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Abstract

Background: Anabolic–androgenic steroids (AASs) are commonly used for performance
enhancement but have been linked to significant neurobiological consequences. This re-
view explores the impact of AASs on neurochemical pathways, cognitive function, and
psychiatric disorders, highlighting their potential neurotoxicity. Methods: A narrative
review of current literature was conducted to examine AASs-induced alterations in neuro-
transmitter systems, structural and functional brain changes, and associated psychiatric
conditions. The interplay between AASs use and other substances was also considered.
Results: Chronic AASs exposure affects serotonin and dopamine systems, contributing
to mood disorders, aggression, and cognitive deficits. Structural and functional changes
in the prefrontal cortex and limbic regions suggest long-term neurotoxicity. AASs use is
associated with increased risks of depression, anxiety, and psychosis, potentially driven by
hormonal dysregulation and neuroinflammation. Co-occurring substance use exacerbates
neurocognitive impairments and behavioral disturbances. Discussion: While evidence
supports the link between AASs use and neurotoxicity, gaps remain in understanding
the precise mechanisms and long-term effects. Identifying biomarkers of brain damage
and developing targeted interventions are crucial for mitigating risks. Increased aware-
ness among medical professionals and policymakers is essential to address AASs-related
neuropsychiatric consequences. Conclusions: AASs abuse poses significant risks to brain
health, necessitating further research and prevention efforts. Evidence-based strategies are
needed to educate the public, enhance early detection, and develop effective interventions
to reduce the neuropsychiatric burden of AASs use.

Keywords: anabolic–androgenic steroids; brain damage; neurotoxicity; cognitive impairment;
psychiatric disorders; neurotransmitters; substance abuse
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1. Introduction
Anabolic–androgenic steroids (AASs) are synthetic derivatives of testosterone that

have been widely used for their ability to promote muscle growth, enhance athletic per-
formance, and, in some cases, treat medical conditions such as delayed puberty and
muscle-wasting diseases [1–4]. Despite their intended benefits, the misuse of AASs has
become a significant public health concern, particularly among athletes, bodybuilders, and
recreational users seeking to enhance physical appearance and strength [5–7]. While much
research has focused on the physiological consequences of AASs use—such as cardiovas-
cular complications, liver toxicity, and endocrine disruptions—there is a growing body of
evidence suggesting that AASs can also have profound and lasting effects on the brain.

AASs influence the central nervous system (CNS) through complex mechanisms, af-
fecting neuroanatomy, neurotransmitter balance, and behavioral regulation [8]. Chronic
exposure to these substances has been linked to structural brain changes, cognitive im-
pairments, and an increased risk of psychiatric disorders, including aggression, anxiety,
depression, and even suicidal tendencies [9–11]. These effects are particularly concerning
given the increasing prevalence of AASs use among young adults and adolescents, whose
brains are still in crucial developmental stages. Recent epidemiological data reinforce the
concern over adolescent substance use, including AASs. According to the 2024 Monitoring
the Future Survey in the United States, adolescent drug use has remained at historically low
levels since the COVID-19 pandemic, with alcohol, nicotine vaping, and cannabis being the
most reported substances. However, global trends reveal a more nuanced picture. A 2025
WHO/Europe report found that over 50% of 15-year-olds across Europe had experimented
with alcohol, and 1 in 5 had recently used e-cigarettes, indicating a persistent culture of
experimentation with psychoactive substances. Furthermore, a 2025 global burden analysis
showed that while the overall burden of adolescent substance use disorders (SUDs) has
declined, high-income regions, including the U.S. and parts of Europe, have seen increasing
disability-adjusted life years (DALYs) linked to adolescent SUDs [12]. These trends are com-
pounded by the influence of social media, where fitness influencers and online forums often
glamorize AASs use, downplaying associated risks and promoting unregulated access.

The neurobiological impact of AASs is mediated through several pathways. First,
AASs can alter neurotransmitter systems, including dopamine, serotonin, and gamma-
aminobutyric acid (GABA), which play essential roles in mood regulation, cognition, and
impulse control. Disruptions in these systems can contribute to aggressive behavior, im-
pulsiveness, and mood disturbances, commonly observed in long-term AASs users [13].
Additionally, AASs use has been associated with oxidative stress and neuroinflammation,
both of which can lead to neuronal damage and cognitive dysfunction [14]. Animal studies
and human neuroimaging research indicate that prolonged exposure to AASs may result
in structural changes in key brain regions, such as the prefrontal cortex, amygdala, and
hippocampus—areas responsible for decision making, emotional processing, and mem-
ory [15–17]. Other anabolic compounds, such as Selective Androgen Receptor Modulators
(SARMs), are gaining attention due to their purported ability to selectively target anabolic
pathways in muscle and bone with fewer androgenic side effects compared to traditional
AASs. This selectivity makes them attractive to users seeking muscle growth with a re-
duced risk of virilization or other adverse effects. However, long-term safety data are still
limited, and their use is associated with various risks, including potential liver toxicity and
hormonal suppression [18].

One of the most widely discussed psychological effects of AASs misuse is “roid
rage,” a term used to describe the heightened aggression and irritability reported by many
users [19]. While some studies have suggested that increased aggression may stem from
personality traits or environmental factors, experimental evidence supports the idea that
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AASs-induced alterations in the brain contribute significantly to aggressive and impulsive
behavior [8,20]. This has major implications for public safety, particularly among individu-
als who engage in high-risk activities or occupations requiring emotional regulation and
self-control [21].

Beyond aggression, AASs use has been linked to an increased prevalence of psychiatric
conditions such as anxiety and depression. While some users report a temporary sense
of euphoria or increased confidence, prolonged AASs exposure can lead to dysregulation
of the hypothalamic–pituitary–adrenal (HPA) axis, which plays a central role in stress
response and mood stability [22–24].

AASs influence the CNS through a dual action. First, they directly engage their own
intracellular receptors. Second, they act indirectly by either altering binding at neurotrans-
mitter receptor sites or by prompting the release of neuropeptides. These processes are, con-
sequently, impacted by the presence of inhibitory GABA receptors and 5-HT receptors [25].
These receptors are particularly prevalent in brain regions linked to mood disorders, stress
responses, aggression, and sexual function. Research has consistently demonstrated a no-
table interplay between the 5-HTT-linked polymorphic region (5-HTTLPR) and neuroticism,
particularly in athletes prone to anxiety and depression. Furthermore, circulating AAS in
the periphery can undergo conversion into estrogen derivatives, subsequently activating
secondary messenger systems [26]. Most AAS primarily bind to androgen receptors. They
can also undergo aromatization into estrogenic metabolites, which then interact with both
estrogen receptor-alpha (ERα) and estrogen receptor-beta (ERβ). Beyond this, AAS can
signal through ERα, ERβ, and progesterone receptors even without metabolic conversion
to estrogen. Brain areas implicated in the development of anxiety and aggression observed
with AAS misuse appear to exhibit a high concentration of steroid receptors and associated
enzymes [27].

Withdrawal from AASs can exacerbate these symptoms, leading to severe mood
disturbances and even suicidal ideation in some cases. The dependency potential of AASs
further complicates this issue, as individuals who develop tolerance may escalate their
usage, increasing their risk of neurotoxicity and long-term cognitive deficits [28]. The acute
bouts of resistance exercise (like weightlifting) can cause a transient increase in circulating
total and free testosterone levels. This increase typically peaks around the end of exercise
and returns to resting concentrations within a few hours. The evidence for chronically
elevated resting endogenous androgen levels in natural bodybuilders compared to the
general population is less clear-cut and not consistently supported across all studies. Some
research indicates that while exercise is a potent stimulus, the sustained impact on resting
endogenous hormone levels might be limited, and sometimes even a decline in testosterone
can be observed with excessive training or inadequate energy intake (overtraining) [29].

Despite growing evidence highlighting the risks associated with AASs use, awareness
of these dangers remains limited, particularly among young people and non-competitive
users. Social media, fitness influencers, and online forums often portray AASs as relatively
safe when used “responsibly,” failing to emphasize the potential consequences for brain
health [1,30]. Given the long-term implications of AASs-related neurotoxicity, there is an
urgent need for educational initiatives aimed at dispelling misconceptions and providing
evidence-based information on the risks of steroid misuse [14,31–33].

This review aims to synthesize the existing literature on AASs and brain damage,
exploring the neurobiological mechanisms underlying their effects on brain structure and
function. We will discuss the cognitive and behavioral consequences of AASs use, as
well as the potential for recovery after cessation. Additionally, we will examine current
strategies for prevention, intervention, and harm reduction, emphasizing the importance
of early detection and mental health support for AASs users. By increasing awareness of
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the neurological risks associated with AASs, we hope to contribute to a more informed
dialogue on the responsible use of these substances and the need for stricter regulations in
their distribution and consumption.

This review was conducted by searching the PubMed, Scopus, and Web of Science
(WOS) databases using the keywords “Anabolic-Androgenic Steroids” AND “Brain Dam-
age” AND “Medico-Legal.” Articles extracted from this search were subsequently analyzed
and included based on the following criteria: English language publications, covering the
period between 2000 and 2025, classified as original articles or meta-analyses, and focusing
on specific models (in vivo/in vitro). Exclusion criteria included studies published before
2000, case reports, articles not available in full text, studies with significant methodological
weaknesses, and non-English language articles.

2. Neuroanatomical Effects of Anabolic–Androgenic Steroids
Chronic use of AASs has been linked to significant structural and functional changes in

the brain, particularly in regions involved in memory, emotional regulation, and executive
functioning [34,35]. Neuroimaging studies suggest that prolonged AASs exposure can alter
brain morphology, leading to volume reductions, impaired neural connectivity, and changes
in neurochemical signaling. The hippocampus, amygdala, and prefrontal cortex—three
critical brain areas responsible for learning, emotion processing, and decision making—
appear to be particularly vulnerable to AASs-induced neurotoxicity (Table 1) [36,37].

Table 1. This table summarizes the structural and functional changes observed in key brain regions
following the use of AASs.

Brain Region Observed Effects Implications

Hippocampus Volume reduction,
impaired neurogenesis

Memory deficits,
cognitive dysfunction,

impaired learning

Amygdala
Hypertrophy, altered

neurotransmitter balance
(serotonin, dopamine)

Increased aggression,
emotional instability,

heightened stress response

Prefrontal Cortex
Structural abnormalities,

decreased activity in
fMRI studies

Impaired impulse control,
risky decision making,

antisocial behaviors

In comparison to individuals who are not dependent on AASs, dependent users of
AASs display a markedly reduced cortical thickness across three distinct clusters in the right
hemisphere and five in the left hemisphere. These affected areas encompass the frontal,
temporal, parietal, and occipital lobes. Notably, substantial disparities are evident within
the frontal regions [15]. Overall, AASs users seem to exhibit diminished cortical thickness in
numerous brain areas, with a particular concentration in the prefrontal cortex, which plays
a crucial role in inhibitory control and emotional regulation, when contrasted with non-
dependent AASs users [15,34]. Drawing upon existing research and established models
of reward processing and addictive behaviors, key brain structures of significant interest
include the nucleus accumbens (NA), which is deeply involved in reward mechanisms,
and the prefrontal cortex, essential for higher-order cognitive functions such as impulse
suppression and affect regulation [38] (Figure 1).

The hippocampus, a key region for learning and memory, has been shown to shrink in
volume following chronic AASs abuse [37,39]. This atrophy may be linked to hippocampal
neurogenesis suppression, where AASs disrupt the generation of new neurons, impairing
cognitive flexibility and memory retention. Several studies have demonstrated that AASs
users perform poorly on memory-related tasks compared to non-users, suggesting that the
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hippocampal deterioration translates to functional deficits. The glucocorticoid and andro-
gen receptor (AR) interactions in the hippocampus may be partially responsible, as AASs
can disrupt stress hormone regulation, further exacerbating cognitive dysfunction [40].

Figure 1. Schematic representation of the neurochemical pathways affected by AASs use. AASs
influence key brain regions (prefrontal cortex, amygdala, and hippocampus) and disrupt neurotrans-
mitter systems, including increased dopamine (DA), decreased serotonin (5-HT), and reduced GABA
activity. These alterations contribute to behavioral outcomes such as aggression, mood disorders,
cognitive impairments, and impulsivity.

The amygdala, a structure central to emotion processing and aggression, also exhibits
notable changes in AASs users. Animal and human studies indicate that AASs can induce
hypertrophy (enlargement) of the amygdala, potentially leading to heightened aggression,
impulsivity, and anxiety. This phenomenon is often referred to as “roid rage,” a well-
documented behavioral manifestation of AASs abuse. The increase in amygdala activity
and volume correlates with dysregulated emotional responses, making AASs users more
prone to irritability, violent outbursts, and heightened stress reactivity. Furthermore, disrup-
tions in serotoninergic and dopaminergic pathways within the amygdala may contribute
to mood instability, fostering symptoms of anxiety and depression [8,41,42].

The prefrontal cortex, a region governing executive function, impulse control, and
decision making, is also significantly affected by AASs [43]. Structural abnormalities
in this area are associated with reduced self-regulation, increased risk-taking behaviors,
and poor judgment, common traits observed among AASs users. Functional magnetic
resonance imaging (fMRI) studies have demonstrated lowered activity in the prefrontal
cortex of long-term AASs users, suggesting impaired top-down control over aggressive
and impulsive behaviors [34,44]. This dysfunction may explain the higher incidence of
reckless decision making, substance abuse, and antisocial tendencies in individuals who
misuse AASs. The prefrontal cortex’s susceptibility to androgen-induced neurotoxicity may
stem from both hormonal imbalances and disrupted neurotransmitter systems, particularly
involving dopamine, serotonin, and GABA [44,45].

At a cellular level, multiple mechanisms contribute to AASs-induced neurotoxicity.
One prominent factor is oxidative stress, where an excessive buildup of reactive oxygen
species (ROS) leads to neuronal damage and apoptosis (cell death). The brain is particularly
vulnerable to oxidative damage due to its high metabolic demand and lipid-rich composi-
tion. Studies have shown that chronic AASs exposure reduces antioxidant enzyme activity,
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increasing susceptibility to oxidative stress-related neurodegeneration (Table 2) [46,47].
Apoptosis is a caspase-dependent cell demise process initiated when pro-apoptotic ligands,
such as FAS/CD95 ligand (FASL/CD95L), bind to the FAS/CD95 death receptor. This
resultant complex then recruits various intracellular components, including FAS-associated
protein with a death domain (FADD), cellular inhibitor of apoptosis proteins (cIAPs), c-
FLIPs, and procaspase 8. This sophisticated molecular assembly regulates the activation of
caspase-8. Once activated, caspase-8 can directly initiate the caspase cascade by facilitating
the proteolytic maturation of caspase-3, or it can induce mitochondrial outer membrane
permeabilization through the cleavage of the BH3-interacting domain (BID) [14].

Table 2. This table outlines the principal biological mechanisms by which AASs exert
neurotoxic effects.

Mechanism Observed Effects Implications

Oxidative Stress
Increased reactive oxygen

species (ROS), reduced
antioxidant defenses

Neuronal damage, accelerated
neurodegeneration

Neuroinflammation
Chronic microglial
activation, elevated

cytokines

Synaptic dysfunction,
cognitive decline, mood

disorders

Neurotransmitter
Imbalance

Disrupted dopamine,
serotonin, and GABA

signaling

Increased risk of addiction,
mood disorders, and

aggression

Another key mechanism is neuroinflammation, where chronic AASs use triggers
pro-inflammatory responses in the brain [48]. Elevated levels of cytokines and microglial
activation have been observed in AASs users, suggesting that prolonged exposure induces
chronic low-grade inflammation, which can compromise synaptic integrity and neuronal
function [46,47]. This inflammation is particularly pronounced in the prefrontal cortex
and limbic system, regions responsible for cognitive and emotional regulation. Over time,
sustained neuroinflammation can accelerate gray matter deterioration, contributing to
long-term cognitive and psychiatric disorders [49].

AASs also disrupt neurotransmitter homeostasis, significantly affecting dopaminergic,
serotonergic, and GABAergic signaling pathways [8]. By modulating dopamine release,
AASs can create an imbalance in reward processing, increasing susceptibility to addiction
and compulsive behaviors. Serotonin, a neurotransmitter essential for mood stabilization
and emotional regulation, is also negatively affected, with AASs use leading to decreased
serotonin receptor expression and function. This decline may explain the increased preva-
lence of depression, anxiety, and mood swings among AASs users [50]. The GABAergic
system, which plays a crucial role in inhibitory control, is also impaired, reducing impulse
suppression and increasing aggression levels [51].

Collectively, these neuroanatomical and cellular alterations paint a concerning pic-
ture of AASs-related brain damage. The structural degeneration of key brain regions,
compounded by oxidative stress, neuroinflammation, and neurotransmitter imbalances,
underscores the long-term cognitive and psychological risks associated with AASs mis-
use. Given the growing prevalence of AASs abuse, further research is essential to fully
understand the extent of these neurotoxic effects and develop effective prevention and
intervention strategies.
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3. Cognitive Impairments Associated with Anabolic–Androgenic
Steroid Use

The impact of AASs use on cognitive function has been a growing concern, as ev-
idence suggests that chronic abuse can significantly impair various aspects of memory,
attention, and executive decision making [52,53]. These cognitive deficits appear to stem
from the neurotoxic effects of AASs on key brain regions such as the hippocampus and pre-
frontal cortex, which are critical for information processing, concentration, and behavioral
regulation [34,37].

One of the most well-documented cognitive impairments associated with AASs use
is memory dysfunction. Users often report difficulties in recall and retention, struggling
with both short-term and long-term memory. This impairment is largely attributed to
hippocampal atrophy, as AASs-induced neurotoxicity can disrupt neuronal plasticity and
synaptic function within this brain region [54]. Research indicates that long-term AASs
users perform poorly on verbal and spatial memory tasks, suggesting deficits in episodic
and working memory. Furthermore, studies in both human and animal models have shown
that AASs can reduce hippocampal neurogenesis, limiting the brain’s ability to form new
connections necessary for learning and memory consolidation [52,54]. This may explain
why chronic AASs users often experience learning difficulties and struggle with cognitive
flexibility in problem-solving scenarios.

In addition to memory deficits, AASs abuse is associated with significant attention
and concentration impairments [55]. Users frequently report difficulty maintaining focus
on tasks, leading to decreased productivity and increased cognitive fatigue [56]. These
attentional deficits may result from dysregulation of dopamine and serotonin neurotrans-
mitter systems, both of which play essential roles in maintaining focus and processing
relevant information [57]. Studies suggest that dopamine receptor alterations caused by
AASs abuse can mimic symptoms of attention-deficit disorders, leading to reduced task
efficiency and increased distractibility. Additionally, prefrontal cortex dysfunction—which
has been linked to AASs use—may contribute to deficits in selective attention and sustained
concentration, impairing an individual’s ability to filter out distractions and stay engaged
in cognitively demanding activities [58].

Perhaps the most concerning cognitive consequence of AASs abuse is impaired deci-
sion making and impulse control. Chronic users display a higher propensity for risk-taking
behaviors, which may be linked to structural and functional abnormalities in the prefrontal
cortex—a region responsible for executive function and inhibitory control [59]. Impaired
impulse regulation can lead to reckless decision making, financial irresponsibility, sub-
stance abuse, and heightened aggression, all of which can significantly impact personal and
professional relationships. Neuroimaging studies indicate that AASs users exhibit reduced
activity in the prefrontal cortex during decision-making tasks, suggesting compromised
neural circuits involved in weighing consequences and exerting self-restraint [34]. This
dysfunction aligns with real-world behavioral patterns observed in AASs users, such as
impatience, disregard for long-term repercussions, and susceptibility to addictive behav-
iors [6,19,28].

Collectively, these cognitive impairments highlight the profound impact of AASs on
brain function and mental acuity. The disruption of memory, attention, and impulse control
mechanisms underscores the long-term cognitive risks associated with steroid misuse,
emphasizing the need for increased awareness and early intervention strategies to mitigate
neuropsychological damage in chronic users.
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4. Behavioral Changes and Mental Health Implications
The psychological and behavioral consequences of AASs use are profound, often

manifesting in increased aggression, mood disorders, and dependency-related withdrawal
symptoms [60]. These effects can have severe personal, social, and legal ramifications,
affecting users’ relationships, occupational stability, and overall quality of life. The neu-
robiological impact of AASs on key brain regions and neurotransmitter systems plays a
crucial role in modulating emotions and behavior, contributing to significant mental health
disturbances [59].

One of the most well-documented behavioral changes associated with AASs use is
heightened aggression and hostility, often referred to as “roid rage” [61]. This phenomenon
is characterized by sudden, intense outbursts of anger, increased irritability, and violent
tendencies, sometimes resulting in physical confrontations or legal issues. The underlying
mechanisms of AASs-induced aggression involve alterations in the amygdala and pre-
frontal cortex, which regulate emotional responses and impulse control. Animal studies
and human reports suggest that AASs use may enhance activity in aggression-related
neural pathways while simultaneously impairing executive control mechanisms, mak-
ing users more prone to reacting impulsively to perceived threats or frustrations. This
aggressive behavior can strain personal relationships, leading to conflict with family mem-
bers, colleagues, or peers. Additionally, some AASs users report an inability to recognize
or acknowledge their own aggressive tendencies, further complicating intervention and
behavioral regulation [17,20,62,63].

Beyond aggression, mood disorders are another serious psychological consequence
of AAS use. Depression, anxiety, and severe mood swings are frequently reported among
both active users and individuals experiencing withdrawal from AASs (Figure 2).

Figure 2. Mood disorders represent a significant psychological consequence of AASs use, with
effects that can persist long after cessation. These emotional disturbances stem from disruptions
in serotonergic and dopaminergic systems, particularly affecting reward pathways and emotional
processing circuits. These issues include depression (especially during withdrawal), anxiety (linked to
neurochemical imbalances), self-image issues (e.g., body dysmorphia), and significant mood swings.

AASs can alter the balance of important neurotransmitters such as dopamine and
serotonin in the brain. Studies in animal models have shown that nandrolone abuse, for
example, can reduce dopamine and serotonin levels in key brain areas associated with
the reward system and mood regulation, contributing to anhedonia and a depressive
profile [64]. Steroids, at supraphysiological doses, can enhance dopamine release in the
mesolimbic circuit, a key pathway in the brain’s reward system. Dopamine is the primary
neurotransmitter associated with the sensation of pleasure, motivation, and euphoria, and
an increase in its synaptic availability can generate these effects [65].
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AASs can alter the balance of important neurotransmitters such as dopamine and
serotonin in the brain. Studies in animal models have shown that abuse of nandrolone,
for example, can reduce dopamine and serotonin levels in key brain areas associated with
the reward system and mood regulation, contributing to anhedonia and a depressive
profile [64].

Chronic AASs use may lead to disruptions in serotonin transmission, increasing
susceptibility to depressive episodes and heightened anxiety levels. Furthermore, dopamin-
ergic dysfunction may contribute to anhedonia, or the inability to experience pleasure,
which is a hallmark of AASs-induced depressive states. Alarmingly, some long-term users
have reported experiencing suicidal ideation, particularly during withdrawal periods when
mood instability and emotional distress peak [66]. The psychological burden of AASs-
induced mood disorders underscores the need for mental health interventions targeting
users who struggle with the emotional repercussions of steroid abuse [8,66,67].

Particularly concerning mental health, the implication of AASs use is dependency
and withdrawal syndrome, which can exacerbate psychological distress and lead to a
cycle of compulsive drug use. While many individuals begin using AASs for performance
enhancement or body image concerns, prolonged exposure can lead to physiological and
psychological dependence. Withdrawal symptoms can be severe, often including fatigue,
irritability, sleep disturbances, and profound depressive episodes, which may drive users
to resume steroid use to alleviate discomfort. Withdrawal-related psychological distress
can be severe enough to require professional intervention, such as counseling, cognitive
behavioral therapy (CBT), or pharmacological support, to aid individuals in managing the
emotional and physiological challenges of cessation [6,68,69].

Existing research, encompassing numerous clinical studies and surveys, frequently
points to a correlation between AASs misuse and heightened aggression along with feelings
of hostility, sometimes culminating in violent conduct [70]. It has also been observed that a
significant number of individuals who abuse AASs concurrently misuse alcohol and/or
various illicit substances. Given that substance abuse is an established predictor of violent
behavior, it is plausible that the violence perpetrated by AASs users might, in many
instances, be primarily attributable to the co-abuse of other drugs [71]. Data further reveal
that the likelihood of conviction for a violent crime was at least comparable, if not higher, for
groups testing positive for AASs compared to those testing negative. Additionally, when
examining a three-year period immediately preceding death, there was a notable surge in
the incidence of violent crime and a distinct reduction in property crime rates, particularly
when contrasted with the initial three years following a first criminal conviction. These
findings suggest that, in certain predisposed individuals, AASs use could contribute to an
elevated incidence of violent crime, particularly when combined with the consumption
of other illegal substances [72]. Several real-world cases underscore the complex medico-
legal implications of AASs misuse. For instance, a forensic case involving a 31-year-old
aesthetic weightlifter revealed that chronic AASs abuse may lead to immunodeficiency,
contributing to fatal complications such as necrotizing myofasciitis following minor trauma.
Despite surgical intervention and hyperbaric therapy, the patient died, and autopsy findings
confirmed the role of AASs in compromising immune function [73]. This case highlights
the need for clinicians and forensic experts to consider immunosuppression as a potential
consequence of AASs use, especially in sudden or unexplained deaths. Additionally, a
large-scale forensic study comparing criminal histories of deceased individuals found that
AASs users, particularly those not co-abusing other substances, had a significantly higher
incidence of violent crimes in the years preceding death, suggesting a direct link between
AASs use and aggressive behavior [72]. Together, these cases illustrate the multifaceted
legal and forensic challenges posed by AASs, from clinical negligence and criminal liability



Forensic Sci. 2025, 5, 31 10 of 19

to the interpretation of cause of death in forensic pathology. The medicolegal landscape
surrounding AASs is characterized by strict legal controls, significant liability risks for
prescribers who deviate from approved indications and standard medical practice, severe
consequences for athletes engaged in doping, and complex ethical considerations that
underscore the importance of patient safety and professional responsibility [74].

Jurisdictional differences significantly influence how physicians navigate the ethical
dilemma of confidentiality versus disclosure in cases involving AASs or doping. In the
United States, the Health Insurance Portability and Accountability Act (HIPAA) enshrines
strict patient confidentiality, allowing disclosure only under specific legal exceptions, such
as imminent harm or court orders. However, state laws may impose additional obligations
or restrictions, creating variability across jurisdictions (Health Insurance Portability and
Accountability Act). In contrast, the United Kingdom adheres to the General Medical
Council’s (GMC) guidance, which permits breaching confidentiality when it is in the public
interest—such as preventing serious harm to others—but requires careful justification and
documentation. Meanwhile, in many European Union countries, the General Data Pro-
tection Regulation (GDPR) governs medical data privacy, emphasizing informed consent
and proportionality in data sharing [75]. However, national laws may further refine these
principles, especially in sports medicine or forensic contexts. Notably, under the World
Anti-Doping Code (WADC), healthcare professionals globally are prohibited from assisting
athletes in doping practices and may face sanctions if they fail to report such behavior,
even if doing so conflicts with local confidentiality norms. These discrepancies underscore
the ethical and legal complexity faced by clinicians, who must balance professional duties,
patient trust, and regulatory compliance across diverse legal landscapes.

Overall, the behavioral and mental health consequences of AASs misuse highlight
the urgent need for education, early intervention, and accessible psychological support
(Figure 3).

Figure 3. Early intervention is crucial, as prolonged AASs use can lead to more severe and poten-
tially irreversible psychological and endocrine effects. Treatment should be tailored to individual
needs, with particular attention to underlying factors that initially motivated steroid use. Psy-
chotherapy (e.g., CBT, motivational interviewing), pharmacotherapy (for symptoms and hormone
restoration), support systems (peer and family therapy), and endocrine monitoring can be used to
track physiological recovery.

The link between AASs use and aggression, mood instability, and dependency under-
scores the importance of screening steroid-related mental health issues in both athletic and
non-athletic populations. Addressing these risks through awareness campaigns, psycho-
logical counseling, and harm reduction strategies is essential to mitigating the long-term
neuropsychiatric damage associated with AAS abuse.

Research indicates that long-term AASs use is associated with structural brain dif-
ferences, including thinner cortex in widespread regions and smaller neuroanatomical



Forensic Sci. 2025, 5, 31 11 of 19

volumes (e.g., total gray matter, cerebral cortex, and putamen). The reversibility of these
structural changes is largely unknown and requires more longitudinal studies [76]. Further-
more, experimental and animal studies strongly suggest that AASs can induce neurotoxicity,
involving mechanisms such as oxidative stress and apoptosis (programmed cell death).
Whether neurons damaged through these pathways can fully recover or be replaced is a
critical question [14]. Bertozzi et al. state that irritability, anxiety, and depressive symptoms
are commonly reported. While some acute behavioral effects may subside with discontinu-
ation, long-term psychiatric sequelae and the underlying neurobiological alterations are
less clear regarding reversibility [8].

The long-term neurodegenerative effects of AAS use may remain clinically silent
during young age, as most illicit users are under 50, an age too early for clear symptomatic
manifestations of potential neurotoxic effects. However, early exposure during a critical
developmental window like adolescence could predispose individuals to more severe
or earlier onset of issues later in life [77]. Experimental animal studies have shown that
supraphysiological doses of steroids can cause considerable damage to nervous tissue,
leading to ultrastructural and behavioral impairment. For example, a significant decrease
in neuronal density was observed in both male and female mice treated with anabolic
steroids, with specific steroids (e.g., stanozolol) causing greater reductions in certain brain
areas compared to others. Another animal model demonstrated remarkable modifications
in GABA A receptor subunit mRNA levels depending upon the dose of AAS [78].

5. Enhancing Accuracy and Efficiency in Medical Record Management
with AI

AASs are synthetic derivatives of testosterone designed to enhance muscle growth and
promote masculinizing effects [28]. Their dual action is reflected in their nomenclature: the
anabolic component refers to their ability to stimulate protein synthesis, increase nitrogen
retention, and promote muscle hypertrophy, while the androgenic component is responsible
for the development and maintenance of male secondary sexual characteristics such as
increased body hair, deepened voice, and enhanced bone density [29–33]. AASs can be
classified into various categories based on their chemical structure, mode of administration,
and potency. They are commonly consumed in either oral or injectable forms, with each
mode having distinct pharmacokinetic properties [34–36].

Different administration protocols in non-medical settings could be adopted by the
users (Figure 4).

Oral AASs, such as oxandrolone, stanozolol, and methandrostenolone, undergo exten-
sive first-pass metabolism in the liver, which can lead to hepatotoxicity with prolonged use.
Injectable AASs, such as testosterone enanthate, nandrolone decanoate, and trenbolone
acetate, bypass the liver to a greater extent and have longer half-lives, leading to more
sustained physiological effects [79,80].

AASs were initially developed for medical use and remain valuable in clinical set-
tings. They are prescribed for conditions such as hypogonadism, muscle-wasting diseases
(e.g., AIDS-related cachexia and cancer-related muscle loss), and certain types of ane-
mia [3]. In these contexts, AASs help restore hormonal balance, improve muscle mass,
and enhance overall quality of life. However, their non-medical use, particularly among
athletes, bodybuilders, and fitness enthusiasts, has surged dramatically over the past few
decades. Many users engage in supraphysiological dosing, consuming doses several times
higher than therapeutic recommendations in pursuit of enhanced muscularity and phys-
ical performance [81,82]. This widespread misuse has been fueled by the portrayal of
hyper-muscular physiques in media, the availability of AASs through illicit markets, and
the influence of social media figures who advocate for their use while downplaying the
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associated risks [83–85]. In this context, pharmacogenetics plays a pivotal role in the AASs
metabolism [86], and post mortem investigations are vital in order to clarify the cause of
death [73,87].

 

Figure 4. The administration protocols in non-medical settings are summarized, highlighting each
characteristic: cycling (intermittent use for recovery and HPG axis mitigation), stacking (concurrent
use of multiple compounds for maximal effect), pyramiding (gradual dose adjustment for adaptation
and withdrawal management), and post-cycle therapy (PCT) (aimed at restoring natural hormone
production post-use).

The use of AASs extends beyond professional athletes and bodybuilders, permeating
recreational fitness communities and even reaching adolescents seeking quick physical
transformations. Many users adopt complex regimens, including cycling, stacking, and
pyramiding [1]. Cycling involves alternating periods of AASs use with drug-free intervals,
purportedly to reduce side effects and avoid detection in drug testing [79]. Stacking refers
to the simultaneous use of multiple AASs, often in combination with other performance-
enhancing substances like human growth hormone (hGH) and insulin, to maximize an-
abolic effects [88,89]. Pyramid entails gradually increasing AASs dosage over several
weeks, reaching a peak, and then tapering down to minimize withdrawal effects. Despite
these strategies, there is little scientific evidence to suggest that they effectively mitigate
the long-term risks of AASs use, particularly their neuropsychological and neurotoxic
effects [19,90].

Beyond their well-documented impact on muscle hypertrophy and athletic per-
formance, AASs exert profound effects on multiple organ systems. Endocrine disrup-
tions are among the most immediate consequences, as exogenous AASs suppress the
hypothalamic–pituitary–gonadal (HPG) axis, leading to reduced endogenous testosterone
production [91,92]. This suppression can result in testicular atrophy, infertility, gynecomas-
tia (breast tissue development in males), and sexual dysfunction. In women, AASs use
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can cause menstrual irregularities, voice deepening, clitoral hypertrophy, and male pattern
baldness, some of which may be irreversible [31,93–96]. Cardiovascular complications
are another major concern, as AASs increase low-density lipoprotein (LDL) cholesterol,
decrease high-density lipoprotein (HDL) cholesterol, and elevate blood pressure, thereby
heightening the risk of atherosclerosis, myocardial infarction, and stroke [97,98]. Addition-
ally, the liver is highly susceptible to cholestatic hepatotoxicity, particularly with the use of
17α-alkylated oral AASs, which can lead to conditions such as hepatic adenomas and, in
severe cases, hepatocellular carcinoma [99].

While the somatic side effects of AASs have been extensively studied, their impact on
the CNS and brain function remains a growing area of research. AASs interact with ARs in
the brain, particularly in regions such as the prefrontal cortex, amygdala, and hippocampus,
which play crucial roles in cognition, emotional regulation, and impulse control [100,101].
Chronic AASs exposure has been associated with mood disturbances, cognitive deficits,
increased aggression, and dependency, suggesting that their effects extend well beyond
muscle enhancement. Given the increasing prevalence of AASs use and the potential for
severe neurological and psychiatric consequences, a deeper understanding of their impact
on brain function is essential [19,102,103].

6. AASs Use Among Women
Although AASs use is more prevalent among men, recent studies indicate a growing

trend among women, particularly in competitive bodybuilding and strength sports. The use
of AASs among women remains an area of active research, but it is not yet fully understood.
This is primarily because most studies exploring the various facets of AASs use in females
rely on small cohorts of women involved in competitive fitness, bodybuilding, and strength
sports. Women typically administer AASs in cycles, either orally or via injection [104]. For
some, initiating AASs use is an impulsive decision, while others seek to overcome training
plateaus and/or prepare for fitness competitions. Many users are often unprepared for
the undesirable virilizing effects; however, some report that these are counterbalanced by
the desired outcomes. Clitoral enlargement frequently leads to feelings of shame and a
reduction in self-esteem. Conversely, an increased libido is a common effect, resulting in
both positive and negative experiences depending on an individual’s life circumstances,
partner status, whether the partner also uses AASs, and the presence of any accompanying
genital alterations [81]. AASs produce fetal virilization and changes in fetal growth through
one of three mechanisms. Furthermore, the drugs can exert an indirect effect by stimulating
other glands, such as the adrenal cortex, which in turn produce androgens. AASs can also
produce changes in the placenta and significant modifications [105].

The global lifetime prevalence of androgen abuse in women is estimated between
0.1 and 1.6%, with most research limited to small, qualitative samples [106]. Women often
use fewer substances at lower doses to minimize virilizing effects yet still face significant
physical and psychosocial consequences. Recent qualitative studies have revealed that
motivations for AAS use among women include body dissatisfaction, eating disorders, and
the pursuit of external validation through muscularity and performance [81]. Many women
report being introduced to AASs by male partners or coaches, often without adequate
information about the risks. Common adverse effects include menstrual irregularities,
voice deepening, clitoral hypertrophy, and female pattern hair loss (FPHL), which is often
underdiagnosed and under-researched compared to male pattern baldness. FPHL can have
profound psychosocial impacts, including anxiety, shame, and body image distress [107].
Moreover, women may use the return or absence of menstruation as a self-monitoring
tool for perceived safety, despite the lack of clinical validation [108]. These findings
highlight the need for gender-specific education, harm reduction strategies, and access to
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informed medical care. Medico-legal challenges also arise, particularly in cases involving
misinformed consent, underreported side effects, and the societal stigma surrounding
female androgen use. Addressing these gaps requires further research and tailored clinical
guidelines to ensure safe and ethical care for female AAS users.

7. Conclusions
Although AASs are widely used for their muscle-enhancing and performance-boosting

properties, their adverse effects on brain health and mental well-being cannot be overlooked.
The evidence reviewed highlights the potential for neurotoxicity, cognitive impairments,
and significant behavioral alterations, all of which can have lasting consequences on
an individual’s psychological and neurological integrity. The disruption of key brain
structures, such as the hippocampus, amygdala, and prefrontal cortex, combined with
oxidative stress, neuroinflammation, and neurotransmitter imbalances, underscores the
serious risks associated with prolonged AASs use. Furthermore, the psychological toll,
including increased aggression, mood disorders, and dependency-related withdrawal
symptoms, presents additional challenges that necessitate targeted intervention strategies.

Given these profound implications, raising awareness and implementing preventive
measures should be a priority in both clinical and athletic settings. Educational programs
must be developed to inform potential users about the long-term risks of AASs use, ensur-
ing that individuals make informed decisions regarding their health. Additionally, regular
psychological screening should be integrated into sports medicine protocols, particularly
for those engaged in competitive sports or high-risk environments where AASs use is
prevalent. Counseling services and structured support systems should be readily avail-
able to individuals struggling with AASs dependency, offering professional guidance on
cessation strategies and mental health management.

Interactive online sessions for parents, coaches, physical education teachers, and youth,
led by health professionals (doctors, psychologists, and dietitians) and law enforcement,
should be organized to openly discuss the risks and answer questions. Furthermore, it
is important to create and distribute clear guidelines for gym staff on how to respond to
suspected AAS use, thus promoting a safe and supportive environment, and establish
or designate specialized clinics and outpatient services for the treatment of AAS abuse,
offering medical care for managing side effects, psychological support for addiction, and
nutritional and exercise counseling for healthy lifestyle maintenance. Self-help and peer
support groups (online and offline) should be established, where individuals can share
experiences and cessation strategies in a safe and confidential environment. Given the
uncertainty surrounding the reversibility of AAS-induced neuroanatomical changes, there
is a pressing need for longitudinal human studies to clarify the extent and duration of these
effects, particularly in younger populations and chronic users.

Ultimately, understanding the detrimental effects of AASs on the brain is crucial for
fostering healthier, more responsible practices within both professional and recreational
fitness communities. By prioritizing mental health alongside physical fitness, healthcare
professionals, policymakers, and sports organizations can work toward reducing AASs-
related harm and promoting safer alternatives for enhancing athletic performance.
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