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Abstract

Premature deaths in bodybuilders regularly make headlines and are cited as evidence that bodybuilding is a dangerous activ-
ity. A wealth of research has revealed elite athletes typically enjoy lower mortality rates than non-athletes, but research on
bodybuilder lifespan is surprisingly limited. Anabolic androgenic steroid (AAS) use is commonly cited as a key contributor
to morbidity and premature mortality in bodybuilders, but this area of research is highly nuanced and influenced by numer-
ous confounders unique to bodybuilding. It is quite possible that bodybuilders are at elevated risk and that AAS use is the
primary reason for this, but there remains much unknown in this realm. As global participation in bodybuilding increases,
and healthcare providers play a more active role in monitoring bodybuilder health, there is a need to identify how numerous
factors associated with bodybuilding ultimately influence short- and long-term health and mortality rate. In this Current
Opinion, we discuss what is currently known about the bodybuilder lifespan, identify the nuances of the literature regarding
bodybuilder health and AAS use, and provide recommendations for future research on this topic.

The literature on bodybuilder health is primarily based
on case studies and clinical surrogates, but there is little
direct epidemiologic evidence that bodybuilders are at
increased risk of adverse clinical outcomes.

“The doctors were against me—they said that working
out with weights would give people heart attacks...”—
Jack LalLanne, commenting on the response to his
opening a fitness center in 1936 [1].

Androgenic anabolic steroids (AAS) likely contribute
to morbidity and premature mortality in bodybuilders,
but it is difficult to disentangle AAS use from multiple
other bodybuilding-specific risk factors which may have
adverse effects on short- and long-term health.

In 2021, over two dozen professional competitive body-
builders died suddenly, along with a number of retired body-
builders under the age of 60 years (Table 1). This spate of
deaths has received much attention within the bodybuilding
world, but relatively little in the medical community. This
is especially concerning and relevant to healthcare provid-
ers, given that modern bodybuilders often seek guidance
from medical professionals in an attempt to minimize their
personal risk. Bodybuilding health and safety is an under
recognized public health issue, given that the sport attracts
male and female competitors of all ages and abilities from
around the globe.

Competitive bodybuilding has existed for nearly a cen-
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Table 1 Known list of national and international level bodybuilders reported to have died seemingly premature deaths from non-accidental

causes in 2021

Initials (nationality) Sex Date of death Age (years)

Reported cause of death

Notes

M.S. (UK) M January 18, 2021 50
L.B. (USA) F  January 22,2021 52
C.P. (South Africa) M January 23, 2021 50
A.H. (USA) M  March 19, 2021 54
S.K.A. (Pakistan) M April 7, 2021 41
M.H. (USA) M April 8, 2021 55
B.H. (USA) M April 11,2021 54
J.L. (India) M April 30, 2021 34
F.Z.H. (Saudi Arabia) M  May 8§, 2021 Not reported
L.M. (Trinidad and Tobago) M  May 8, 2021 58
S.K. (India) M  May 10, 2021 35
J.L (USA) F  July 18, 2021 49
S.H. (Iraq) M July 20, 2021 35
S.G. (USA) F  July 31, 2021 27
J.M. (USA) M August 8, 2021 49
A.H. (Czechoslovakia) F August 15, 2021 46
0.G. (Italy) M August 17,2021 Unreported
P.H. (USA) M  August 19, 2021 55
W.S. (USA) M August 22, 2021 56
M.M. (USA) F  August 24, 2021 28
G.P. (USA) M October 6, 2021 37
J.H. (USA) F  October 23, 2021 58
S.R. (Jamaica / USA) M  November 6, 2021 46
R.L. (Canada) F November 26, 2021 52
T.E. (UK) M  December 22,2021 55

Not reported
Suicide
COVID-19

Pulmonary embolism fol-
lowing elbow surgery

Heart attack

Heart attack (13 days earlier)

Not reported
COVID-19

Not reported
Renal failure
Heart attack

Seizure during sleep

Stroke
Heart attack

Pulmonary embolism

Diuretic abuse
Heart attack
Not reported
Not reported
Not reported
Not reported
Not reported
Heart attack
Colon cancer
Not reported

History of depression

Previous history of deep vein thrombosis
one year earlier

Heart attack after workout on March 26
after days of pain in chest and arm, plus
chills and fever

Collapsed while playing billiards

History of epilepsy
History of renal failure

Preparing for competition in 4-6 weeks
Heart attack 18 months earlier

Hours before competition

Days after competition

History of kidney disease

1 day before Mr. Olympia competition

All information was gathered via internet news sources

bodybuilding should benefit health since it focuses on physi-
cal activity and “optimal” nutrition. Indeed, current evidence
suggests that resistance training is associated with reduced
all-cause mortality rates, and likely reduces cardiovascu-
lar risk [3]. However, elite athletes in other strength-based
sports do not enjoy a major benefit of longevity, especially
compared to endurance athletes [4—6]. Bodybuilders engage
in extremely high volume and intensity strength training
exercise and adopt unusual dietary behaviors, both of which
may set them apart from other strength-based athletes. It
is unclear how the combination of all of these factors ulti-
mately influences health and mortality at the population
level.

While 2021 seemed to be unusual in the high number
of deaths that year and is not necessarily representative of
other years, reports of premature death (i.e., before the age
of 50 years) in high-profile bodybuilders are common. The

seemingly high rate of premature death is a common topic of
discussion within the bodybuilding community but is rooted
in anecdotal case series rather than epidemiology. One must
also consider that many famed bodybuilders are still alive
and well in their 70s and beyond (e.g., Arnold Schwarzeneg-
ger, Lou Ferrigno), while others from that era have died in
their late 70s or 80s (e.g., Dave Draper [7], Chris Dickerson
[8]). Regardless, anabolic androgenic steroid (AAS) abuse
is commonly cited as a key contributor, if not the primary
factor, in the premature deaths in bodybuilding. While this
may indeed be the case, there is surprisingly limited direct
evidence for this. Here, we present an overview of suspected
risk factors for premature death in bodybuilders, describe
the nuances of the literature, and present suggestions for
future research.
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2 The Role of Anabolic Androgenic Steroids

Bodybuilders frequently partake in drug abuse to achieve
their exaggeratedly massive and lean physiques. Incidence
of AAS use has been reported to be 54-76% and 10-40%
in male and female competitive bodybuilders, respectively
[9-11]. There is a wealth of information that AAS will
increase muscle mass but will also have deleterious health
effects [12].

2.1 Drug Testing in Bodybuilding (or Lack Thereof)

An apparent lack of drug testing in competitive bodybuild-
ing has enabled a culture where bodybuilders openly engage
in polypharmacy (taking various cocktails of appearance/
performance enhancing drugs, e.g., [13]). This is in stark
contrast to that of other sports, in which athletes generally do
not admit to intentional drug use even after testing positive
for banned substances [14]. The premier governing body for
competitive bodybuilding, the IFBB, has policies regarding
drug testing which conform to the World Anti-Doping Asso-
ciation (WADA) Code. However, in recent decades these
rules appear to have been minimally enforced. The IFBB and
its member affiliates host > 6000 competitions annually, but
the most recently available WADA report (2018) indicates
that they only submitted a total of 171 samples for analysis
[15]. For comparison’s sake in other similar sports, the Inter-
national Powerlifting Federation submitted 787 samples, and
the International Weight-Lifting Federation submitted 3238
samples.

2.2 Cardiovascular Risks from AAS

A detailed review of the multi-systemic effects of AAS on
surrogate measures of health is beyond the scope of this
paper, since premature death is our primary outcome of
interest. Nonetheless, it is important to briefly review the
effects of AAS on the cardiovascular system since many
of the recent deaths were cardiovascular in nature. Several
studies have demonstrated that AAS unfavorably influences
known cardiovascular disease risk factors. For example,
AAS have been demonstrated to markedly reduce high den-
sity lipoprotein (HDL) cholesterol and increase low density
lipoprotein (LDL) cholesterol in bodybuilders and power-
lifters [16, 17], and increase homocysteine in bodybuilders
[18]. There are numerous studies reporting that AAS abuse
is associated with elevated blood pressure, but also many
reports showing no effect. The nuances of these conflicting
findings were reviewed by Achar et al. [19].

2.2.1 Cardiac Hypertrophy with Cardiac Dysfunction

The recent Health risks of Anabolic Androgenic steRoid use
by maLE aMateur athletes (HAARLEM) study examined
male AAS users in a gym and reported that one cycle of
AAS is associated with unfavorable cardiac function, blood
lipid profile, and various other risk factors [20, 21]. Though
insightful, these studies lack a control group of non-AAS
users [22]. These findings may not represent high-level
bodybuilders. Of the 111 male AAS users initially enrolled,
only 19% were competitive bodybuilders and the entire sam-
ple only performed a median of 4 training sessions per week
(which is lower than most competitive bodybuilders [23]).

Cardiac hypertrophy is typically present in bodybuilders
and other athletes and is suspected to be pathological when
facilitated by AAS. D’Andrea et al. [24] showed that septal
and posterior wall thickness, left ventricular mass and stroke
volume were statistically greater in both, AAS-using (at least
5 years of use, n=20) and non-using (n=25), top-level
bodybuilders compared to age-matched sedentary healthy
controls. These parameters did not differ between AAS users
and non-users. However, only the AAS-users showed evi-
dence of subclinical systolic and diastolic dysfunction, and
this was related to cumulative AAS exposure. Non-users had
lower maximal systolic blood pressures and greater perfor-
mance during a maximal cycle ergometry test. Likewise,
Baggish et al. [25] reported cardiac dysfunction (but simi-
lar cardiac structure) in a small sample of non-competitive
strength-trained AAS users (n=12) compared to non-users
(n="7). Cardiac dysfunction in that sample was more severe
than reported in other studies which examined AAS-using
competitive bodybuilders [24, 26], and the authors suggested
this may be due to the elite bodybuilders having greater
overall health than the non-competitive sample [25]. Fyksen
et al. reported AAS users had greater hematocrit, interven-
tricular septum and left ventricular posterior wall thickness
(with only AAS users having concentric hypertrophy), and
reduced aerobic exercise capacity, left ventricular ejection
fraction, and HDL cholesterol compared to strength-trained
AAS non-users [27]. Ismail et al. [28] and Dickerman et al.
[29] also reported an increase in left ventricular mass and
wall thickness in AAS-using bodybuilders (Ismail et al.,
n=15, Dickerman et al., n=_8) compared to non-using body-
builders (Ismail et al., n =8 Dickerman et al., n=_8), as well
as a decreased right (but not left) ventricular ejection frac-
tion [28] and ventricular compliance [29].

Impaired cardiac function in AAS users shares some
commonalities with hypertrophic cardiomyopathy (HCM).
Grandperrin et al. found that AAS-using bodybuilders had
greater left ventricular wall thickness than non-using control
athletes (non-bodybuilders), but less than asymptomatic ath-
letes (non-bodybuilding) with HCM [30]. Anabolic andro-
genic steroid-using athletes also had many anatomic and
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functional characteristics in common with HCM, such as
decreased cardiac work efficiency, but some key regional
differences in cardiac function differentiated between the
AAS users and HCM athletes [30]. However, it should be
noted that many individuals from each group had consider-
able individual overlap in cardiac work parameters. These
findings provide some interesting insights in that cardiac
phenotype in AAS-using bodybuilders has similarities to
HCM, but it is not clear if such would be the case for AAS
non-using bodybuilders.

2.2.2 Cardiac Hypertrophy Without Dysfunction

The studies above provide a convincing case that AAS use
has deleterious effects on cardiac function in bodybuild-
ers and other strength-trained athletes. However, there
are some conflicting findings to consider. Thompson et al.
found no differences in cardiac dimensions and generally
similar cardiac function between AAS-using (n=12) and
non-using (n=11) weightlifters (with >3 years of training
history) [31]. Non-significant increases in left ventricular
compliance were observed in the AAS-using weightlifters
compared to non-users, which conflicts Dickerman et al.’s
findings [29]. Barbosa Neto et al. [32] reported statistically
significantly greater interventricular septal thickness, left
ventricular mass and posterior wall thickness in AAS-using
versus non-using bodybuilders, but no differences in ejec-
tion fraction. Dickerman et al. [33] also reported significant
left ventricular hypertrophy without diastolic dysfunction
in elite strength trained athletes (bodybuilders and power-
lifters). Salke et al. [34] reported no differences in cardiac
dimensions between AAS using (n=15) and non-using
bodybuilders (n=15), although both had greater ventricu-
lar and septal dimensions than sedentary controls. Systolic
function during resistance training and maximal-intensity
aerobic exercise did not differ between AAS using (n=9)
and non-using (n=15) bodybuilders [35]. The acute cardiac
functional responses to resistance training exercise also
appear to be similar between AAS users and non-users [36].

2.2.3 Methodological Considerations

It is understandable that studies comparing AAS-using
versus non-using bodybuilders are often limited by small
sample sizes, but this is nonetheless important to consider
when interpreting results. This is especially so, given that
numerous, sometimes inter-related, cardiac parameters are
typically examined within a given study, and many (not all)
of these studies do not report if statistical adjustments to
account for multiple comparisons were performed. Thus, it
is uncertain if reports of statistically significant differences
between AAS-users and non-users are due to chance (Type I
error), and if a lack of significant differences in other studies

is attributable to underpowered studies (Type II error). Con-
flicting results between studies may be attributed to lack
of blinding [19], and also differences in measurement tech-
niques [37]. Additionally, AAS users commonly use other
drugs, which can impair cardiac function. Many (>20%)
of the participants in the HAARLEM study [22] and most
of the AAS users in Fysken et al. [27] used other anabolic
agents (e.g., human growth hormone (hGH)), medications
(e.g., thyroxine, ephedrine), and recreational drugs (e.g., nic-
otine, cocaine, amphetamines). Most studies examining the
effects of AAS do not account for these drugs, which makes
it difficult to isolate the effects of AAS [19], as described in
Sects. 3 and 4.

The magnitude of cardiac hypertrophy in bodybuilders
must also be interpreted cautiously, since common normal-
ization methods are rooted in formulae which are highly
nuanced. Cardiac mass is generally reported in terms of
lean body mass (or fat-free mass) and/or body surface area
(BSA). Numerous methods exist to estimate body compo-
sition (e.g. skinfold testing, underwater weighing, various
medical imaging procedures, bioelectrical impedance, etc.)
and each is built around various assumptions and produces
different results [38]. A cross-sectional study of 27 body-
builders computed fat-free mass using eight different body
composition methods and reported means ranging from 65.5
to 69.1 kg, depending on method (and 62.0 kg using esti-
mations based on body mass index (BMI), i.e. height and
weight alone) [39]. Skinfold tests and bioelectrical imped-
ance estimated body fat percentage with approximately + 8%
difference than the reference standard four-compartment
model [39]. BSA is estimated using various formulae (most
commonly that published by DuBois and DuBois in 1916
[40, 41]) and is based exclusively on height and weight (and
occasionally sex) from specific populations [42]. There is
concern that BSA may not be appropriate for obese individu-
als or others with atypical anatomic proportions (e.g. obese
and anorexic individuals) [43, 44]; thus it seems plausible
that existing BSA calculations would not accurately translate
to bodybuilders. Body surface area normalization is recog-
nized to be problematic in cardiac measurement of athletes
in general [45]. Different normalizations may provide dif-
ferent conclusions. For instance, a study comparing elite
Olympic weightlifters (mass 62-94 kg) to weight-matched
recreational controls found no statistically significant differ-
ences in left ventricular mass without scaling (4.3% greater
in weightlifters, p=0.33), with height*’ scaling (8.6%,
p=0.11), or BSA!? scaling (0%, p=0.82), but did find a sig-
nificant difference between groups when using dual-energy
X-ray absorptiometry (DXA) fat-free mass normalization
(11.3%, p=0.01) [37]. When comparing current AAS abus-
ers (n=37) versus controls (n=230), left ventricular mass
was 38.3% greater in AAS users when reported without scal-
ing, 33.7% when scaled to BSA, and only 17% when scaled
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to DXA fat-free mass [46]. Thus, different scaling methods
can amplify or diminish between-group differences in car-
diac mass, and it is unknown how this would be affected if
different BSA formulae or body composition methods were
used for normalization.

2.2.4 Reversibility of Deleterious Effects of AAS

It is important to recognize that at least some of the unfa-
vorable cardiovascular changes associated with AAS appear
to be reversible, which calls into question their significance
(or magnitude of influence) in the long-term health of
bodybuilders. There are studies which report that changes
in cardiac function persist for at least 9 weeks after discon-
tinuation [47], but longer-term follow-up suggests that this
time frame is too short to observe reversibility. The multi-
ple cardiovascular changes (i.e., left ventricular hypertro-
phy, impaired systolic and diastolic function) observed in
the HAARLEM study completely reversed to baseline levels
3-12 months following discontinuation of AAS use [21].
Moreover, baseline cardiovascular parameters did not differ
between individuals who had never used AAS previously
compared to those with a history of AAS use. This is con-
sistent with other studies in which current AAS users had
impaired cardiac function compared to both past AAS users
and individuals who never used AAS [48]. Reversibility has
also been observed in case series, such that cardiac function
improved 5 months after AAS were discontinued [49]. How-
ever, Rasmussen et al. reported some indicators of systolic
dysfunction persisted in former AAS users (n =33, mean
30 months post-cessation), although left ventricular mass
was similar to resistance-trained controls (n=30), and lower
than current AAS-users (n=37) [46].

The reversibility of AAS-related cardiac changes sug-
gests that health risks may be greatest at the time of use.
As such, longer AAS cycles may be associated with greater
risk. Data from HAARLEM are limited to one AAS cycle,
and it is unknown how cumulative exposure to multiple
cycles ultimately influences cardiovascular risk. Many of
the other studies comparing AAS-using versus non-using
bodybuilders and strength athletes are performed at a time
of AAS use, with some even requiring confirmation with
urinary metabolite quantification. Thus, it is difficult to
know which deleterious changes would persist (and at what
magnitude) following cessation of AAS use. Indeed, it is
possible that multiple AAS exposures over the course of
many years could result in progressive irreversible changes
(e.g. atherosclerotic lesions, glomerular damage), and cause
other non-cardiovascular pathologies (e.g., hepatocellular
adenomas and carcinomas [50-54] and other cancers). For
instance, impaired testosterone levels, reproductive function,
and psychological health may last for months or years fol-
lowing cessation of AAS [55, 56]. However, indicators of

liver dysfunction associated with AAS use return to normal
within 1 year of AAS discontinuation in most, but not all
strength-trained athletes [57]. Regardless, the lack of epide-
miologic data in the AAS-using and non-using bodybuilding
populations precludes an accurate assessment of long-term
health risks.

2.3 AAS, Morbidity, and Mortality in the Context
of Other Athletic Populations

It is tempting to attribute “heart attacks” and other seem-
ingly untimely deaths to bodybuilding-specific practices, but
sudden death in athletes can happen for various reasons [58].
Numerous case reports have attributed morbidity/mortality
in bodybuilders to AAS use and/or other drugs [49, 59-65],
and indeed AAS may be the culprit in many of these. There
exist instances of AAS-using bodybuilders with significant
cardiac morbidity who deny using anabolic agents or drugs
(e.g., no growth hormone, anabolic beta agonists, etc.) [66],
but these cases are rare. As such, most case reports and
series do not provide: (1) information on how common these
events are, and (2) definitive evidence of cause-and-effect
for any one specific contributor or differentiate between
contributors (e.g., AAS and/or polypharmacy practices vs
extreme protein intake vs extreme resistance exercise train-
ing; see Sects. 3 and 4).

Case reports about coronary and thromboembolic events
in bodybuilders generally assume that AAS were the pri-
mary contributors to such events. However, one must also
consider that similar adverse outcomes can happen in pre-
sumed non-AAS using athletes. There are a number of case
reports of well-trained marathon runners with a low-risk
of cardiovascular disease (e.g., normal blood lipid profile,
no history of smoking, etc.), having clinically significant
coronary artery disease [67-70]. Likewise, thromboembolic
events have been associated with AAS in bodybuilders, but
have also been reported during training and following com-
petition in healthy and fit runners with low cardiovascular
disease risk [71, 72]. Numerous cases of venous thrombo-
embolism have been identified in professional athletes in
various other sports and have been attributed to various risk
factors (e.g., frequent air travel, family history, trauma) [73],
but AAS use has generally not been suspected in these popu-
lations. Multiple factors contribute to thromboembolism in
physically active individuals, including dehydration, heat
exposure, and extreme exercise [74].

It seems inappropriate to blindly assume that coronary
or thromboembolic events in bodybuilders are a direct
consequence of AAS, when they are well-documented in
other athletes who are seemingly at low risk of cardiovas-
cular disease. The nearly exclusive focus on AAS may dis-
tract attention from other potential modifiable health risks
in bodybuilding (such as those described in Sect. 3). We
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must emphasize that sudden cardiac death and other cardio-
vascular events are relatively rare in seemingly otherwise
healthy athletes, but they do occur frequently enough to be
a topic of study. Indeed, it is very possible (or even likely)
that AAS use is a significant contributor to cardiovascular
adverse events in bodybuilders, and the rate of cardiovas-
cular morbidity and mortality in AAS-using bodybuilders
may be far higher than in these other athletic populations.
However, there are currently insufficient data to determine
the magnitude that AAS contribute to this, and it is therefore
necessary to explore other risks.

3 Potential Other Health Risks
for Bodybuilders

It is clear that AAS have a deleterious effect on various
aspects of health and are connected with increased mortal-
ity rates in the general population. However, it is difficult

to separate AAS themselves from polypharmacy practices
and broader issues related to substance abuse (including
unmanaged psychiatric illness and greater engagement in
risk-taking behavior). While it is quite possible drug abuse
is a primary factor behind the seemingly high rate of pre-
mature death in bodybuilders, focus on intentional drug
use may overshadow some other important contributors
to morbidity and mortality in bodybuilders. Bodybuilding
represents an extreme lifestyle, and multiple aspects of it
may be detrimental to health (Fig. 1).

3.1 Extreme Strength-Training Exercise

It must be emphasized that the health benefits of exercise
training far outweigh the risks. Indeed, a 2012 systematic
review (V=7 studies, with at least three participants in one
study using AAS) concluded that elite weightlifters had
enhanced systolic function [75], and other studies examin-
ing highly trained weightlifters report enhanced diastolic

[

’ Extreme Exercise ‘ |

Impaired Psychological Health

’ High Protein Intake ‘

Altered Cardiac Structure and

Function

’ Sports Supplements ‘

Natural Bodybuilders

’ Weight Cycling ‘

’ Atherosclerosis / Thrombosis ‘

’ Anabolic Steroids ‘

Increased
Mortality Rate?

’ Kidney and/or Liver Dysfunction ‘

’ Growth Hormone ‘

Typical Elite Professional Bodybuilders

Other Performance- ’

Neurologic Dysfunction ‘

Enhancing Drugs

Recreational Drugs } ’

Injection-Related Pathology ‘

Fig.1 Factors which may contribute to morbidity and premature
death in bodybuilders. There is little epidemiologic research investi-
gating significant morbidity and mortality in bodybuilders, but case
reports and anecdotal evidence suggest a number of causes. These
include myocardial infarction, cardiomyopathy, heart failure, pul-
monary embolism, kidney failure, epilepsy, and suicide. Androgenic
anabolic steroids (AAS) are commonly cited as the primary cause of
morbidity and mortality in bodybuilders, but many other factors can
also influence short- and long-term health and clinical outcomes in
all bodybuilders. Each individual factor may contribute to pathology,

Socioeconomic
Factors

and it is possible that there are additive or synergistic effects. Genet-
ics likely modulate the magnitude of pathology/morbidity for each
individual risk factor. Socioeconomic factors (e.g., education level,
access to high-quality healthcare) may influence whether pathology
results in premature death. It should be noted that this figure focuses
on suspected pathology/health risks of bodybuilding behaviors, but it
is also possible that some behaviors could be beneficial (e.g., extreme
weight training might improve overall health, some supplements or
drugs may provide protective effects)
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function [76]. However, exercise can sometimes be associ-
ated with cardiovascular adverse events. There is evidence
that extreme endurance exercise training is associated
with cardiac abnormalities, although the clinical signifi-
cance of these are unknown [77]. Less is known about the
long-term effects of extreme strength training practices by
bodybuilders.

Heavy resistance training exercise produces extremely
high systolic and diastolic blood pressure, with measures
as high as 480/350 mmHg reported in the literature [78].
High pressures likely contribute to left ventricular hyper-
trophy in strength-trained athletes [79]. These changes are
not inherently pathologic [80—83], but it is possible that the
extreme training that bodybuilders engage in could trigger
some deleterious remodeling. It is also possible that indi-
viduals with pre-existing cardiovascular vulnerabilities (e.g.,
valvular deficiencies, abnormal coronary artery structure or
function, genetic predisposition for hypercoagulability, etc.)
who may not experience adverse events from typical exer-
cise training could develop serious pathology from extreme
bodybuilding training.

Bodybuilding health and risk factors have generally been
studied in elite, AAS-using individuals, which makes it dif-
ficult to disentangle the effects of extreme weight training
exercise from AAS use. There is some research compar-
ing differences in cardiac risk surrogates between AAS-
using versus natural bodybuilders [84], but such studies
are relatively uncommon and limited by small sample size.
As described in Sect. 2.2.2, Thompson [31] and D’Andrea
et al. [24] both report a similar magnitude of cardiac hyper-
trophy in AAS user and non-user weightlifters and body-
builders. Basic science studies have demonstrated that AAS
can directly influence the myocardium, but it is also pos-
sible that AAS and other drugs simply allow for increased
resistance training intensity, and such extreme training is
what ultimately drives deleterious cardiac remodeling and
dysfunction.

Longitudinal studies of American-style football players
provide some insight on the cardiac effects of high-load
resistance exercise. In a longitudinal study, players who
reported not using AAS demonstrated concentric left ven-
tricular hypertrophy and impaired left ventricular diastolic
function over 3 months [85]. A similar study found signifi-
cant increases in left ventricular mass, interventricular sep-
tal thickness, relative wall thickness in first-year collegiate
players [both linemen (n=64) and non-linemen (n=49)]
over a season, with none of the players testing positive for
AAS during routine drug testing [86]. However, concentric
left ventricular hypertrophy was almost exclusively found in
the linemen (20 of 64, compared to 1 of 49 non-linemen). A
3-year longitudinal study (AAS use not specified) showed
progression of concentric left ventricular hypertrophy and
unfavorable changes in cardiac diastolic function and arterial

function [87]. However, it is possible that other football-
specific factors, such as repeated impacts, could influence
cardiovascular function. These studies also attempted to
control AAS use, but it is possible that AAS-using athletes
may not have reported this or may not have been selected for
routine drug testing. Regardless, these findings have much
in common with those reported in AAS-using bodybuilders
(see Sect. 2.2.1) and emphasize the need to consider that
extreme resistance-training exercise itself (or perhaps high-
intensity isometric loading) may be a contributor to deleteri-
ous changes in cardiac structure and function.

3.2 Extreme Dietary Practices

Competitive bodybuilders engage in extreme dietary prac-
tices, and these vary substantially between each phase of
their seasonal schedules. Bodybuilding training can be
divided into broad phases of off-season, pre-competition,
and competition [88-90]. The off-season phase focuses on
maximizing muscle hypertrophy (“bulking”) through peri-
odized training combined with very high protein intakes
[10, 88]. The pre-competition phase is designed to gradu-
ally reduce fat mass (“cutting"), which is achieved through
aerobic exercise and altered macronutrient intake [10, 88].
The competition phase, known as “peak week,” optimizes
bodybuilding-specific aesthetics (i.e., muscle definition)
through dehydration and other techniques [8§9-91]. Dif-
ferent types of drugs and supplements may also be used
to achieve the goals of each phase [88].

3.2.1 Dietary Protein Intake

The relationship between protein intake and kidney dys-
function or disease is a highly nuanced area of research and
often involves surrogate outcomes (i.e., estimated glomer-
ular filtration rates), which are open to interpretation [92,
93]. There is epidemiologic evidence showing high protein
diets and certain types of protein (e.g., from red meat) are
associated with impaired renal function [94, 95]. Large epi-
demiological studies have linked higher protein diets (gener-
ally 1.0-1.7 g/kg/day) to impaired renal function and kidney
disease within the general population [96], but such epide-
miologic investigation has not been done in strength trained
athletes or bodybuilders.

Bodybuilders often consume substantial quantities
of dietary protein (1.9-4.3 g/kg body mass/day for men,
0.8-2.8 g/kg/day for women) [97], which exceeds recom-
mendations for strength-trained athletes (1.4-2.0 g/kg/day)
[98—100]. Some individuals may consume even greater
amounts, as exemplified in a case report of a novice body-
builder who consumed 750 g of protein per day [101]. The
unique protein requirements for elite bodybuilders have not
been studied, so it is unclear if such high protein intake is
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excessive or necessary for success [102]. Regardless, there is
concern that these high intakes adversely affect renal health
in bodybuilders [93, 96]. A number of studies have found
that prescription of a very high protein diet (3.0-4.4 g/kg
body mass/day, for between 8 weeks and 1 year) does not
adversely change biomarkers of kidney and liver function in
healthy resistance-trained individuals [103—-106].

Some case reports have suggested that whey protein sup-
plementation was a causative factor for coronary events
[107, 108], although the causative nature of these claims is
difficult to substantiate. A case series of 5 non-AAS using
otherwise healthy males describes new onset of acne follow-
ing ~ 6 months of regular whey protein consumption [109],
and another case series reports similar effects in five ado-
lescent patients [110]. These acne cases do not represent
severe morbidity but are provided to demonstrate undesira-
ble effects of whey protein, which could have otherwise been
attributed to AAS [111]. One high-profile case of an amateur
female bodybuilder was widely attributed to excess protein
supplement intake; however, she did not know that she had
a rare (1 in 8000 people) genetic disorder that made her
susceptible to toxic effects from a high protein intake [112].

Thus, there are indications that excessive protein can
have deleterious effects on bodybuilder health, but the lack
of available epidemiologic data suggests bodybuilders are
not at increased risk of kidney disease. Ali et al. identified
15 bodybuilding patients who required a diagnostic kidney
biopsy from 2011 through 2019 but estimated that the risk
of kidney disease in bodybuilders was the same as that of
the general population [113]. The one exception to this was a
higher likelihood of nephrocalcinosis in bodybuilders, attrib-
utable to veterinary-grade vitamin D injection (1 case per
314 injectors) [113]. Further epidemiologic study of severe
kidney disease in current and former bodybuilders is needed.

3.2.2 Weight Cutting and Weight Cycling

A systematic review reported that male and female body-
builders typically lose 5-7 kg and 3—6 kg of total body mass,
respectively, for competition [97]. However, there is con-
siderable variation in weight loss reported between studies.
For example, Andersen et al. [114] reported a mean loss of
8.4 +9.3 kg of body mass in 26 natural female bodybuilders
(mean total body mass 55.5 + 6.4 kg) over the course of a
season. Fifteen percent of these female competitors reported
losing > 9.5 kg at least one time, and 2% reported losing
5-9.1 kg on at least 4 occasions throughout their career
[114]. Binge eating is common after these competition peri-
ods and causes athletes to gain back a similar amount of
mass [114, 115]. The dangers of this are demonstrated by a
case report of life-threatening hypokalemia and rhabdomy-
olysis in a 28-year-old bodybuilder who gained 10 kg in a
4-day eating binge shortly after a competition [116]. Another

example has been reported for a different 28-year-old body-
builder, who developed similar health issues after losing
19 kg prior to a bodybuilding contest and then consuming
800 g of carbohydrates daily for 5 days [117]. This “refeed-
ing syndrome” might account for some of the deaths which
happen within a week after a bodybuilding competition (of
which there is one reported in Table 1, O.G.).

Rapid weight loss in sports is achieved through a com-
bination of dietary practices, thermal stress, and/or diuretic
usage. There are several documented cases of sudden death
attributable to rapid weight loss, using a combination of
intentional dehydration and thermal stress [118—120]. Severe
effects of diuretic misuse have been reported in bodybuild-
ers [121], with one case report describing a furosemide-
induced 5-6 kg water loss 48 h before a competition leading
to hypokalemic paralysis [122]. It is reasonable to suspect
that bodybuilding deaths immediately before or after a com-
petition could be a direct result of extreme weight cutting
practices—attributable to extreme dehydration and/or major
disturbances in micronutrient balance. Table 1 includes one
female bodybuilder (A.H.) who died following diuretic
abuse and one male (G.P.) who died 1 day before competi-
tion. However, these do not account for the deaths which
occur outside of peak week or in former bodybuilders.

It is possible that repeated bouts of body mass loss and
gain (“weight cycling”) can adversely affect long-term
health [123], but direct evidence of this in athletes, let alone
bodybuilders, is limited. Epidemiological studies exam-
ining the health effects of weight cycling generally come
from obese patients and the general population and focus
on surrogate outcomes (e.g. body composition, blood pres-
sure, blood biomarkers) rather than morbidity and mortal-
ity [123]. The limited long-term research in weight cycling
athletes suggests there may be some impact on metabolism
and body composition [120], but findings are inconsistent.
There is no research clearly showing a history of weight
cycling increases the likelihood of morbidity or mortality
later in life in any athletic population. Thus, there is not a
convincing case for weight cycling to be a key risk factor
for unexpected deaths outside of the competition phase or
in retired bodybuilders.

3.2.3 Supplement Use

Bodybuilders typically use numerous supplements
[124-127], which makes it difficult to isolate the effects of
any one supplement from the interactions of multiple supple-
ments, especially when combined with AAS. Supplementa-
tion can far exceed (i.e.,> 1000%) the recommended daily
allowance for various micronutrients [97, 128].
Bodybuilding supplements are commonly cited as a cause
of morbidity. There is one case report of venous thromboem-
bolism in a 24-year-old strength-trained individual who was
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ingesting 20 g of creatine in preparation for a bodybuilding
competition [129], and other similar cases of severe renal
dysfunction in otherwise healthy young adults [130—133].
Such case reports assume a cause-and-effect relationship,
yet a wide body of research indicates that creatine is safe
at the levels ingested [134]. Thus, it is uncertain if creatine
may be unsafe under certain conditions (i.e., rare genetic risk
factors) or if morbidity is related to other unrecognized fac-
tors. Branched chain amino acids (BCAA) are often used by
bodybuilders and other athletes seeking to gain muscle mass,
but emerging basic science [135] and clinical research sug-
gest BCAA supplementation can promote thrombosis and
other adverse effects [136]. However, there is no strong evi-
dence to suggest BCAA supplements are causing significant
adverse effects in athletes.

Bodybuilding supplements may also be contaminated
with various drugs. Bodybuilders often intentionally seek
out these supplements as an easy way to obtain pharma-
cologically active compounds, but unsuspecting fitness
enthusiasts may also take such supplements hoping for a
“natural” boost [137]. For example, selective androgen
receptor modulators are banned by WADA, but were sold
online as “green tea extract” and face moisturizers, even
though the full pharmacological effects of the substances
were unknown [138]. Likewise, tamoxifen (a drug used for
breast cancer treatment) has been found in commercially
available supplements [137]. Another study found multiple
supplements sold in the USA contained stimulants such as
1,3-dimethylbutylamine (DMBA) and 1,3-dimethylamyla-
mine (DMAA) [139]. At the time, DMBA had never been
studied in humans, and DMAA had already been associated
with cardiomyopathy, stroke, and death in humans (though
difficult to prove a causation) [140]. The US Food and Drug
Administration (FDA) has offered numerous warnings
regarding contaminated bodybuilding drugs [141]. Analysis
of 24 different dietary supplements targeted at bodybuilders
in the UK revealed 23 contained AAS (including 12 with
controlled substances) [142].

The dangers of contaminated supplements are evident in
a2004-2013 multi-state registry study, which prospectively
identified 44 patients who experienced severe liver injury
from bodybuilding supplements and 85 from non-bodybuild-
ing supplements [143, 144]. Of those from bodybuilding
supplements, 14 patients provided their supplements for
chemical analysis; AAS were found in supplements pro-
vided by nine of these patients, but no AAS were identified
in supplements from the other five patients [144]. A num-
ber of other dietary supplements have been linked to liver
injury [145-148]. Thus, it seems clear that at least some
dietary supplements can influence the long-term health of
bodybuilders, but this is dependent upon dosage, contami-
nants, and interactions with other pharmacologically active
substances.

3.2.4 Injections

Bodybuilders perform intramuscular injections for drug
delivery (e.g., AAS, insulin, hGH, etc.) and for directly
enhancing muscle appearance (i.e., oils to increase volume)
[149], and this could increase risk of infectious disease.
Prior to the introduction of recombinant hGH in 1985, hGH
was only obtained from cadaver pituitaries. It was discovered
that the supply was contaminated with the prion causing
Creutzfeldt-Jakob disease, which left hGH-abusing athletes
susceptible to infection [150]. Recombinant hGH has elimi-
nated this risk, but poor needle-sharing practices could place
bodybuilders at risk for other blood-borne diseases. Case
reports in the 1980s and 1990s describe bodybuilders who
became infected with HIV from sharing needles for AAS
injection [151-153]. Similar cases exist for hepatitis C virus
transmission in weightlifters [154].

The prevalence of HIV and viral hepatitis, as well as
unsafe needle-sharing behaviors, have been studied in popu-
lations which inject performance-enhancing drugs. A cross-
sectional survey of 395 men who used injectable perfor-
mance-enhancing drugs found 1.5% had HIV and ~5-10%
had viral hepatitis antibodies [155]. Similarly, a study of
63 (n=23 bodybuilders) injectable-AAS users in Australia
revealed ~ 10% prevalence for hepatitis C and ~ 12% for
hepatitis B antibodies; however, these users did not share
needles for AAS injection (but did for other drugs) and hepa-
titis was attributable to other high-risk behaviors [156]. In a
similar study, injectable AAS users also reported not sharing
needles, but did share multi-dose vials and used syringes
to partition drugs—both risk factors for hepatitis and HIV
[157]. However, these findings are not specific to bodybuild-
ers. Current literature reveals bodybuilders share needles
for AAS at a drastically lower rate (at least tenfold) than
intravenous drug users (e.g. heroin addicts) and generally
practice good hygiene for injections [158]. Thus, the risk for
blood-borne viral infection from AAS and other injectable
performance enhancing drugs is likely to be relatively low
for most (but not all) bodybuilders. However, injectable oils
and AAS can cause severe abscesses (which, in rare cases,
can lead to septic shock [159]), pain, myositis, and compart-
ment syndrome [149, 160-166]. There is little epidemiologic
information regarding significant mortality or life-threaten-
ing morbidity from bodybuilding-related injections, but it
should still be considered as a potential risk factor.

4 Challenges of Identifying Primary Risk
Factors in Bodybuilders

As described throughout, bodybuilding involves a combina-
tion of multiple extreme behaviors, and it is possible that
each of these factors can influence health independently of
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one another. Likewise, it seems likely that the interaction
of all of these practices can greatly exacerbate risk. For
instance, the potential deleterious effects of a high protein
diet may be exacerbated by dehydration and AAS-related
cardiovascular dysfunction (e.g., hypertension, increased
hematocrit, etc.). Causation is not just an academic ques-
tion; while elite bodybuilders may continue to perform all
of these extreme behaviors together, non-competitive recrea-
tional bodybuilders and fitness enthusiasts may only partake
in a few of these behaviors (e.g., using AAS but not con-
suming a cocktail of supplements and other drugs, or vice
versa; performing extreme resistance exercise with a high
protein diet, but not using AAS or other drugs). As such,
it is worthwhile to determine how each of these extreme
behaviors influence health.

Much of the literature on bodybuilder morbidity and mor-
tality consists of case series and case reports. However, it
is difficult to determine if any one factor is causative. This
is epitomized by a case report which describes myocar-
dial infarction in a 26-year-old male novice bodybuilder
[101]. The patient began bodybuilding training 2 months
earlier, but was training 4 h per day, consuming 500 g of
whey protein per day in addition to 250 g of dietary pro-
tein, while also taking an appetite suppressant (and lost 6 kg
body mass in the previous 2 months), branched chain amino
acids supplement, and a mixture of anabolic steroids [101].
The patient’s body mass was unreported, but his BMI was
21.5 kg/m? — so assuming a very conservative estimate of
body mass of 90 kg, he was consuming at least 8.3 g/kg pro-
tein per day. He also had hepatitis A and was treated for this.
It is nearly impossible to know if his outcome would have
been different if he either did not use AAS or had a lower
protein diet. Another case report describes a 32-year-old
competitive bodybuilder who experienced rhabdomyolysis
and fulminant liver failure with nearly fatal encephalopathy,
but seemingly in the absence of AAS use [167]. The patient
was taking dozens of different drugs (including multiple ana-
bolic agents, but not AAS specifically) and supplements, but
not recreational drugs [167].

There are dozens of papers attributing AAS use to mor-
bidity or mortality in bodybuilders, but numerous potential
confounders specific to bodybuilding are not reported. The
lack of adequate patient history reporting is demonstrated
in the literature examining kidney disease in bodybuilders.
A 2022 systematic review identified 13 papers (case stud-
ies and case series) which describe acute or chronic kidney
injury or disease in a total of 75 bodybuilders [168]. Across
studies, there is inconsistent reporting of protein intake and
history of AAS, vitamins (and other supplements), diuret-
ics, or nonsteroidal anti-inflammatory drug(NSAID) use.
Though many of the cases were attributed to AAS use, two
of the case reports involved young (aged 19 and 24 years)

males who denied using AAS, diuretics, and NSAIDs [133,
169].

5 Mortality Risk

There is little high-quality research directly examining the
connection between AAS and morbidity/mortality rates
in bodybuilders or other competitive athletes. However,
research outside of the bodybuilding population may pro-
vide some insight into the relationship between AAS and
premature death.

5.1 Elevated Mortality Rates in Confirmed AAS
Users

Some of the best evidence for a connection between AAS
and mortality arises from research conducted in countries
which routinely perform drug testing on the general pub-
lic. These policies exist in Belgium, Sweden, Denmark, and
Norway [170, 171]. Gym members suspected of anabolic
steroid usage (e.g., unusually muscular males) are subject
to anti-doping testing and further investigation regarding
drug use, even if they are not competitive athletes [170]. A
2019 retrospective cohort study compared all-cause mortal-
ity rates in 545 male laboratory-confirmed anabolic steroid
users (who were identified as part of these anti-doping pro-
grams) with 5450 healthy controls consisting of randomly
selected age-matched individuals from the Danish popula-
tion and found a threefold higher mortality rate in the ana-
bolic steroid users [172]. This study also revealed a threefold
increase in nonischemic heart disease and fivefold increase
in thromboembolic conditions. However, it must be empha-
sized that this study was not specific to bodybuilders and did
not consider potential other related factors that may accom-
pany AAS usage (e.g., recreational drug usage, supplement
usage, etc.). Additionally, these testing scenarios include
selection bias (“muscle profiling"), as anti-doping officials
specifically target the most muscular looking individuals
(who may be using other drugs), rather than a random sam-
pling of gym users, AAS-users, or the general public [170,
171].

Elevated mortality rates have also been associated with
AAS in other studies not limited to fit individuals. A study
from the Swedish general population (i.e., not restricted
to fitness centers) found men who had tested positive for
non-therapeutic use of AAS had double the cardiovascular
morbidity and mortality of those who tested negative, and
approximately 18 times greater all-cause mortality rate than
the general population [173]. In a sample of patients who
tested within a Swedish university hospital, which included
patients receiving care for psychiatric disorders and sub-
stance abuse, AAS use was associated with a greater risk
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for premature death, and also convulsions in those without
a history of epilepsy or other similar disorders [174].

It must be recognized that “AAS users” represent a
diverse group of individuals, including recreational athletes,
non-bodybuilders aiming to improve aesthetics, prisoners,
military personnel, and law enforcement officers [175-177].
Thus, it is not clear if mortality outcomes from studies
examining these heterogeneous populations are generaliz-
able to the bodybuilding population.

5.2 Elevated Mortality Rates in Athletes
Participating in AAS-Using Sports

Less direct evidence of mortality risk from anabolic steroid
use stems from epidemiologic data involving elite strength-
focused athletes who competed in an era before drug testing
was a standard component of sports. Excess mortality and
suicide rate were increased under the age of 50 in Swed-
ish athletes who competed in strength-focused sports from
1960 through 1979 [178]. However, for those who survived
beyond that, mortality rate was comparable to the general
population. Similarly, a higher mortality and suicide rate
were identified in Finnish powerlifters who competed dur-
ing a similar era; however, this study had a relatively small
sample size (n =62 powerlifters, with only 8 deaths during
the study period). These studies point to a possible role of
AAS use in premature deaths in suspected (albeit not con-
firmed) AAS users. However, one must also consider that
AAS were reported to have been commonly used by Tour de
France cyclists in the 1970s, yet cyclists from this era seem
to have a substantially lower mortality rate than the general
population, which is no different to their counterparts before
the AAS era [179]. Thus, one must exercise caution in attrib-
uting AAS use as a primary causative factor for increased
mortality reported in studies of strength-trained athletes,
and consider other possible factors, including the strength-
training itself, dietary protein and supplement intake, and
other sport-specific issues.

6 Conclusions and Recommendations
for Future Research

Bodybuilding is an internationally popular activity,
which includes recreational and professional participants.
Reports of premature deaths in the mainstream media,
combined with case reports in medical literature suggest
that bodybuilding seems to be associated with an increased
mortality rate, and this is mostly attributed to AAS use.
However, there is currently insufficient high-quality sci-
entific evidence to support a causal link for either claim,
especially given numerous plausible confounders.

We are not advocating for AAS use or denying the pos-
sibility that premature deaths are common in bodybuilders
and exacerbated by AAS abuse. Rather, we are hoping to
improve the quality of research in this realm, so that ath-
letes and clinicians can make informed decisions. We believe
the following research is necessary to better understand the
health risks of bodybuilding:

1. Survival analysis should be used to examine the mortal-
ity rate in elite bodybuilders (e.g., Mr. Olympia competi-
tors) and control for duration of elite career (i.e., total
exposure to bodybuilding). The period of competition
should be considered to determine whether the mortality
rate has changed over time (e.g., due to different train-
ing and polypharmacy protocols). This research should
attempt to examine comparative risk in natural versus
AAS-using bodybuilders. However, the relatively short
history of competitive natural bodybuilding may not be
of sufficient duration to assess long-term mortality in
that population.

2. The research above can be extended to include other
strength-trained athletes (e.g., weightlifters, shot putters,
etc.), to determine if bodybuilding-specific culture/prac-
tices have a distinct influence on mortality. Likewise, it
would be beneficial to compare bodybuilders to other
athletes who undergo physiological extremes (e.g., ultra-
endurance athletes, including professional tour cyclists
and ultramarathoners).

3. Case—control studies comparing drug-using bodybuild-
ers versus natural bodybuilders can help determine the
role of polypharmacy in cardiovascular risk factors. Ide-
ally, these studies should be extended into the long-term
to determine if physiologic parameters (e.g., echocardi-
ography parameters, laboratory values) are predictive of
morbidity and/or mortality risk.
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