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Abstract 

Abuse of anabolic-androgenic steroids (AAS) is suspected to increase the risk of cardiovascular 

disease (CVD) and cardiovascular mortality in otherwise healthy individuals. AAS abuse may 

increase the incidence of CVD by altering the hemostatic balance toward a pro-coagulant state. 

Studies on the effect of AAS abuse on the fibrinolytic system, however, have either demonstrated a 

pro-fibrinolytic effect or no effect of AAS abuse, but the overall effect of AAS on fibrinolysis has 

not been addressed so far. The present cross-sectional study investigated the effect of AAS on fibrin 

clot lysis, fibrin structure and the hemostatic proteins potentially affecting these measures in current 

and former AAS abusers and healthy age-matched controls. The study population consisted of 37 

current and 33 former AAS abusers, along with 30 healthy age-matched controls. Fibrin clot lysis, 

fibrin structure properties, fibrinogen, coagulation factor XIII (FXIII) plasminogen, plasmin 

inhibitor, plasminogen activator inhibitor 1 (PAI-1), and thrombin activatable fibrinolysis inhibitor 

(TAFI) were determined. Fibrin clot lysis was significantly reduced in participants abusing AAS 

compared to former abusers and controls, p<0.001. Plasma fibrinogen, plasminogen and plasmin 

inhibitor were significantly increased in current abusers (P<0.05). No significant differences were 

observed with respect to measures of fibrin structure properties, PAI-1, and TAFI (P>0.05). In 

conclusions, AAS abuse depresses fibrin clot lysis. This effect is not associated with alterations in 

fibrin structure but is rather caused by increased plasma concentrations of fibrinogen, FXIII and 

plasmin inhibitor. These findings suggest that AAS abuse may be associated with increased 

thrombotic disease. 

 

Keywords: Anabolic androgenic steroids, fibrinolysis, fibrin clot structure, coagulation   
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Introduction 
 
More than 5% of men abuse anabolic-androgenic steroids (AAS) from even as early as puberty. 
1,2Abuse of AAS is suspected to increase the risk of cardiovascular disease (CVD) and 

cardiovascular mortality 3-6 in healthy younger individuals. Some studies have reported associations 

between severe venous and arterial thrombosis, premature cardiovascular death and AAS abuse, 3,7 

and long-term AAS use appears to be associated with accelerated coronary atherosclerosis. 4 

Longitudinal data on AAS abuse and risk of cardiovascular events are very sparse, but 

epidemiological studies investigating cardiovascular outcomes among AAS abusers, showed that 

AAS abuse more than doubles the incidence of cardiovascular events and all-cause mortality. 8  

AAS abuse may increase the incidence of CVD by altering the hemostatic balance toward a pro-

coagulant state. We have recently demonstrated increased thrombin generation potential in both 

current and former AAS abusers, thus indicating long-lasting activation of coagulation causing a 

pro-thrombotic condition. 9 Investigations into the effects of AAS on fibrinolysis have demonstrated 

that AAS abuse increases the plasma measures of plasminogen and tissue plasminogen activator 

(tPA), whereas the activity of plasminogen activator inhibitor 1 (PAI-1) is impaired, thus suggesting 

a pro-fibrinolytic effect of AAS. The protein concentration of tPA and PAI-1 is however unaffected 

by AAS, thus questioning the effect of these compounds on fibrinolysis. 10  

To address the overall effect of AAS on fibrinolysis, the lysis time of a fibrin clot generated from 

patient plasma can be assessed. Fibrin clot lysis measures may depend on numerous factors such as 

the plasma concentration of fibrinogen, coagulation factor XIII (FXIII), plasminogen, tPA, PAI-1 

and plasmin inhibitor, thrombin activatable fibrinolysis inhibitor (TAFI) and the structure of the 

fibrin clot itself. 11,12 Most of these factors are potentially affected by AAS abuse, which therefore 

may contribute to the effectiveness of fibrin clot lysis in individuals subjected to AAS. In this 

setting, it may be of interest that reduced fibrin clot lysis is related to arterial thrombosis in 

individuals younger than 55 years of age. 13 

The present cross-sectional study aimed to investigate the effect of AAS on fibrin clot lysis in 

current and former abusers compared with healthy age-matched control individuals. The potential 

effect of AAS on the hemostatic proteins known to affect fibrin clot lysis and fibrin clot structure 

was also studied in detail. 

 

Materials and Methods 

Participants and design  
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This community-based cross-sectional case-control study was performed in the greater Copenhagen 

area from November 2014 to December 2015. The study is part of a comprehensive study 

investigating health-related outcomes among current and former male AAS abusers. The study 

design and data on the primary hypotheses have been published previously. 6,10,14,15 In brief: Men 

(18–50 years) involved in recreational strength training were enrolled in one of the following three 

groups: 1) current AAS abusers (n=37), 2) former AAS abusers who had discontinued AAS abuse ≥ 

3 months before enrolling in the study (n=33), and 3) age-matched healthy control participants who 

denied ever having used AAS (n=30). Participants were recruited primarily from fitness centers and 

by internet advertising. The groups were matched by age.  

A detailed AAS abuse history was obtained using a structured questionnaire. The duration, 

compounds and doses used were registered during a clinical interview. Individuals with congenital 

hypogonadal conditions, medically prescribed testosterone therapy, known cardiovascular disease 

and diabetes mellitus were excluded from the study. The distribution of participants among the 

three groups was based on the self-reported history of AAS abuse and was supported by 

measurement of biochemical markers well known to be influenced by supra-physiological 

concentrations of androgens such as serum testosterone, gonadotropins, sexual hormone-binding 

globulin, and hematocrit. 17 All current AAS abusers reported that their last dose of AAS was 

administered within one week before they entered the study. 

Testicular size (ml) was assessed in all participants using Prader’s orchidometer as previously 
reported. 14  
 

Ethics  

The study was approved by the Capital Regional Committee on Health Research Ethics in Denmark 

(H-3–2014–127) and the Danish Data Protection Agency (HEH-2014–095, I-Suite: 03250). 

Informed consent was obtained from the participants before inclusion and the study was conducted 

in accordance with the Helsinki Declaration. 

 

Blood Sampling  

All procedures were performed at a single visit to the Centre of Endocrinology and Metabolism, 

Department of Internal Medicine, Copenhagen University Hospital, Herlev, Denmark, as described 

previously. 14  In brief: participants attended the research lab between 07:30 and 09:00 a.m. after a 

minimum of eight hours of overnight fasting and placed in the supine position for a minimum of 30 



5 
 

minutes. All blood samples were collected via a straight cannula in the right median cubital vein. 

Blood aimed for serum preparation was collected into Greiner Bio-One 4 mL Vacuette tubes with 

serum clot activator. Blood aimed for preparation of citrate stabilized plasma was collected in 

Greiner Bio-One 3 mL Vacuette® 9NC tubes containing 0.3 mL 3.2% citrate. Both tubes were from 

Greiner Bio-One, Kremsmünster, Austria. Within 90 minutes, platelet-poor plasma was prepared by 

centrifuging at 3,000 g for 10 minutes and frozen at -80°C. 

 

Fibrin clot lysis 

Fibrin clot lysis was determined as described previously. 18 In brief, 60 μl of citrated plasma was 

mixed with 120 μl of a reaction mixture containing thrombin (1.0 IU/mL), calcium (15 mmol/L), 

Tris-HCl (50 mmol/L) and NaCl (150 mmol/L). Turbidity was measured at 340 nm for 30 min on a 

plate reader. The area under the curve was calculated by the trapezoid rule and designated as overall 

coagulation potential (OCP).  Fibrin clot lysis induced by t-PA was investigated simultaneously in a 

different well, by mixing 60 μL of citrated plasma with 120 μL of a reaction mixture containing 

thrombin (1.0 IU/mL), calcium (15 mmol/L), Tris-HCl (50 mmol/L), t-PA (300 ng/mL) and NaCl 

(150 mmol/L). Again turbidity was measured at 340 nm for 30 min. The area under the t-PA 

induced lysis curve was calculated by the trapezoid rule and designated as overall hemostasis 

potential (OHP). Fibrin clot lysis, i.e. the percentage of fibrin lysed in 30 min, was calculated as 

((OCP-OHP)/OCP) x 100%. All experiments were performed in duplicate. 

 

Fibrin structure analysis 

The polymerization and fibrin fiber properties of plasma clots were determined according to 

Sjøland et al. 19 using turbidity measurements. In brief, polymerization of plasma clots was 

investigated by mixing citrated plasma with thrombin (final concentration 0.11 IU/mL), CaCl2 and 

Tween 80. Turbidity was followed for 30 min at 405 nm on a Sunrise plate reader (Tecan Austria, 

Grödig/Salzburg, Austria). The lag time for fibrin formation was recorded as the time from the first 

reading of optical density (OD) until an OD-value of 0.03 was achieved. The highest slope of the 

OD curve recorded during fibrin polymerization (Vmax) was determined. All clots were made in 

duplicate. To investigate fibrin structure properties, another set of plasma clots were made as 

described above. After overnight incubation, the OD was read at 405, 540, 608 and 690 nm. 

Measures of fibrin structure properties, i.e. fibrin fiber diameter, fibrin clot density, and fibrin mass 

to length ratio were calculated as previously reported. 19-21 
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Hemostatic proteins and other laboratory assays 

The plasma levels of fibrinogen, plasminogen and plasmin inhibitor were determined with the 

Fibrinogen-C HemosIL kit, the HemosIL Plasminogen and the HemosIL Plasmin Inhibitor kit, 

respectively, using the ACL TOP 350 analyzer. Both analyzer and kits used were from 

Instrumentation Laboratories, Milan, Italy. The functional activity of FXIII was determined with the 

Berichrome Factor XIII kit from Siemens Healthcare Diagnostics. The concentration of PAI-1 was 

determined by in-house enzyme-linked immunoassays. TAFI was determined with the VisuLize 

TAFI antigen kit from Affinity Biologicals, Ontario, Canada. Total testosterone and estradiol were 

measured in serum by liquid-chromatography tandem mass-spectrometry as previously described. 14 

 

Statistics 

Statistical calculations were performed using IBM SPSS Statistics (version 24.0), Chicago, IL, 

USA. The Kolmogorov Smirnov test and Q-Q plots of residuals were used to test the distribution of 

results. ANOVA was used for between-group comparisons of normally distributed data and the 

results are expressed and mean and standard deviation (SD). The Kruskall Wallis test was used for 

between-group comparisons of non-normally distributed data. The results are expressed as median 

and 25-75 percentile range. Bonferroni and Dunn´s test, respectively, were used as post-hoc tests. 

The chi2-test and Fishers Exact Test were used for comparison of dichotomous variables, as 

appropriate.   

Results 

The AAS compounds used by current and former AAS abusers are presented in Table 1. Most 

compounds were equally frequent among current and former AAS abusers. Boldenone, however, 

was more frequently used by current than former AAS abusers (p<0.01), whereas use of 

oxymetholone was less frequent among current AAS abusers than former users. The median 

number of compounds administered by current and former AAS abusers were comparable (p=0.32), 

Table 2.  

The three study groups were comparable with respect to age and history of smoking (p ≥ 0.10) and 

the accumulated duration of AAS abuse did not differ between current and former AAS abusers (p 

= 0.22).  The body mass index and the plasma levels of estradiol were significantly higher in current 

users compared to former users and controls (p < 0.001), whereas the percentage of body fat, total 

testosterone and estradiol concentrations were significantly different among all three groups, with 
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the lowest levels of body fat and the highest levels of testosterone and estradiol in current abusers, p 

< 0.001 (Table 2). Testicular size was significantly different among all three groups with the lowest 

volume in the current abusers and the highest volume in the controls (Table 2). 

Fibrin clot lysis was significantly reduced in participants abusing AAS (58.8 ± 15.5%) compared to 

former abusers (72.1 ± 19.9%) and controls (72.9 ± 15.2%), p<0.001 (Fig. 1). The plasma 

concentration of fibrinogen (p = 0.027) was significantly higher in individuals currently abusing 

AAS than in controls, whereas FXIII were significantly higher in both former and current AAS 

abusers. No significant differences among groups were observed with respect to measures of fibrin 

clot structure, i.e. Vmax, lag phase, fibrin mass-length ratio, fibrin fiber diameter and fibrin clot 

density, p≥0.08 (Table 3). 

Plasminogen activity was higher in current AAS abusers than in former abusers and controls, 

p<0.001 (Table 4). The plasma activity of plasmin inhibitor was significantly different among the 

three study groups, with the highest level in the current AAS abusers and the lowest level in the 

controls, p<0.001 (Table 4). PAI-1 antigen and TAFI antigen were not significantly different among 

the study groups.  

 

Discussion 

This study presents the first evidence of reduced fibrin clot lysis in current AAS abusers, indicating 

that AAS abuse could be associated with a pro-coagulant state. The study adds new knowledge to 

the understanding of the potential consequences of AAS abuse. The key finding was that current 

AAS abusers displayed substantially lower fibrin clot lysis than former users and controls. The 

reduced fibrin clot lysis was not accompanied by changes in fibrin structure properties.  

The effect of AAS on fibrinolysis was initially addressed in animal and human studies, by using 

euglobulin lysis time assays, as recently reviewed elsewhere 10. Euglobulin fractionation of plasma 

facilitates the precipitation of plasminogen activators, whereas very low concentrations of 

fibrinolytic inhibitors are present in this plasma fraction 23. Thus, the effect of AAS on fibrinolysis 

determined by euglobulin clot lysis time assays favors the effect of AAS on plasminogen activators 

without taking the effect on fibrinolytic inhibitors into account. This apparent pro-fibrinolytic effect 

of AAS is, however, challenged by the results of this study demonstrating that the fibrinolytic 

susceptibility of fibrin is impaired in individuals abusing AAS. The efficacy of the clot lysis assay 

employed in our study depends not only on the plasma concentration of fibrinogen and plasminogen 

activators 24, but also on the structure of the fibrin formed 25 and the plasma levels of fibrinolytic 
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inhibitors 13. We observed in this study that plasma fibrinogen and FXIII are elevated in current 

AAS abusers compared to controls. These findings support reduced fibrinolytic susceptibility in 

current AAS abusers, as both fibrinogen and FXIII are important determinants of fibrin cross-

linking, but despite the effect of AAS on fibrinogen and FXIII levels, we observed no significant 

effect of AAS abuse on fibrin structure measures, neither in former or current users. Thus, the 

reduced fibrinolytic susceptibility observed in current AAS abusers is not related to the structure of 

the formed fibrin. 

However, the action of FXIII may impact fibrin clot lysis as FXIII facilitates the binding of plasmin 

inhibitor to the fibrin surface 24. Of note, we observed significantly higher plasmin inhibitor in the 

current abusers than in the former abusers and the controls. Moreover, former abusers displayed 

significantly higher plasmin inhibitor concentrations than controls, indicating that the significant 

effect on plasmin inhibitor persists even after cessation of abuse. Thus, the elevated concentrations 

of FXIII in AAS abusers and the parallel increase in plasmin inhibitor could be important 

determinants of fibrin clot lysis in AAS abusers. 

Studies on the effect of AAS on the plasma levels of plasmin inhibitor have resulted in conflicting 

results, with some studies reporting no effect and other studies demonstrating augmented 

concentration of plasmin inhibitor. 26-30 Nonetheless, these trials were conducted in a controlled 

setting studying the effect of a single dose of specific AAS (danazol or stanozolol) on plasmin 

inhibitor concentrations. Our study was performed in an uncontrolled real-life setting where the 

formulation of the AAS component is unknown and where the accumulated duration of AAS abuse 

spans several months. AAS abusers administer a combination of four to nine different drugs which 

may affect the plasma levels of plasmin inhibitor differently than specific AAS.  

The effects of AAS on plasminogen and plasminogen activator inhibitor 1 (PAI-1) have been 

previously addressed 10, while the effect of AAS abuse on the plasma concentration of TAFI has 

been addressed for the first time. Plasminogen is consistently reported as increased following AAS 

intake and the results of the present study confirm this observation. The effect of AAS on PAI-1 

antigen has been addressed only in one published clinical study 26 and, in line with this study, we 

observed comparable PAI-1 concentrations in current and former AAS abusers as well as in 

controls. Thus, the effect of AAS on fibrin clot lysis is not associated with an effect on PAI-1. We 

observe comparable TAFI concentrations in current and former AAS abusers as well as in controls, 

suggesting that the action of TAFI, i.e. removal of lysine residue from the fibrin surface, is not 

involved in the reduced fibrin clot lysis in AAS abusers. 
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Exogenous administration of high dose testosterone has profound effect on the endogenous 

production of testosterone, estrogen, follicle-stimulating hormone (FSH), and luteinising hormone 

(LH). 22 In line with these findings we here observe significantly increased testosterone and 

estradiol levels and, as previously published significantly reduced concentrations of FSH and LH in 

current AAS abusers. 14 These outcomes, together with the significantly reduced testis volume 

observed in current AAS abusers compared with former AAS abusers and controls strongly indicate 

that the current AAS abusers administer AAS on a regular basis, providing a persistent effect on 

hormone levels. These findings support the validity of the self-reported history of AAS 

administration given by the study participants. 

It might, however, be speculated whether the observed effect of AAS abuse on fibrin clot lysis is 

acute or permanent. Clinical intervention studies in healthy individuals have demonstrated that 

intake of AAS augments the plasma levels of some hemostatic proteins for weeks 29,31, but that the 

concentration of most of the proteins returns to baseline levels thereafter. In the present study 

population we previously observed increased endogenous thrombin generation potential (ETP) in 

both current and former AAS abusers when compared to controls and we noticed that the elevated 

ETP could be explained by augmented concentrations of coagulation factor X and prothrombin. 9 In 

the present study we observe elevated concentrations of plasmin inhibitor in both current and 

former AAS abusers. Thus, our results indicate that the plasma concentration of certain hemostatic 

proteins remains elevated years after cessation of abuse indicating a long-lasting effect of AAS on 

hemostasis.  

 

There are several noted limitations in the present study, which is not designed or statistically 

powered to rule out the effect of AAS on specific hemostatic factors with respect to regulation of 

fibrin clot lysis. The cross-sectional design does not allow us to obtain clinical conclusions. 

Reduced fibrin clot lysis, however, is significantly associated with coronary artery disease and 

increases the risk of a first venous thrombosis as recently reported 13. 

 

Conclusion 

We conclude that AAS causes a depressed fibrin clot lysis. This effect is not associated with an 

altered fibrin structure but rather caused by increased concentrations of fibrinogen, FXIII, and 

plasmin inhibitor. These findings, in combination with our previous paper demonstrating a long-
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term increase in AAS induced thrombin generation,9 allocate AAS abusers as a high-risk group of 

suffering a thrombotic event. 
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Table 1. Anabolic androgenic steroids (AAS) compounds used by current and former AAS abusers 

 Current AAS abusers Former AAS abusers  
Compounds % Dose range per week (mg) % Dose range per week (mg) p-value 
 
Testosterone esters 

 
97.3 

 
500 - 2000 

 
96.3 

 
500 - 1500 

 
1.00 

Trenbolone 78.4 250 - 750 57.6 250 - 1000 0.08 
Nandrolone 73.0 250 - 1000 78.8 250 - 1000 0.48 
Stanozolol 73.0 200 - 700 66.7 200 - 700 0.57 
Sustanon 70.2 750 - 2000 54.5 500 - 1000 0.20 
Boldenone 64.9 600 - 2000 27.3 500 - 750 <0.01 
Drostanolone 62.2 300 - 700 45.5 300 - 500 0.23 
Metenolone 59.5 400 - 1000 54.6 400 - 1000 0.72 
Oxandrolone 56.8 350 - 700 42.4 350 - 420 0.28 
Methanolone 48.7 280 - 350 51.5 350 - 700 0.72 
Oxymetholone 27.0 350 - 700 57.6 350 - 700 <0.01 
Clostebol 10.8 160 - 280 6.1 Not reported 0.83 
Gestrinone 5.4 Not reported 9.1 Not reported 0.15 
Metribolone 2.7 Not reported 6.1 200 - 600 0.41 
Androstenione 
 

0.0 - 3.0 Not reported 0.73 
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Table 2. Characteristics of control individuals, former and current abusers of androgenic anabolic steroids. 
 

 Controls (n=30) Former abusers 
(n=33) 

Current abusers 
(n=37) 

 
p-value 

 
  

Demographic characteristics and body composition 
 

 
Age (y) 

 
31.5 ± 1.2 

 
34.8 ± 1.2 

 
31.4 ± 1.4 

 
0.11 

 
Body mass index (kg/m2) 

 
27.2 ± 0.6 

 
28.5 ±  0.6 

 
30.8 ± 0.4 

 
<0.001a 

 
Body fat (kg) 

 
17.5 ± 0.7 

 
19.4 ± 0.6 

 
14.1 ± 0.4 

 
<0.001b 

 
History of smoking (%) 

 
26.7 

 
51.5 

 
43.2 

 
0.10 

 
Accumulated duration of AAS abuse (wk)* 
 
Number of AAS compounds used (n)** 
 
Testicular size (mL)***  
 

 
- 
 
- 
 

22.3 (0.6) 

 
142 (100-203) 

 
6 (4-9) 

 
17.4 (0.8) 

 
112 (81-154) 

 
8 (4-9) 

 
12.2 (0.7) 

 
0.22 

 
0.32 

 
<0.01b 

 
 

 
Sex hormones 

 

 
Total testosterone (nmol/L) 

 
18.9 (17.3-20.6) 

 
14.8 (13.1-16.8) 

 
75.6 (54.2-105.3) 

 
<0.001b 

 
Estradiol (pmol/L) 

 
21 (2-38) 

 
33 (5-51) 

 
100 (13-270) 

 
0.001a 

 

a Significant difference between current anabolic androgenic steroid abusers (AAS) and controls as well as current and 
former AAS abusers. b Significant difference between all three groups. 
*Geometric mean (95% confidence interval). 
**Median (25th -75th percentiles) 
***Mean (standard error) 
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Table 3. Measures of fibrinogen, coagulation factor XIII, and fibrin clot structure properties in control 
individuals, former and current abusers of androgenic anabolic steroids. 
 

 Controls 
(n=30) 

Former abusers  
(n=33) 

Current abusers 
(n=37) 

 
p-value 

 
Fibrinogen (μmol/L) 
 

 
7.8 ± 1.4 

 
8.7 ± 1.8 

 
8.9 ± 1.9 

 
0.027a 

Coagulation factor XIII (1) 1.26 ± 0.25 1.45 ± 0.27 1.40 ± 0.33 0.04b 

 
Vmax (optical density/min) 

 
0.69 ± 0.18 

 
0.74 ± 0.20 

 
0.77 ± 0.19 

 
0.18 

 
Lag time (s) 

 
16 (15-16) 

 
16 (15-16) 

 
16 (16-16) 

 
0.21 

 
Mass/length (x1012 Da/cm) 

 
4.7 ± 0.85 

 
4.7 ± 0.85 

 
5.1 ± 0.77 

 
0.08 

 
Fibrin fiber diameter (µm) 

 
0.11 (0.10-0.13) 

 
0.12 (0.10-0.12) 

 
0.12 (0.11-0.13) 

 
0.11 

 
Fibrin clot density (x1022 Da/cm3) 

 
4.5 (4.2-5.2) 

 
4.6 (3.8-5.0) 

 
4.5 (4.1-4.9) 

 
0.82 

 
a Significant difference between current androgenic anabolic steroid abusers and controls.  b Significant 
differences between former abusers and control and current abusers and controls. 
Abbreviations: Vmax, the highest slope of the optical density curve recorded during fibrin polymerization  
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Table 4. Plasma measures of fibrinolytic proteins in control individuals, former and current abusers of 
androgenic anabolic steroids. 

 Controls 
(n=30) 

Former abusers 
(n=33) 

Current abusers 
(n=37) 

 
p-value 

 
Plasminogen (1) 
 
Plasmin inhibitor (1) 

 
0.91 (0.82 – 1.00) 

 
0.97 ± 0.08 

 
0.92 (0.88 – 0.99) 

 
1.04 ± 0.09 

 
1.13 (1.01 – 1.35) 

 
1.12 ± 0.09 

 
<0.001a  

 
<0.001b 

 
PAI-1 (ng/mL) 

 
15.5 (12.0 – 19.0) 

 
16.0 (12.4 – 22.7) 

 
12.7 (9.9 – 19.5) 

 
0.29 

 
TAFI antigen (μg/mL) 

 
8.0 ± 1.3 

 
8.0 ± 1.1 

 
8.4 ± 1.6 

 
0.43 

 
a Significant differences between current abusers and form former abusers and controls. b Significant difference between all three 
groups. Abbreviations: PAI-1, plasminogen activator inhibitor 1; TAFI, thrombin activatable fibrinolysis inhibitor  
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Fig. 1. Fibrin clot lysis in controls, former and currents abusers of anabolic androgenic steroids 
(AAS). The error bars represent mean and standard deviation. *Clot lysis was significantly lower 
in current abusers of AAS than in former abusers and controls, p<0.001. 


