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Introduction

Muscle dysmorphia (MD) represents a 
unique and often misunderstood domain 
within the spectrum of body dysmorphic 
disorders.[1] Characterized by an obsessive 

muscular or lean, individuals with MD 
typically engage in behaviors aimed at 
increasing muscle mass and reducing 
body fat. This preoccupation often 
leads to the use of anabolic steroids and 
performance-enhancing drugs (PEDs), 
substances that have become increasingly 
associated with this condition. The use of 
these substances in the MD community 
is not merely a matter of physical 
enhancement but is intricately tied to 
psychological factors. The distorted 
self-perception inherent in MD drives 

Address for correspondence: 
 

 

Abstract
Muscle dysmorphia (MD) is a subtype of body dysmorphic disorder characterized by an obsessive 

drug (PED) use. Utilizing a systematic search across databases such as PubMed, PsycINFO, Scopus, 
and Web of Science, the review draws on peer-reviewed literature published in the past two decades 
to uncover the roles of hormonal and neural alterations in perpetuating this cycle. Inclusion and 

and stress responses. The synthesis of data reveals that hormonal imbalances due to substance abuse 
lead to profound changes in brain plasticity and function, instigating psychiatric disorders and 
complicating withdrawal and treatment. Therapeutic strategies are critically assessed, with emphasis 
on the success of cognitive-behavioral therapy, the role of pharmacological management, and the 
promise of emerging treatments targeting neuroendocrine disruptions. The review suggests an 
integrated, holistic treatment model that includes hormonal therapy and neurological considerations, 
underscoring the importance of personalized and sustained interventions. In conclusion, the intricate 

an integrated approach to treatment. Future research should focus on the neuroendocrine impact of 
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individuals toward a perpetual cycle of 
substance use, where steroids and PEDs 
play a pivotal role. This cycle is not only 
a psychological phenomenon but also is 

these substances have on the human body, 
particularly regarding hormonal and neural 
changes.

Methods

Locating and selecting data

The data for this review were systematically 
sourced from an array of academic 
databases, including PubMed, PsycINFO, 
Scopus, Wiley, Google Scholar, and 
Web of Science. The search strategy was 
designed to encompass a comprehensive 
suite of keywords and MeSH terms 
relating to muscle dysmorphia, anabolic 
steroids, performance-enhancing drugs, 

on neuroendocrine function. Boolean 
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and ensure a broad yet relevant collection of literature. 
Inclusion criteria were established  
be peer reviewed, published within the past 20 years, and 

studies, and articles not focusing on the neuroendocrine 
implications of steroid and PED use.

Extracting data

On retrieval of articles, abstracts were screened for 

hormonal mechanisms involved in MD, the neuroendocrine 

and physiological aspects of addiction cycles, and current 
therapeutic approaches. A standardized form was used to 

outcomes, and conclusions related to the scope of this 
review.

Synthesizing data

diverse study designs and methodologies. This approach 

hormonal dysregulation and neurological changes within 

involved a thematic analysis, where patterns and themes 

in the research were also documented, highlighting areas 
for future investigation.

Ensuring quality and rigor

guidelines were adhered to throughout the process. In 
addition, a bias assessment was conducted using the 
Cochrane Collaboration’s tool to identify any potential 
bias within individual studies.[2] Articles were also 

and the validity of the authors’ interpretations.

Results

Role of steroids and performance-enhancing drugs in 
muscle dysmorphia

Anabolic steroids and PEDs are known for their ability 
to rapidly increase muscle mass and improve athletic 

MD, these substances are used as a means to attain an 
unattainable ideal of physical perfection, often at the 

[3] The relationship 

hand, these substances provide a temporary solution to the 

distress caused by perceived inadequacies in muscularity. 

reinforcing the distorted self-image and perpetuating the 
cycle of abuse. This relationship is further complicated 

have a profound impact on brain function and structure, 

catalysts that intensify the cycle of addiction in individuals 
with MD abusing steroids and PEDs. Unlike traditional 
forms of substance abuse, the addiction cycle in MD is 

of these substances.[4] Steroids and PEDs, through their 

in neurotransmitter systems, impacting critical brain 
functions related to mood, cognition, and stress responses.

hormonal homeostasis.[5]

the increase in muscle mass but also triggers a series 
of neurochemical events. The activation of androgen 
receptors in the brain alters the normal functioning of 
neurotransmitters, such as dopamine and serotonin, which 
are critical to mood regulation, motivation, and reward. 
This disruption can lead to mood disorders, aggression, 
and an altered stress response, all of which are common 
in individuals with MD. The psychological implications of 
these hormonal changes are multifaceted. On a behavioral 
level, the initial euphoria and increased performance can 
reinforce the continued use of these substances, despite 

milieu also impacts cognition, potentially leading to 
impaired judgment, decision-making, and heightened 

the cycle of abuse as individuals with MD may be less able 
to recognize the long-term consequences of their actions or 

Physiologically, the persistent imbalance in hormone levels 
due to steroid and PED use can induce changes in brain 
plasticity. This refers to the brain’s ability to change and 

substance abuse, these changes are often maladaptive. For 

areas responsible for memory and emotional regulation, 
such as the hippocampus and amygdala. These changes not 

the groundwork for long-term psychiatric vulnerabilities.

Moreover, the endocrine system’s disruption has secondary 

stress response and is closely linked to the development of 
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[6] This 

worsening of symptoms and a deepening of the dependency 
cycle.

The withdrawal from steroids and PEDs introduces a new 
set of challenges. The body’s natural hormone production 
may be suppressed, leading to a state of hypogonadism, 
characterized by low or absent levels of testosterone. This 

health, including the emergence of depressive symptoms, 

a stark contrast from the heightened neural activity during 

the endocrine system, which is intricately linked to brain 
function.[7] The use of steroids and PEDs introduces 

Endocrine disruption

The endocrine system’s disruption through the use of 

functions.[8] Testosterone and its derivatives, when 

hormonal rhythm. This suppression can result in a range 
of mental health issues, including mood swings, irritability, 
and even long-term mood disorders. The hormonal 

increased aggression, commonly referred to as “roid rage,” 
has been reported in steroid users. This is likely due to 

system, a brain area crucial for emotion regulation.

androgen receptors in the brain, which are not only 
present in reproductive tissues but also widely distributed 
in various brain regions, including the hippocampus, 

[9] The interaction with 
these receptors leads to changes in cellular functioning 

and long-term brain health.[10] The activation of androgen 
receptors modulates the synthesis and release of 
neurotransmitters and neurotrophic factors, which can 

The consequences of these interactions are far-reaching. 
Neurotransmitters such as serotonin and dopamine, which 

caused by steroids and PEDs. This dysregulation can 
alter an individual’s stress response, potentially leading to 

function, and decision-making can be impacted due to the 
changes in the neural circuits that govern these processes.

Neurotransmitter Alterations and Psychological 
Dependencies

Impact on neurotransmitter systems

brain’s neurotransmitter systems, which play a critical 
role in regulating mood, behavior, and the reward 
circuitry.[11] Neurotransmitters such as dopamine and 

Dopamine, often referred to as the “feel-good” 
neurotransmitter, is central to the reward pathway and 
is associated with feelings of pleasure, motivation, and 

a surge in dopamine levels, leading to a heightened sense 
of well-being and euphoria.[12]

state can make the activities associated with steroid and 

psychological dependence. Conversely, serotonin, which is 
crucial for mood stabilization, impulse control, and overall 
emotional well-being, can become dysregulated through the 
use of these drugs. Such dysregulation can manifest as mood 

present, reinforcing use as a form of self-medication. Over 
time, the individual’s brain chemistry adapts to the presence 
of steroids and PEDs, establishing a new normal where the 

in neurotransmitter activity.[13] This adaptation can lead 
to withdrawal symptoms when the individual attempts to 
discontinue use, which may include depression, irritability, 
and a general lack of pleasure or motivation. The impact on 

brain’s neurochemistry and function. Chronic use can alter 
the sensitivity and density of neurotransmitter receptors, 
leading to a diminished response to natural rewards and a 

steroids or PEDs. This anhedonia-like state can perpetuate 
the cycle of abuse, as individuals may continue using these 
substances to chase the diminishing rewards they once 
provided. The modulation of neurotransmitter systems by 

development and maintenance of substance dependence, 
highlighting the need for targeted interventions that address 
the neurochemical aspects of recovery.

Cycle of addiction
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neurotransmitter levels within the brain. Steroids and PEDs, 
by amplifying the release and action of neurotransmitters 
such as dopamine and serotonin, can create a temporary 

prowess.[14]

rewarding, reinforcing the behavior of substance use 
and embedding it as a response to both internal and 

followed by a stark withdrawal phase, characterized by 

sense of dissatisfaction when not using these substances, 
which starkly contrasts the earlier feelings of euphoria and 
invincibility. The adverse emotional states that accompany 
withdrawal can be distressing, driving individuals to 
resume substance use to alleviate their discomfort. This 
self-medication perpetuates the cycle of abuse, as each 
subsequent use reinforces the neural pathways associated 
with addiction. The brain’s reward system, hijacked by 
the repeated chemical stimulation, becomes increasingly 
reliant on the presence of these substances to function 
optimally. The behavioral patterns become entrenched, and 

compelling as physiological dependence. Over time, the 
cycle of positive reinforcement (use of the drug leading to 
positive emotions) and negative reinforcement (use of the 
drug to avoid negative emotions) becomes deeply ingrained.

This cyclic pattern of addiction is further complicated by 
the potential for tolerance, where the individual requires 
progressively larger doses of the substance to achieve the 

physiological damage.[15] The cycle of addiction is thus a 

during use and the subsequent psychological and physical 
withdrawal symptoms. This vicious cycle is challenging 
to break, as the physical withdrawal symptoms are often 
accompanied by psychological cravings, leading to a high 

physiological aspects of withdrawal and the psychological 

counseling, and support groups to help individuals achieve 
and maintain sobriety.

Long-term brain changes

alterations in the brain’s structure and functionality.[16] These 

the psychological symptoms associated with MD – a 
disorder characterized by a preoccupation with not being 

engage in compulsive behavior to improve their body 

abuse, despite potential negative health consequences. 

The brain changes from prolonged PED use can make 
these psychological symptoms more severe, entrenching 
the belief that one’s body is inadequately muscular. 

making it challenging to reverse the dependency on these 
substances. Dependence on steroids and PEDs is not solely 

neurological adaptations that may sustain the cycle of abuse 
and complicate the path to sobriety.[17] Hence, understanding 
the neurological impact of these substances is crucial 

associated substance dependency.

The Addiction Cycle

Physical health risks

The prolonged and unchecked use of steroids and PEDs carries 
with it a plethora of grave physical health risks, often leading 
to severe and sometimes irreversible consequences.[18] The 
spectrum of potential health issues spans from cardiovascular 
complications, manifesting as early-onset heart attacks and 
strokes, to hepatological conditions, such as liver tumors and 

the potential for other organ damage due to the systemic 
[19] These physical detriments do 

cycle. By inducing physical dependence, the substances 
create a situation where the user’s body may require them to 
avoid withdrawal symptoms, making cessation a challenge. 
In addition, the physical harm caused by steroids and PEDs 
can perpetuate psychological dependence, as individuals may 
continue using to maintain the enhanced physique that these 

The intertwining of physical health risks with psychological 
dependence creates a formidable barrier to breaking the cycle 
of addiction, as one must navigate not only the desire for 

makes addressing steroid and PED addiction a multifaceted 
challenge requiring a holistic approach to treatment that 
encompasses both the physical and psychological domains of 
health.

grappling with an array of mental health challenges. These 
can include psychosis, a state of losing touch with reality, 

which can manifest as irritability and anger.[20-22] These 
psychiatric symptoms are not mere by-products of substance 



The Journal of Neurobehavioral Sciences | Volume 11 | Issue 1 | January-March 2024 

of MD, intensifying the disorder’s symptoms. MD, a 
condition characterized by a distorted body image and an 

aggravated by the mental health issues induced by steroids 
and PEDs. This interaction creates a perilous cycle where 
psychiatric problems can drive increased substance use 
as individuals attempt to self-medicate or cope with the 
stress of their altered mental state. Conversely, the use 
of steroids and PEDs can worsen psychiatric symptoms, 
further entrenching the individual in the cycle of addiction 
and mental health deterioration. The interplay between 
these factors underscores the need for a comprehensive 
approach to treatment that addresses both the psychiatric 
manifestations and the underlying substance use disorder, 

Challenges in overcoming dependence and withdrawal

The journey to surmount the shackles of dependence on 
steroids and PEDs is fraught with numerous challenges, 
both psychological and physiological.[23] The psychological 
dependence that ensues from the alteration of neurotransmitter 
systems and hormonal balances is particularly insidious. It is 
characterized by a deeply ingrained belief in the necessity 
of these substances to maintain not only a certain physical 
appearance but also emotional stability. Individuals trapped 
in this cycle believe that the use of steroids and PEDs is 
integral to their self-worth and emotional well-being, making 
cessation an arduous endeavor. When attempts are made to 
discontinue the use of these substances, individuals often 
encounter withdrawal symptoms that can be both physically 

mass, and a host of other discomforts that can impinge on 
everyday functioning. The intensity of these symptoms 
can be overwhelming, frequently leading to relapse as the 
immediate cessation of substance use unveils the full brunt 

[24] In the quest to mitigate these 

reverting to substance use, thus perpetuating the cycle of 
dependence.

with the daunting withdrawal symptoms, underscores the 
need for a robust support system and a comprehensive 
treatment plan. Such a plan must address both the 
psychological facets of addiction and the physiological 

often requiring medical intervention, counseling, and 
long-term support to navigate the precarious path of 
recovery and to reduce the likelihood of relapse.

The self-perpetuating cycle of addiction

use of steroids and PEDs takes on a particularly pernicious 

form, largely due to the direct hormonal catalysts these 
substances provide.[25] The introduction of synthetic 

altering everything from physical appearance to brain 
chemistry and emotional states. This hormonal upheaval 
can amplify the symptoms of MD, as the individual’s 
perception of their body and compulsive behaviors to 

Hormonal imbalances induced by steroids and PEDs not 
only contribute to the maintenance of the addiction cycle 
but also intensify it. These imbalances can lead to erratic 
emotional regulation and cognitive function, further 
entrenching the user in a state of dependence. The challenge 
in breaking this cycle is multidimensional, requiring a 
keen understanding of the hormonal underpinnings at 

tackling not only the psychological aspects of MD, such 

addressing the physiological dependencies that arise from 
the drug-induced hormonal imbalances.

This necessitates a treatment strategy that is both holistic 
and nuanced, capable of managing the withdrawal 
symptoms while also supporting the individual’s mental 
health. Medical treatments may need to be combined with 
psychotherapy to deal with the psychological reliance 
on the substances, while strategies to stabilize hormonal 

interplay between the psychological and physiological 
elements of this addiction cycle is critical for developing 

of dependence.

Clinical Implications and Treatment Strategies

This section focuses on the clinical implications of the 
addiction cycle in MD, particularly concerning the abuse 
of steroids and PEDs, and discusses potential treatment 
strategies that address both the psychological and 
physiological aspects of this condition.

Current therapeutic approaches for muscle dysmorphia 
and substance abuse

The treatment of MD and concurrent substance abuse, 
particularly the abuse of steroids and PEDs, incorporates a 

interplay between psychological issues and physiological 
dependencies.

At the forefront of psychological treatments is cognitive 
behavioral therapy (CBT), a form of intervention that is 

issues and the distorted perceptions that characterize MD.[26] 
CBT works by helping individuals recognize and challenge 
their harmful thought patterns and behavior, gradually 
learning to replace them with healthier ones. This approach 
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steroid and PED use, such as the obsessive pursuit of a 
more muscular physique. Other psychological counseling 
methods, such as psychoeducation, group therapy, and 

supporting the individual’s journey toward recovery.

Alongside psychological therapies, pharmacological 
interventions may be necessary, especially when steroid 

and psychiatric complications. Medications may be 
prescribed to stabilize mood, manage depression, and 

by substance abuse.[27] These medications can range from 
antidepressants to mood stabilizers and antipsychotics, 

The careful management of these medications is crucial, 
as it is essential to avoid substituting one dependency for 
another while ensuring that the psychological interventions 
have the best chance of success.

Overall, the current therapeutic strategies for MD and 
substance abuse highlight the importance of an integrated 
treatment plan that considers both the mental health aspects 

The goal is to provide a comprehensive support system that 
enables individuals to regain control over their lives, free 
from the constraints of addiction and the distortions of MD.

Addressing hormonal and neural aspects in treatment

Treatment approaches for steroid and PED abuse, especially 
when intertwined with MD, must incorporate strategies that 
directly address the hormonal and neural changes incurred 
by substance use.

Hormonal imbalances are a central consequence of chronic 
steroid and PED use, and correcting these imbalances is 
essential for recovery. Hormonal therapy can be an integral 
part of treatment, including hormone replacement therapies 
or other medical interventions to restore the body’s natural 
hormonal balance.[28] This aspect of treatment is particularly 
crucial because it targets the physiological dependencies 
that perpetuate the addiction cycle, helping to reduce 
cravings and withdrawal symptoms that can trigger relapse.

altering neurotransmitter systems that can lead to changes 
in mood, behavior, and cognitive processes. Treatment, 
therefore, may require a focus on neurological health to 
rebalance neurotransmitter levels and address any long-term 
cognitive or neurological impairments. This could involve 
the use of medications that support neurotransmitter 
function or cognitive rehabilitation techniques that help 

strategies such as neurofeedback, which can train the 

interventions, which can improve neurological health and 

In summary, a comprehensive treatment plan for individuals 
struggling with steroid and PED addiction and MD should 
involve both hormonal and neurological interventions. 
The aim is to provide a holistic approach that addresses 

return to both physical and mental health and ultimately 
breaking the cycle of addiction.

Emerging therapies and holistic approaches

The landscape of treatment for MD and steroid/PED 
addiction is continually evolving, with emerging therapies 

of these substances.

As our understanding of the impacts of steroids and 
PEDs on the brain advances, new treatment modalities 
are on the horizon. These could encompass cutting-edge 

neuroendocrine disruptions caused by these substances.[29] 
Similarly, therapeutic techniques that emerge from ongoing 

substance abuse. Such interventions could range from 
neuromodulation techniques, which aim to recalibrate brain 
activity, to new classes of medications that more precisely 
rectify hormonal imbalances.

addiction, a holistic and integrative treatment model is 
[30] This model 

advocates for the combination of various therapeutic 

health components, medical treatment for hormonal and 
physical issues, nutritional guidance to restore and maintain 
physical health, and physical rehabilitation to recover from 
the physiological damages wrought by substance abuse. By 
encompassing all aspects of health, this integrative model 
aims to provide comprehensive care that addresses every 

such a holistic approach lies in its ability to treat the person 
as a whole, recognizing that the psychological, physical, 
and hormonal elements are deeply interconnected and must 
be treated concurrently for the best chance of recovery.

Challenges and considerations in treatment

The management of MD and steroid/PED addiction presents 
unique challenges and necessitates careful consideration of 
several critical factors in treatment planning.
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The personal nature of MD and the varied responses to 
steroid and PED use demand that treatment plans are 
highly customized. Individuals come with their own set 

be adaptive, considering personal history, the severity 

personalized approach may involve a combination of 

from various forms of counseling and behavioral therapy 

unique hormonal imbalances.

MD and steroid/PED addiction typically require sustained 
and often long-term treatment strategies. The chronic 
nature of these conditions, coupled with the high potential 
for relapse, underscores the necessity for continuous 
support and intervention. Long-term management 
might include ongoing counseling, support groups, and 
potentially maintenance pharmacotherapy, all aimed 

monitoring of psychological and physical health is 
also crucial to identify and address any signs of relapse 

impact recovery, these areas should also be included in 
the long-term management plan. The ultimate goal is to 
support the individual in maintaining a healthy lifestyle 
and psychological well-being over time, acknowledging 
that recovery is a continual process rather than a single 
event.

Discussion

hormonal modulation of brain function, represents a 

which have traditionally emphasized the psychological 
and behavioral aspects of substance dependence. Steroids 
and PEDs, by their pharmacological nature, are designed 
to enhance physical performance and appearance, primarily 

into the very fabric of neural function. The acute hormonal 
shifts induced by these substances lead to marked changes 
in neurotransmitter systems, particularly those associated 
with reward and stress, such as the dopaminergic and 
serotonergic pathways. The resulting neurochemical 
imbalance manifests as alterations in mood and cognition, 

which can range from increased aggression to impaired 
judgment. The abuse of steroids and PEDs in individuals 
with MD is often motivated by an intense, pathological 
drive to achieve and maintain an idealized muscular 
physique. This drive, while partially rooted in psychological 
factors such as body image disturbances and perfectionism, 

substances themselves. The enhanced dopaminergic activity 
associated with steroid and PED use may not only create a 
sense of well-being and heightened energy but can also lead 
to compulsive drug-seeking behavior, further entrenching 
the addiction cycle. As these individuals continue to use 
these substances, their brain chemistry adapts, potentially 
leading to tolerance and the need for higher doses to 

a chronic state of neuroendocrine dysregulation, which 

and increased vulnerability to psychiatric disorders. The 
withdrawal phase presents its challenges. The cessation 

in endogenous hormone levels, leading to a state of 
hypoandrogenism. This hormonal imbalance can have 
profound neurological implications, including the onset 

symptoms not only pose a challenge for the individual’s 
mental health but also increase the likelihood of relapse 
into substance use as a means of alleviating the discomfort 
associated with withdrawal. The chronic use of steroids 
and PEDs has been associated with irreversible damage to 
both the body and the brain. On a structural level, there 
is evidence to suggest that long-term use can lead to 
changes in brain morphology, particularly in areas involved 

alterations may contribute to the psychiatric comorbidities 
often observed in long-term steroid users, such as mood 
disorders and cognitive impairments. The cycle of 
addiction in MD is thus a product of an intricate interaction 
between the endocrine system and neural mechanisms. The 

create a biological underpinning for the psychological and 
behavioral manifestations of the disorder. Addressing this 
cycle requires a nuanced approach that considers both 
the physical and psychological dimensions of addiction. 
Therapeutic strategies need to be as multifaceted as the 
disorder itself, combining pharmacological interventions 
to restore hormonal and neurochemical balance with 
psychotherapeutic treatments aimed at addressing the 
underlying psychological issues. CBT, motivational 
interviewing, and mindfulness-based interventions can be 

associated with MD. Support groups and family therapy 
may also play a role in providing psychosocial support, 
challenging societal norms surrounding muscularity, and 
fostering a more positive body image. In terms of research, 
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there is a pressing need for comprehensive studies that 
investigate the long-term neurological and psychiatric 
outcomes of steroid and PED abuse. Longitudinal research 

of these substances on brain structure and function, which 

protocols and preventative strategies. Such research should 

damage associated with steroid and PED use, providing 
hope for recovery and rehabilitation.

Conclusion

and PEDs on the brain, which complicate the psychological 

treatment. An integrated approach, encompassing both 
medical and psychological interventions, is essential for 

of hormonal agents on neurological function, which will be 
instrumental in advancing our understanding and treatment 
of MD.
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