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Abstract

Anabolic-androgenic steroid (AAS) abuse increased

in recent years, and it is associated with numerous

adverse effects. Few reports on ischemic stroke re-

lated to anabolic steroid abuse have been published.

We report a case of a 26-year-old male amateur

athlete who suffered a posterior territory ischemic

stroke. No abnormalities were found in angiography

and echocardiography studies, neither in hemo-

static profile. His only significant risk factor was

nonmedical use of stanozolol, an anabolic steroid.

Anabolic steroids are capable of increasing vascular

tone, arterial tension, and platelet aggregation;

therefore, they are prone to produce atherothrom-

botic phenomena. Because of young people’s wide-

spread use of anabolic steroids, physicians should

be aware of this kind of complication.
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Ischemic strokes (ISs) among young people

occurring in patients younger than 45 years

old have been considered relatively rare

events, representing less than 5% of all

cerebral infarctions,1,2 although more than

10% of these have also been reported.3,4

These patients differ as regards etiology,

pathophysiology, prognosis, and morbidity.

Few reports on IS related to AAS abuse have

been produced, and its physiopathological

mechanism has not been established yet.5Y8

We report a patient who suffered a post-

erior territory IS associated to stanozolol use.

CASE REPORT

We report a 26-year-old right-handed white
male amateur athlete with a history of stanozolol
consumption (10 mg daily) continuously for 3
months before the episode. He had no significant
past medical illnesses, no relevant family history,
no smoking habits, and no known history of other

drug use. He was admitted in the emergency
department because of global headache and
vomiting, followed by loss of consciousness.
Clinical examination revealed decerebration pos-
ture, anisocoria (mildly dilated and fixed left
pupil), and left eye abduction palsy. Unenhanced
cerebral computed tomographic scan was normal.
He was transferred to the intensive care unit, and
he had to be intubated and ventilated for 15 days.
Nasogastric tube feeding was also instituted.

Cerebral magnetic resonance imaging (MRI)
(Figs. 1, 2) showed ischemic lesions in the left
superior region of the vermis, bilateral cortico-
subcortical occipital lobes, both thalamus, and the
left cerebral peduncle in the midbrain. An MRI
angiography of the neck vessels, digital cerebral
angiography with vein and arterial sequences,
transthoracic, and transesophageal echocardiogra-
phy were performed. No abnormalities were
found.

Routine laboratory testing was normal.
Lipid, thrombophilic, and immunologic profiles
were performed (Table 1). Protein S activity, total
cholesterol, high-density lipoprotein (HDL) cho-
lesterol, and erythrocyte sedimentation rate were
slightly increased, apolipoprotein B was frankly
elevated, and the other parameters were normal.
Human immunodeficiency virus test was negative,
and urinary levels of illicit drug metabolites were
normal. The cerebrospinal fluid analysis was
normal.

The patient was extubated 15 days after his
admission. On examination, he was able to obey
simple verbal commands; he had anisocoria,
disconjugate gaze with nuclear palsy, global
aphasia, right hemiparesis with brisk tendon jerks,
and no right plantar response. He started in-
hospital rehabilitation.

Forty-five days after his admission, the
patient was alert, with right hemiparesis, spastic-
ity and hyperreflexia, limitation of the ocular
movements, mixed aphasia, and severe dysarthria.
He was able to eat with help. He was discharged
with severe disability (Barthel scale, 10; modified
Rankin scale, 5).

DISCUSSION

During the past 2 decades, patients with

lipodermatosclerosis, hereditary angioedema,
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or Raynaud phenomenon have been treated

with stanozolol administered in relatively low-

doses (2 mg daily).9,10 However, the AAS

abuse has increased and extended in the last

few years among professional and amateur

athletes, and lately, also among common

people.11,12 Anabolic-androgenic steroids

were mostly used as performance-enhancing

drugs by young athletes and body builders for

muscle development. Its use has also been

associated with abuse of other illicit drugs.12

Many adverse effects are well documented.

Some of them include arterial hypertension,

cardiopathy, cerebrovascular disease, lipid

metabolism alterations, infertility, hepatocellu-

lar carcinoma, and psychiatric symptoms.5Y7,11

There are few reports of IS related to

AAS use. As in our case, most authors have

reported young athletes with no vascular

risk factor.5Y8 The duration of AAS use was

variable, from 6 weeks7 to 4 years,6 and with

different anabolic drugs. One of the first case

reports of IS associated with supratherapeu-

tic dose of anabolic was a 21-year-old man

after self-administration of testosterone enan-

thate for the treatment of hypogonadotropic

hypogonadism for a period of 8 months.13

A possible thrombogenic mechanism has been

proposed.6,13 Laroche8 reported a 28-year-old

bodybuilder who had an IS caused by a

carotid artery thrombus that partially embol-

ized to the brain and, soon after, an ischemic

episode in a lower limb caused by a diffused

distal arterial thrombosis. Shiozawa et al14

described sinus thrombosis in 3 of a series

of 27 hypoplastic anemia patients treated

with fluoxymesterone and methenolone-

enanthate. Later, the same authors reported

hemorrhagic cerebral infarction in a 22-year-

old man with hypoplastic anemia after

having been treated for 2 months with

oxymetholone.15

Although there is no direct evidence

that AAS abuse is the cause of atherogenesis,

it has been associated with changes in

vascular reactivity, lipid profile, hemostasis,

and platelet aggregation.16Y18

Vascular compliance has been proposed

as an independent predictor of cardiovascular

disease.19 Despite the prevalent use of AAS,

the covert nature of their use, the diversity of

compounds abused, and the duration and

route of administration may explain the limited

and conflicting data concerning their effects

on vascular function.20 To clarify the vascular

FIGURE 1. Axial T2-weighted MRI show ische-
mic lesions in bilateral corticosubcortical occipi-
tal lobes and both thalamus.

FIGURE 2. Sagittal T2-weighted MRI show
infarct in left superior region of the vermis and
the left cerebral peduncle in the midbrain.

Ischemic Stroke Related to Anabolic Abuse CLINICAL
NEUROPHARMACOLOGY

Volume 31, Number 2

March - April 2008

81

Copyright @ 2008 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



effects of AAS, a recent study20 assessed

vascular stiffness (pulse-wave analysis) in 4

groups: (1) 10 bodybuilding subjects were

actively receiving anabolic agents (1 using

stanozolol), (2) 8 had undergone a 3-month

‘‘wash-out,’’ and (3) 10 denied any past use of

anabolic steroids. Comparisons were made

with (4) 10 sedentary male controls. Individu-

als were excluded from the study if they were

smokers or known to suffer from ischemic

heart disease, diabetes mellitus, or hyperten-

sion. The glycerol trinitrate administration

reduced the augmentation index (AIx, defined

as the difference between the first and second

peaks of the central arterial waveform,

expressed as a percentage of the pulse

pressure) in all 4 groups. However, the

percentage reduction of AIx was significantly

less in the current AAS users compared

with the other 3 groups, indicating reduced

endothelial-independent vasodilatation in these

subjects. There were no differences between

the percentage change in AIx and the other 3

groups, suggesting recovery of vasomotor

function after the cessation of AAS. This study

(one of the largest studies published on this

topic) revealed a reduction in vascular reac-

tivity associated with AAS use. Improvements

in vascular reactivity were observed after a

3-month period of abstinence from AAS, which

would imply a degree of reversibility after

discontinuation of anabolic agents.

The most pronounced effects on serum

lipids and lipoproteins seem to be exerted by

the oral 17-a-alkylated steroids (methandros-

tenolone, stanozolol, and oxymetholone).21

In fact, there is evidence that suggests that

stanozolol significantly reduces HDL choles-

terol (HDL-C) levels and increases low-

density lipoprotein (LDL) cholesterol (LDL-C)

without changes in total cholesterol (TC)

levels.22 In a study that compared self-

administration of supratherapeutic doses of

AAS to volunteers during 14 weeks, serum

concentrations of TC, triglycerides, HDL-C,

apolipoprotein A-I (ApoA-I), apolipoprotein

B (Apo-B), and lipoprotein (a) were deter-

mined.21 Patients with AAS use decreased

serum concentrations of HDL-C and ApoA-I,

whereas Apo-B was increased (Apo-B was

increased in our patient as well). Total

cholesterol and triglycerides did not change

significantly. These alterations led to an

TABLE 1. Laboratory Findings

Result
Normal
Range

Thrombophilic profile

Prothrombin time (%) 95 75Y100

APTT (s) 32 30Y44

Fibrinogen (mg dLj1) 400 200Y400

IgG anticardiolipin
antibody (GPL)

7 1Y15

IgM anticardiolipin
antibody (MPL)

5 1Y18

Lupic anticoagulant
antibody

Negative

Antithrombin III (%) 101 80Y120

Protein S activity (%) 150 56Y120

Protein C chromogenic
activity (%)

95 70Y130

Activated protein C
resistance

2.93 2Y4

Homocysteine (2M) 5.60 5Y15

Prothrombin
G20210A mutation

Negative

Lipid profile

Total cholesterol
(mg dLj1)

203 120Y200

HDL cholesterol
(mg dLj1)

60 35Y55

LDL cholesterol
(mg dLj1)

134 100Y140

LDL-C/HDL-C relation 2.23 0Y3

Triglycerides
(mg dLj1)

40 38Y200

Apolipoprotein A
(mg dLj1)

110 110Y310

Apolipoprotein B
(mg dLj1)

287 58Y138

Immunologic profile

Erythrocyte
sedimentation rate
(mm hj1)

18 1Y15

Antineutrophil
cytoplasm antibodies

Negative V

Antinuclear antibodies Negative V

Rheumatoid factor Negative V

APTT indicates activated partial thromboplastin
time; GPL, IgG phospholipid binding units; IgM
phospholipid binding units.
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increased atherogenic lipid profile. How-

ever, because lipoprotein (a) also declined,

the risk of vascular disease is still uncertain.

The effect on lipids and lipoproteins was not

influenced by the duration of AAS use,

although the time to reach normal values

after cessation was longer in patients with

prolonged use of the drug.

Apolipoprotein B has emerged as a

more powerful risk factor than the conven-

tional cholesterol indices.23 It is a better

predictor of cardiovascular events than

nonYHDL-C and LDL-C, and it has been

experimentally linked to the development of

atherosclerosis, mediating the interaction

between LDL-C and the arterial wall. This is

particularly the case of patients with relatively

normal levels of LDL-C because for these

patients, the risk of IS seems to be more

closely related to the increased amount of

small dense LDL. The last ones are the most

atherogenic particles because they easily

oxidize and promote inflammatory response

and growth of plaques.24,25 Apolipoprotein B

transports all potentially atherogenic very

low-density lipoprotein, intermediate-density

lipoprotein and LDL particles, and ApoA-I

transports and acts as the major antiathero-

genic protein in the HDL particles.24 The

Apo-B/ApoA-I ratio has been shown to be

strongly related to risk of myocardial infarc-

tion, stroke, and other cardiovascular mani-

festations as shown in the Apolipoprotein-

related Mortality Risk and INTERHEART

studies.24 In the Apolipoprotein-related Mor-

tality Risk study, high Apo-B and low ApoA-I

values were significantly related to risk of

stroke, and the strongest association was with

IS. The Apo-B/ApoA-I ratio was linearly

related to the risk of stroke, although the

slope was less than observed for the risk of

fatal myocardial infarction. In multivariate

analyses, the Apo-B/ApoA-I ratio was a stron-

ger risk predictor than TC/HDL-C and LDL-C/

HDL-C ratios.24

Currently, the information available

about the effect of AAS in hemostasis is

limited and not clear enough, possibly due to

its interaction with endogen steroids. Evi-

dence suggests that stanozolol produces

significant enhancement of extrinsic tissue

type plasminogen activator activity (t-PA),

with reduction of serum fibrinogen, and

increases the levels of protein C and anti-

thrombin III.22 However, the final effect of

AAS abuse on the hemostatic system may fluc-

tuate from an antithrombotic to a prothrom-

botic profile. Specifically for stanozolol, this

variation may be dose dependent. Using low

doses, the profibrinolytic activity predomi-

nates, whereas higher doses would yield to

a procoagulant state.26 Ferenchick et al27

compared plasma clotting and fibrinolytic

activity in 49 weight lifters (32 AAS users and

17 nonusers). History of androgen use was

confirmed via urine assays, and the AAS

identified were nandrolone decanoate, meth-

andienone, oxymesterone, methyltestoster-

one, and methenolone. In the confirmed

users, an increase of D-dimers, prothrombin

activation fragments (F1 + 2), and thrombin/

antithrombin III complexes were found,

coupled with the decrease in t-PA antigen

and plasminogen activator inhibitor. The

authors propose that the elevated levels of

thrombin/antithrombin III complexes and

F1 + 2 are consistent with increased in vivo

thrombin generation, whereas elevated

D-dimers suggests androgen mediated both

thrombin activation (with consequent fibrin

production) and increased plasmin activity.

Moreover, the decreased levels of t-PA and

plasminogen activator inhibitor are compat-

ible with increased consumption because

these proteins are produced by endothelial

cells where their rate of resynthesis may be

less than those proteins produced by the

liver parenchymal cells. These changes can

reflect a hypercoagulable state that may

contribute to vascular occlusion reported in

young athletes using these drugs.

Furthermore, high doses of AAS are

associated with increased platelet aggrega-

tion and may influence the activity of

vascular cyclooxygenase enzyme. Androgen

abuse has been noted to decrease platelet

threshold activation to collagen in weight

lifters older than 22 years.17
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There are several reports on myocar-

dial infarction occurring in young patients

with only a history of consumption of AAS,

including stanozolol.16,28Y34 Angiogram and

pathological studies show thrombosis of

coronary arteries.28Y32 However, in a report

of 2 cases of sudden death due to myocardial

infarction associated with AAS abuse, the

histopathologic examination does not evi-

dence those changes neither in the coronary

arteries nor in other organs.33 In other cases

reported in medical reports, angiography

lesions at any level of the coronary system

were absent.16,33Y34 The development of

myocardial infarction in AAS users in the

face of normal coronary arteries suggests

either coronary spasm, in situ thrombosis, or

coronary emboli as possible pathogenic

mechanisms.34 Anabolic-androgenic steroids

have also been associated with coronary

artery vasospasm. In the coronary arteries,

nitric oxide increases the activity of guanylyl

cyclase, which converts guanosine triphos-

phate to cyclic guanosine monophosphate,

which subsequently stimulates smooth

muscle relaxation. The excess LDL-C (caused

by exogenous androgens) may oxidize at the

arterial endothelium and consequently

impair endothelium-dependent arterial relax-

ation by inhibiting nitric oxide production.35

It remains unclear why some patients

develop coronary lesions and why others

do not.

To conclude, AAS, particularly high

doses of stanozolol, increase vascular tone

and its reactivity, arterial tension, platelet

aggregation, and, therefore, they are prone

to produce atherothrombotic phenomena.26

Moreover, the clue to understand athe-

rosclerotic disease in different extracoronary

territories is interpreting atherogenesis as a

unique and generalized process in all

arteries. This process is supported by the

similar pathological appearances of all pla-

que stages at different sites of the vascular

system, its common localization in areas of

vessel wall stress, and similar risk factor

patterns for atherosclerosis in different arte-

rial trees.36

In the case we are reporting, the

clinical circumstances suggest a possible

causal relationship between AAS abuse and

the mechanism of cerebrovascular disease.

Considering young people’s wide-

spread use of AAS, physicians should be

aware of the complications and side effects

that these agents may produce.
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