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Introduction
Sportsmen abuse Performance-enhancing agents (PEA) to enhance their muscle mass and strength, while the side
effects PEA may cause consequences and sudden deaths. However, the relatives usually are not aware of PEA-abuse,
because most PEAs are purchased by the sportsmen from black-market. Therefore, the pathologists might miss PEAabuse and may dispose of the postmortem with a wrong cause of death. This concept introduces a guideline to identify
PEA-abuse and to give recommendations for the proper medico-legal investigation of deaths due to PEA-abuse. A 37year-old bodybuilder who had a healthy-lifestyle died suddenly. Though the relatives were unaware, the Forensic
pathologist profiled the findings and suspected PEA-abuse. The scene was visited but did not find PEA. Family
physician revealed the abuse of PEA such as testosterone, cutting steroids, insulin-like growth factor and caffeine, and
has had elevated liver enzymes. A high-risk autopsy was conducted. The face had acne and heart had concentric
hypertrophy. Histopathology showed hypertrophy of the cardiac muscle and lung parenchyma and fatty liver.
Therefore, we propose a postmortem guideline to identify PEA-abuse among sportsmen; (1) Establish seven PEAabuse profiles; Social, physical, psychological, clinical, sports, pathological and toxicological, (2) Before autopsy, to
identify the types of PEA (i) Contact the physicians and (ii) visit the scene, (3) At the autopsy, use special approaches;
(i) Consider as high-risk autopsy and (ii) If gene doping is suspected, do molecular autopsy. (4) To ascertain COD,
consider abuse profiles, scene and autopsy findings. (5) For prevention, organize awareness programmes and (6) to
prevent premature deaths recommend to employ a clinical screening tool.
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Introduction
Competitive or recreational sportsmen and
bodybuilders tend to abuse Performance-enhancing
agents (PEA) to enhance muscle mass, muscle shaping
or performance. There are many examples of deaths of
body-builders due to the abuse of PEA in sports
literature. In 2017, steroid-related deaths of strong
body-builders such as Mike Matarazzo, Dan Puckett,
Scott Klein, Robert Benevento, Trevor Smith and
many more were reported.[1] PEA is defined as any
substance or drug that, when taken, gives a sportsman
an unfair advantage relative to a "clean" sportsman.[2]
Lance Armstrong, once popular as a cycling
superman, later became the greatest cycling fraud
when he acknowledged that he was doping at all the
international competitions. The other famous sports

figures who lost their carriers due to PEA abuse were
Marian Jones and Ben Johnson.
Human beings have anatomically and physiologically
balanced systems. With the development of science,
many drugs and chemicals have been synthesized
artificially which could change this delicate balance of
the body. The decade of 1930 was a milestone in
endocrinology, because of the discovery of
testosterone as the predominant androgen in humans
and used as the hormone replacement therapy of
androgen deficient men.[3] In the next ten years, it was
established that the testosterone administration is
associated with gains of skeletal muscle mass and
strength.[4] Now it is a growing problem among sports
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communities and the PEAs are far more prevalent than
anyone is willing to admit.[5]
The objectives of the abuse of PEA by the athletes and
body-builders include (1) to increase growth (by using
anabolic drugs such as Anabolic-androgenic steroids
(AAS), recombinant human Growth hormone (GH)
and Insulin growth factor-1 (IGF-1), (2) to increase
activity (by using stimulants such as caffeine,
amphetamine, ephedrine, thyroxin etc.), (3) to increase
endurance (by using endurance enhancement agents),
(4) to increase memory (by using nootropics), (5) to
increase blood (by using blood boosters, blood doping
or erythropoietin), (6) to reduce stress (by using
adaptogens), (7) to reduce pain (by using painkillers),
(8) to reduce anxiety and fear (by using sedatives and
anxiolytics) and (9) to reduce weight (by using
laxatives or diuretics).[6]
Almost all PEAs give temporally benefits but the side
effects cause serious problems. For example, GH and
AAS will not only cause hypertrophy of the skeletal
muscles but also cause changes in all the body
systems, including cardiovascular system (premature
atherosclerosis, cardiac muscle hypertrophy, changes
in endothelium etc.), respiratory system (alveolar
hypertrophy), renal, reproductive and psychological
changes and could lead to sudden death at any time.[7]
The misuse of PEA produces well-built, very active
and energetic people. However, almost all of their
body systems are maintained artificially and the ill
effects of PEA could cause sudden deaths at any time.
In this context, the forensic pathologist must possess a
better knowledge to suspect and identify the abuse of
PEAs, collect relevant facts and to interpret them
correctly. For example, if a forensic pathologist finds
a young person with a hypertrophied heart, one of the
main causes of deaths could be hypertrophic
obstructive cardiomyopathy (HOCM). Unless the
deceased had previously revealed the PEA misuse, the
relatives or guardians may not know about it, because
most of the PEAs are purchased illegally or from the
black market.[8] This will be a common problem in the
future, as there is an increasing number of
bodybuilding practices among the young generation.
Although the use of PEA in sports has been banned, it
is very difficult to control recreational use.
If dies suddenly, they are subjected to autopsies,
however, in the absence of prior knowledge regarding
misuse of PEA, the forensic pathologist might miss the
possibility of PEA abuse especially in recreational
sports, and the body may be disposed of with a
common and wrong cause of death such as HOCM.
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Objectives
Therefore, the following case discussion was
performed based on sudden death of a young bodybuilder to formulate a method to identify the abuse of
PEAs in sudden deaths of sportsmen and to give
recommendations for the proper medico-legal
investigation of deaths due to misuse of PEAs.
Background history
A 37-year-old young, male, body-builder died
suddenly and unexpectedly in his home. He was a
father of two children and an owner of three
bodybuilding sports centres.
According to the wife, the deceased’s social history
showed that he was crazy over exercises and
performed weight lifting vigorously, and spent a long
time in gyms. Further, he had taken a large number of
vitamins and food supplements, however, the wife or
the relatives did not know about taking any parenteral
or oral Performance-enhancing agents (PEA). He was
a non-alcoholic and a non-smoker and had an
apparently “healthy lifestyle”. He had been a strict
vegetarian and had heavy meals. He had not been on
drugs for any significant illness. The past medical
history was unremarkable and there was no family
history of sudden deaths.
The wife expressed that the deceased was a highly
active person. However, it was revealed that he had a
rapid gain in muscle and weight.
Therefore, having identified the possible misuse of
PEA, the forensic pathologist used a novel approach
and used extra protective measures in the medico-legal
investigation.
A scene visit was performed before the autopsy and
recovered some dietary supplements, however, there
were no PEAs such as Anabolic androgen steroids
(AAS), Insulin-like Growth factor-1 (IGF-1) or
Growth hormone (GH) at the scene.
Afterwards, the pathologist contacted his personal
physician who revealed that the deceased was using
few cycles of testosterone and IGF-1 injections,
several cutting steroids, elements containing a high
dose of caffeine (275mg per serve), multiple protein
supplements and pre-workout booster dietary
supplements. When the reports of the past routine
medical reports were perused, nothing abnormal was
found other than the moderate elevation of SGOT and
SGPT.
In this case, the autopsy was considered a high-risk
autopsy and strict preventive measures were taken.
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The body was of a well-nourished, well-built male
with a height of 6 feet and 4 inches and his16
body
weight was 134kg. Externally, he had acne on the face
(Fig. 01), well-built muscles and few tattoos. There
were no external or internal injuries.

Figure 02: Hypertrophied ventricles
Blood and tissues were sent for routing toxicological
analysis and for PEAs such as testosterone (AAS) and
IGF-1. Alcohol was negative and the results of PEAs
were awaiting.

Figure 01: Well-built and muscular body. Note the
acne on the face.
All organs were dissected and the heart muscle was
hypertrophied and both the ventricles were
disproportionately enlarged. (Fig. 02) The atria
appeared enlarged and the ventricles represented ¾th
of the size of the heart. The heart had concentric
hypertrophy of all four chambers and the thickness of
the left ventricle was 2cm. The left ventricular
trabeculae appeared prominent and there was no
evidence of valvular heart disease. The coronaries and
aorta had few atheromatous plaques but did not cause
a significant occlusion. The weight of the heart was
550g.

The histopathological studies of all the organs were
performed and had hypertrophy of the cardiac muscle
fibres, fibrosis and hypertrophy of the lung
parenchyma and fatty changes of the liver. The cause
of death was given as hypertrophy of the heart
probably due to long term use of PEA.
Discussion
Performance-enhancing agents (PEA) abuse in sports
is a growing problem, especially among the young
population. In the recent past in Sri Lanka, there is an
increasing number of bodybuilding centers and
gymnasiums in every corner of the country targeting
the young generation. Other than the exercise
schedules, they tend to misuse Performanceenhancing agents (PEA) to gain maximum benefits
within a short period of time. Almost all of these drugs
have harmful effects on the body; physically,
psychologically and socially. Some of those side
effects could even lead to death. For example, due to
physical effects of PEA such as cardiac hypertrophy,
fibrosis, myocardial infarctions, arrhythmias,
coronary heart disease and due to psychological
effects such as increased suicide tendency can kill.[9]
The competitive body-builders may also use potent
diuretics like frusemide to induce diuresis to prevent
drug misuse being identified. However, diuresis can
lead to electrolyte imbalance and can cause death due
to arrhythmia or fits etc.[10]
The next medico-legal issue is the ascertainment of the
cause of death (COD). Therefore, this discussion is
conducted on the following issues; (1) Profiling of
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PEA abuse; (1.1) Social profile, (1.2) physical profile,
(1.3) psychological profile, (1.4) clinical profile, (1.5)
sports profile, (1.6) pathological profile and (1.7)
toxicological profiling of PEA abuse,[11]
(2) General forensic pathological issues of PEA abuse
and (3) Preventive measures in PEA abuse.
In this case, since the deceased was a body-builder
who died suddenly, the pathologist needed to look for
the contribution of PEA in such death. The wife and
the relatives of the deceased did not know about the
PEA abuse. In such instances, a special evaluation
should be done, based on the above seven profiles, to
identify the PEA abuse and the COD.
(1.1) Social profile relevant to PEA abuse
The pathologist has to see whether the deceased has a
social profile relevant to PEA abuse. For example,
whether the deceased has (1) obsessions with exercise,
(2) does vigorous weight lifting, (3) spends long time
in gymnasiums or health clubs, (4) recent changes in
friends, (5) takes large amounts of vitamins and food
supplements, (6) takes very high-calorie intake, (7)
whether leads a “healthy lifestyle” and (8) whether on
any other medicinal drugs. In this case, the deceased
showed several such social profiles of PEA abuse. He
engaged in vigorous weight lifting, spent a long time
in gyms and had large amounts of vitamins and food
supplements, In addition, he was a teetotaler with a
‘healthy lifestyle’, ate large healthy diets and was not
on any other medicinal drugs. Those features favoured
PEA abuse.
(1.2) Physical profile relevant to PEA abuse
The pathologist has to see whether the deceased has a
physical profile relevant to PEA abuse. For example,
(1) rapid weight gain with muscle development, (2)
increase or decrease of body hair, and (3) deepening of
the voice. In this case, the deceased had a wellnourished, well-built body with well-built muscles
which favoured the physical profile of PEA abuse.
(1.3) Psychological profile relevant to PEA abuse
The pathologist has to see whether the deceased has a
psychological profile of PEA abuse. For example, (1)
increased aggression, (2) hyperactivity, (3) auditory
hallucinations, (4) depression, (5) anxiety and (6)
suicidal thoughts. In this case, the psychological
profile revealed that he was a hyperactive person.
(1.4) Clinical profile relevant to PEA abuse
The pathologist has to see whether the deceased has a
clinical profile relevant to PEA abuse. For example,
(1) acne, (2) elevation of blood pressure, (3)
complaining of stomach aches, (4) jaundice and (5)
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oedema of the extremities and (6) significant
antemortem clinical test reports. In this case, he was
apparently well and was not on any medicinal drugs.
Fig. 01 shows that he had acne on his face.
Antemortem reports revealed elevation of SGOT and
SGPT. Therefore, the clinical profile favoured the
abuse of PEA such as AAS.
(1.5) Sports profile relevant to PEA abuse
When a forensic pathologist involves with an autopsy
of a competitive or recreational sportsman, he/she
should reconstruct the type of PEA abuse by
considering the type of the sport/s the deceased
engaged in. For example, (1) Anabolic androgenic
steroids (AAS) including testosterone are used in
bodybuilding, wrestling, basketball etc. Cutting
steroids are used for cutting effects of the muscles and
are used by body-builders.[12] (2) Caffeine,
amphetamine, cocaine etc. are used to stimulate and
increase CNS alertness and are used by body-builders
etc. (3) GH and IGF-1 are used in bodybuilding and
the (4) laxatives and diuretics to reduce the body
weight in body-builders and boxing.[10] In this case, the
deceased had been performing recreational
bodybuilding and the possible abused PEA could be
anabolic drugs, CNS stimulants, protein and dietary
supplements and quick energy boosters such as insulin
growth factors (IGF-1). Therefore, the deceased’s use
of testosterone, cutting steroids elements, insulin-like
growth factor-1 (IGF-1), high dose of caffeine,
multiple protein supplements and pre-workout booster
dietary supplements are compatible with his
recreational bodybuilding.
(1.6) Pathological profile relevant to PEA abuse
During the autopsy, the pathologist has to see whether
the deceased has a pathological profile relevant to
PEA abuse. For example, (1) cardiac hypertrophy (2)
lung parenchyma hypertrophy, (3) skeletal muscle
hypertrophy, (4) atherosclerosis, (5) liver fatty
changes and peliosis hepatis.
When cardiac hypertrophy is present, it is relatively
difficult to differentiate from the GH and AAS abuse.
Therefore, history such as premature deaths in the
family and their autopsy reports are important. There
is asymmetric hypertrophy in HOCM, with septal
hypertrophy of 15mm thickness, but 2% of trained
athletes have a similar pattern. There is a distinctive
histopathological pattern of the disarray of myocardial
cells in HOCM. However, the differentiation between
pathological and physiological hypertrophy is difficult
for trained athletes. The upper limit to which the
thickness of the left ventricle may be increased by
training appears to be 16mm. Therefore, athletes with
a wall thickness of more than 16mm are likely to have
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primary forms of pathological hypertrophy, such as
hypertrophic cardiomyopathy, possibly associated
with long-term AAS abuse.[13,14] Other than this, in
general, considering the whole picture such as the
habits, body stature and build, background and most
importantly abnormalities in other body systems such
as in heart and liver are seen.
In the vascular system, the premature formation of
atheromatous plaques could be seen. Considering all,
it may be possible to come to the conclusion of cardiac
pathology as the targeted main pathology which leads
to death due to AAS.
In this case, the ventricular hypertrophy was 2cm and
histopathology of heart did not show fibre disarray.
Those features favoured AAS abuse. The family
physician confirmed that he was on testosterone,
cutting steroids and are compatible with AAS abuse.
(1.7) Toxicological profiling of PEA abuse
The forensic pathologist has to send samples for
common poisons such as alcohol and for alleged types
of PEA abuse.
However, the interpretation of toxicological findings
in post-mortem examination is difficult as most of the
PEAs are normal components of the body such as
testosterone (AAS), Insulin (IGF-1), Growth hormone
(GH), erythropoietin, or drugs which may be used in
normal clinical practice such as salbutamol. In this
case, the blood alcohol was negative and other PEA
results were awaiting.
In some instances, the PEA test reports may come
negative. This could be due to non-availability of
sophisticated PEA analysis techniques in autopsy
practice in Sri Lanka, however, they are used in the
detection of sports doping in developed countries. The
other reason is the use of such drugs in unexpected
patterns such as “Drug holidays”. Sometimes, the drug
is stopped long before the onset of the competition or
tailed off towards the competition. Some use PEA in
cycles and in between the cycles, the drug may not be
detected in the blood.
Therefore, reviewing the antemortem laboratory
finding of PEA tests or clinical reports such as lipid
profile with decreased HDL and TSH, increased LDL,
increased LH, TG, Glucose, haemoglobin (Hb) etc.
will give clues regarding the possible PEA abuse. For
example, in the administration of erythropoietin, there
will be elevated levels of Haemoglobin in antemortem
reports. Therefore, the consideration of the type of
anti-mortem reports and the possible expected
outcome could give valuable clues regarding the
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possible PEA abuse. However, in this case, only the
liver enzymes such as SGOT and SGPT had been
elevated and favoured AAS or other PEA abuse.
(2) General forensic pathological issues of PEA
abuse
The PEA abuse can cause special issues at the crime
scene and the autopsy investigations. Since these
drugs are restricted or banned and are purchased from
the black-market can lead to medico-legal issues such
as not being able to recover at the crime scene
investigation and non-availability of a reliable history
of PEA abuse during the autopsy investigation.
Similarly, in this case, at the autopsy investigation,
there was no such history of PEA abuse. Further, the
scene investigation did not reveal any PEAs.
Therefore, the forensic pathologist had to reach the
family physician to acquire the relevant past history of
the usage of parenteral and oral PEAs.
Another medico-legal issue is the possibility of the
transmission of deadly diseases during the autopsy
investigation of such deaths. For example, the GH had
been produced by human pituitary extracts in the past,
however, it is now produced by using other animal
tissue extracts. Therefore, it has a risk of transmitting
diseases such as Creutzfeldt-Jakob disease.[7]
Moreover, if the needles are shared by the athletes or
body-builders, there is an additional risk of HIV or
HBV[10]. Since the pre-autopsy screening of such
deadly diseases is not available in Sri Lanka, the
forensic pathologist considered this autopsy
investigation of the body-builder as a high-risk
autopsy and took all the preventive measures.
Now there are new methods of acquiring PEA such as
gene doping. Other than obtaining those drugs
directly, there may be possibilities with advanced
technology by inserting hormone-producing genes.[15]
Therefore, such autopsies should be a molecular
autopsy and samples should be taken for genetic
studies to investigate gene doping. However, in this
case, we did not take samples for gene doping because
there had been no history of employment of such
methods by the deceased.
Another newer method of introducing PEAs is using a
viral vector such as adenovirus and produce druginduced tumours that produce hormones such as GH.
Therefore,
a
meticulous
histopathological
investigation of all organs should be done to
investigate the drug-induced tumours producing
hormones. In this case, all organs were dissected and
histopathology samples were taken from all the organs
and investigated.
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(3) Preventive measures in PEA abuse
Because of the illegal nature of drug usage, young
athletes or people will not attend to obtain treatments
or investigations. Further, there are no education
programs to highlight the side effects or fatal
outcomes of abuse of PEA. Therefore, early
recognition
of
cardiac
complications
by
echocardiography, liver function tests etc. should be
used for early identification and to take preventive
measures. Screening programs exist in several
countries such as USA, Italy, mainly to screen athletes
to prevent sports-related deaths. Therefore, the
introduction of such a PEA screening method for
competitive and recreational sportsmen will be useful
to prevent PEA abuse and to prevent premature
deaths.[16]
Conclusion
Performance-enhancing agents (PEA) abuse among
sports and recreation activities is a growing problem.
Most of those PEA are banned or controlled in public
use. Illegal nature of public usage may lead to
problems in postmortem investigations such as nonavailability of evidence of PEA abuse in the preautopsy history and at the scene investigation.
Therefore, to identify the PEA abuse in the death
investigation of sportsmen, we propose a new
guideline.
(1) During the postmortem investigation, to identify
PEA abuse, establish following seven (07) profiles;
Social profile, physical profile, psychological profile,
clinical profile, sports profile, pathological profile and
toxicological profiles.
(2) Before the autopsy, to identify the types of PEA (a)
Contact the physicians involved such as a family
physician to identify the types of PEA abuse. (b)
Perform a crime scene investigation preferably before
the autopsy and look for evidence of PEA abuse.
(3) At autopsy, use special approaches; (a) consider
the autopsy investigation as a high-risk autopsy and
take preventive measures. (b) If the suspect was gene
doping, do a molecular autopsy.

Finally, (6) to identify PEA abuse early and prevent
premature deaths we also recommend employing an
accepted clinical screening tool among sportsmen.
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