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Prolonged post-androgen abuse
hypogonadism: potential
mechanisms and a proposed
standardized diagnosis

Joél van Os™, Diederik Laurens Smit?, Peter Bond?
and Willem de Ronde*

!Spaarne Gasthuis, Department of Internal Medicine, Haarlem, Netherlands, 2Android Health Clinic,
Department of Performance and Image-enhancing Drugs Research, Utrecht, Netherlands

Androgen abuse, which is increasingly prevalent, inevitably leads to suppression
of the hypothalamic-pituitary-gonadal axis (HPGA). While most individuals
recover HPGA function following androgen cessation, a subset experiences
prolonged hypogonadism, with symptoms persisting for months or even years.
Currently, this condition lacks a standardized definition, complicating both
diagnosis and treatment. In this article, we explore the potential mechanisms
underlying prolonged hypogonadism after androgen abuse, including the role of
prolonged androgen activity, hypothalamic-pituitary alterations, testicular
changes, suppression of sex hormone-binding globulin (SHBG), genetic
predisposition, and undisclosed ongoing androgen abuse. We propose the
term 'Prolonged Post-Androgen Abuse Hypogonadism’'(PPAAH) to standardize
diagnosis and guide future research. PPAAH is provisionally defined as persistent
hypogonadism six months after cessation of androgen abuse, in individuals with a
cumulative androgen exposure of at least 150 mg per week for a minimum of six
months. Diagnosing PPAAH requires excluding other causes of hypogonadism.
This preliminary framework is intended to support further research into the
pathophysiology and management of this condition, and may require refinement
as further evidence emerges.

KEYWORDS

androgen abuse, hypogonadism, anabolic steroid abuse, HPGA recovery,
anabolic-androgenic steroids, testosterone (androgen), endocrine disruption

Introduction

Androgen abuse is relatively common, with an estimated prevalence of up to 6% and
indications of a rising trend (1-3). Androgens, also referred to as anabolic-androgenic
steroids, encompass a group of compounds structurally similar to testosterone that exert
similar physiological effects. These substances are mainly abused for their ability to
significantly enhance muscle mass and strength, especially when combined with strength
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training (4). The typical androgen abuser is male, aged 20 to 40
years, and engaged in bodybuilding or weightlifting (5).

Androgens are abused in varying patterns and dosages, often far
exceeding physiological levels. Commonly, users follow a ‘cycle’,
typically lasting from 6 to 18 weeks, after which androgen abuse is
(temporarily) halted. A growing number of users adopt a ‘blast and
cruise’ approach, alternating between high-dose blasts’ and lower-
dose ‘cruises’, continuing androgen abuse without full cessation. This
strategy aims to maintain muscle mass between cycles and avoid
symptoms of testosterone deficiency (5, 6). Most cycles contain an
injectable testosterone-ester combined with one or more other
compounds, most commonly nandrolone, trenbolone, drostanolone
and/or boldenone esters. Without esterifications, androgens
rapidly enter the bloodstream after administration, resulting in
high peak levels and a very short plasma half-life. To improve
pharmacokinetics, a carboxylic acid is attached to the steroid. The
greater the lipophilicity of the carboxylic acid, the slower the release
from the injected depot. The most commonly used esters are
propionate, enanthate, undecanoate, undecylenate, and acetate (7).

During androgen abuse, there is an inevitable impairment of
testosterone production and spermatogenesis due to suppression of
the hypothalamic-pituitary-gonadal axis (HPGA). This suppression
can be explained by excessive circulating androgens exerting
negative feedback at the hypothalamic level (8). Additionally,
certain compounds exert progestogenic or estrogenic effects,
either directly or through enzymatic conversion into bioactive
metabolites. Both progestogen and estrogen are known to have
strong suppressive effects on the male HPGA (9-11).

Upon discontinuation of androgens, large interindividual variability
in the duration until HPGA recovery has been reported. While some
recover within weeks, recovery can remain incomplete in others after
years of cessation (12-14). This variability is to be expected, given
differences in the half-lives of the androgens abused and the fact that
HPGA recovery only begins once circulating androgen levels fall below
a certain threshold. However, incomplete recovery lasting a year or
more cannot be fully explained by these factors. Although higher
cumulative lifetime androgen exposure increases the likelihood of
impaired recovery, the exact mechanisms underlying this
phenomenon remain poorly understood (15). Former androgen
abusers often complain of symptoms indicative of hypogonadism and
may seek medical attention. In fact, a study investigating hypogonadal
men at an academic-based urology practice found that androgen-
induced hypogonadism was the most common etiology of profound
hypogonadism (defined as total testosterone at or below 50 ng/dL or
1.73 nmol/L) (16). Despite its prevalence, androgen-induced
hypogonadism is an underrecognized issue and although impeded
HPGA recovery following androgen abuse has been described in the
literature, there is no clear consensus on the diagnosis or management
(12, 14, 17-24). A standardized syndrome definition is necessary to
provide a foundation for further research. Given the suggested rise in
androgen abuse, understanding the pathophysiology of androgen-
induced hypogonadism is critical for improving clinical care for this
growing patient population.

In this article, we begin by exploring seven potential mechanisms
involved in prolonged hypogonadism following androgen cessation,
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which we categorize into four hypotheses and three unlikely
explanations. The latter are deemed insufficient to explain the
hypogonadal symptoms reported by former androgen abusers. An
overview of these mechanisms is presented in Table 1. Subsequently,
we propose a universal definition for a syndrome termed ‘prolonged
post-androgen abuse hypogonadism’ (PPAAH) to guide future research
and clinical practice.

Approach to literature selection

Relevant studies were identified through a non-systemic
literature search in PubMed, focusing on human studies
published in English. Selection criteria were based on the
relevance to androgen abuse and its endocrine consequences. The
following keywords and MeSH terms were used in various
combinations: “anabolic steroids”, “anabolic androgenic steroids”,
“androgen abuse”, “androgen-induced hypogonadism”, and
“Hypothalamic-Pituitary-Gonadal Axis”.

Additional references were identified by manually screening the
reference lists of included articles, with a particular focus on studies
examining the pathophysiology, clinical manifestations, diagnostic
strategies, and recovery trajectories of hypogonadism following
androgen cessation.

Hypotheses for prolonged
hypogonadism

Hypothesis 1: changes at the pituitary and/
or hypothalamic levels

Hypogonadism following androgen abuse is typically characterized
by hypogonadotropic hypogonadism, suggesting androgen-induced
alterations to the pituitary and/or hypothalamus (17). A case study by
Jarow et al. (1990) documented two patients with hypogonadotropic
hypogonadism more than a year after androgen cessation. Both patients
demonstrated a blunted pituitary response to a bolus of gonadotropin-
releasing hormone (GnRH) compared to a healthy male (14).
Additionally, other case studies have demonstrated positive effects of
either GnRH or GnRH agonists on HPGA recovery (25, 26). While
these findings support the hypothesis of androgen-induced pituitary or

TABLE 1 Potential mechanisms involved in prolonged hypogonadism
following androgen abuse.

Hypotheses Unlikely explanations

Changes at the pituitary and/or
hypothalamic levels (14, 25, 26)

Prolonged activity of exogenous
androgens or their metabolites (27, 28)
Testicular changes (29, 30) Reduced SHBG levels (31)

Changes at multiple HPGA
levels (22)

Undisclosed continued androgen abuse

Genetic predisposition to HPGA
disturbances (32)
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hypothalamic changes, they do not clarify whether the primary
dysfunction occurs at the pituitary, hypothalamic, or both levels, nor
do they elucidate the precise mechanisms involved. Furthermore, other
potential causes of hypogonadotropic hypogonadism were not fully
excluded in these studies.

One potential mechanism involves alterations in the kisspeptin-
neurokinin B-dynorphin (KNDy) network. Discovered a few
decades ago, this network of neuropeptides and neurons is now
recognized as crucial for HPGA function (33, 34). KNDy neurons
project directly to GnRH neurons, and increasing evidence suggests
that kisspeptin and neurokinin B are essential for normal GnRH
secretion. Research has demonstrated that KNDy neurons, unlike
GnRH neurons, express androgen, estrogen and progesterone
receptors and that steroid-induced negative feedback affects
kisspeptin receptor (KISS1R) expression. Inactivation of this
receptor has been shown to result in hypogonadotropic
hypogonadism, the hormonal state also observed after androgen
cessation (33-38). Nevertheless, the precise role of the KNDy
network, particularly in males, remains incompletely understood,
but future research into this network may contribute to a better
understanding of HPGA recovery (39).

Evidence opposing this hypothesis comes from a recent cross-
sectional study by Bulut et al. (2025) (29). In this study, former
androgen abusers (on average two years post-cessation) were
compared with healthy controls. While total testosterone levels
and sexual function were significantly lower in former abusers, no
differences were observed in pituitary responses to GnRH
stimulation. The authors primarily found indication of impaired
testicular function, rather than central HPGA dysfunction.

Hypothesis 2: testicular changes

Androgen abuse is known to induce changes to testicular
structure and function (40). The suppression of luteinizing
hormone (LH) and follicle-stimulating hormone (FSH) during
androgen abuse disrupts normal testicular physiology. Reduced
FSH impairs stimulation of Sertoli cells, which are essential for
spermatogenesis. Simultaneously, low LH levels lead to a marked
reduction in intratesticular testosterone concentrations — typically
around 100 times higher than circulating levels (41, 42). This drop
in local testosterone further compromises Sertoli cell function and
impairs spermatogenesis, even when serum testosterone levels
appear normal or supraphysiological.

These intratesticular hormonal changes are often accompanied
by a reduction in testicular size, which frequently persists long after
androgen cessation (40). The sustained reduction in testicular size
might indicate irreversible damage to the testes. Alternatively, LH
and FSH levels post-androgen cessation may be insufficient to
restore testicular size to its pre-abuse state.

In studies on individuals with gender dysphoria undergoing
male-to-female transition, cross-sex hormone therapy, often
consisting of supraphysiological estradiol levels, results in HPGA
suppression and testicular changes similar to those observed in
androgen abusers. Histopathological evaluations of orchiectomy
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specimens from these patients, mostly years after the start of
hormone treatment, reveal significant alterations, including
hypoplastic or absent Leydig cells (43-47).

To investigate the testicular changes in androgen abusers, a
study conducted by Rasmussen et al. (2021) measured insulin-like
factor 3 (INSL3) levels, a biomarker indicative of Leydig cell
function, in current and former androgen abusers compared to
controls. INSL3 levels were significantly decreased in formers users,
even years after cessation, with a negative correlation between
androgen abuse duration and INSL3 levels, indicating persistent
Leydig cell impairment (30). In a subsequent study by the same
research group, Bulut et al. (2025) found that former androgen
abusers exhibited impaired erectile function, a blunted testicular
response to human chorionic gonadotropin (hCG) stimulation, and
persistently decreased INSL3 levels, suggesting sustained
impairment of Leydig cell capacity approximately two years post-
cessation (29).

However, testicular damage alone is unlikely to fully explain
HPGA dysfunction, as testicular failure typically presents with
hypergonadotropic hypogonadism (elevated LH and FSH),
contrasting with the hypogonadotropic hypogonadism seen post-
androgen cessation (48). Thus, the testicular changes reported may
therefore be secondary to central (hypothalamic or pituitary)
alterations induced by androgens. Notably, the former androgen
abusers in the study by Bulut et al. (2025) were not hypogonadal
(mean testosterone ~14 nmol/L), suggesting that although
prolonged impairment of testicular function is evident, this alone
may be insufficient to cause hypogonadism (29).

Hypotheses 3: changes at multiple HPGA
levels

Previously, we discussed hypotheses regarding changes at
hypothalamic-pituitary or testicular levels independently, leading
to the hypothesis that androgen abuse induces changes at both of
these levels. A study by Flanagan et al. (2015) provides support for
this hypothesis. The study demonstrated impaired stimulation
responses to both GnRH and hCG, a direct stimulator of
testicular testosterone production, in a group of 13 long-term
androgen abusers with persistent hypogonadism at least seven
months post-cessation (22). The authors noted variability in
responses, suggesting that androgens may impair HPGA recovery
through multiple pathways, further complicating its understanding.

A different study by Martikainen et al. (1985), examined
testicular responsiveness to a single dose of hCG in six healthy
adult men three weeks after androgen cessation, during which they
exhibited (transient) hypogonadotropic hypogonadism (49). These
men demonstrated blunted testosterone responses to hCG, and the
responses were similar to those observed in prepubertal boys and
adult men with isolated gonadotropin deficiency (50, 51). In
eugonadal adult men, the testosterone response to hCG typically
follows a biphasic pattern, with a modest increase occurring 2-4
hours post-injection and a more substantial rise after 72-96 hours,
the latter being preceded by peaks in serum estradiol and the
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testosterone precursor 17-hydroxyprogesterone. This pattern is
thought to be related to estradiol-mediated inhibition of 17,20-
desmolase activity (52). However, the men in the study exhibited no
increases in 17-hydroxyprogesterone or estradiol, which may be
attributable to a diminished estradiol-synthesizing capacity of the
Leydig cells due to prolonged gonadotropin deprivation during
androgen abuse.

Hypothesis 4: genetic predisposition to
HPGA disturbances

The fact that most individuals achieve full HPGA recovery after
androgen abuse while others do not, raises the possibility of genetic
susceptibility to HPGA dysfunction in the non-recovering
individuals. Caronia et al. (2011) found heterozygous mutations
associated with hypogonadotropic hypogonadism in female
individuals with functional hypothalamic amenorrhea (32). It is
conceivable that a similar genetic predisposition may impair HPGA
recovery in former androgen abusers, although no studies have yet
examined this in detail.

Unlikely explanations for prolonged
hypogonadism

After discussing various hypotheses for prolonged
hypogonadism following androgen abuse, we now explore
different mechanisms involved in HPGA recovery post-androgen
cessation. However, these mechanisms fail to fully account for the
persistent symptoms of hypogonadism reported by former abusers,
and are thus considered ‘unlikely explanations’.

Unlikely explanation 1: Prolonged activity
of exogenous androgens or their
metabolites

Given that androgens suppress the HPGA, one could
hypothesize that hypogonadism following androgen abuse results
from the prolonged activity of exogenous androgens or their
metabolites, rather than androgen-induced dysfunction of the
HPGA itself. Theoretically, HPGA recovery should commence
once circulating androgenic, estrogenic and/or progestogenic
levels fall below a certain threshold. The rate at which this occurs
would depend on the half-life of the abused androgen. However, the
quality of the abused androgens varies considerably, with significant
disparities between the labelled and actual content, including
differences in compound type and dosage (7). Consequently, users
may inadvertently administer an androgen with a longer half-life
than anticipated, potentially spanning multiple weeks.

However, even a half-life of several weeks does not account for
the prolonged duration of HPGA recovery, which can extend close
to a year or more in some individuals. Furthermore, the expected
half-life of the administered androgen has not been shown to
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reliably predict recovery duration in a group of androgen abusers,
mostly using a mix of illegally produced androgens in highly
supraphysiological doses (13).

Notably, studies investigating 19-nortestosterone (nandrolone)
hexyloxyphenylpropionate in healthy male volunteers have
reported its presence or that of its metabolites in serum or urine
for up to a year following cessation (27, 28). If these substances
retain androgenic activity or continue to exert negative feedback
effects on the HPGA, they could potentially explain the prolonged
hypogonadotropic hypogonadism observed in some former
androgen abusers. However, the persistence of androgenic activity
does not explain the hypogonadal symptoms reported by former
abusers. Moreover, a study by Flanagan et al. (2015), which
specifically investigated the presence of androgens, including
nandrolone and its metabolites, in a group of hypogonadal
former androgen abusers at least 7 months post-cessation, found
no evidence of their presence (22). Thus, this explanation is not able
to explain all cases of hypogonadism following androgen abuse.

The possibility that estrogen contributes to prolonged HPGA
suppression forms the basis for the widespread use of ‘post-cycle
therapy’ (PCT) by androgen abusers, intended to accelerate HPGA
recovery and prevent symptoms of testosterone deficiency. PCT
typically consists of an aromatase inhibitor (Al), a selective estrogen
receptor modulator (SERM) and/or human chorionic gonadotropin
(hCQG), used for several weeks. However, despite its widespread use,
the effectiveness of PCT in facilitating HPGA recovery remains
unproven (7, 13).

Unlikely explanation 2: Reduced levels of
sex hormone-binding globulin

Approximately 2% of testosterone in plasma is unbound (‘free’)
and is hypothesized to actively exert physiological effects.
Testosterone is mostly bound to carrier proteins, with SHBG
being the main carrier protein for circulating testosterone. A
reduction in SHBG levels leads to a decrease in total testosterone,
which could unjustly suggest hypogonadism, even if free
testosterone levels remain normal. This phenomenon, termed
pseudo-hypogonadism by some, is observed in association with
conditions like obesity and does not necessarily imply true
androgen deficiency (53).

Androgen administration is known to suppress SHBG, and this
suppression may persist many months after cessation. A study by
Handelsman et al. (2022) investigated the recovery of male
reproductive endocrine function in 303 men with glucose
intolerance but no pathological hypogonadism, who completed a
2-year placebo-controlled clinical trial of testosterone undecanoate.
The study found that, from 24 weeks after last testosterone
injection, total testosterone levels in the testosterone-treated
group were significantly lower than in the placebo group. This
difference persisted throughout the follow-up period, which
extended to 64 weeks post-injection. Notably, SHBG levels
remained significantly lower in the testosterone-treated group
both during treatment and throughout follow-up and after
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adjusting for the mean serum SHBG, the testosterone levels between
groups were no longer significantly different (31).

Consequently, low total testosterone levels observed in former
androgen abusers may represent a numerical artifact due to
suppressed SHBG. However, this does not fully explain the
persistence of clinical symptoms in these individuals.

Unlikely explanation 3: Undisclosed
continued androgen abuse

It is essential to consider undisclosed ongoing androgen abuse
in cases of impaired HPGA recovery. Unfortunately, this is hard to
exclude because comprehensive doping tests are expensive and
rarely available in clinical practice. In the study by Flanagan et al.
(2015), undisclosed androgen abuse was excluded by
comprehensive laboratory and urinary testing in individuals with
impaired HPGA recovery following androgen abuse (22). While
this explanation may apply in selected cases, it is unlikely to account
for impaired recovery in all individuals.

Prolonged post-androgen abuse
hypogonadism

In conclusion, the etiology of impaired HPGA recovery following
androgen abuse is complex, potentially multifactorial, and remains
incompletely understood. To better understand HPGA recovery,
further research is imperative. The current literature on this topic is
limited and employs varying definitions of normal and abnormal
HPGA recovery following androgen abuse (16-18, 21, 23, 54). To
facilitate consistent terminology in clinical and research contexts, we
propose a provisional framework for defining impaired HPGA
recovery following androgen abuse, which we term ‘prolonged
post-androgen abuse hypogonadism’ (PPAAH).

We define PPAAH as a diagnosis of exclusion in patients who
have cumulatively administered supraphysiological doses of
androgens (cumulative dose > 150 mg/week) for a minimum
duration of six months, and who exhibit persistent hypogonadism
at least six months after androgen cessation (see Box 1).
Hypogonadism is defined as the presence of at least one symptom
indicative of hypogonadism, combined with fasting morning (7-11
am) serum free testosterone levels below the lower limit of normal on
two separate days. Common symptoms of hypogonadism include
reduced sexual desire, erectile dysfunction, fatigue, sleep disturbance,
depressed mood and reduced physical performance (55).

Rationale for diagnostic cut-offs

Given the paucity of robust data, the proposed thresholds
should be regarded as preliminary and pragmatically chosen
rather than empirically validated. They are intended to offer a
workable foundation for clinical and research use and may require

revision as more evidence becomes available.
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Medically prescribed testosterone replacement therapy (TRT)
typically involves weekly doses of 75 to 100 mg of testosterone (56).
However, the androgens used by recreational abusers - often
acquired through local dealers of the internet — are frequently of
poor quality, possibly resulting in inconsistent dosing. To account
for this variability, we define a weekly dose of > 150 mg as
supraphysiological (7).

We consider a cumulative duration of at least six months of
supraphysiological androgen abuse to be the minimum threshold at
which hypogonadism can reasonably be attributed to androgen
exposure. This criterion remains open to debate and may be refined
as more data emerge. Notably, both clinical experience and previous
studies suggest that individuals presenting with prolonged
hypogonadism typically report androgen abuse exceeding this six-
month threshold (13).

The requirement of hypogonadism persisting for at least six
months after androgen cessation was selected based on the
assumption that, by this time, exogenous androgens are unlikely
to remain in circulation at levels capable of exerting continued
suppression of the HPGA. Moreover, prospective studies indicate
that serum testosterone levels typically normalize within several
months after cessation in individuals without underlying
dysfunction (13, 57-63). Therefore, persistent hypogonadism at
six months post-cessation is considered indicative of an underlying
dysfunction of the HPGA.

Free testosterone measurement

Serum free testosterone is considered a more accurate marker
for diagnosing PPAAH rather than total serum testosterone due to
the persistently reduced SHBG levels seen after androgen cessation.

When measuring free testosterone, several factors must be
considered. The gold standard is liquid chromatography with
tandem mass spectrometry (LC-MS/MS) coupled equilibrium
dialysis. However, this technique is labour intensive, technically
challenging, and not routinely available.

As a practical alternative, free testosterone can be calculated using
total testosterone, SHBG, and albumin levels. Among the available
formulas, the Vermeulen equation currently offers the most robust
approximation. Nevertheless, several limitations warrant attention.
First, the accuracy of the calculated free testosterone is dependent on
the quality of the assays used to measure total testosterone and
SHBG. Even with reliable assays, the Vermeulen method tends to
slightly overestimate free testosterone levels (64).

Moreover, the calculation assumes a fixed binding affinity
between SHBG and testosterone. Yet, SHBG polymorphisms have
been shown to alter this binding affinity, potentially leading to
discrepancies between calculated and true free testosterone levels
(65). In addition, the presence of residual exogenous androgens,
which also bind to SHBG and may contribute substantially to the
total testosterone pool, can render the calculation unreliable (66). A
cessation period of six months is theoretically sufficient to ensure
that exogenous androgens are no longer circulating in significant
amounts, except in cases of undisclosed androgen abuse.
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BOX 1 Diagnostic criteria for PPAAH.

A diagnosis of PPAAH is established when all of the following criteria are met:

10.3389/fendo.2025.1621558

1. History of cumulative supraphysiological androgen abuse defined as > 150 mg per week for a total duration of > 6 months (not necessarily consecutive)

2. Persistent hypogonadism > 6 months after androgen cessation, as evidenced by:

« Fasting morning serum free testosterone levels below the lower limit of normal on two separate days

« At least one symptom indicative of hypogonadism, such as: reduced sexual desire, erectile dysfunction, fatigue, sleep disturbance, depressed mood or reduced

physical performance
3. Exclusion of other causes of hypogonadism, based on:

« Laboratory evaluation: including serum prolactin, morning cortisol, IGF-1, TSH, free T4, serum iron, total iron-binding capacity (TIBC), transferrin saturation,

and ferritin

« Pituitary imaging: MRI of hypothalamic-pituitary region to rule out structural abnormalities

The criteria listed here are provisional and intended to guide clinical and research discussion.

They do not yet constitute a formal or universally accepted diagnostic standard.

Direct measurement of free testosterone via immunoassays is
discouraged due to poor specificity and accuracy. These assays often
correlate more strongly with total testosterone than with true free
testosterone levels. Comparative studies have demonstrated weak
agreement with the gold standard, prompting the Endocrine Society
to recommend against their use in clinical settings (64, 67).

Finally, while no universal consensus exists on the cut-off value
for low versus normal free testosterone, a threshold of 225 pmol/L
(65 pg/mL) is commonly used (68).

Exclusion of other causes

By defining PPAAH as a diagnosis of exclusion, other causes of
hypogonadism should be ruled out.

Hypogonadism following androgen cessation typically presents
as hypogonadotropic hypogonadism, so especially in the case of
hypergonadotropic hypogonadism, another diagnosis should be
considered. It is essential to check for pre-androgen
administration testosterone levels, but if these are unavailable,
each patient should be evaluated for signs of pre-existing
hypogonadism, such as delayed puberty, maldescended testes,
involuntary childlessness, anosmia, and gynaecomastia. Physical
examination should focus on cryptorchidism, micropenis and a
testicular volume below 8 ml, which is uncommon during or after
androgen abuse and may indicate undiagnosed Klinefelter
syndrome (21).

Additionally, laboratory evaluations should include testing for
hyperprolactinemia, haemochromatosis, other markers of pituitary
dysfunction, as well as magnetic resonance imaging (MRI) of the
pituitary to exclude other causes of hypogonadotropic
hypogonadism. Medication and drug use should be reviewed for
substances known to affect gonadal function and clinicians should
attempt to rule out undisclosed continued androgen abuse through
doping tests if available. If such tests are not feasible, continued
androgen abuse cannot be definitely excluded, and clinicians must
remain vigilant for this possibility. While this uncertainty remains,
previous research suggests that a negative self-reported history of
androgen abuse - particularly when combined with serum LH
measurement — offers relatively high diagnostic reliability. In this
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context, a suppressed LH level, especially in combination with
persistently low serum high-density lipoprotein (HDL), low
SHBG, and elevated hematocrit six months after supposed
androgen cessation, should raise suspicion of ongoing abuse.
However, these findings do not serve as conclusive proof (69, 70).

Directions for future research

To advance our understanding of the pathophysiology
underlying PPAAH, well-designed prospective studies are essential.
An appropriate starting point would be longitudinal cohort studies in
which individuals presenting with hypogonadism following
androgen cessation are systematically monitored over time. These
studies should aim to characterize the trajectory of HPGA recovery
and to identify factors that predict either full recovery or
persistent dysfunction.

Comprehensive baseline assessment should ideally include
detailed hormonal profiling, pituitary imaging, and objective
confirmation of androgen cessation through doping tests. In this
context, a World Anti-Doping Agency (WADA)-accredited urine
analysis, performed in a certified anti-doping laboratory, is
considered the gold standard for the detection of androgen abuse
and should be implemented where feasible.

In addition to conventional GnRH and hCG stimulation tests,
emerging techniques such as kisspeptin stimulation or analyses of
diurnal gonadotropin secretion patterns may offer deeper insights
into the functional status of the hypothalamus and pituitary.
Genetic testing may also be considered to explore potential
hereditary predispositions to HPGA disturbances.

Longitudinal monitoring would allow for the identification of
hormonal recovery patterns and could help uncover clinically
meaningful predictors, such as duration and intensity of androgen
abuse, age at onset, and the presence of pre-existing dysfunction.
These studies would also present opportunities to evaluate the
clinical utility of novel diagnostic tools and to assess potential
interventions aimed at promoting HPGA recovery. Such efforts
are essential to deepen our understanding of the mechanisms
underlying prolonged hypogonadism after androgen cessation
and to improve clinical outcomes for affected individuals.

frontiersin.org


https://doi.org/10.3389/fendo.2025.1621558
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

van Os et al.

Conclusion

In summary, androgen abuse is associated with potentially long-
lasting disruptions of the HPGA, presenting as hypogonadism in some
individuals. HPGA recovery following androgen abuse is complex and
not well understood, and its understanding is further complicated by
the absence of a standardized definition distinguishing normal from
abnormal recovery. Therefore, we propose the term ‘prolonged post-
androgen abuse hypogonadism’ (PPAAH) as a provisional framework
to support diagnostic consistency and facilitate future research and
clinical management.
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