial hypertension that occur with weightlifting cannot stimulate
left ventricular wall thickening. They conclude that wall thickness equal to or above
13 mm can be found in athletes both with and without AAS use. They believe the drugs
may increase left ventricular wall thicknesses indirectly through their ability to increase
strength, thus allowing a greater overall pressure response with weightlifting.

In a thorough and often cited study from 2003, 25 strength athletes using AAS
were compared to 23 drug-free strength athletes (Hartgens et al. 2003). The
majority were bodybuilders, a few were power lifters. The investigation was
designed and carried out as two separate studies. In Study 1, 17 drug users, who
intended to start self-administration, were compared to 15 nonusers. The users had
all taken AAS previously, with an average of 4.6 years use before entering the
study. They were expected to be free of AAS use for at least 3 months. The subjects
were examined at the start of the study, and after eight weeks of self-administration
of AAS. A few (seven) were also examined after 12—16 weeks of AAS intake. In
Study 2, 16 well-trained recreational bodybuilders were recruited. They were
randomized to i.m. injections of either nandrolone decanoate 200 mg/week or
placebo. In both groups two subjects had previous experience with AAS, while
the remainders had never used AAS. The injections were given in a double-blind
fashion. Echocardiographic measurements were performed at baseline and after an
eight-week study period. In Study 1, no significant alterations could be detected in
the echocardiographic assessment of heart morphology and function after eight
weeks. In addition, there were no differences between short-term (eight weeks) and
long-term use (12—-16 weeks). In Study 2, eight weeks of nandrolone decanoate did
not induce significant alterations in echocardiographic measurements of heart
morphology nor in parameters reflecting systolic and diastolic function. There
were, however, enlargements of the left ventricle and left ventricular wall thickness
in a minority of the users in both groups, but considered to be within the limits of
physical adaptation to vigorous and demanding training regimens. The authors
concluded that steroid regimens of a single- and polydrug regimen as described in
this study, as a short-term AAS administration, did not lead to detectable echocar-
diographic alterations. However, since detrimental cardiac effects of short-term
AAS treatment with supraphysiologic doses have been described in animal studies,
the authors of this study believed that echocardiographic evaluation may provide
incomplete assessment of the actual cardiac condition in AAS users since the
method is not sensitive enough to detect alterations at the cellular level. Therefore
they stated that no conclusions could be drawn regarding the cardiotoxic effects of
long-term AAS abuse.

Later studies have to a certain extent proved the authors right. The introduction
of tissue Doppler velocity imaging has given researchers an echocardiographic
modality which is more sensitive than traditional echocardiography and standard
Doppler measurement of blood flow. The most recent studies have utilized this
method and have been able to detect pathological changes not identifiable with
conventional echocardiography. We will look closer into these studies later on in
this chapter.
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As previously mentioned, there are very few prospective, randomized studies
looking at cardiac structure and function. Recently, Chung et al. conducted a
double-blind, placebo-controlled study on 30 healthy young men, randomized into
three groups of ten subjects (Chung et al. 2007). They received four weekly intra-
muscular injections of 200 mg testosterone esters (Sustanon), 200 mg nandrolone
decanoate (Deca-Durabolin), or placebo. None of the participants were athletes. In
this study the subjects went through a complete echocardiographic assessment,
including the more sensitive method of myocardial tissue velocity measurement
with the derived methods of peak systolic strain and strain rates. Bioimpedance
measurements of cardiac output and systemic vascular resistance were also per-
formed. Only four weeks of treatment and follow-up was probably the main reason
why the study came out completely negative regarding cardiac function, though
minor changes within the normal range were observed solely within the testosterone
group, among the most interesting being a minor reduction of left ventricle diastolic
septal velocity and a slight increase in left ventricle filling pressure.

As previously indicated, several studies, even the older ones, have demonstrated
significant increases in left ventricular wall thickness and slight impairment of
diastolic function among strength athletes using AAS. In a study by Pearson et al.
(1986), 16 weightlifters were examined and compared to ten age-matched control
subjects. There was no difference in wall thickness, when corrected for body
surface area. Weightlifters had significantly higher LV mass and LV mass index
than controls, but there was no difference in Doppler indexes of diastolic filling,
indicating that the concentric hypertrophy observed was consistent with a physio-
logic response. However, five of the weightlifters were AAS users, and in this
subset of the group, the Doppler indexes of diastolic filling were significantly
reduced. Pathological changes in diastolic filling were also demonstrated in a
study by Urhausen et al. (1989). In this cross-sectional study, 14 bodybuilders
using AAS were compared to seven who did not use these drugs. The isovolumic
relaxation time (the time from aortic valve closure to mitral valve opening) was
prolonged in the AAS group, indicating a minor impairment of diastolic function. In
addition, the AAS users had lower left ventricle diameter, in spite of having almost
identical total heart volume and left ventricle mass as the nonusers. The ratio of left
ventricle mass to diameter was increased in the user group.

In another study, by De Piccoli et al. (1991), quite similar changes were
demonstrated. In this prospective study, echocardiographic parameters were
measured in 14 bodybuilders after eight weeks of self-administration of AAS.
The findings were compared to 14 bodybuilders who had never taken steroids,
and to a group of 14 sedentary individuals. In addition, the AAS users were
examined following nine weeks of drug suspension. Once again, a study of very
modest size revealed structural myocardial changes in the user group, although not
impressive. Increased wall thickness (ventricular septum) and an increase in left
ventricular mass were apparent in the steroid-user group. In the same group there
was also a significant increase in the left ventricle end systolic diameter and end
diastolic volume. There were, as in previous studies, no changes in systolic function
(as judged by ejection fraction). In accordance with Pearson’s and Urhausen’s
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findings, there were signs of diastolic impairment in the AAS group, shown as
significantly longer isovolumic relaxation time. There were no significant differ-
ences in blood pressures in the three groups, which indicate that mechanisms other
than hypertension lie behind the aforementioned changes, for example a direct
effect of the steroids. Interestingly, at the nine-week post-steroid examination, the
changes were still there, which urged the investigators to presume that such a period
is not enough to restore the morphologic and functional characteristics of the heart.

Looking at 11 weight-training males eight weeks after a period of self-adminis-
tration of AAS, and again at the top of their next cycle, and comparing them to 13
weight-training males who had never used AAS, Sachtleben et al. (1993) found
significant morphological changes, but no signs of systolic impairment in either
group. In this longitudinal study the users on cycle had larger ventricular mass and
increased interventricular septal thickness as compared to measurements off cycle.
These findings were also significant compared to the control group, in addition to
the left posterior wall thickness being increased. Another interesting finding was a
significantly lower maximum oxygen consumption (VO, max) in the two user
groups compared to the control group. VO, max was assessed using a Quinton
treadmill, where the subjects walked until a defined maximum speed was reached,
depending upon heart rate response. Then the grade was increased by 2% every
minute until exhaustion. Expired air was collected and gas analyzes conducted,
enabling calculation of VO, max. The finding of lower VO, max was in spite of the
users having reported more frequent aerobic training sessions, though they were
shorter in duration. The results in this study indicate that the myocardium, during
resistance training, is thickened by approximately six weeks of AAS use (peak
cycles occurring at 5-9 weeks).

In another cross-sectional study (Yeater et al. 1996) comparing 24 highly trained
resistance athletes, among them a group of eight AAS users, to a group of recreational
lifters and a group of eight cross-country runners, the VO, max did not differ between
the groups of resistance athletes, as was the case in the study by Sachtleben et al.
The cross-country runners had, as would be expected, significantly higher VO, max
than the other groups. As for the echocardiographic assessments, the AAS users had
significantly greater left ventricular mass index than the recreational lifters, but not
compared to the highly trained lifters without steroids or the runners. Wall thickness
was larger in the steroid group, but did not reach statistical significance. Diastolic
functions, assessed by transmitral filling indices, were not compromised.

The finding of increased left ventricular mass and increased wall thicknesses in
AAS users has been confirmed in other studies as well, among them studies by
Di Bello et al. and Karila et al. In the former (Di Bello et al. 1999), ten male
weightlifters using AAS were compared to ten without, and to ten healthy sedentary
controls. In addition to conventional echocardiography, the participants were ex-
amined with ultrasonic videodensitometry, a method able to detect alterations in
ultrasonic textural myocardial parameters. The steroid users had a significantly
lower cyclic variation index for the septum and posterior wall compared to both
nonusers and healthy subjects. The authors’ interpretation of this finding was that
the changes could probably represent the onset of a specific cardiomyopathy.
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Despite an increase in left ventricular mass among the nonusers, they showed
normal cyclic variation, indicating a normal ultrasonic myocardial texture. In
Karila et al. (2003)’s cross-sectional study of 20 AAS users, there was a significant
association between left ventricular mass and the mean daily AAS dose. There was
no correlation with body dimensions, except in the control group of 15 sedentary
men. Of the 20 users, four were also injecting growth hormone, and it appeared that
the combination treatment resulted in a larger degree of hypertrophy than in the
AAS-only group. There was no difference in diastolic filling indices.

As to the reversibility of adverse cardiovascular effects after chronic abuse of
AAS, not many studies have addressed this question. In Palatini’s study the subjects
were examined 11 weeks (mean) after withdrawal without finding any changes
(Palatini et al. 1996). But the slight changes in myocardial structure noted after a
cycle of steroids of eight weeks did not reach significance anyway. In Urhausen’s
study from 2004 reversibility was addressed specifically (Urhausen et al. 2004).
Thirty-two bodybuilders or powerlifters were examined, among them 17 currently
on AAS and 15 who had not been taking the drugs for at least a year (mean 43
months). They were compared to 15 AAS-free weightlifters from the national team.
Both users and ex-users had higher left ventricular mass related to fat-free body
mass than the AAS-free weightlifters. Wall thicknesses were also smaller in the
group of weightlifters, but there was no difference between the users and ex-users.
Left ventricular wall thickness was correlated with a point score estimating AAS
abuse in users. As almost all other studies have concluded, no significant changes in
systolic function were noted. However, the maximum late transmitral Doppler flow
velocity was higher in users and ex-users than in weightlifters, indicating a slight
alteration of diastolic function. The authors concluded that several years after the
discontinuation of AAS abuse, strength athletes still show a slight concentric left
ventricular hypertrophy in comparison with AAS-free strength athletes.

Urhausen and Kindermans group later published another study (Krieg et al. 2007)
where the objective was to clarify whether AAS abuse also induced alterations in left
ventricle function, as opposed to mere anatomical changes. Fourteen male body-
builders with a substantial intake of AAS were examined with echocardiography and
cardiac tissue Doppler imaging. They were compared to 11 steroid-free strength
athletes and to 15 sedentary control subjects. As in their previous study, there was an
increase of left ventricular muscle mass index in the user group. There were no
differences in transmitral filling indices using Doppler measurements of blood flow.
However, using tissue Doppler imaging in the mitral annulus, there were significantly
reduced values in the user group compared to the other groups. These findings
are considered to be a clear sign of compromised diastolic function in the AAS
group. There were no differences in systolic parameters. Tissue Doppler imaging, as
alluded to above, is known to be more sensitive to changes in diastolic function than
the traditional transmitral flow measurements, most probably explaining why several
previous studies have come out negative in this respect.

In a study from 2006, Nottin et al. (2006) sought to evaluate the effects of regular
AAS administration in bodybuilders using pulsed tissue Doppler imaging (TDI) to
evaluate left ventricular relaxation properties. They examined 15 bodybuilders, six
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of whom were currently on AAS, and nine of whom had never taken the drugs.
The steroid users were required to have used AAS for the past two years. All the
strength-trained athletes had been training for 5-12 h weekly for 10 or more years.
Sixteen age-matched sedentary males served as controls. Although there were no
differences in wall thicknesses between the groups, the drug-using bodybuilders
exhibited larger end-diastolic diameters, volumes and masses than their drug-free
counterparts. Most strikingly, though, were the changes noted in pulsed TDI
measurements. The AAS users had smaller peak Em (peak passive tissue velocity
at the level of the mitral annulus) and smaller peak Em/Am (Am being the active
contribution of filling) than both of the other groups. This indicates that the AAS
users exhibited depressed left ventricular diastolic function, characterized by a
decrease in the contribution of left ventricle passive filling to left ventricle filling.
There were also alterations of transmitral flow velocity properties, indicating
reduced diastolic function. This has also been noted in several previous studies,
although not uniformly. Apart from being a more sensitive method than flow
velocity measurements, pulsed TDI also has the advantage of being relatively
preload-independent, and is generally accepted as being a good index of left
ventricular filling properties. In accordance with previous studies, no changes of
systolic function were noted in this study either. Using pulsed TDI, there were no
differences in the peak E/Em, which indicates normal left ventricular filling pres-
sures as well. As no significant hypertrophy was detected among the AAS users,
these findings indicate that an alteration of intrinsic left ventricle relaxation per se is
responsible for the depressed diastolic function. This study was also the first to
assess diastolic function with TDI in this population.

The only study so far which has utilized TDI and the derived method of strain
rate imaging to evaluate cardiac function in strength athletes with chronic AAS
abuse was published by D’Andrea et al. (2007). In this study the authors included
20 bodybuilders who had taken AAS for at least five years, 25 steroid-free body-
builders and the same number of age-matched healthy sedentary controls
(D’Andrea et al. 2007). Both users and nonusers showed increased wall thickness
and stroke volume as compared to controls, whereas left ventricular ejection
fraction, end-diastolic diameter and transmitral Doppler indexes were comparable
between the three groups. TDI showed significantly lower Em/Am ratios in users at
the level of both the basal interventricular septum and the left ventricular lateral
wall, which is in accordance with the findings of Nottin et al. In addition, and
perhaps most notably, the users had a significant reduction in peak systolic strain
and strain rate in the middle interventricular septal wall as well as in the left
ventricular lateral free wall. The strain rate imaging technique, assessing longitudi-
nal deformation within the myocardium, gives quantitative information of local
myocardial function, and it is not influenced by global cardiac displacement and
any tethering effects. As such, it is superior to other techniques assessing regional
velocity profiles. The findings in this study point to an early impairment of left
ventricular myocardial contractile function in AAS users, and hence constitute a
watershed point with regard to picking up such subtle systolic impairments, al-
though Di Bello and co-workers (Di Bello et al. 1999) actually also had claimed to
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find the same functional changes by a completely different technique, the ultrasonic
myocardial backscatter/videodensitometric measurement. The study by D’Andrea
et al. further revealed that the number of weeks of AAS use per year and the weekly
dosage of AAS were independent determinants of impaired strain rate. Adding to
the negative cardiac effects of AAS was the fact that impaired left ventricular strain
in AAS users was associated with a reduced performance during physical effort, as
measured by bicycle ergometric testing.

And finally, adding yet another piece to the somewhat blurred, yet comprehen-
sive and nonetheless increasingly recognizable, puzzle of AAS and the heart,
Kasikcioglu et al. very recently published another study addressing diastolic func-
tion. Twelve bodybuilders on AAS were compared to 14 nonusers, using conven-
tional echocardiography and TDI. Again the latter method revealed impaired
relaxation properties, and in this study not only in the left ventricle, but also in
the right, which had not been investigated by TDI before (Kasikcioglu et al. 2008).

2.1 Summary

In conclusion, the echocardiographic studies on AAS using subjects viewed as a
whole have produced conflicting results over time, partly due to changes in — and
improvement of — investigational modalities, partly due to insufficient and in some
cases frankly debatable study designs.

Yet it is safe to state that AAS use does lead to both morphologic and functional
changes in the heart. These changes encompass (a) a tendency to produce a
myocardial, predominantly septal hypertrophy, partly as a consequence of resis-
tance training and AAS, (b) a possible increase of heart chamber diameters,
although not as manifest as seen in endurance athletes, (c) unequivocal alterations
of diastolic function and ventricular relaxation, particularly as assessed by modern
tools, and (d) a subclinically compromised left ventricular contractile function,
detectable only by the most sensitive modern investigational modalities.

As far as prognosis is concerned, the clinical significance of these AAS-induced
changes remains to be established, even though many of the phenomenological
changes (such as impaired relaxation of the left ventricle) are indicators of diseased
hearts prone to deterioration over time.

3 Hypertension

The frequently reported findings of severe myocardial hypertrophy in case reports
of abusers of anabolic androgenic steroids (AAS), have led to the suspicion that the
drugs may induce arterial hypertension, which could explain these structural
changes in the heart. In population studies, arterial hypertension is the most
prevalent reason for myocardial hypertrophy (Mancia et al. 2007). Studies of rats
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and mice have with some frequency reported hypertensive effects of AAS, the first
one as early as in 1940 (Grollman et al. 1940). Several possible mechanisms have
been suggested, one of them being through an elevation of 11-deoxycorticosterone
(DOC), which is caused by testosterone reducing 11p-hydroxylase activity, thus
reducing the conversion of DOC to cortisol (Brownie et al. 1978; Gallant et al.
1992). Another contributing mechanism could be by enhanced reactivity of vessels
to norepinephrine, which in animal studies has been shown following the adminis-
tration of testosterone (Ammar et al. 2004; Baker et al. 1978; Bhargava et al. 1967,
Greenberg et al. 1974). It has also been reported that testosterone raises plasma
renin activity, and that expression of renin mRNA in the adrenal gland, kidney and
brain is androgen-dependent (Katz and Roper 1977; Wagner et al. 1990). Aldoste-
rone production is stimulated by testosterone hemisuccinate, according to a study
performed in bovine adrenal tissue, which could be another possible contributing
mechanism leading to hypertension (Carroll and Goodfriend 1984). In a recent
study on rats, the administration of stanozolol for eight weeks caused a significant
increase in arterial blood pressure, possibly through increases in cardiac output and
peripheral resistance (Beutel et al. 2005).

References to hypertensive effects during self-administration of AAS are com-
mon, and indeed Volume II of The Underground Steroid Handbook notes hyper-
tension to be a transient effect of AAS that resolves with completion of the cycle
and leaves no residual effects (Duchaine 1989). On the other hand, the clinical
studies addressing possible hypertensive effects among strength athletes using AAS
have not been able to convincingly confirm these in humans. A few studies have,
however, registered a slight elevation of blood pressure compared to strength
athletes without AAS or healthy controls, but the main body of evidence tends to
lean in the other direction. Amongst the human studies addressing this question,
almost all have done so as part of a more comprehensive, broader study looking at
other aspects of AAS abuse, for instance the effects on lipids, or as part of an
echocardiographic study.

Two human studies performed in the seventies looked at several physiologic and
hemodynamic effects of methandienone, among them blood pressure response. In
the study by Freed et al. (1975), 13 male weightlifters took either 10 or 25 mg daily,
or placebo, for six weeks in a double-blind crossover trial. In the steroid group the
systolic blood pressure increased slightly, but significantly, while the diastolic
blood pressure remained unchanged. This was of course a small study and there
were also withdrawals. In Holma’s study 16 well trained athletes participated
(Holma 1977). They were tested before and after two months of a daily oral dose
of 15 mg methandienone. Several hemodynamic parameters were measured. Even
though the total blood volume increased by 15%, there were no significant changes
in resting values of cardiac index, peripheral resistance or mean arterial pressure
during methandienone treatment.

In a later cross-sectional study (Lenders et al. 1988), 45 amateur bodybuilders
had their serum lipoproteins, blood pressure and liver function examined, following
self-administration of different types of AAS over a mean period of 1.7 years (range
0.2-13.0). Twenty of them were studied at the end of a course, 42 after
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discontinuation of AAS for a mean of five months and 16 after a discontinuation for
at least two months and at the end of a nine-week course of AAS. A group of 13
AAS-free bodybuilders served as a control group. All steroid groups showed a
slight, but significant, increase of systolic blood pressure, in the range of 3—7 mmHg.
This was also the case in the discontinuation group. There were no changes in
diastolic blood pressure. In another study of 18 competitive bodybuilders self-
administrating AAS, though mainly focusing on the lipid effects, there were no
differences in systolic or diastolic blood pressure before and after a 16-week course
of AAS, or when compared to a group of non-AAS-using bodybuilders (Kleiner
et al. 1989).

There is very little data on blood pressure response to exercise in AAS users.
This question was addressed in a study by Riebe et al. (1992) where both rest and
exercise blood pressure were measured in nine weightlifters using AAS, and
compared to ten individuals not using the drugs, and to ten sedentary controls.
The subjects performed a treadmill test until exhaustion as well as a submaximal
weightlifting exercise. The AAS users had significantly higher resting blood pres-
sure, though not hypertensive values. They also had higher exercise maximal
systolic pressure, exercise diastolic pressure and mean arterial pressure. But there
was no significant difference between the groups for the change in systolic,
diastolic or mean arterial pressure from rest to maximal exercise. When adjusted
for body weight, there were no differences between the groups for either rest or
exercise blood pressure values. However, statistical limitations in the study urge the
authors to doubt that this alone can explain the differences. When adjusted for
biceps size, the higher diastolic blood pressure during exercise in the AAS group
still remained significant, which the authors believe implies a possible signal of
subsequent hypertension in this group.

An often cited study in this context is the one by Kuipers and Hartgens’ group,
from Maastricht. In this study 26 male bodybuilders participated (Kuipers et al.
1991). They all had at least three years experience of strength training. They were
divided into three groups; one group (SAD) self-administered anabolic steroids for
8-10 weeks, the second group received i.m. injections of 100 mg nandrolone
decanoate weekly or placebo over a period of eight weeks, in a double-blind
fashion. The third group received the same treatment, but as a double-blind cross-
over study, with weekly injections for two periods of eight weeks, separated by a
12-week washout period. Body composition, lipid profile, liver function and blood
pressure were studied, the latter noninvasively. In the SAD group the systolic blood
pressure increased from 122.3 to 134.0 mmHg (all mean), but this was not a
significant difference. However, the diastolic values increased significantly, from
73.6 to 86.0 mmHg. Six weeks after discontinuation, the diastolic blood pressures
had returned to pre-treatment values. In the other two groups there were no
differences found in either systolic or diastolic blood pressures. As could be
expected, the steroid dosages in the SAD group were considerably higher than in
the other two groups, and it is therefore suggested that the effect on blood pressure
is dose-dependent. The authors believe that a possible explanation for the increase
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in blood pressure is through an increase in blood volume, a mechanism which has
been suspected by other investigators as well (Riebe et al. 1992; Wilson 1988).

In another study (Hartgens et al. 1996) a few years later, the same group
investigated several of the same parameters after at least three months of drug
withdrawal in 16 long-term AAS users compared to 12 nonusers, all male body-
builders. The drug users had taken i.m. and oral steroids for an average of 3.2 (0.7—
6.0) years prior to the withdrawal period. The average systolic and diastolic blood
pressures were normal and there was no difference between the two groups. Based
on these findings, the authors suggested that blood pressure is within the normal
range after an AAS-free period of three months, independent of the number of AAS
courses used.

The echocardiographic studies on AAS abuse have been discussed previously.
However, most investigators also registered blood pressure in all participants and
these results need further mention. Beginning with De Piccoli’s study, in which 14
bodybuilders on steroids were compared to the same number of drug-free body-
builders and sedentary controls, there was no difference in systolic or diastolic
blood pressure (De Piccoli et al. 1991). The drug users were also examined after a
period of drug withdrawal (mean nine weeks) without any changes in blood
pressure being noted. Even though the blood pressures were normal, the investiga-
tors interestingly still found signs of impaired diastolic function and an increase in
left ventricular mass, and one could therefore assume that these changes were not
secondary to hypertensive blood pressures, but rather a direct effect of the drugs
taken. In another echocardiographic study by Thompson et al. (1992), 12 weigh-
tlifters using AAS were compared to 11 who had not used these drugs. For
admission to the study, the users were required to have taken the drugs for at
least three cycles within the past year, and the mean length of drug use was 3.3
years. Again, there were no differences in systolic or diastolic blood pressure
between the groups.

In the study by Yeater et al. (1996), weightlifters with or without AAS were
compared to runners; echocardiographic and other cardiorespiratory variables as
well as lipids and body composition were measured. There was no difference in
resting blood pressure or blood pressure at the end of a treadmill test between the
weightlifter groups. The runners had lower diastolic pressure during recovery from
exercise, though all groups had normal values. It should be noted that the subjects
were young, with an average age of 21 (all groups), and the steroid users had taken
the drugs for a minimum of six months.

There are almost no data on 24-h blood pressure monitoring in the AAS
population. However, in one study by Palatini et al. (1996) the participants under-
went a 24-h noninvasive blood pressure measurement, though this study primarily
was another small echocardiographic study. Ten bodybuilders with an average age
of 28 years, who had self-administerered AAS for an average length of five years
(range 2-10 years) were compared to 14 nonusing bodybuilders. The steroid users
were examined at the end of a treatment period and after a withdrawal period of
8-16 weeks (mean 11 weeks). There was no difference in resting blood pressure
between the groups, and systolic and diastolic blood pressures were within normal
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limits. Average 24-h, daytime and night-time systolic and diastolic blood pressures
did not differ in the three groups of AAS users during treatment, users after
withdrawal or control subjects. However, the difference between daytime and
night-time blood pressure was greater in control subjects than in AAS users, both
at the end of the treatment cycle and after the period of withdrawal. Another
interesting finding in this study was that the extent of the blood pressure decrease
at night was inversely related to the interventricular septal thickness and the
concentric remodeling of the left ventricle in the steroid group. This study suggests
that weightlifting per se does not alter the 24-h blood pressure rhythm, but the
addition of AAS does. An abnormal 24-h rhythm of blood pressure has been
observed in many subjects with secondary hypertension and in some patients with
essential hypertension, and target organ damage appears to be more common in
nondippers (Persons in whom there is an absence of the normal nocturnal fall in
blood pressure) (Boggia et al. 2007; O’Brien et al. 1988; Palatini et al. 1992;
Verdecchia 2000). The data from this study must nonetheless be treated with
caution, as this was a small study, and to our knowledge altered 24-h blood pressure
rhythm in AAS users has not been confirmed in any later studies. Another reserva-
tion is that the main reason for the difference mentioned seems to be that the
nonusers had a slightly higher systolic pressure in daytime, and therefore a higher
daytime pulse pressure.

In the echocardiographic study by Karila et al. (2003), there were no differences
in blood pressure values between the control group and a group of 20 strength
athletes, mainly bodybuilders, who were long-term users of AAS. Four of the
steroid users had also taken growth hormone (GH) and notably their average
diastolic blood pressure was higher (89 mmHg vs. 77 mmHg in the control group
and 76 mmHg in the AAS group without GH) than the two other groups, but
statistic significance was not reached, possibly due to the low subject numbers.

In the prospective echocardiographic study by Hartgens et al. (2003), where two
groups of AAS users were compared to nonusing strength athletes, there were no
changes in systolic or diastolic blood pressure. One AAS group self-administered
the drugs for 8—16 weeks, and the other received 200 mg of nandrolone decanoate
once a week for eight weeks in a double-blind fashion. The authors concluded that
one of the main findings in their study was that short-term administration of AAS
did not affect blood pressure.

In a cross-sectional study addressing reversibility of cardiac effects of AAS
abuse, Urhausen et al. (2004) examined their subjects with echocardiography and
cycle ergometry including measurements of blood pressure at rest and during
exercise. Fifteen former AAS users (at least 12 months withdrawal, mean 43
months) were compared to 17 current users and 15 AAS free weightlifters. Systolic
blood pressure was higher in users, measuring an average of 140 mmHg at rest vs.
130 mmHg for ex-users and 125 mmHg for the nonusers. This difference persisted
as a trend for exercising blood pressure. There was no difference in diastolic blood
pressure. The authors suggested that the increases in blood pressure with AAS are
rather small and transient.
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In a double-blind, randomized, placebo-controlled study by Chung et al. (2007)
the effects of weekly injections of testosterone, nandrolone or placebo on cardio-
vascular parameters were investigated, using state-of-the-art echocardiographic
methods. There were ten individuals in each group, all of them healthy young
men, but none were involved in strength athletics. They received the treatment for
four weeks only. There was no effect on systolic, diastolic or mean blood pressure,
or on systemic vascular resistance, assessed by thoracic electrical bioimpedance.

Blood pressure as well as rate pressure product (RPP) response to AAS was
investigated by Grace et al. (2003) in 16 users compared to 16 nonusers, all subjects
being amateur bodybuilders in their mid-twenties. They all had a minimum of three
years of weight-training experience. The drug users had taken various AAS for a
mean length of 4.3 years in rather large dosages. The subjects’ blood pressures were
measured noninvasively and the rate pressure product was calculated as (HR X
SBP/100). The recordings were obtained before a steroid cycle, at the end of the
cycle and 6-8 weeks post-cycle. The control group was assessed within the same
time intervals. Significant increases were found for both diastolic (79-87 mmHg)
and mean arterial blood pressure in the AAS group, but not for systolic blood
pressure. Even when adjusted for biceps size, diastolic blood pressure was still
significantly greater in this group. There was also a significant increase in resting
heart rate in the AAS group, with a subsequent increase in RPP. All mentioned
parameters returned to pre-cycle baseline levels within 6-8 weeks following drug
cessation. The data from this study indicate that AAS acutely influences blood
pressure, especially diastolic blood pressure, though it does not seem that the drugs
cause hypertension, and the rise in blood pressure appears to be transient. However,
the authors suggest that these findings provide a contra-indication to AAS use,
especially in borderline hypertensives.

3.1 Summary

Hypertension as a risk factor for cardiovascular disease is well established
(Lewington et al. 2002). Although hypertensive effects of supraphysiologic doses
of AAS are often referred to in the bodybuilding community and among self-
administering AAS users, the scientific support for this view is scarce. Animal
studies have to some extent shown hypertensive effects of AAS, and have given rise
to a variety of theories as to the underlying mechanisms. The human data, however,
are less convincing, and the overall evidence base leans to the opposite. One must
keep in mind that the studies are small and most of them are cross-sectional in
design. Some of the studies show a slight increase in systolic blood pressure, some
show a slight increase in diastolic blood pressure and many do not show any
significant pressure changes at all. The studies assessing reversibility demonstrate
that when a pressure increase has been found, it is transient and that full normaliza-
tion is achieved only a few months after cessation of the drugs.
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Hence, taken together, it is likely that the administration of supraphysiologic
doses of AAS induces a mild, but transient increase of blood pressure; however the
clinical significance of this effect remains modest.

4 Vascular Reactivity and Vascular Function

The frequently reported observations of adverse cardiovascular events among
abusers of anabolic androgenic steroids (AAS) have stimulated an interest in
possible underlying mechanisms beyond those attributed to established atheroscle-
rosis. It remains a notable fact that coronary angiography and/or autopsies of
deceased users of AAS have often shown patent coronary arteries, in spite of the
subjects having suffered a myocardial infarction or sudden death. One proposed
explanation is steroid-induced vasospasm, perhaps superimposed on or triggered by
pro-atherogenic state. It has been shown that androgens can promote monocyte
adhesion to endothelial cells (McCrohon et al. 1999) and macrophage lipid loading
(McCrohon et al. 2000). Androgens have also been associated with impaired
arterial reactivity in females taking high-dose androgenic steroids (McCredie
etal. 1998), and, conversely, endothelial function is enhanced in androgen-deprived
older men (Herman et al. 1997, Sader et al. 2003; Zitzmann et al. 2002). Endothelial
dysfunction has been demonstrated to be an early finding in both experimental and
clinical studies of atherogenesis, preceding plaque formation and the occurrence of
clinical events (Celermajer et al. 1992; Ross 1993).

There are only a few studies addressing vasoreactivity in the population of AAS
abusers. Sader et al. (2001) examined 20 male bodybuilders, ten of them using AAS
and ten who denied ever having used the drugs, and compared them to a group of
ten age-matched non-bodybuilding controls. The drug users’ mean age was 37
years and the mean duration of steroid abuse was 6.6 years. The investigators
measured carotid intima-media thickness (IMT) and arterial reactivity using high-
resolution ultrasound. For the latter they studied the right brachial and radial artery,
measuring the artery diameter at rest, during reactive hyperemia (leading to flow-
mediated dilatation, FMD) and after administration of sublingual nitroglycerine
(GTN), the two measurements enabling assessment of endothelial-dependent and
endothelial-independent vasodilatation. The AAS users had slightly, but not signif-
icantly larger vessels than the bodybuilder controls. Despite this, FMD responses
were similar in both groups of bodybuilders. The responses tended to be lower than
in the non-bodybuilding controls, but not significantly so. The GTN responses,
assessing endothelial-independent vasodilatation, were also not significantly differ-
ent between the bodybuilder groups, but significantly lower compared to the control
group of non-bodybuilders. Carotid IMT measurements were similar in both body-
building groups, but significantly higher than in the control group. The authors
suggest that their findings might be explained by a defect in smooth muscle
capacity, secondary to increased water retention and/or increased vascular muscle
mass impairing smooth muscle dilator responses. But a main point still seems to be
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that AAS does not further impair these responses compared to the bodybuilder
group not using the drugs.

In another study of flow-mediated dilatation, Ebenbichler et al. (2001b) exam-
ined 20 male bodybuilders in different phases of their training and AAS cycle. FMD
was determined in the same way as in the previously mentioned study. The subjects
were examined in an eight-week training phase without steroids, then in a “build-
up” phase, where AAS was taken for 8—12 weeks, and then after up to eight weeks
following cessation of the drugs, in the “competition phase”. Six athletes not using
AAS served as control group. The percent change in brachial artery diameter after
reactive hyperemia was diminished in bodybuilders in all phases and the reduction
was most pronounced in the competition phase, the differences compared to the
control group being significant. Nonendothelial vasodilatation, measured as
response to sublingual GTN, was also reduced, though not significantly. Two
mechanisms are proposed as explanation of these findings. One could be by
endothelial dysfunction through the low HDL-cholesterol found in the steroid
user group, the other by a direct effect of AAS on vascular function, which the
authors speculate is the most likely mechanism.

In a recent study by Lane et al. (2006), vascular reactivity was assessed by using
pulse wave analysis with GTN and salbutamol, to determine endothelial-indepen-
dent and endothelial-dependent vasodilatation, respectively. The pulse wave
analysis noninvasively assessed arterial stiffness and central aortic pressure.
Twenty-eight bodybuilders took part in the study; ten who were current users of
AAS were compared to eight regular users who had abstained from using sub-
stances for the previous three-month period, and to ten who had denied any current
or previous use of AAS. Ten healthy sedentary individuals served as control group.
Subjects in all four groups had comparable brachial artery blood pressures and
resting pulse rates. The administration of salbutamol altered the central arterial
waveform and reduced the augmentation index (AIX) in the four groups, reflecting
endothelial-dependent dilatation, but there were no significant differences in the
degree of change between the groups. Likewise, the GTN administration reduced
the Alx in all four groups, but here the percentage reduction of Alx was significantly
less in the current AAS users compared to the other three groups. The study
therefore suggests that there is no difference in endothelial function between the
four groups, but that there is reduced endothelial-independent vasodilatation in the
group of current AAS users. There were no differences in Alx alterations between
the other three groups, suggesting recovery of vasomotor function following the
cessation of AAS.

It has been shown that alteration in elastic properties of the aorta can predict
cardiovascular risk (Gosling and Budge 2003). Kasikcioglu et al. (2007) therefore
examined 14 male bodybuilders using AAS and compared them to 27 male
wrestlers, using a standard Doppler echocardiography unit, and measuring the
ascending aorta with two-dimensional guided M-mode tracings. Using the systolic
and diastolic aortic diameter, pulse pressure and diastolic blood pressure, the
investigators calculated aortic strain, aortic distensibility and aortic stiffness
index. Their main finding was that the aortic distensibility in athletes using AAS
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was significantly lower than in nonusers. This is in contrast to what has been found
in endurance athletes (Kasikcioglu et al. 2005), where aortic distensibility was
increased.

In summary, there is conflicting evidence regarding vasoreactivity in users of
AAS. Nevertheless, based on the studies mentioned before, the steroid-using groups
most often tend to demonstrate unfavorable measurements, whether it is involving
endothelial-dependent or endothelial-independent vasodilatation. A degree of re-
versibility seems to be consistent, though. The inconsistent results are likely to arise
from the obvious study limitations which are unavoidable in such populations of
abusers of AAS. There is a diversity of compounds abused, and a variety of duration
and route of administration. Adding to the difficulties of interpreting the results are
the highly prevalent simultaneous abuse of other drugs, such as e.g. ephedrine,
growth hormone and insulin. Despite these drawbacks, the accumulated evidence
base supports the notion of a deleterious effect of AAS abuse on vascular function.

5 Coronary Calcification

Coronary artery calcium content (expressed as a so-called “calcium score”) has
been shown to correlate with the total plaque burden in the coronary arteries and
hence to be a more direct indicator of endothelial damage than other risk factors,
such as low HDL-cholesterol (Brown et al. 2001; Kondos et al. 2003; Rumberger
et al. 1995). This applies to all populations hitherto studied.

As regards the population of abusers of anabolic androgenic steroids (AAS), a
study published in 2006 by Santora and colleagues measured the coronary artery
calcium score of 14 professional bodybuilders with electron beam tomography
(Santora et al. 2006). The age of the participants in the study ranged from 28 to
55 years and the mean number of years of AAS use in the group was 12.6 years.
None of them had a history of cardiovascular disease. Seven of the 14 men had
coronary artery calcium accumulation, i.e. an increased score. According to previ-
ous large population studies (Hoff et al. 2001; Mitchell et al. 2001), where percen-
tile tables could be established that provide expected coronary calcium scores for
different age groups, the likely number to have such a finding in this age group
would have been three (as opposed to seven). As anticipated, all participants had
significantly lower HDL-cholesterol than the typical population. None of them had
any clinical signs of coronary artery disease. Ejection fraction, measured with
echocardiography, was within the normal range for this age group.

The authors concluded that this study for the first time indicates that the abuse of
AAS contributes directly to the early development of coronary atherosclerosis
(Fig. 4), as determined by noninvasive measures of coronary artery calcium.
Whether the pathogenesis is indirectly due to the unfavorable effect upon lipid
profile, or a direct toxic or inflammatory effect of the steroids on the endothelium,
remains unknown.



18 Androgenic Anabolic Steroid Abuse and the Cardiovascular System 435

Fig. 4 Multi-detector computed tomography showing extensive calcification of the coronary
arteries in a 48-year-old bodybuilder abusing AAS

With the rapid technological development of multi-detector computed tomogra-
phy equipment, one might expect further and larger studies in the future, addressing
the likely association of long-term AAS abuse and coronary atherosclerosis.

6 Blood Platelet Function and Haemostasis

Case reports of anabolic androgenic steroid (AAS) abusers presenting with mani-
festations of thromboembolic disease are not rare, at least not when arterial in
nature. Of the venous types, both deep venous thrombosis and pulmonary embolism
have been described (Gaede and Montine 1992; Liljeqvist et al. 2008). Four cases
of superior sagittal sinus thrombosis were reported during androgen treatment for
hypoplastic anemia (Chu et al. 2001; Shiozawa et al. 1982). At least two additional
cases have been reported, affecting a 22-year-old man (Sahraian et al. 2004), and a
31-year-old man (Jaillard et al. 1994), both bodybuilders using AAS. As for the
arterial bed, there is an abundance of reports of cerebrovascular events, myocardial
infarctions and peripheral arterial thromboses in this population, and even one of a
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ventricular thrombosis (McCarthy et al. 2000). However, to date there is no direct
scientific evidence that AAS are thrombogenic in humans. Blood platelets together
with the fibrinolytic system have a pivotal role in the pathogenesis of arterial
thrombosis (Fuster et al. 1985). In support of this notion is the strong evidence
from large-scale randomized trials that platelet inhibition significantly decreases
the death and infarction rate in patients with coronary artery disease and cerebro-
vascular disease (Budaj et al. 2002, Cairns et al. 1985; Collins et al. 1994; Diener
etal. 2008; Lewis et al. 1983). Reports of venous thromboembolic manifestations in
AAS abusers are not as common as the ones of arterial thrombosis. A possible
prothrombotic effect through the aromatization of testosterone to estradiol has been
suggested (Liljeqvist et al. 2008), as estrogen-based therapies have been shown to
increase the risk of venous thromboembolism (Lowe 2002). There are also experi-
mental reports showing alterations at different stages of the hemostatic and fibrino-
lytic system by AAS administration, as well as effects on platelet function, which
might explain what seems to be an increased risk of thromboembolic disease in this
population (Ferenchick 1991). Some of these findings have been confirmed in
human studies.

Androgen-mediated enhancement of platelet aggregability and augmenting of
thrombosis have been shown in experimental animal models of thrombosis, in
studies done in the 1970s and 1980s (Emms and Lewis 1985; Johnson et al. 1975;
Johnson et al. 1977; Uzunova et al. 1976; Uzunova et al. 1977). Platelet aggreg-
ability is largely dependent on arachidonic acid metabolism (Fig. 5), and it has been
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Fig. 5 Cyclooxygenase and substrates associated with thromoboxane A2 and prostacyclin synthe-
sis. AAS may enhance platelet aggregation through their effects on prostacyclin and thromboxane
A2 (boxes highlighted in yellow)
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shown that large doses of androgens affect both the platelet (Pilo et al. 1981) and the
vascular cyclooxygenase activity (Greenberg et al. 1974). A decrease in the pro-
duction of prostacyclin Pgl,, a potent inhibitor of platelet aggregation, has been
found in rat smooth muscle cells in culture after administration of testosterone
(Nakao et al. 1981; Rosenblum et al. 1987). Furthermore, potentiation of platelet
aggregation in vitro was demonstrated when incubating human platelets with
testosterone, causing intensified response to several different aggregating agents
(Pilo et al. 1981). Interestingly, significant bleeding in hypogonadal men has been
linked to hypoactive platelets (Pawlowitzki et al. 1986).

In a report from 1992, Ferenchick et al. (1992) studied blood platelet stimulation
thresholds in 28 male weightlifters, 24 of them using different kinds of AAS.
Non-significant trends toward increased platelet counts and increased platelet
aggregation to adenosine diphosphate in the AAS group were noted. Unfortunately
the study did not have the power to detect potential between-group differences, as
the control group ended up with only four subjects, as ironically eight of the 12
declared nonusers had unexpected findings of positive urine androgen assays. In the
same study, subgroup analysis by age showed that AAS users older than 22 years
had significantly lower aggregometric collagen threshold levels than their younger
counterparts, but, referring to additional studies by the same group, the authors
believe that age alone cannot explain this finding.

Ajayi et al. (1995) investigated testosterone as a regulator of the expression of
human platelet thromboxane A2 receptors (TXA2 is a metabolite of arachidonic
acid, and a potent vasoconstrictor and platelet aggregator). The authors recruited 16
healthy men who in a double-blind, placebo-controlled study were given testoster-
one cypionate 200 mg i.m. twice, two weeks apart, or saline placebo. As a result,
in the treatment group there was a significant increase in platelet TXA?2 receptor
density and an increase in the maximum platelet aggregation response, though
the latter did not increase in proportion with the receptor density increase.
The researchers concluded that testosterone confers prothrombotic effects on the
platelets.

As for the hemostatic and fibrinolytic system, the picture is less clear. Studies of
AAS indicate an effect on these systems, but the results have in some respects been
contradictory. The literature gives support to the view that AAS has some hyperco-
agulable effects, but the extent of it is unclear, and to what degree concomitant
apparent AAS-induced fibrinolytic, i.e. protective, mechanism is operational is
uncertain. Early studies of stanozolol (Barbosa et al. 1971; Small et al. 1982;
Verheijen et al. 1984) gave rise to expectations that the drug had therapeutic
potential as an activator of the fibrinolytic system, as elevated levels of both
plasminogen activator and plasminogen were found following i.m. injections of
the drug. Several 17a-alkylated androgens have been shown to increase plasmino-
gen activator activity and serum levels of plasminogen, protein C and antithrombin
III (Kluft et al. 1984; Small et al. 1984). Stanozolol also increased the levels of
antithrombin III and protein C in male and female patients suffering from congeni-
tal insufficiency syndrome, but the clinical effects were disappointing (Broekmans
et al. 1987; Winter et al. 1984). Neither did stanozolol have any preventive effect
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against postoperative deep vein thrombosis following abdominal surgery (Blamey
et al. 1984). However, stanozolol has been shown to increase fibrinolytic activity by
reducing the plasma levels and activity of PAI-1 (plasminogen activator inhibitor),
yet clinical utilization has hitherto not been justified. In a male contraception study,
the hemostatic effects of i.m. injections of testosterone enanthate were investigated.
The subjects, 32 healthy men, received the treatment weekly for 52 weeks (Anderson
et al. 1995). A slight increase in antithrombin III and prothrombin fragments F1+2 was
noted, as well as a decrease in protein C levels, free protein S and plasminogen
activator inhibitor. The authors summarized that these changes indicate an increase
in coagulatory activity, but that the decrease of PAI-1 might outweigh the
prothrombotic effects.

Studies of hemostasis in AAS abusers are almost nonexistent. Ansell et al.
(1993) found indications of an activated fibrinolytic state, but no signs of a
hypercoagulable state when investigating 16 bodybuilders, 11 of them during the
influence of a variety of AAS. Those with paired samples (n=6) showed a signifi-
cant increase in protein C antigen and free protein S antigen during steroid use.
An increase in euglobulin lysis time indicated an activation of the fibrinolytic
mechanism in the steroid-using group. All other parameters apart from elevated
platelet count (in the steroid group) turned out negative, among them fibrinogen,
antithrombin III activity, protein C activity, plasminogen activity, D-dimer and
factor VII and VIII activity. However, this study has been criticized because the
subjects’ self-reporting of AAS was not confirmed by urine assays, as other studies
have demonstrated a remarkable discrepancy between self-reported use of AAS and
documented use by urine analyses.

In a larger study of AAS and hemostasis, Ferenchick et al. (1995) investigated 32
weightlifters, 23 users of AAS and 17 nonusers. This was the first, and to our
knowledge the only study to describe the effects of AAS on humoral coagulation
utilizing steroid-free weightlifters as controls and confirming self-reports with urine
assays. Markers of clotting and fibrinolytic activity, namely thrombin/antithrombin
IIT (TAT) complexes, prothrombin fragments1+2 and D-dimer were all increased
in the user group, while endothelial-based fibrinolytic components, tissue plasmin-
ogen activator antigen (t-Pa Ag) and plasminogen activator inhibitor (PAI-1)
interestingly were more likely to be higher in the nonuser group. Inhibitors of the
clotting system, antithrombin III activity, protein C and S activity were significantly
higher in users vs. nonusers. The authors concluded that some AAS-using weight-
lifters have an accelerated activation of their hemostatic systems evidenced by
increased generation of both thrombin and plasmin, and that these changes could
reflect a thrombotic diathesis that may contribute to vascular occlusion in AAS-
using athletes. They also pointed out that the predictive value of these coagulation
abnormalities, in terms of risk of thrombosis to individual athletes or the population
as a whole, remains to be studied. Ironically, this statement still is applicable, more
than 10 years later, which underscores the difficulties of elucidating clear evidence
as to thrombosis and hemostasis in these cohorts.

In a more recent study, Kahn et al. (2006) evaluated the short-term effects of
oxandrolone, taken 10 mg twice daily for 14 days, on both platelet function and the
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Fig. 6 The illustration shows different pathways of blood platelet activation, adhesion and
aggregation. AAS appear to increase the platelet aggregation response. Experimental and human
studies have indicated that AAS increase platelet production of TXA2 and increase both platelet
and vascular TXA2 receptor density. The drugs may also decrease the production of PGI,. ADP=
Adenosine diphosphate; COX=Cyclooxygenase; NO=Nitric oxide; AA=Arachidonic acid;
PDGF=Platelet derived growth factor; PGI,=Prostacyclin; TXA2=Thromboxane A2; vWF=
von Willebrand factor; GP=Glycoprotein

hemostatic/fibrinolytic system. The platelet part of the study turned out negative, as
the effect on ADP-induced platelet aggregation was not significant. However, the
authors believe this was because of a concomitant increase in factor V and X,
causing inhibition of thromboxane A2 synthesis in platelets. Oxandrolone induced a
highly significant increase in plasminogen and a significant decrease in PAI-1,
indicating activation of the fibrinolytic system. The levels of coagulation factors 11
and V increased significantly, while fibrinogen and factors VII, VIII and X did not
change or only did so nonsignificantly. The authors summarize the findings to be
evidence of a simultaneous stimulation of both pro-coagulatory and fibrinolytic
activity, resulting in a balanced effect on the hemostatic system by oxandrolone.

Another mechanism possibly contributing to thrombogenesis is the AAS-in-
duced increase in the level of erythropoietin causing elevated levels of hemoglobin,
a very common finding in AAS users (Shahidi 1973; Teruel et al. 1995). According
to the Framingham data, increased hematocrit values are correlated with an increase
in the cardiovascular risk and total mortality (Gagnon et al. 1994). Combined with
an increase in platelet aggregability, it is likely that the elevated hematocrit in AAS
users will contribute to the increased risk of thrombosis.

Taken together, the abuse of AAS does confer an enhanced pro-thrombotic state,
most prominently through an activation of platelet aggregability (Fig. 6). The
concomitant effects on the humoral coagulation cascade are more complex and
include both pro-coagulatory and fibrinolytic pathways of activation.
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7 Lipids

The most studied cardiovascular effects of anabolic androgenic steroids (AAS) are
probably the effects on lipoproteins. The last 25 years have yielded numerous
reports from human studies on the subject, and for once the results to a large extent
concur, at least concerning readily measurable parameters. The long-term conse-
quences of the alterations of lipid metabolism that these drugs cause are unfortu-
nately still largely unknown.

In the general population, epidemiological studies demonstrate a strong relation-
ship between levels of low-density lipoprotein (LDL) cholesterol and the incidence
of atherosclerotic cardiovascular disease (Stamler et al. 1986). Furthermore, there is
a large body of evidence which supports a central role for lowering levels of LDL in
the prevention of cardiovascular events (Downs et al. 1998, HPS Collaborative
Group 2002; Pedersen et al. 1994; Shepherd et al. 1995). Epidemiological studies
also show a strong relationship between low levels of high-density lipoprotein
(HDL) cholesterol and risk for cardiovascular events (Castelli and Anderson
1986; Gordon et al. 1977). Multivariate analyzes have shown that changes in
HDL levels are an independent predictor of atheroma burden (Jacobs et al. 1990).
The combined evidence derived from placebo-controlled trials have revealed that
the greatest benefit of statin therapy in terms of absolute risk reduction was
observed in patients with the lowest baseline levels of HDL (Downs et al. 1998;
HPS Collaborative Group 2002; Pedersen et al. 1994). In a recent post-hoc analysis,
Nicholls et al. (2007) provide evidence that increases in HDL levels are correlated
with beneficial effects of statins on the progression of coronary artery disease.

Atherothrombosis is a complex disease in which cholesterol deposition, inflam-
mation and thrombus formation play a major role. LDL exerts its pathological
effects by infiltrating the arterial endothelium into the intima, where matrix proteins
including proteoglycans, collagen and fibronectin are attracted. Another important
feature of lipoprotein transport is related to the effect of HDL, which promotes
reverse cholesterol transport from the arterial wall, specifically from lipid-laden
macrophages. The HDL subfractions may play a role in this beneficial effect, with
HDL, being the most important for reverse lipid transport (Fuster et al. 2005).
Interestingly, despite its protective effects, patients with high HDL plasma levels
still can present an acute coronary syndrome, probably related to elevations in
HDL; rather than in HDL,

AAS clearly induce an extreme atherogenic alteration on lipid levels. A solid
body of evidence has been published on the subject. The drugs cause a marked
depression in HDL, especially on subfraction HDL,. The levels of LDL are also
negatively affected, though not as pronounced as the effects on HDL are. Though it
is far from proven that these alterations transform into coronary artery disease in the
population at debate, the association cannot be denied.

The first report of the effect of AAS on plasma lipid values came in 1980, when it
was shown that oxandrolone reduced HDL and apolipoproteins AIl and All; in
hyperlipidemic subjects (Cheung et al. 1980). The findings were confirmed in
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normolipidemic subjects two years later (Taggart et al. 1982). Numerous reports
(Bonetti et al. 2008; Frolich et al. 1989; Glazer 1991; Hartgens et al. 1996; Hurley
et al. 1984; Kuipers et al. 1991; Palatini et al. 1996; Sachtleben et al. 1997,
Thompson et al. 1989; Urhausen et al. 2003; Yeater et al. 1996) with similar
findings surfaced over the next two decades, several of them specifically addressing
strength athletes abusing AAS. A frequent finding in these studies is also the
increase of LDL levels. Most of the studies were prospective cohort studies or
cross-sectional studies and the steroids were self-administered, in supraphysiologic
doses and as combinations of orally and injected preparations. Many of the studies
did not control for diet, exercise, or the type, purity, and dose of AAS used. Of
course this precludes the findings from delivering the desired scientific attainments
in a purist sense, but the comprehensiveness of the available data nevertheless
allows for conclusions. Some of the studies were done with therapeutic doses and
were placebo-controlled. A head-to-head comparison of oral AAS vs. injected
testosterone has also been done (Thompson et al. 1989).

Although slightly dated, the comprehensive review by Glazer (1991) gives a fine
overview of the impact of AAS on HDL and LDL, the underlying mechanisms
behind the changes and their possible clinical significance. Only a modest amount
of new knowledge has surfaced in subsequent years. Fifteen studies are referred to
by Glazer, and the average HDL reduction was 52% (range, 39-63%) for the
prospective cohort studies and 51% (range, 41-70%) for the cross-sectional studies.
Reductions of this magnitude are far greater than those produced by other pharma-
cologic or nonpharmacologic agents including smoking and obesity. As for the
subfractions of HDL, the most pronounced effect is on HDL,, which has been
shown to be reduced by 78% (range, 71-89%), while the average reduction of
HDL; was 35%.

AAS are believed to exert their influence on lipoproteins by the induction of
hepatic triglyceride lipase (HTGL) synthesis in the liver. Localized to the luminal
surface of hepatic endothelium, HTGL is thought to catabolize HDL via its phos-
pholipase activity and remove HDL from plasma (Applebaum-Bowden et al. 1987
Ehnholm et al. 1975; Haffner et al. 1983; Kantor et al. 1985; Lenders et al. 1988;
Taggart et al. 1982). Studies of AAS and HTGL activity have shown increases of
HTGL in the range of 143-232% during AAS use (Glazer 1991).

The orally taken 17a-alkylated substances (such as stanozolol, oxymetholone
and methandienone) exert much stronger effects than other AAS (Friedl et al. 1990;
Thompson et al. 1989). Generally, nonaromatizable androgens have more pro-
nounced effects on HTGL induction and plasma HDL (Friedl et al. 1990; Melchert
and Welder 1995; Zmuda et al. 1993). In the prospective crossover study by
Thompson et al., 11 weightlifters were given either oral stanozolol (6 mg/day) or
intramuscular testosterone enanthate (200 mg/week) for six weeks. Stanozolol
reduced HDL and the HDL, subfraction by 33 and 71% respectively. In contrast,
testosterone decreased HDL by only 9%. Moreover, stanozolol increased the HTGL
activity by 123% while the effect of testosterone (on the enzyme) was not signifi-
cant. A similar effect on HDL has also been demonstrated with other 17a-alkylated
steroids (Cheung et al. 1980; Friedl et al. 1990).



442 P. Vanberg and D. Atar

There appears to be minimal or no dose relationship in oral AAS-induced HDL
depression (Glazer 1991) and maximal or near maximal HDL level decrement
results from even therapeutic dosages of oral AAS. The injectable testosterones
on the other hand seem to affect HDL in a more dose-related manner. In a study on
healthy young men, Bhasin et al. (2001) demonstrated that testosterone enanthate
dosages (and testosterone concentrations) were negatively correlated to plasma
levels of HDL. In another study by Kouri et al. using i.m. injections of escalating
dosages of testosterone cypionate, maximum HDL depression was reached at
300 mg/week and this depression remained unchanged with 600 mg/week for two
more weeks. Singh et al. demonstrated that i.m. testosterone enanthate 600 mg/
week reduced HDL levels, whereas lower doses did not exert any effect on
lipoprotein profiles (Singh et al. 2002). The use of therapeutic or supraphysiologic
doses of nandrolone decanoate does not seem to affect lipoproteins in a detrimental
way (Friedl et al. 1990; Glazer and Suchman 1994; Kuipers et al. 1991).

The AAS-induced HDL depression can be observed within a few days of starting
with the drugs and studies suggest that the HDL level reaches its nadir within a few
weeks (Glazer 1991; Thompson et al. 1989). In a study by Hartgens et al. (2004), 19
strength athletes self-administering supraphysiologic doses of AAS had no further
decline of HDL, HDL, and HDL; after eight weeks. After cessation of AAS, the
lipoprotein levels seem to recover completely after one to three months (Alén et al.
1985; Hartgens et al. 2004; Kuipers et al. 1991). Notably, in the recent study by
Hartgens et al., the authors demonstrated that recovery strongly depended on the
duration of the AAS course. In their study, one group self-administered supraphy-
siologic dosages of AAS for an average of 14 weeks. Their serum concentrations of
HDL, apolipoprotein-A1 (Apo-Al) and lipoprotein(a) (Lp(a)) were not normalized
six weeks after cessation, while in another group of so-called short-term users (AAS
use for eight weeks) the same parameters had returned to baseline levels. Urhausen
et al. (2003) investigated the reversibility of AAS effects in 15 long-term (average
26 weeks per year for nine years) users of supraphysiologic doses 12—-43 months
after cessation. Seventeen current users served as control group. In all of the
ex-users HDL concentrations had returned to normal values, with the exception
of one, which was believed to be genetically caused.

As for LDL, AAS will generally induce an elevation of serum values, in much
the same pattern as they do on HDL, though not to such an extreme level (Applebaum-
Bowden et al. 1987; Haffner et al. 1983; Hurley et al. 1984; Kantor et al. 1985;
Kleiner et al. 1989; Lenders et al. 1988; Thompson et al. 1989; Webb et al. 1984). In
Glazer’s review the degree of increase was estimated at 36%. Injections of testos-
terone up to a dosage of 600 mg/week do not seem to alter LDL levels (Kouri et al.
1996; Singh et al. 2002; Zmuda et al. 1993). Total cholesterol and triglycerides
were generally not significantly changed in the studies previously referred to.

The nonfasting Apo-B/Apo-Al ratio has recently been assessed as superior to
any of the cholesterol ratios for estimation of the risk of acute myocardial infarction
in all ethnic groups (McQueen et al. 2008). While Apo-Al is the major HDL
apolipoprotein, it is not surprising that AAS severely decreases its level, in Glazer’s
review by 33-41%, calculated from five studies. At the same time an increase in
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Apo-B levels of the same magnitude was also found. In the recent study by
Hartgens et al., the group of self-administering AAS abusers was found to have a
large and highly significant decrease of Apo-A1l and a concomitant increase of Apo-
B. These changes were apparent after eight weeks’ treatment, but did not increase
further at 14 weeks. As for HDL, the 17a-alkylated drugs rather than testosterone
esters are responsible for inducing more profound effects on the apolipoproteins
(Friedl et al. 1990; Singh et al. 2002; Thompson et al. 1989).

Lipoprotein (a) (Lp(a)) is a risk factor for both atherothrombotic and purely
thrombotic events, and it increases global cardiovascular risk, especially when LDL
cholesterol is concomitantly elevated (Koschinsky 2005; Kostner et al. 1981;
Kronenberg et al. 1999; White et al. 1996). Several reports (Cohen et al. 1996;
Crook et al. 1992; Zmunda et al. 1996) have suggested that AAS may favorably
lower Lp(a) concentrations, most recently by Hartgens et al. In this study (Hartgens
et al. 2004), the investigators found Lp(a) to be highly significantly reduced after
8 and 14 weeks of supraphysiologic dosages of AAS. However, if or to what degree
this apparent reduction translates into cardiovascular protection remains unknown.

Finally, another marker of atherosclerotic disease is homocysteine, a byproduct
of methionine metabolism (Nygard et al. 1997; Tonstad et al. 1996). Homocysteine
has also been shown to impair vascular endothelial function through impairment of
nitric oxide production (van Guldener and Stehouwer 2000). Two studies have
identified hyperhomocysteinemia in bodybuilders using supraphysiologic doses of
various types of AAS (Ebenbichler et al. 2001a; Graham et al. 2006). In a previous
study (Zmuda et al. 1997), short-term administration of testosterone enanthate did
not affect fasting homocysteine levels in weight lifters. In the study by Graham
et al., consisting of ten current users of AAS and control groups, three of the
participants died during the study. Interestingly they all had cardiovascular disease
as cause of death and their homocysteine levels were — ironically — markedly
elevated, and above the mean average of the user group as a whole.

Based on current knowledge of the lipid effects of AAS, how large is the
increased risk of developing coronary heart disease (CHD)? Obviously, there are
no studies that can answer this most pivotal question. The Framingham data showed
that patients with HDL levels less than 1.0 mmol L™" had a fourfold increase in risk
of CHD compared to those with levels of 1.03—1.27 mmol L', when total choles-
terol levels were normal. Based on the described changes in HDL in the AAS-
abusing population and the Framingham data, Glazer in his review puts forward an
estimate of risk of CHD to be increased three- to six-fold. However, as he com-
ments, this estimate is complicated by several factors, among them the fact that the
studied steroid abusers are younger than the patients who have delivered the data on
lipid levels and risk evaluation. Another important feature is that most AAS users
take the drugs intermittently, in cycles of 6-16 weeks, with abstinence periods in
between, often long enough to reverse the detrimental lipid effects.

To summarize, there is a comprehensive body of evidence documenting the
various alterations of lipid metabolism induced by AAS. The most prominent
changes are concomitant elevations of LDL and decreases of HDL, the combined
effects of which are deleterious. This should be taken into account when counseling
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abusers, advising health authorities, health care providers and prevention stake-
holders, and informing the general public.

8 Arrhythmias and Sudden Death

It is a tragic fact that sudden death is not an unknown end stage after long-term
abuse of AAS. The incidence is of course impossible to estimate, but there are
several published case reports describing devastatingly fatal events (Di Paolo et al.
2007; Dickerman et al. 1995; Fineschi et al. 2001, 2007; Hausmann et al. 1998;
Kennedy and Lawrence 1993; Luke et al. 1990). Indeed, most abusers of AAS are
familiar with the risk of sudden death, at least in the sense that they have knowledge
of someone in their close or distant milieu who abruptly and tragically lost his life.
The etiology behind sudden death in this population is unknown, and will unfortu-
nately most likely continue to be so. It would be impossible to conduct a study to
shed light on incidence and underlying mechanisms. It is however not a controver-
sial assumption that a malignant arrhythmia is the underlying cause of death.
Whether these arrhythmias are directly triggered by AAS or whether they occur
as indirect or secondary consequences of AAS, as for instance through left ventric-
ular hypertrophy or cardiomyopathy, is unclear. To further complicate the issue,
there is the widespread use of other drugs among abusers of AAS, both recreational
substances as stimulants, marijuana, cocaine and alcohol, the concomitant use of
masking agents such as diuretics, and the use of anti-estrogens, thyroid hormones
and growth hormone (Furlanello et al. 2003). Insulin injections carry the risk of
death due to hypoglycemia. Among stimulants known to have potential arrhythmic
properties are ephedrine, caffeine and unequivocally amphetamine, all of which are
highly prevalent substances among bodybuilders using AAS. Another important
consideration to bear in mind is that inherited arrhythmogenic diseases, such as
long QT syndrome and other ion channel diseases and arrhythmogenic right
ventricular cardiomyopathy (a genetic disease characterized by fatty infiltration in
the right ventricle, causing increased risk of arrhythmia and sudden death) do also
exist in the growing population of abusers of AAS. Hard physical exercise com-
bined with illicit drugs of various kinds can very well trigger a malignant arrhyth-
mia in these particularly predisposed individuals.

There are very few scientific reports on arrhythmias and AAS. A handful of case
reports have been published, but hardly any work has been done in the field of the
pathophysiology of arrhythmias in this particular population, at least not human
electrophysiologic studies.

A case report by Sullivan et al. (1999) presents a 22-year-old male bodybuilder
who was admitted to hospital with symptomatic rapid atrial fibrillation. He had
consumed large doses of AAS, in the form of intramuscular injections. He had no
past cardiac medical history or any other condition known to cause atrial fibrillation
and did not use tobacco, alcohol or any drugs other than AAS. Echocardiography
showed an area of septal hypokinesis, posterior and septal wall thickness at the
upper limit of normal, and preserved left ventricular function. The patient was



18 Androgenic Anabolic Steroid Abuse and the Cardiovascular System 445

discharged from hospital after two days, after having spontaneously converted to
sinus rhythm. Twenty-four hours Holter monitoring three weeks later showed
normal sinus rhythm, and the patient had at that time lost 9 kg following steroid
cessation. Afterwards he was lost to follow-up, which regrettably is often the case
with AAS abusers.

A similar story was quite recently presented in a case report by Lau et al.
A 36-year-old bodybuilder was referred to hospital with persistent atrial fibrillation
(Lau et al. 2007). He had no medical history, was a nonsmoker and had no
cardiovascular risk factors apart from taking intramuscular injections of testoster-
one enanthate and stanozolol in supraphysiologic doses. Echocardiography showed
normal left ventricular size and function and a normal left atrial diameter. The
patient was treated with DC cardioversion, but reverted back to atrial fibrillation
after 15 days. He was then treated with flecainide 100 mg twice daily and metopro-
lol 150 mg twice daily. A second cardioversion was successful, though two
attempts were needed, finally with 360 J. His left atrium had by this time increased
considerably, but the left ventricle parameters had remained unaltered. In the mean
time, the patient had lost 16 kg following his own decision to cease the administra-
tion of AAS. A year later, he was still in sinus thythm and without exogenous
steroids or antiarrhythmic medication. Despite any other known condition predis-
posing this patient to arrhythmia, and though his symptomatic onset of atrial
fibrillation correlated with the initiation of AAS abuse, the association between
AAS and atrial fibrillation must be reviewed as an association only, and there is no
evidence of causal relationship.

In a report of four weightlifters abusing AAS, Nieminen et al. (1996) describe
serious cardiac side effects of the drugs, one of them being ventricular tachycardia
(VT). The weightlifter who experienced this arrhythmia was 29 years old and had
taken AAS during several periods over the past eight years. At a routine exercise
test at 250 W workload, a monomorphic VT with a frequency of 230/min was
recorded and exercise was stopped. After one minute of rest, the thythm degener-
ated into a polymorphic VT and then to ventricular fibrillation causing uncon-
sciousness. Cardioversion was performed and the patient regained sinus rhythm and
consciousness. There was no sign of myocardial infarction. Echocardiography
showed a dilated left ventricle with marked wall thickening. Angiography revealed
no stenoses in the coronary arteries, but ventriculography showed a dilated left
ventricle with Am ejection fraction of 40%. Programmed electrophysiologic stim-
ulation could not induce VT. Endomyocardial biopsy revealed focal fibrosis of the
left ventricle and fat degeneration, and there was no sign of granulocyte infiltration.
Five months later, after cessation of AAS, the left ventricular dimension was
normalized and the hypertrophy had decreased slightly. There were no further
episodes of VT during follow-up. Although the association between AAS and this
patient’s symptoms and findings seems rather convincing, his drug regimen also
included clenbuterol, growth hormone and human chorionic gonadotropin. As so
often in this setting, this contributes to clouding the picture.

Two other case reports describe the occurrence of ventricular tachycardia in
AAS-abusing bodybuilders (Appleby et al. 1994; Mewis et al. 1996). However, in
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both cases the subjects also had coronary artery disease, believed to be the under-
lying cause of the arrhythmia. The subject described in Mewis’ report had reduced
function of left ventricle, assessed by echocardiography. Intriguingly, other than
long-term use of stanozolol, this individual had no classic coronary risk factors.

In an electrophysiologic study by Stolt et al. 1999, 15 male powerlifters using
large doses of AAS were compared to 30 male orienteering runners from the
Finnish national training program and to 15 sedentary young men. The investigators
measured QT interval and QT dispersion (the difference between the longest and
the shortest QT interval) in a 12-lead resting electrocardiogram. Echocardiographic
assessment of the left ventricle (LV) mass, wall thickness and chamber dimension
was also performed. The dispersion of the QT intervals between the electrocar-
diographic leads is an indirect measure of the heterogeneity of ventricular depolari-
zation, and several studies suggest that an increase in QT dispersion is associated
with increased risk of arrhythmic events (Higham and Campbell 1994; Ménttiri
et al. 1997; Pye et al. 1994). Left ventricular hypertrophy is associated with
increased QT dispersion and increased mortality in hypertensive patients (Mayet
et al. 1996; Perkiomaiki et al. 1996). The athlete group was considered to be a model
of physiologic adaptive left ventricular hypertrophy, while the AAS group were
expected to have features of pathologic hypertrophy as well. As for the echocardio-
graphic findings, the LV mass was largest in the AAS group, but when related to
body surface area, the endurance athletes had 9% greater LV mass than the AAS
group. The septum diameter was identical in these two groups, but the posterior
wall was thicker in the AAS group than in the endurance athlete group. Both groups
had significantly higher values than the sedentary control group, for LV mass as
well as LV mass index and wall thicknesses. The main finding, however, was that
the endurance athletes had the longest QT intervals and the AAS group of power
athletes had the shortest, and the latter group also had the greatest amount of QT
dispersion, while the endurance athletes had the least. Even when adjusted for heart
rate, the QT interval differences were highly significant. The QT interval did not
correlate with LV mass, but it did so significantly with E/A ratio, a Doppler index of
altered diastolic function. The AAS group had significantly lower E/A ratio than the
endurance athletes. The authors believe the prolonged QT interval seen in the
endurance athlete group mainly is a result of enhanced vagal activity. It did not
seem that increased LV mass played any role in prolonging the QT interval. In fact,
the AAS group, despite their increased LV mass, had shorter QT interval and
increased QT dispersion. The authors believe this to be caused by LV hypertrophy
with altered myocardial structure. Their findings would suggest that the use of AAS
together with resistance training leads to an increased risk of malignant arrhyth-
mias.

In the absence of further human studies on the topic, it appears appropriate to
refer to some suggested mechanisms of arrhythmia from studies of rats exposed to
AAS. In a study by Pereira-Junior et al. (2006), treatment of rats with supraphy-
siologic doses of nandrolone decanoate for eight weeks showed impaired tonic
cardiac autonomic regulation, which the authors suggest may provide a key mech-
anism for anabolic steroid-induced arrhythmia and sudden cardiac death. Another
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nandrolone study, done in vivo on male rats by Phillis et al. (2007), administered a
high dose of the drug acutely, and potentiated ischemia-induced arrhythmia and
thereby decreased the proportion of rats surviving the ischemia. Though the study
does not identify the mechanism behind this finding, the authors speculate that
nandrolone may cause the release of intracellular calcium in a similar way to that
shown in skeletal muscle, and thereby explain the observed proarrhythmic effects.
They also refer to previous studies where other anabolic steroids have been shown
to inhibit the reuptake of catecholamines into extraneuronal tissues, thereby in-
creasing catecholamine concentrations at receptor sites. In a recent experimental
study by Rocha et al. (2007), in which rats were treated with supraphysiologic doses
of nandrolone decanoate, the investigators for the first time show that the combina-
tion of exercise and AAS causes an increase in the heart collagen concentration
associated with the activation of the cardiac renin—angiotensin system. These
pathophysiologic changes undoubtedly provide a patho-anatomic substrate that
may explain the increased propensity to the generation and continuation of malig-
nant cardiac arrhythmias.

Taken together, the use of AAS appears to confer an increased risk of life-
threatening arrhythmia leading to sudden death, albeit the underlying mechanisms
are still far from being elucidated.
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