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agement pathways due to the lack of specific guidelines. We aimed to confirm the

strate the effects of treatment regimens on recovery. We enrolled 520 patients with
a confirmed history of AAS intake within 1 year of presentation and evaluated their
symptoms, hormones levels, and semen every 3 months until 12 months. All patients
were monitored for spontaneous recovery in the first 3 months; if they showed no
recovery, they were randomized to undergo either continued observation or com-
mence medications. The most common presentation (84%) was a combination of sex-
ual symptoms while some patients (18%) were infertile. Most patients (90%) reported
low levels of luteinizing hormone, follicle-stimulating hormone, and total testoster-
one. After the 3-month observation, most patients (89%) started treatment, but some
(11%) continued observation only. Treated patients showed faster improvement
regarding the International Index of Erectile Function (lIEF) values, hormone levels,
testicular size and semen parameters compared to non-treated patients (p < 0.005).
Among the 94 patients who presented with infertility (18%), 61 had oligospermia and
33 had azoospermia. All received treatment, but only 14 (15%) achieved successful
pregnancy at 12 months while all azoospermic's patients continued to have infertility
at the end of the follow-up period. These findings demonstrated the significant nega-
tive impact of AAS abuse on sexual health and fertility, and the need for medical

treatment to have faster recovery from their adverse effect.
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1 | INTRODUCTION

The use of performance-enhancing drugs (PEDs) to enhance
sports, performance and /or physical appearance has progressively
increased among young and middle-aged men. One of the most
abused PEDs is anabolic androgenic steroids (AAS) (Pope, 2014).
AAS abuse results in supraphysiological testosterone levels with
eventual negative effects on the hypothalamic-pituitary Adrenal
(HPA) axis, leading to a unique condition known as anabolic
steroid-induced hypogonadism (ASIH) and manifestations of
hormonal disturbances, gynecomastia, testicular dysfunction,
and infertility, all of which are well-described but poorly under-
stood (Boregowda et al., 2011; Coward et al., 2013; Cyrus
et al., 2014; Liu et al., 2006). The lifetime prevalence of AAS abuse
is estimated to be 6% in men; therefore, the resultant adverse
effects constitute a public health concern since these medications
can result in deleterious health effects (Sagoe & molde, 2014;
Fronczak, 2012).

Even though the AAS abuse is underreported in many communi-
ties, and up to 50% of AAS users do not disclose their use to their
physician, it is becoming an alarming global phenomenon and well
noticed in many regional and global communities (Cohen et al., 2007;
Graham et al., 2008; Maha et al., 2019; Pany & Panigraphy, 2019).

Spontaneous recovery of the negative effects caused by AAS
abuse can be achieved after discontinuing their usage, but this
requires several months to years; however, in many patients, the
effects may be permanent (Kanayama et al.,, 2015; Rasmussen
et al., 2016; Shankara-Narayana et al., 2020). Presently, the peer-
reviewed literature contains limited information in describing the
demographics, characteristics, and psychologic profile of AAS
users. Furthermore, no comprehensive management recommenda-
tions or guidelines have been proposed for the treatment of AAS-
induced adverse effects, such as infertility and ASIH, and all
available medication regimens are off-label (Menon, 2003; Tan &
Vasudevan, 2003; De Luis et al.,, 2001; Wenker et al., 2015;
Ramasamy et al., 2015; Abram McBride & Coward, 2016; Tatem
et al., 2020). Particularly in our region (the Middle East), studies on
the prevalence and significant negative effects of AAS abuse, as
well as management strategies are unavailable, therefore, we
aimed to provide objective evidence of the deleterious effects of
this condition on sexual health and fertility, and possible effects of
treatment medications on early recovery from their adverse

effects.

2 | PATIENTS AND METHODS

This single-center prospective randomized study was conducted
on patients who presented to the urology-andrology clinic at
Burjeel Hospital, Abu Dhabi, UAE, between June 2012 and June
2019. All the patients who confirmed intake of non-prescribed
AAS in the last year complained of sexual dysfunction and/or

infertility.

21 | Inclusion criteria

eHistory of intake of non-prescribed AAS on any occasion over the
year preceding presentation at our clinic.

eSexual symptoms (erectile dysfunction [ED], low sexual desire,
defective orgasm, and/or defective ejaculation) for at least 3 months
and/or infertility (trying to conceive for >1 year before presentation
at our clinic)

eDiscontinuation of AAS intake after study enrolment

eContinuous follow-up for 1 year after study enrolment

2.2 | Exclusion criteria

eSexual symptoms or infertility without a definite history of androgen
use or caused by reasons other than AAS abuse.

ePatients lost to follow-up before completing 1 year

eRelapse, which is a result of androgen use after study enrolment

2.3 | Tests and examinations

eFor evaluation of sexual symptoms, we used the International Index of
Erectile Function (lIEF) and its sub-domains (erection, orgasm, desire and
sexual satisfaction), while for infertility, we used semen analysis
eTesticular ultrasound to follow-up testicular size and exclude

varicocele.

All patients underwent the same hormonal tests, including
measurements of follicular stimulating hormone (FSH), luteinizing
hormone (LH), prolactin, estradiol, testosterone, and sex
hormone-binding globulin (SHBG), at presentation and at 3, 6,
9 and 12 months of follow-up and should be performed between
7 AM-11 AM. Semen analysis was performed for all patients at
intervals of 3 months for a period of 12 months (After 48 h of
abstinence and evaluated according to WHO semen analysis cri-
teria). Basic hormones tests reports and semen analysis before
starting the courses should be available for comparison. All
patients were followed up for 12 months after the initial presen-
tation. All hormones were assessed using electrochemilumines-

cence immunoassays.

24 | Patient treatment pathways

oAll patients underwent a mandatory 3-month observation before
starting treatment medications.

eThe patients had the option to either continue the observation or
start receiving treatment medications if they could not tolerate AAS
withdrawal symptoms. The patients were randomized to untreated
and treated groups based on their choice.

ePatients were allowed to start treatment only if they showed at

least moderate to severe symptoms with confirmed objective
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findings (IIEF values, hormone levels, and/or abnormal results in
semen analysis).

eTreatment courses of 3 months continued until the patients showed
improvement in symptoms, hormone levels and/or clinical pregnancy
for infertility.

e Treatment was repeated if the patients showed any relapse of
symptoms or deterioration of hormone levels during follow-up

intervals.

2.5 | Medications and treatment regimens

e The patients were informed that all medications were off-label,
and in the absence of specific guidelines, the medications and the
duration of treatment were based on data from similar studies on
the treatment of adverse effects of AAS abuse.

e The treatment regimen included human chorionic gonadotrophin
(HCG) 1500 IU injections /three times weekly and clomiphene cit-
rate (CC) 25 mg tablets once daily, both of which were used for
low testosterone and/or oligospermia or azoospermia. HCG is a
direct luteinizing hormone (LH) analog that has been shown to
stimulate testosterone production by Leydig cells and CC is a well-
known centrally acting selective oestrogen receptor modulator
(SERM) that acts by inhibiting oestrogen's negative feedback on
the hypothalamus, thereby increasing serum LH, FSH, and
endogenous testosterone levels while preserving and even
potentially improving sperms parameters (Menon, 2003; Tan &
Vasudevan, 2003; Wenker et al., 2015). The duration of treat-
ment was initially 30 days. Subsequent treatment was either con-
tinued at the same doses or titrated according to the results of
follow-up hormone tests (FSH, LH, testosterone, and estradiol)
that were performed monthly during treatment and seminal fluid
analysis that was performed every 3 months.

o Patients who showed gynecomastia with ASIH and/or infertility at
presentation were administered tamoxifen tablets (10 mg twice
daily) instead of CC because it has similar gonadotrophin stimula-
tory effects, but unlike CC, tamoxifen is quite active in the periph-
ery, making it effective in the treatment of early-onset
gynecomastia in men (De Luis et al., 2001; Mannu et al., 2018).

e Patients who experienced gynecomastia with high estradiol levels
and/or low testosterone/estradiol (T/E) ratio (N: >1/10) were
treated with the aforementioned regimens with the addition of
letrozole (2.5 mg) or anastrozole (1 mg) tablets every other day
for 30 days. Subsequently, the dose was titrated according to
the results of follow-up hormone tests. They are both aromatase
inhibitors (Als) that effectively block the production of oestrogen
without any effects on other steroidogenic pathways, thereby
reducing oestrogen levels and the associated gynecomastia
(Tatem et al., 2020).

e FSH injection (75 IU thrice weekly) was administered to treat infer-
tility that did not respond to LH and CC, in those cases, we discon-
tinued CC and added FSH, as it directly stimulates Sertoli cells to
support sperm production. The duration of treatment was initially

3 months, and treatment was subsequently continued or stopped

depending on the results of semen analysis (Tatem et al., 2020).

2.6 | Informed consent and ethics approval

Informed consent was obtained from all patients prior to study enrol-
ment. The privacy and confidentiality of individual patient data were
maintained throughout the study period and post-study. Ethics com-

mittee approval was obtained before patient enrolment.

2.7 | Statistical analysis

All statistical analyses were performed using Stata version 16.0. Sta-
tistical analysis was performed by comparing the patient characteris-
tics before treatment initiation and after treatment completion. All
baseline characteristics were described for the patients treated. For
continuous variables, data were presented as mean + SD. For categor-
ical data, numbers and percentages were used in the data summaries,
and the data were presented in the form of tables. Repeated-
measures analysis of variance and Chi-squared tests were performed
to compare the recovery of symptoms and hormone levels between
treated and untreated patients. Statistical significance was set
atp < 0.05.

3 | RESULTS

Overall, 774 patients who presented with a confirmed history of AAS
intake were screened. Data of 520 patients were used for data analy-
sis since 254 patients were excluded based on the exclusion criteria
(Figure 1). The mean age of the included patients was 32 + 4 years,
with the majority (52%) being aged between 20 and 30 years, and
78% of the patients were married (Table 1).

Presenting symptoms included loss of sexual desire (72%), ED
(68%), gynecomastia (35%), reduced orgasmic satisfaction (23%), ejac-
ulatory disorders (17%), and combinations of these symptoms (84%).
Based on |IEF assessments, 56% (n = 291) of the patients were cate-
gorized as having severe ED (1-10; mean, 7 + 2), 27% (n = 140) had
moderate ED (11-16; mean, 14 + 2), and 17% (nh = 88) had mild ED
(17-21; mean, 19 + 1). The IIEF subdomain scores at the time of pre-
sentation were as follows: ED 14 + 3; orgasmic function, 3 + 2; sexual
desire, 3 £ 2; intercourse satisfaction, 4 + 2; overall satisfaction, 3 + 2;
and total IIEF, 27 + 5. Approximately 18% (n = 74) patients had
infertility.

All patients underwent the initial mandatory 3-months observa-
tion; subsequently, 463 patients (89%) decided to commence treat-
ment because of sexual symptoms or infertility (treated group). The
remaining 57 patients (11%) decided to continue without treatment
until the end of the follow-up (untreated group).

IIEF evaluations revealed no significant changes between the

treated and untreated groups, before starting the course, at
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FIGURE 1 Flowchart of total
patients, included and excluded patients
and treated and untreated patients

Excluded - Loss of follow up: 145 patients

- Recurrence of AAS-intake: 109

520 patients 254 patients

Three m s follow up

patients

They decided to carry on follow up for

Treated Untreated

spontaneous recovery because they can

tolerate their symptoms.

463 patients 57 patients

TABLE 1 Demographic characteristics of the patients
Parameters/characteristics N =520
Age (years) 32:4

20-30 270 (52%)

30-40 177 (34%)

40-50 73 (14%)
Marital status

Married 406 (78%)

Unmarried 114 (22%)
Courses per year

1 62 (12%)

2 182 (35%)

3 198 (38%)

>3 78 (15%)
Duration of courses (weeks)

1-4 42 (8%)

4-8 120 (23%)

8-12 332 (64%)

>12 26 (5%)
AAS intake recommended by

Coach 395 (76%)

Self 78 (15%)

Friends 47 (9%)
Purpose of AAS use

Enhanced fitness training 328 (63%)

Enhanced physical appearance 130 (25%)

Abbreviation: AAS, anabolic androgenic steroids.

presentation and after 3 months of watchful waiting, although statisti-
cally significant differences in favour of the treatment group were evi-
dent at the 6-, 9-, and 12-month assessments (Table 2). The untreated
group showed no significant difference between the IIEF value before

starting the course, at presentation and those at 3, 6, and 9 months
(p > 0.05), with a significant change appearing only at the 12-month
assessment (p < 0.005). However, the IIEF values in the treated group
showed significant improvements at the 6-, 9- and 12-month assess-
ments (p < 0.005).

Ultrasound measurements of testicular size showed small testes
(<12 cc) in 177 patients (34%) at presentation (mean size, 8 + 1.6 cc),
213 patients (41%) at 3 months (mean size, 7 + 1.8 cc), 135 patients
(26%) at 9 months (mean size, 9 + 1.0 cc), and 109 patients (21%) at
12 months (mean size, 11 + 1.5 cc). At the end of the year, 61%
(35/57) of the patients in the untreated group still had small-sized tes-
tes, while the corresponding proportion in the treated group was 20%
(93/463; p < 0.001).

All hormones values before the AAS course were normal for both
treated and untreated patients, while at presentation, showed low
serum LH levels in 489 patients (94%; mean, 0.01 £ 0.2 mlU/ml),
low serum FSH levels in 478 patients (92%; mean, 0.1 + 0.2 1U/L),
low total testosterone levels in 468 patients (90%; mean,
3.3+ 1.2 nmol/L), low SHBG levels in 374 patients (72%; mean,
12 + 3.2 nmol/L), and high estradiol levels in 286 patients (55%;
mean, 65 pg/ml). Follow up hormones assessment showed significant
improvement in the treatment group at 6th, 9th, and 12th month,
while, for the untreated group there was no significant differences in
all hormones at 3 and 6 months but significant differences were only
seen in the FSH and LH levels at 9 months and in the testosterone
levels at 12 months (p < 0.005) (Table 3).

Semen analyses before AAS courses were normal (normal sperms
concentration >15M/ml and total motility>40%) in all enrolled
patients, in both treated and untreated groups (31+22 M and
32+21 M, p<0.223) and (74 +3.2% and 76 +2.1%, p < 0.342),
respectively. At presentation, semen analysis revealed abnormal
semen characteristics in 411 patients (79%), of which 337 patients
(82%) showed a combination of oligospermia, azoospermia, and asthe-
nozoospermia. Oligospermia (<15 M/ml) was noted in 279 patients
(68%; mean, 6 1.8 M/ml), azoospermia in 33 (8%) patients and
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TABLE 2 Mean International Index
of Erectile Function values for treated
and non-treated patients at different
follow-up intervals

Time of examination

At presentation
3 months
6 months
9 months

12 months

TABLE 3 Average values of
hormones levels between treated and
untreated groups at different time
intervals

Time of examination

Before the AAS—courses

At presentation
3 months
6 months
9 months
12 months
LH (N: 1.7-8.6 mIU/ml)

Before the AAS—courses

At presentation
3 months
6 months
9 months

12 months

Before the AAS—courses

FSH (N: 1.5-12.4 mIU/ml)

Treated (n = 463)

Untreated (n = 57)

p value (significant <0.05)

Testosterone (N: 12-32 nmol/L)

Before the AAS - courses

At presentation
3 months
6 months
9 months

12 months

Estradiol (N: 20-55 pg/ml)

Before the AAS - courses

At presentation
3 months
6 months
9 months

12 months

23+1.2 21+11 1.0000
10+ 1.0 09 +1.2 1.0000
09 +1.0 10+1.0 1.0000
18+ 20 09 +14 1.0000
20+ 2.0 10+ 20 <0.0001
24£20 12+20 <0.0001
Treated Untreated p value
(n = 463) (n=57) (significant <0.05)
68+1.1 6.7+13 0.8734
0.3+0.1 03+0.2 1.0000
0.3+02 03+0.1 1.0000
64+16 04+0.1 <0.0001
58+138 08+04 <0.0001
74+22 12+04 <0.0001
72+12 69+11 0.0730
0.3+0.2 04+02 0.7218
04+02 03+0.2 0.1322
52+172 0.6+0.1 <0.0001
48+22 1.0+0.6 <0.0001
6.4+20 14+20 <0.0001
16.1+1.2 158+ 1.2 0.0755
70+1.2 73+10 0.2278
62+22 71+12 1.0000
121+12 82+14 <0.0001
141+22 8.6+12 <0.0001
144 +12 9.0+10 <0.0001
19.2+0.3 20.1+0.2 0.4340
85+1.1 84+12 0.1354
75+1.0 74+ 1.0 0.1782
26+ 1.0 55+20 <0.0001
30+ 3.0 61+1.0 <0.0001
24+£20 55+20 <0.0001

Abbreviation: AAS, anabolic androgenic steroid; FSH, follicle-stimulating hormone; LH, luteinizing

hormone.

asthenospermia in 251 patients (61%). The rate of oligospermia at
presentation was 71% in the treated group and 69% in the untreated
group (p = 0.6795), however, at the 12-month assessment, the rate
was significantly less in the treated group (33% vs. 55%; p = 0.001).
All azoospermia patients (n = 33) chose to start treatment; 11 and
16 patients showed sperm in their ejaculate at the 9- and 12-month
assessments, respectively, but all still showed severe oligospermia
(<10 M/ml). Regarding asthenozoospermia, the rate at presentation

was 65% in the treated group and 61% in the untreated group
(b = 0.6795), however, at the 12-month assessment, the rate was sig-
nificantly less in the treated group (37% vs. 61%; p = 0.001). Among
the 94 patients who presented with infertility (18%), 61 had oligosper-
mia and 33 had azoospermia. All received treatment, but only
14 (15%) achieved successful pregnancy at 12 months. All patients
who presented with azoospermia continued to have infertility at the

end of the follow-up period.
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Among the 463 treated patients, 150 (32%) maintained the
improvements in symptoms and hormone levels until 12 months after
receiving treatment with one course (1-3 months), while 210 (45%)
showed persistence or relapse of symptoms and required continuation
or resumption of medical treatment for 4-6 months; the remaining
103 (23%) required >6 months of treatment and still showed persis-
tent abnormal symptoms or hormones at 1 year of follow-up. Patients
who required only one treatment course had an AAS abuse duration
of <3 months (mean, 6 + 1.1 weeks), while those who required
more treatment courses had a longer history of AAS abuse (mean,
12 + 2.1 weeks; p < 0.001). Moreover, the average timing of presen-
tation among those who required one course of treatment was
6 + 1.5 weeks after the last dose of AAS versus 10 + 2 weeks for
those who required more than one course of treatment (p < 0.001).
Gynecomastia was observed in 182 patients (35%), mostly with other
sexual symptoms; it was more common in those with longer AAS
abuse histories (>12 weeks) (mean, 14 + 1.5 weeks) than in those with
shorter histories (mean, 7 + 2 weeks) (p < 0.001).

4 | DISCUSSION

Our study confirmed the increasing global trend of AAS abuse in
the young population; the largest user population in our study was
20-40 years old, consistent with results from other global and
regional studies, such as those conducted in Saudi Arabia (Maha
et al., 2019). Surprisingly, despite cultural differences worldwide, the
aims of AAS users are almost identical. Most of our patients' decisions
to use AAS were driven by their coaches' advice and friends' recom-
mendations. Their primary aim was to improve training fitness and
physical appearance as in other studies (Cohen et al., 2007; Graham
et al., 2008; Pany & Panigraphy, 2019). They commonly used a combi-
nation of oral and injectable AAS, like Nandrolone decanoate, Testos-
terone enanthate, Metandienone, and Testosterone isocaproate. The
most common source of AAS for our patients was their coaches; only
some patients received their medicines through online purchases,
which may be the main source of AAS in other societies (Pirola
et al., 2010). These medicines were usually not registered and were
illegally imported from the international market without any consider-
ation for appropriate storage and dispensed without prescription by
non-licensed personnel and coaches.

Most patients (83%) complained of moderate to severe sexual
symptoms, while a substantial proportion (18%) also complained of
infertility; this explains why such a large majority of patients preferred
to start early treatment. Additionally, while a small proportion of
patients showed spontaneous recovery after 3 months of follow-up,
most still complained of severe symptoms and had low hormone
levels. This contradicts the findings of the study, which reported a
high recovery rate of 79% after 3 months (Lykhonosov et al., 2020).
We confirmed the AAS impacts is based on many factors, the basic
physiological status of patients, the duration and the doses of the

courses, and weather early or late at the time of seeking treatment, all

these factors are predictors of treatment responses like what was sug-
gested by other studies (Kohn et al., 2017).

Other remarkable findings in our study included the high rate of
abnormal semen findings (79%), the significant delay in spontaneous
recovery in the untreated group, and the considerable percentage of
patients presenting with infertility. Although all patients presenting
with infertility were treated, the outcome was disappointing since
only 15% of the patients reported a successful pregnancy before the
end of the 12 months follow-up period, these findings are highlighting
the long-term negative influence of AAS abuse on fertility and the
need for longer-than-expected time for recovery (Boregowda
et al,, 2011; de Oliveira Vilar Neto et al., 2021; Windfeld-Mathiasen
et al, 2021).

In our study, the treatment regimens used for ASIH, infertility,
and gynecomastia were well tolerated by all patients and were
according to the recommendations of many similar studies (Mannu
et al.,, 2018; Tatem et al., 2020; Corona et al., 2022). The regimes and
the doses of the medications should be followed closely as there are
variant patient's responses and should be adjusted individually; the
best results were obtained when they followed up monthly for hor-
mones and every 3 months for semen analysis. With this treatment,
the recovery of AAS abuse adverse effects was faster and there was
good complaince and patient's satisfaction. However, in the absence
of specific guidelines for treating AAS-induced adverse effects, uncer-
tainty regarding the use of specific medicines and doses for individ-
uals, and used medications are off-label, all factors urge the need for

more studies to prove their specific use and doses.

5 | CONCLUSIONS

Our study characterizes the harmful effects of AAS abuse on sexual
and reproductive health, especially in patients who use AAS repeat-
edly and over prolonged periods. These patients show a significantly
high rate of sexual symptoms (ED and loss of desire), and untreated
patients show a very low recovery rate over 12 months. There is also
a high incidence of abnormal semen with a low recovery rate, espe-
cially in patients with azoospermia. Infertility may persist even after
1 year of treatment. The use of medications was well tolerated, and
patients who received them showed significantly faster recovery of
AAS withdrawal symptoms and hormone levels than untreated
patients did. However, considering the absence of relevant guidelines
and the off-label use of medications, insights for individual-specific
usage of these agents are not available. Therefore, highlighting the

urgent need for specific treatment guidelines.

6 | LIMITATIONS
lack of testicular biopsies and DNA fragmentation monitoring, the
need for a longer follow-up period, and being a single-center study

were limitations of this study.
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