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Aims:  To study  the  long-term  impact  of anabolic  androgenic  steroid  (AAS)  abuse  on  the  cholesterol  profile,
and the  potential  to  suppress  endocrine  activity  in men  working  out  at gym  facilities.  To study  the relation
between  urinary  biomarkers  for testosterone  and  nandrolone  abuse  and the  UGT2B17  genotype  and  time
profile.
Experimental  design:  Subjects  (N =  56)  were  recruited  through  Anti-Doping  Hot-Line.  Serum  levels of
luteinizing  hormone  (LH),  follicle-stimulating  hormone  (FSH),  plasma  levels  of  low  density  lipoprotein
(LDL),  high  density  lipoprotein  (HDL)  and  urinary  steroid  profile  were  regularly  measured  for  a  period  of
up  to  one  year  after  cessation  of  intramuscular  AAS  abuse.
Results  and  discussion:  A sustained  suppression  of  LH,  and  FSH  was  observed  for  several  months.  The
nandrolone  urinary  biomarker  19-NA  was  detectable  several  months  after  the  last  nandrolone  intake
and was  correlated  to  the  levels  of LH  and  FSH.  Testosterone  abuse  on the  other  hand  was detectable

only  for  a few  weeks,  and  some  of the testosterone  abusers  did not  test  positive  due  to  a  genetic  deletion
polymorphism  of  the  UGT2B17.  Significantly  increased  levels  of HDL  and  decreased  levels  of  LDL were
observed  for  6-months  after  cessation  of AAS  abuse.
Conclusion:  Some  individuals  had  a  sustained  suppression  of  LH  and  FSH  for  a period  of  1  year  whereas
the  cholesterol  profile  was  normalized  within  6 month.  The  long  term  consequences  of these  findings
remain  to be  established.
. Introduction

Anabolic androgenic steroids (AAS) including testosterone,
ther endogenous androgenic hormones and synthetic compounds
tructurally related to these compounds are the most frequently
etected doping agents in sports. They accounted for about 59%
f adverse analytical findings in 2008 in accredited doping labora-
ories around the world (WADA 2008 Adverse Analytical Findings

nd Atypical Findings reported by accredited laboratories, Mon-
real, 2009 (http://www.wada-ama.org)). However, the abuse of
hese agents for cosmetic purposes among non-competitive recre-

Abbreviations: AAS, anabolic androgenic steroid; CHD, coronary heart disease;
SH, follicle-stimulating hormone; HDL, high density lipoprotein; T/E, testosterone
lucuronide on epitestosterone glucuronide ratio; LDL, low density lipoprotein; LH,
uteinizing hormone; 19-NA, 19-norandrosterone; 19-NE, 19-noretiocholanolone.
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ational body-builders and non-athletes is a major societal concern.
In fact, AAS abuse has become a growing public health problem
[5,11,24].

The current test to detect abuse of testosterone is
based on determination of the urinary testosterone glu-
curonide/epitestosterone glucuronide ratio (T/E). When the
T/E is above 4.0, doping in sports is suspected (WADA  Technical
document TD2004EAAS, reporting and evaluation guidance for
testosterone, epitestosterone, T/E ratio and other endogenous
steroids, Montreal, 2004 (http://www.wada-ama.org)) and such
samples must be subject to further analyses for determination
of the origin of testosterone. The major enzyme responsible for
testosterone glucuronidation is UGT2B17 [9]. We  have shown that
the T/E ratio after a single dose of testosterone is highly dependent
on the UGT2B17 deletion polymorphism [23] and that there are
large inter ethnic differences in the distribution of this trait [9].

In order to detect nandrolone intake, the urinary nan-

drolone metabolites 19-norandrosterone (19-NA) and
19-noretiocholanolone (19-NE) are used as markers. These
metabolites can be endogenously produced at low levels in some
cases [15]. When the urine concentration exceeds the threshold of
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Fig. 1. Flow chart of the volunteers through 

 ng/ml, additional investigations are required to avoid a compet-
tive athlete being wrongly subjected to disciplinary proceedings
WADA Technical document TD2010NA, Harmonization of analysis
nd reporting of 19-norsteroids related to nandrolone, Montreal,
010 (http://www.wada-ama.org)).

The side effects related to the abuse of these steroids and
ther AAS are based on empirical observations, so the potential
f serious and persisting health risks associated with the abuse
f these steroids is still largely unexplored. Reported endocrine
dverse reactions to AAS-abuse include acne, gynecomastia, tes-
icular atrophy and decreased secretion of the pituitary hormones
uteinizing hormone (LH) and follicle-stimulating hormone (FSH)
3,17,18,20]. Moreover, cardiovascular side effects such as dis-
urbances in the cholesterol profile, i.e. increased low density
ipoproteins (LDL) and decreased high density lipoprotein (HDL)
ave been reported (reviewed by [1,28]).  However, the time course
nd possible reversibility of these alterations following abuse of
AS is not known. In the present study we addressed these issues

n a 12 months follow-up study in AAS abusers that were recruited
o the study at cessation of their abuse. We  also studied the impact
f the UGT2B17 deletion polymorphism on the T/E ratio and the
rinary excretion of 19-NA in AAS abusers.

. Subjects and methods

.1. Subjects
Fifty-six men  between 18 and 57 years old were recruited to
he project between 1998 and 2002. A few were referred from
olleagues working in emergency medicine, but most were asked
o participate when contacting the Anti-Doping Hot-Line, a free
study (n=21)

udy. aOnly for UGT2B17 inserted volunteers.

telephone counseling service for individuals affected by or people
concerned with abuse of anabolic androgenic steroids [5].  A gen-
uine desire to give up using AAS was  a prerequisite to be included.
Participation was commenced after informed consent, and no eco-
nomical remuneration was  given to participants. The project was
approved by the Ethics Committee of the Karolinska Institutet,
Stockholm, Sweden. The flow chart of the volunteers through the
study is presented in Fig. 1.

Individuals were clinically investigated and a series of endocrine
parameters were monitored in blood and urine samples that
were collected at different time points. At each time, LH and FSH
were quantified in serum and urine samples were screened for
metabolites of nandrolone, and testosterone as well as exogenous
androgens such as stanozolol. After 6 months, cholesterol profile
was analyzed and individuals were examined physically. At each
visit they met  a research nurse who could answer questions and
check their social and psychological condition. If necessary, individ-
uals were referred to qualified medical assessment and treatment
at the Psychiatric or Endocrine Departments of hospital.

2.2. UGT2B17genotyping

Of the 56 subjects included in the study, 12 reported a recent
use (last abuse time ranged from one day to five weeks) of
an intramuscular testosterone depot formulation. Serum DNA
was extracted using Qiamp DNA Blood Mini Kit (Qiagen, Hilden,
Germany). To genotype for UGT2B17 polymorphism, 5′ nucle-

ase PCR assays using UGT2B17 gene exon 1 and exon 6 specific
primers [29] and exon 1 and exon 6 specific Taqman probes (VIC-
TACATTTTGGTCATATTTTTCACAACTACAAGAATTGT-MGB and VIC-
CAGTCTTCTGGATTGAGTTT-MGB, respectively) were performed.

http://www.wada-ama.org/
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Table 1
Clinical features of 39 abusers that were positive in AAS urine screening.

Characteristics Mean ± SD Range

Weight (kg) 93.2 ± 20.1 67–187
Height (cm) 179.8 ± 6.5 166–190
Age 26.4 ± 7.2 18–57

T
A
w
t
D
9
p
f
r
(
s
d
g
a
q
b

2

m
(
w
(
m
(

3

3

q
u
a
t
T
t
o
a
d
(
m
p
m
1
A
i
r
g

3

t
c

10000

1000

100

C
on

ce
nt

ra
tio

n 
[n

g/
m

L]

1

10

50 100 200 250 400 4500 150 300 350

Time [days]

Fig. 2. 19-NA excretion in 21 individuals who tested positive for nandrolone. The

of compromised endocrine function as revealed by suppressed lev-
els of LH and FSH (Fig. 3). The initial mean concentrations of FSH
and LH at the first visit were <0.99 IU/L and <1.17 IU/L, respectively.
Fifty % and 70% of the individuals had FSH and LH levels below
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Onset 21 ± 5.01 15–39
Duration 5.2 ± 4.1 0.5–17

he ubiquitously expressed �-actin (�-actin Control Reagents,
pplied Biosystems, Carlsbad, CA, USA) and albumin [21] genes
ere used as internal standards for reaction quality control. Briefly

he PCR was carried out in 15 �l volume including 5–10 ng genomic
NA, 2× TaqMan Universal Master Mix  (Applied Biosystems),
00 nM of UGT2B17 specific primers and 200 nM probe. The PCR
rofile consisted of an initial denaturation step at 95 ◦C for 10 min
ollowed by 40 cycles at 95 ◦C for 15 s and 60 ◦C for 1 min. The fluo-
escence signal was measured with an ABI 7500 Sequence Detector
Applied Biosystem). Samples in which only �-actin and albumin
ignal were detected were identified as homozygous for UGT2B17
eletion allele (del/del) whereas samples in which both the control
enes and the UGT2B17 products were amplified were identified
s UGT2B17 allele-carriers (ins/ins and ins/del). The quality and
uantity of serum derived DNA did now allow us to discriminate
etween ins/ins and ins/del.

.3. Urine, serum and plasma analyses

Determination of urinary 19-NA level and T/E ratio were deter-
ined using a validated gas chromatography–mass spectrometry

GC–MS) method at our WADA accredited Doping Laboratory
ithin the clinical department of clinical pharmacology. All serum

FSH and LH) and plasma analyses (P-LDL, and P-HDL) were deter-
ined by routine methods at the Division of Clinical Chemistry

Karolinska University Hospital, Stockholm, Sweden).

. Results

.1. Characteristics of the AAS-abusers

Three individuals were positive for narcotics and were subse-
uently excluded from the study. Of the 53 individuals that showed
p for the first visit, 35 tested positive for nandrolone, testosterone
nd/or stanozolol (see Fig. 1). Among the volunteers tested positive
o 19-NA, two individuals did not claim to have abused nandrolone.
his might be due to nandrolone contamination of steroid prepara-
ions or memory default in a multiple steroid abuse pattern. Thus,
ne of these individual was excluded because he relapsed into AAS
buse and the other because the screening test did not match his
eclaration. Even if all the subjects claimed to use multiple AAS
endogenous or synthetic), only 19 of the abusers were positive for

ore than one steroid. This is certainly due to the different time
eriods between the last abuse and the entry into the study. The
ean age was 26.4 years and other mean height and weight was

80 cm and 93.2 kg, respectively. They reported to have started the
AS-abuse between 15 and 39 years of age, and the duration var-

ed between 0.5 and 17 years (Table 1). All the AAS substances were
eported to have been purchased through black market (internet,
ym contact, etc.)

.2. 19-NA elimination
Twenty-one individuals reported intra-muscular adminis-
ration of nandrolone decanoate and the administration was
onfirmed by urinary analysis of 19-NA. The 19-NA elimination
19-NA metabolite could be detected for several months after the last injection.
Some individuals still tested positive (>2 ng/mL) one year after their last nandrolone
dose.

kinetics in these individuals are depicted in Fig. 2. At the first visit,
all individuals tested positive for nandrolone abuse, i.e. they had
19-NA levels above 2 ng/mL (mean 450 ± 494 ng/mL). Six months
later 80% of the individuals had 19-NA levels above 2 ng/mL
(mean 35.2 ± 37.0 ng/mL). Interestingly, 58% of the individuals still
remaining in the study (N = 12) were tested positive 9 months after
their last nandrolone administration. After one year only 4 subjects
were left in the study and 2 of them were positive for 19-NA (5.5
and 2.0 ng/mL).

3.3. Endocrine profile

The 21 individuals positive for nandrolone showed initial signs
Time [days]

Fig. 3. Recovery of LH and FSH in nandrolone abusers from their first visit (day 0)
and the follow up visits.
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We show here for the first time that the long presence
elapsed into AAS-abuse. (A) Significantly lower LDL levels were observed at visit 2.
B)  Significantly higher levels of HDL were observed at visit 2 (paired t-test).

he detection limit of 0.1 IU/L and 0.7 IU/L, respectively. Six months
fter cessation of AAS abuse, the mean concentration of FSH and
H had increased to 3.31 (±1.5 IU/L, p = 0.004) and 2.3 (±1.9 IU/L,

 = 0.04).
There was a significant correlation between 19-NA and LH and

SH concentration that lasted for 16 weeks. At the first visit, urinary
evels of 19-NA were significantly associated with LH and FSH levels
r = −0.57, p = 0.02 and r = −0.75, p < 0.001, respectively). There was
till a significant correlation 9–16 weeks after the last nandrolone
ntake, (r = −0.76, p < 0.001 and r = −0.72, p < 0.001, for LH and FSH
espectively (N = 15).

.4. Lipid profile

Thirty-one of the subjects that were positive on nandrolone,
estosterone and/or stanozolol at the first visit did not relapse
nto AAS abuse and returned at the 6 months re-visit. As
een in Fig. 4a, LDL-C was significantly higher at the first
isit (mean 3.24 ± 0.25 mmol/L) than after 6 months without
AS (mean 2.63 ± 0.17 mmol/L; p = 0.0061). In contrast the con-
entration of HDL-C was  significantly lower at visit 1 (mean
.90 ± 0.05 mmol/L) than 6 months after cessation of AAS abuse

mean 1.13 ± 0.05 mmol/L; p < 0.001) (Fig. 4b). The level of total
holesterol did not differ between the two visits (data not
hown).
 & Molecular Biology 127 (2011) 295– 300

3.5. T/E ratio and UGT2B17

Monitoring of the T/E ratios in testosterone abusers was  carried
out and the results are reported in Table 2. Three of the 12 testos-
terone abusers were identified as del/del (S10, S11 and S12). When
tested for testosterone abuse 1–5 weeks after their last testosterone
injection, none of the UGT2B17 del/del subjects were identified as
positive in the doping test using the T/E-ratio as biomarker. As
expected, all individuals expressing UGT2B17 displayed a T/E ratio
above 4. They remained positive in the test whereas individuals
devoid of UGT2B17 were classified as false negatives (Table 1). The
T/E ratio was  monitored in weeks 2, 4, 6 and 8 after the first visit
(week 0). The T/E ratio decreased with time, reaching a T/E below
0.4 in del/del subjects in agreement with our previous findings
i.e. individuals homozygous for the UGT2B17 gene deletion have a
baseline T/E ratio below 0.4. Two individuals relapsed into testos-
terone abuse (S6 and S12), but only subject S6 was suspected on
the basis of the T/E as a biomarker.

4. Discussion

Interestingly, the urinary nandrolone metabolite 19-NA
remained detectable for a long period of time. For some of the
individuals, the 19-NA was detected up to one year after their last
injection of nandrolone decanoate. This finding is in agreement
with a previous study showing that exogenous 19-NA could be
detected for 6 months in some individuals after a single dose
of 150 mg  nandrolone decanoate [4].  In a case report, 19-NA
and 19-NE levels in urine were detectable for 8 months [12].
It is not known why  these metabolites reside in the body for
such as long time since the parent substance nandrolone itself is
only detectable in serum for 2–5 weeks [4].  However, it can be
assumed that nandrolone is certainly misused as micro-doses in
professional sports in order not to reach the threshold of 2 ng/mL
of 19-NA in urine established by the WADA.

Our results indicate that 19-NA, or another nandrolone
metabolite, may  exert a negative feed-back regulation on the
hypothalamic–pituitary axis. The marked down-regulation at the
start of the study was expected since this was in agreement with
several other reports showing that AAS suppresses the LH and
FSH secretion [3,19,20]. Several of the individuals had LH and
FSH at or below the detection limit. These levels are in the range
usually observed in pre-pubertal males and in the lower range
for male adults. However, the long persistence of low levels of
gonadotropins observed here has not previously been shown in a
population study. Two case-reports demonstrate prolonged hypog-
onadotropic hypogonadism following 2.5 and 4 years intake of
supra-physiological doses of mixed AAS [10]. However, in some
individuals LH and FSH levels returned to normal 12 weeks follow-
ing the cessation of testosterone enanthate abuse for 26 weeks [3].

Unfortunately serum testosterone levels were not measured
in all of these individuals. But most likely the repression of
gonadotropins shown here are associated with hypogonadism. It
is commonly known among AAS abusers that AAS induce hypog-
onadism related side-effects for long period of time after an
AAS-cycle (reported to the Anti-Doping Hot-line). There are rea-
sons to believe that the endocrine endpoint following nandrolone
abuse would correlate to clinical symptoms such as depression,
apathy and impotence. However, our study was  not designed to
evaluate these possible relationships. Also, possible long-term con-
sequences of these findings need to be addressed in further studies.
and slow elimination of nandrolone metabolites are associated
with endocrine consequences. Considering the clinical signifi-
cance of these findings it is important to further characterize the



N. Gårevik et al. / Journal of Steroid Biochemistry & Molecular Biology 127 (2011) 295– 300 299

Table 2
A  follow-up study of the T/E ratio in 12 subjects that reported administration of intra-muscular testosterone preparation in the 5 last weeks. The UGT2B17 genotype is defined
as  ins (ins/ins or ins/del)  or del/del.

Subject UGT2B17 Last T abuse* [weeks] T/E ratio

Week 0 Week 2 Week 4 Week 6 Week 8

S1 ins 4 36.0 11.8 11.9 5.2 1.7
S2  ins 4 12.9 1.9 1.9 2.0 1.2
S3 ins 2 196.2 26.7 4.1 2.0 2.4
S4 ins  4 79.0 72.1 14.6 1.8 2.4
S5  ins 5 50.6 22.9 1.4
S6  ins 1 114.0 201.0 23.3 133.9
S7  ins 4 6.4 4.1 5.0 2.9
S8  ins 3 14.7 1.0 1.4 – 0.7
S9 ins 4 54.0 7.0
S10 del/del 3 2.3 1.1 0.2 0.2 0.1
S11  del/del 2 0.8 0.4 0.3 0.3

m
u
a
t
m
g
G
a
S
b
n
c
1
o

s
h
n
A
o
d
h
a
A
f
t
p
r
s
a

U
d
v
o
f
T
o
4
U
d
f
a
t
a
t
g
j

S12 del/del 1 0.6 

* Self reported.

etabolism of nandrolone and the 19-NA/19-NE metabolites. The
rinary excretion profile of 19-NA showed in our study as well
s in healthy volunteers [4,27] disclose an inter-individual varia-
ion in the 19-NA excretion kinetics. Nandrolone metabolites are

ainly glucuronidated prior to the excretion in urine and 19-NA
lucuronide is the metabolite determined in the doping test using
C-MS analysis. So it is possible that genetic variations in UGTs have
n impact on the variation observed in 19-NA excretion profile.
ince 19-NA is glucuronidated at position 3′, UGT2B17 is proba-
ly not involved in this conjugation. Unfortunately, there were no
androlone abusers homozygote for the UGT2B17 deletion in the
ohort to confirm this hypothesis. Five UGTs (UGT2B7, 2B4, 1A1,
A3 and 1A4) have been identified to catalyze the glucuronidation
f 19-NA in vitro [14].

In agreement with several other studies on AAS abusers, we
how that AAS induce a deleterious effect on the lipid profile, i.e.
igh levels of LDL and low levels of HDL. This profile was sig-
ificantly improved 6 months after cessation of the AAS-abuse.
ccording to other studies the lipoprotein levels are normalized
ne to three months after AAS cessation [2,13] depending on the
uration of AAS course [8]. In our study group the AAS abusers
ad an HDL level below 1.0 mmol/L at visit 1, whereas six months
fter AAS cessation they have reached a HDL level of 1.1 mmol/L.
ccording to Framingham data individuals below 1.0 mmol/L had a

ourfold increase in risk of coronary heart disease (CHD) compared
o those with levels of 1.03–1.27 mmol/L, and in agreement with
revious conclusion, the HDL levels could account for an increased
isk of CHD in AAS abusers [7]. Unfavorable long-term changes in
erum lipid profile increase the risk of CHD, but here we  show that
fter the cessation of AAS-abuse this risk can be decreased.

We have previously described the predictive influence of the
GT2B17 genotype on the T/E ratio. After administration of a single
ose of 360 mg  testosterone in healthy volunteers, 60% of the indi-
iduals devoid of UGT2B17 gene did not reach the cut-off T/E ratio
f 4 the during 15 days observation [23]. The present study reports
or the first time the impact of the UGT2B17 polymorphism on the
/E ratio in AAS abusers. Our results show that sustained abuse
f high doses of testosterone esters, the T/E ratio remains above

 for up to 3 weeks after the last dose in individuals expressing
GT2B17, whereas in agreement with studies in healthy volunteers,
el/del subjects had a T/E below 4 and did never tested as positive
or testosterone. It is obvious that two individuals, i.e. subjects S6
nd S12, relapsed into testosterone use at week 6, but only S6 was
ested as suspected. We  have shown that additional information

bout UGT2B17 genotypes in the Bayesian approach [26] increases
he sensitivity of the doping test [22]. The combined Bayesian and
enotyping approach would certainly have revealed doping in sub-
ect S12. However, at the time when the testosterone doping test
0.5 0.1 1.3 2.0

was conducted (1997–2000) the relation between UGT2B17 geno-
type and testosterone excretion had not been described and the
longitudinal follow up of the steroid profiling was not employed.

We have collected a unique population, i.e. individuals that are
abusing AAS only but not narcotics. The material was  collected in
1998–2002, and it would be hard to collect this population today,
since abuse of narcotics is common among AAS-abusers in Sweden
today [6,16,25]. Of course the study has several limitations. In addi-
tion to their mixed intake of AAS, some of them also admit the use of
other doping agents (hCG, efedrin, GH, tamoxifen) as well as other
drugs (prescribed and/or OTC). We  believe that those included were
not abusing AAS during the study period. First all individuals were
screened continuously during the study period, and excluded if an
obvious relapse in to AAS was revealed. Second, all participants
contacted the health care facilities voluntarily with a desire to give
up there abuse. Moreover, there was  no economical compensation
or any other advantages from participation. Thus we believe the
risk of concealed and continued abuse is negligible. Another disad-
vantage is that the time since they took their last injection various
which must be taken into consideration.

In conclusion we  show that AAS-abusers have a disturbed
cholesterol and endocrine profile. The lipid levels were recovered
after 6 months cessation of AAS whereas the endocrine hormones
LH and FSH were repressed for longer periods of time. The recov-
ery of LH and FSH was correlated to the urinary level of the
nandrolone metabolite 19-NA. 19-NA was  detectable for several
months after the last nandrolone administration, and there was
a large inter-individual variation in the excretion rate. Moreover,
UGT2B17 deletion polymorphism is an important determinant of
the T/E ratio even after high doses of testosterone for a long period
of time.

Acknowledgements

Supported by grants from Stockholm County Council and
the World Anti-Doping Agency and Swedish National Centre for
Research in Sports. This work was  also supported in part by a grant
from the Swiss National Science Foundation (project no.: 129016).
C. Möller, J. Börjesson, A.C. Eklöf, A.M. Thurelius are gratefully
acknowledged for valuable contributions to the clinical handling
of the participants.
References

[1] S. Achar, A. Rostamian, S.M. Narayan, Cardiac and metabolic effects of anabolic-
androgenic steroid abuse on lipids, blood pressure, left ventricular dimensions,
and rhythm, Am.  J. Cardiol. 106 (2010) 893–901.



3 mistry

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

athlete’s drug testing, Steroids 74 (2009) 359–364.
00 N. Gårevik et al. / Journal of Steroid Bioche

[2]  M.  Alen, P. Rahkila, J. Marniemi, Serum lipids in power athletes self-
administering testosterone and anabolic steroids, Int. J. Sports Med. 6 (1985)
139–144.

[3]  M.  Alen, M.  Reinila, R. Vihko, Response of serum hormones to androgen admin-
istration in power athletes, Med. Sci. Sports Exerc. 17 (1985) 354–359.

[4]  W.M. Bagchus, J.M. Smeets, H.A. Verheul, S.M. De Jager-Van Der Veen, A. Port,
T.B. Geurts, Pharmacokinetic evaluation of three different intramuscular doses
of  nandrolone decanoate: analysis of serum and urine samples in healthy men,
J.  Clin. Endocrinol. Metab. 90 (2005) 2624–2630.

[5] A.C. Eklof, A.M. Thurelius, M.  Garle, A. Rane, F. Sjoqvist, The anti-doping hot-
line, a means to capture the abuse of doping agents in the Swedish society
and a new service function in clinical pharmacology, Eur. J. Clin. Pharmacol. 59
(2003) 571–577.

[6] N. Garevik, A. Rane, Dual use of anabolic-androgenic steroids and narcotics in
Sweden, Drug Alcohol Depend. 109 (2010) 144–146.

[7] G. Glazer, Atherogenic effects of anabolic steroids on serum lipid levels. A lit-
erature review, Arch. Intern. Med. 151 (1991) 1925–1933.

[8] F. Hartgens, G. Rietjens, H.A. Keizer, H. Kuipers, B.H. Wolffenbuttel, Effects
of androgenic-anabolic steroids on apolipoproteins and lipoprotein (a), Br. J.
Sports Med. 38 (2004) 253–259.

[9] J. Jakobsson, et al., Large differences in testosterone excretion in Korean and
Swedish men  are strongly associated with a UDP-glucuronosyl transferase
2B17 polymorphism, J. Clin. Endocrinol. Metab. 91 (2006) 687–693.

10] J.P. Jarow, L.I. Lipshultz, Anabolic steroid-induced hypogonadotropic hypogo-
nadism, Am.  J. Sports Med. 18 (1990) 429–431.

11] G. Kanayama, K.J. Brower, R.I. Wood, J.I. Hudson, H.G. Pope Jr., Anabolic-
androgenic steroid dependence: an emerging disorder, Addiction 104 (2009)
1966–1978.

12] P. Kintz, V. Cirimele, V. Dumestre-Toulet, B. Ludes, Doping control for nan-
drolone using hair analysis, J. Pharm. Biomed. Anal. 24 (2001) 1125–1130.

13] H. Kuipers, J.A. Wijnen, F. Hartgens, S.M. Willems, Influence of anabolic steroids
on  body composition, blood pressure, lipid profile and liver functions in body
builders, Int. J. Sports Med. 12 (1991) 413–418.

14] T. Kuuranne, M.  Kurkela, M.  Thevis, W.  Schanzer, M.  Finel, R. Kostiainen,

Glucuronidation of anabolic androgenic steroids by recombinant human UDP-
glucuronosyltransferases, Drug Metab. Dispos. 31 (2003) 1117–1124.

15] B. Le Bizec, F. Monteau, I. Gaudin, F. Andre, Evidence for the presence of endoge-
nous  19-norandrosterone in human urine, J. Chromatogr. B: Biomed. Sci. Appl.
723  (1999) 157–172.

[

[

 & Molecular Biology 127 (2011) 295– 300

16] L. Lundholm, K. Kall, S. Wallin, I. Thiblin, Use of anabolic androgenic steroids
in  substance abusers arrested for crime, Drug Alcohol Depend. 111 (2010)
222–226.

17] T. Merkle, M.  Landthaler, O. Braun-Falco, Acne conglobata-like exacerbation
of acne vulgaris following administration of anabolic steroids and vitamin B
complex-containing preparations, Hautarzt 41 (1990) 280–282.

18] A. Palacios, R.D. McClure, A. Campfield, R.S. Swerdloff, Effect of testosterone
enanthate on testis size, J. Urol. 126 (1981) 46–48.

19] E. Palonek, C. Gottlieb, M.  Garle, I. Bjorkhem, K. Carlstrom, Serum and urinary
markers of exogenous testosterone administration, J. Steroid Biochem. Mol.
Biol. 55 (1995) 121–127.

20] H.G. Pope Jr., D.L. Katz, Psychiatric and medical effects of anabolic-androgenic
steroid use. A controlled study of 160 athletes, Arch. Gen. Psychiatry 51 (1994)
375–382.

21] E. Schaeffeler, M.  Schwab, M.  Eichelbaum, U.M. Zanger, CYP2D6 genotyping
strategy based on gene copy number determination by TaqMan real-time PCR,
Hum. Mutat. 22 (2003) 476–485.

22] J.J. Schulze, J. Lundmark, M.  Garle, L. Ekstrom, P.E. Sottas, A. Rane, Substantial
advantage of a combined Bayesian and genotyping approach in testosterone
doping tests, Steroids 74 (2009) 365–368.

23] J.J. Schulze, J. Lundmark, M.  Garle, I. Skilving, L. Ekstrom, A. Rane, Doping test
results dependent on genotype of uridine diphospho-glucuronosyl transferase
2B17, the major enzyme for testosterone glucuronidation, J. Clin. Endocrinol.
Metab. 93 (2008) 2500–2506.

24] F. Sjoqvist, M.  Garle, A. Rane, Use of doping agents, particularly anabolic
steroids, in sports and society, Lancet 371 (2008) 1872–1882.

25] K. Skarberg, F. Nyberg, I. Engstrom, Multisubstance use as a feature of addiction
to  anabolic-androgenic steroids, Eur. Addict. Res. 15 (2009) 99–106.

26] P.E. Sottas, N. Baume, C. Saudan, C. Schweizer, M. Kamber, M. Saugy, Bayesian
detection of abnormal values in longitudinal biomarkers with an application
to  T/E ratio, Biostatistics 8 (2007) 285–296.

27] E. Strahm, N. Baume, P. Mangin, M.  Saugy, C. Ayotte, C. Saudan, Profiling of
19-norandrosterone sulfate and glucuronide in human urine: implications in
28] P. Vanberg, D. Atar, Androgenic anabolic steroid abuse and the cardiovascular
system, Handb. Exp. Pharmacol. 195 (2010) 411–457.

29] W.  Wilson 3rd, et al., Characterization of a common deletion polymorphism of
the UGT2B17 gene linked to UGT2B15, Genomics 84 (2004) 707–714.


	Long term perturbation of endocrine parameters and cholesterol metabolism after discontinued abuse of anabolic androgenic ...
	1 Introduction
	2 Subjects and methods
	2.1 Subjects
	2.2 UGT2B17genotyping
	2.3 Urine, serum and plasma analyses

	3 Results
	3.1 Characteristics of the AAS-abusers
	3.2 19-NA elimination
	3.3 Endocrine profile
	3.4 Lipid profile
	3.5 T/E ratio and UGT2B17

	4 Discussion
	Acknowledgements
	References


