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Abstract. Advances in medical science have expanded our ability to manipulate health, extending beyond
treating diseases to enhancing cognitive and emotional functions. This practice, known as cosmetic neurology,
involves using neurologic interventions and psychotropic drugs to improve brain performance, resilience to
stress, and overall mental well-being, even in healthy individuals. While these interventions raise critical eth-
ical concerns—such as issues of authenticity, beneficence, non-maleficence, and justice—emerging evidence
suggests promising alternatives. Non-invasive brain enhancement techniques and experimental biohacking
practices, including lifestyle adjustments and technological interventions, offer innovative pathways for cog-
nitive enhancement. However, ethical investigations into these alternatives remain limited. This paper pro-
vides a comprehensive neuroethical analysis of invasive and non-invasive enhancement methods, emphasizing
the relative advantages of non-drug-based approaches. It argues that non-invasive techniques present a less
ethically fraught and more sustainable alternative to psychotropic drugs, positioning them as viable solutions
for advancing the field of brain enhancement.
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Introduction

From the moment we became increasingly aware
of our capability to treat diseases and lessen their
symptoms, we found ourselves able to manipulate
health. The term cosmetic neurology refers to the use
of neurologic interventions and psychotropic drugs to
enhance our brain’s performance, resilience to stress
and trauma and simply to become better, even if we
are healthy individuals (1). The investigation of these
practices and their implications is utterly important,
especially if we take into account various perspectives
such as cognition, mood, and feelings, but also con-
sidering the ethical issues of Authenticity, beneficence
and Non-maleficence, and Justice. However, there is
significant evidence guiding us towards the idea that,
even though cosmetic neurology can be considered

problematic, there can be, sooner than later, a con-
crete and plausible alternative to it (2), represented by
non-invasive and not related to drugs brain enhance-
ment techniques. Unfortunately, little research has
been carried out concerning the ethical investigation
of these techniques. Another alternative that is worth
looking at is surely Neurohacking, which is a broad
and experimental practice involving the application
of DIY (do-it-yourself) biology techniques, including
diet and lifestyle changes, and technological interven-
tions to optimize physical and mental performance (3).
This paper aims to ethically analyze both invasive and
non-invasive cosmetic neurology techniques including
Neurohacking, claiming that the latter group is far less
problematic when compared with the use of psycho-
tropic drugs. Therefore, the ethical use of non-invasive
brain enhancement techniques would provide a better
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alternative and an important solution to drug use in
cosmetic neurology.

Types of enhancement

At this moment there are three known kinds of
enhancement: pharmacological enhancement, exter-
nal brain stimulation, and biohacking. In this sec-
tion, we will define these concepts to clarify their
meanings. Pharmacological approaches to cognitive
enhancement involve the use of various compounds,
commonly referred to as nootropics or smart drugs, to
augment cognitive function (4). These compounds act
on neurotransmitter systems, neuronal metabolism,
or neurovascular mechanisms to enhance attention,
memory, creativity, and other cognitive domains. Ex-
amples of commonly used nootropics include modaf-
inil, methylphenidate, and racetams. Modafinil is a
wakefulness-promoting agent, and it is believed to en-
hance cognitive function and mitigate fatigue without
the addictive properties or adverse effects associated
with traditional stimulants. Similarly, methylpheni-
date, a psychostimulant primarily prescribed for atten-
tion deficit hyperactivity disorder (ADHD), has been
repurposed off-label for cognitive enhancement due
to its ability to increase dopamine and norepineph-
rine levels in the brain. Racetams are a class of com-
pounds including piracetam and aniracetam, that are
believed to modulate glutamate receptors and cholin-
ergic systems, therefore they should improve memory,
learning, and cognitive flexibility. External stimulation
techniques for cognitive enhancement involve the ap-
plication of non-invasive methods to modulate brain
activity and enhance cognitive function. Transcranial
magnetic stimulation (TMS) and transcranial direct
current stimulation (tDCS) are among the most re-
searched modalities in this domain (5). Biohacking, on
the other hand, is intended as the use of natural foods
and activities in order to improve cognitive ability (6).
This practice has gained substantial interest today as
individuals seek to optimize their physical and men-
tal performance through accessible and natural means.
This approach is based also on the use of caffeine,
which is widely recognized for its cognitive-enhancing
properties, improving alertness and concentration (7).

Natural supplements, such as omega-3 fatty acids and
curcumin, have been used to benefit brain health and
stimulate inflammation reduction(8), (9). Addition-
ally, practices like yoga and mindfulness are integral
to biohacking, offering profound benefits for stress re-
duction, emotional regulation, and overall well-being.
Yoga, through its combination of physical postures and
breath control, has been shown to enhance flexibility,
strength, and most importantly mental clarity (10). Fi-
nally, mindfulness practices, including meditation, can
significantly lower stress levels and improve cognitive
function by fostering a state of focused attention and
awareness (11). These natural interventions provide a
synergistic effect, promoting a balanced and enhanced
lifestyle without the need for synthetic compounds or
medical procedures (12). In conclusion, pharmacolog-
ical interventions, external stimulation techniques, and
biohacking techniques offer some interesting options
for cognitive enhancement. However, especially in the
first two options, further research is needed to eluci-
date their mechanisms of action, optimize protocols
for effectiveness and safety, and address ethical consid-
erations surrounding their use in healthy individuals,
since they could raise some neuroethical concerns that
we aim to address in the present work.

Pharmacological enhancement

The ability to manipulate one’s own cognitive
ability is something very appealing to many of us,
especially to people working in academia or having
highly stressful jobs (13). The very possibility of being
less tired, more mindful, and controlling our mental
health has been traditionally linked to the practice of
pharmacological enhancement in healthy individuals.
This practice has usually been referred to as cosmetic
neurology or neuroenhancement. It comprehends
the use of psychotropic drugs to enhance our brain’s
performance, our resilience to stress and trauma, and
the possibility of improving on a cognitive level, that
is to become better, even if we are healthy individuals
(14). Of course, in this case, the drugs we are mention-
ing are always taken off-label, and we have very little
evidence that they help enhance our cognition, also
inter-individual variety in the brain seems to be decisive
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when it comes to the actual effects of drug-related cos-
metic neurology. The other side of this story is linked
to the possible side effects of the drugs taken, which
are already worrying in case of illnesses, and even more
worrying in the case of a healthy individual taking
off-label drugs for enhancement purposes. However,
even if research, especially neuroethics, has always
been concerned with psychotropic drugs prescribed
off-label when it comes to neuroenhancement, there
is some scientific evidence telling us that in the fore-
seeable future, enhancement could also be done with a
drug-free, noninvasive clinical procedure that consists
in brain stimulation of some specific areas and net-
works (15). Unfortunately, there is a scarcity of clini-
cal trials and research in this direction, however, from
what we know, such enhancement techniques seem to
be extremely promising and a very good alternative to
cosmetic neurology with psychotropic drugs. It has
been largely established that a higher IQ has higher
perks during the lifespan of individuals (16). This has
also been shown by research and tests on brain resil-
ience to trauma. For instance, in a 2015 study (17) it
has been shown that human intelligence seems to be
intertwined with several brain properties that are both
structural and functional. In this study, simulated inju-
ries were modeled on different individuals with differ-
ent IQs, the outcome was a higher resilience to trauma
and robustness showed by those who had a higher IQ,
What was important in this study was the idea of a
strict link between brain robustness and “Full Scale,
Verbal and Performance IQ scores” (17). The robust-
ness parameter is indeed a very vague neuroscientific
term to explain several cognitive and brain functions.
However, it has been defined as a ubiquitously ob-
served property of complex, evolvable systems (18).
So, to be more resilient to stress, one should be more
intelligent, i.e. one should have a higher IQ and higher
cognitive functions, more generally. More and more
people try to do so by using psychotropic drugs, and
from both a pharmacological and neuroethical point
of view, this is extremely problematic. First, we should
notice that a great part of cognitive enhancers work
by targeting neuromodulatory systems such as: cho-
linergic, dopaminergic, noradrenergic, and serotoner-
gic (13), these systems are ascendant, i.e., they ascend
from the brainstem’s nuclei and innervate the cortical

system as well as the subcortical one. Such drugs, even
though their enhancement power is somewhat mod-
est (13) have been the object of interest by many peo-
ple looking for a way to be more efficient. The most
used compounds for such a goal are: methylphenidate
and modafinil, they are usually called neuromodula-
tors (13), but do they work? First of all, it is important
to notice that there cannot be a one-to-one mapping
of a specific neurotransmitter and a specific cognitive
function. In the case of dopamine, for example, we can
see that it has some strong effects on working memory
and attention, but this description is only on a general
level: because of inter-individual brain variety, there
is no way to tell what other effects neurotransmitters
can have on an individual’s brain, and especially on its
cognitive functions that are all different in power and
expression. Also, it is important to notice that neuro-
transmitters such as dopamine work thanks to a cluster
of various receptor systems that can give very different
outcomes. For example, in the case of serotonin, we
know that it acts via seventeen receptors, therefore it
can have extremely different effects, depending on the
receptor it acts upon. Finally, we can say that the ques-
tion about what is enhanced, in the case of a beneficial
cognitive effect, remains open. It is unknown whether
psychotropic drugs used as enhancers have effects on
several cognitive processes or just one, single mecha-
nism; this uncertainty is because the studies we have
only refer to clinical populations, and the parameters
of those studies are very different from what we should
look for in the case of a healthy brain. For instance, in
Alzheimer’s disease’s pharmacological trials, the level
of cognitive enhancement is evaluated and measured.
However, these evaluations (CIBIC-Plus) are incred-
ibly subjective and extremely clinical-driven what is
measured are both general cognitive and behavioral
functions but also daily activities. In addition to that,
there are some trials (NPI) that include delusions,
dysphoria, hallucinations, agitation, anxiety, aggres-
sion, euphoria, disinhibition, apathy, and also night-
time behavior disturbances as parameters to evaluate.
As you can see, the clinical evaluation of these studies
is already too individual-driven and too pathology-
driven to be able to create some collateral data on
healthy brain enhancement, and the scoring systems
used have also the same issues.
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Side effects

The drugs used for cognitive enhancement have,
like all drugs, several side effects. The aforementioned
side effects can have their outcomes not only in the
brain but also in the entire body. Some common side
effects of these kinds of drugs are gastrointestinal is-
sues, nausea, verbal impairment (in the case of rivastig-
mine), and reversal learning (in the case of serotonin in
young people) (19), while compulsive shopping, gam-
bling, and hypersexuality are common side effects of
dopamine agonists (20, 21). This collection of side ef-
fects is quite extensive, and not complete at all. When
considering drug assumption, one should always con-
sider also subjective side effects and singular differ-
ences in people. This has raised several concerns from
a neuroethical perspective that will be further investi-
gated in the course of the present analysis. There have
been a couple of systematic reviews that investigated
the issue in a more in-depth way (22, 23) but what can
be said is that overall, the amount of side effects, both
known and expected and unknown ones is extremely
concerning and raises important questions about the
actual admissibility of drug-related neuroenhance-
ment. In the end, neuroethics is mainly concerned with
the translation of neuroscience from a merely clinical
practice to a more public discussion. Therefore, in this
context, the issues caused by the off-label use of phar-
macological cognitive enhancers by healthy individuals
are especially concerning.

External brain stimulation: TBS and TDcs

As we have seen in the Introduction section, an
alternative to pharmacological enhancement exists and
has been copiously studied (24), and its results are very
promising. External brain stimulation techniques, such
as Theta Burst Stimulation (TBS) and Transcranial
Direct Current Stimulation (tDCS), have emerged as
promising non-invasive methods for modulating neu-
ral activity and enhancing cognitive functions. Both
techniques offer distinct mechanisms and applications,
contributing to their growing use in both research and
clinical settings.

Theta Burst Stimulation (TBS)

TBS is a form of repetitive transcranial magnetic
stimulation (rTMS) characterized by delivering short
bursts of high-frequency stimuli. These bursts are typ-
ically delivered at theta frequency (5 Hz), which has
been shown to induce long-lasting changes in cortical
excitability. There are two main types of TBS: inter-
mittent (iTBS) and continuous (cTBS).iTBS tends to
enhance cortical excitability, whereas cTBS generally
reduces it (25). Some studies have demonstrated the
efficacy of TBS in treating various neuropsychiatric
conditions, including depression and anxiety (26). For
instance, Blumberger (27) conducted a randomized
sham-controlled trial which provided evidence that
iTBS can be a viable alternative to traditional rTMS
for treatment-resistant depression. Additionally, TBS
has been explored for its potential for cognitive en-
hancement, such as improving memory and execu-
tive function in healthy individuals (28). Chung and
colleagues (29) highlighted the potential of TBS to
modulate cortical networks associated with cognitive
processes, suggesting that this technique could be used
to enhance cognitive performance in both clinical
and non-clinical populations. Furthermore, TBS has
shown promise in neurorehabilitation, with studies in-
dicating its potential to aid recovery in stroke patients
by enhancing motor function and plasticity (30, 31).

Transcranial Direct Current Stimulation (tDCS)

tDCS involves the application of a low, constant
electrical current through electrodes placed on the
scalp. This method modulates neuronal activity by al-
tering the membrane potential, making neurons more
or less likely to fire. Anodal stimulation typically in-
creases cortical excitability, while cathodal stimulation
decreases it (32). tDCS has gained attention for its
potential in cognitive enhancement, motor rehabilita-
tion, and the treatment of mood disorders (33, 34). For
example, Dedoncker and colleagues (35) found that
tDCS can improve working memory and attention in
both clinical populations and healthy subjects. Their
meta-analysis provided a comprehensive overview of
the effects of tDCS, supporting its use as a cognitive
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enhancement tool. Moreover, tDCS has been inves-
tigated for its therapeutic potential in various neuro-
logical and psychiatric disorders. Studies have shown
that tDCS can alleviate symptoms of major depressive
disorder, enhance motor recovery post-stroke, and im-
prove cognitive function in patients with Alzheimer’s
disease (36, 37). The non-invasive nature and ease of
application of tDCS make it an attractive option for
both clinical and at-home use. However, the variability
in individual responses to tDCS necessitates further
research to optimize stimulation parameters and iden-

tify predictors of efficacy (38).

Working processes

The mechanisms underlying TBS and tDCS are
still being elucidated, but both techniques are thought
to modulate synaptic plasticity. TBS likely induces
long-term potentiation (LTP) or long-term depression
(LTD)-like effects depending on the stimulation pattern,
thus altering synaptic strength and network connectivity
(39). Conversely, tDCS is believed to influence neuronal
excitability by modulating the resting membrane potential
and affecting synaptic efficacy (40). These modulations
can lead to changes in neurotransmitter levels, receptor
activity, and intracellular signaling pathways, ultimately
impacting cognitive and motor functions. While both
TBS and tDCS show promise, their comparative eflicacy
and optimal protocols remain areas of active investiga-
tion. Studies suggest that TBS may offer more robust and
immediate effects due to its higher-intensity stimulation
pattern, whereas tDCS provides more subtle, yet sustained
changes in cortical excitability (41). Comparative studies
are crucial to understand the differential impacts of these
techniques and to develop tailored interventions based on
individual needs and conditions. Future research should
focus on elucidating the underlying mechanisms, opti-
mizing stimulation parameters, and exploring the long-
term effects and safety of these techniques. Personalized
approaches, considering individual variability in response
to stimulation, also hold the potential for enhancing the
eflicacy of these interventions, eflicacy seems, linked to
frequency of treatment (42). Additionally, the integration
of neuroimaging and electrophysiological methods can
provide deeper insights into the neural correlates of TBS

and tDCS effects, facilitating the development of more
effective and targeted brain stimulation protocols (43).

External stimulative enbancement on healthy
individuals

In this section, we present a study made by Santar-
necchi et al. (17) testing TDcs on healthy individuals.
Cognitive enhancement could be interpreted as some-
thing strictly linked to our biological neural networks
and, therefore has the aim to stimulate the prefron-
tal cortex via transcranial oscillatory potentials. The
individuals’ IQ was tested both before and after the
stimulation via the administration of Raven’s Matrixes
tests. The type of stimulation was an imperceptible
frequency stimulating the gamma band located spe-
cifically over the left middle gyrus via an application
of electrodes over the scalp. It is utterly important to
notice that this kind of enhancement is rather similar
to what happens when we train ourselves to meditate
and make it a daily practice (44). This study on brain
stimulation showed that when stimulation of the kind
described is administered to a healthy individual, then
the time taken to complete a certain task is shortened,
giving a different IQ score, demonstrating that there
is an actual alternative to psychotropic drugs for brain
enhancement. In addition, this alternative can actually
and selectively avoid any harm or risk: here, we just
stimulate what is already there: neural networks. Of
course, this study also has a strong potential in the case
of cognitive impairments and cognitive rehabilitation,
since it can improve the cognitive ability of patients
who are already using many drugs for their condition,
hence reducing the number of drugs used in therapy
but also enhancing the effects of cognitive therapies.
Reiterating and testing multiple times what was done
here, would be essential to create an actual clinical pro-
tocol and then an actualization of these practices as
therapies.

Neurohacking

Neurohacking involves practices such as diet ma-
nipulation, fasting, meditation, exercise, and the use of
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cognitive-enhancing supplements or devices. Neuro-
hacking with natural foods and activities has gained
substantial interest as individuals seek to optimize
their physical and mental performance through ac-
cessible and holistic means. Key components of this
approach include the use of caffeine, which is widely
recognized for its cognitive-enhancing properties, im-
proving alertness and concentration (45). Natural sup-
plements, such as omega-3 fatty acids and turmeric,
have been linked to benefits in brain health and in-
flammation reduction, respectively (46, 47). Addition-
ally, practices like yoga and mindfulness are integral
to biohacking, offering profound benefits for stress re-
duction, emotional regulation, and overall well-being.
Yoga, through its combination of physical postures
and breath control, has been shown to enhance flex-
ibility, strength, and mental clarity (48). Mindfulness
practices, including meditation, can significantly lower
stress levels and improve cognitive function by foster-
ing a state of focused attention and awareness (49).
These natural interventions provide a synergistic effect,
promoting a balanced and enhanced lifestyle without
the need for synthetic compounds or invasive proce-

dures (50).
Nutrition-related aspects of neurohacking

When it comes to nutritional Neurohacking it
must be said that caffeine is one of the most used natu-
ral substances for enhancement, it acts as an adenosine
receptor antagonist, enhancing noradrenaline turno-
ver in the brain and reducing neural inhibition, which
leads to increased alertness, elevated mood, and better-
sustained attention (51-53). It improves motor-skill
performance (54) and speeds up response to new stim-
uli (55, 56). However, a general consensus on caffeine’s
effects on complex cognitive tasks and memory is far
from achieved and the opinions one could find in the
literature are mixed, with some studies showing im-
proved performance (57) and others finding no signif-
icant effects (58, 59). However, caffeine tolerance (60)
and withdrawal symptoms such as headaches and fa-
tigue have been (61-63). Also, psychological factors
play a role in withdrawal effects and perceived caffeine
effects (64-66). Another common natural substance
that could generate some sort of enhancement is

glucose. Glucose is the primary fuel for cells and is reg-
ulated by insulin and glucagon. Low glucose levels can
impair cognitive functioning and reaction times. Glu-
cose administration has been shown to improve atten-
tion, response speed, and working memory (67-70). It
particularly enhances declarative memory, with signifi-
cant effects on demanding tasks and more pronounced
benefits in the elderly (71-75). The hippocampus is a
key region mediating these memory effects, involving
mechanisms related to insulin, acetylcholine, and glu-
cose availability. Overall, caffeine and glucose enhance
mood, energy, vigilance, attention, and memory, po-
tentially in a synergistic manner (76), but in the end,
individual differences such as glucose tolerance and
caffeine consumption habits affect these outcomes.

Non-nutritional aspects of neurohacking

Physical Exercise, a correct sleep schedule, and
meditation are factors that can effectively improve
people’s lives, but these elements can also generate
some form of brain enhancement in the terms we are
going to discuss in this section of the present work. For
instance, regular physical activity is widely recognized
for its benefits in preventing cardiovascular diseases
and promoting overall health. Early research showed
that athletes outperformed inactive individuals in cog-
nitive functions, and contemporary studies confirm
that aerobic exercise benefits brain function and cog-
nition (77). Studies often focus on children and elderly
adults. In children, physical exercise enhances academic
achievement and cognitive skills (78). In older adults,
exercise programs improve various cognitive functions
(79, 80). A meta-analysis revealed that aerobic exercise
improves attention, processing speed, executive func-
tion, and memory, though effects on working mem-
ory are less consistent (81). Research on younger and
middle-aged adults is limited, with most data coming
from studies on older adults where they serve as control
groups. However, studies on the acute effects of exer-
cise in young adults show improvements in long-term
memory and learning speed (82, 83). A meta-analysis
indicates that mental speed and memory processes are
enhanced after acute exercise, with small to medium
effect sizes (84). Motivational factors and increased
arousal levels are potential mechanisms (85). Exercise
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improves resting functional efficiency in cognitive net-
works, including the frontal, posterior, and temporal
cortices (86). Greater activity in fronto-parietal net-
works is linked to cardiovascular fitness and cognitive
benefits (87). Exercise also increases hippocampal
blood flow and connectivity (88)and is associated with
preserved gray matter in some areas typically declining
with age (89). Aerobic exercise increases brain volume
in gray and white matter regions and enhances spa-
tial memory through increased hippocampal size and
BDNF levels (46, 90-92). In general, we could say that
cerebral blood volume measurements correlate with
neurogenesis and cognitive function (93). Humans
spend about one-third of their lives sleeping, which
offers significant cognitive benefits, particularly for
memory and creativity (6, 94). Numerous studies have
confirmed sleep’s positive effects on memory consol-
idation (94) even in non-sleep-deprived conditions
(95, 96). Daytime naps can also benefit memory, with
even short naps promoting memory performance (97,
98). Sleep effects vary by memory system, with declar-
ative memory showing medium effect sizes and proce-
dural or perceptual learning showing larger effects (99).
Also, sleep not only stabilizes but also enhances certain
memories (96). The neural mechanisms of sleep’s ef-
fects on memory are not fully understood but it has
been postulated that it may involve passive homeo-
static processes or active consolidation (100). Animal
studies show neuronal replay during sleep (101), and
human studies suggest a causal role for sleep in mem-
ory consolidation (102). Instead of global sleep stages,
physiological microprocesses like hippocampal ripples,
thalamocortical spindles, and slow cortical oscillations
are crucial for memory consolidation (103). Sleep also
enhances creativity. Studies show that this daily neces-
sity also promotes creative problem-solving (104) and
REM sleep, associated with dreaming, enhances asso-
ciative networks for problem-solving (105), and selec-
tive REM sleep deprivation impairs creativity (106).
Sleep facilitates creative ideas by fostering defocused
attention and hyper-associativity, processes typical of
dreaming (107, 108). Therefore, sleep provides opti-
mal conditions for creative insights. The last element
that has come to our attention when considering the
discourse on biohacking is certainly meditation. This
practice, while traditionally associated with mental

well-being, also benefits cognitive functions. It in-
volves various practices like focused attention and open
monitoring meditation, which enhance emotional and
attentional regulation (109, 110). Studies show that
meditation improves attention, cognitive flexibility,
and other cognitive capacities (111, 112). Even brief
meditation training enhances visuospatial process-
ing, working memory, and executive functioning (49).
A systematic review found that early mindfulness
meditation training improves selective and executive
attention, while later training improves sustained at-
tention (113). A meta-analysis reported medium
to large effects on emotionality and attention, with
smaller effects on memory(114, 115). Neurophysiolog-
ical studies show that meditation increases alpha and
theta brain activity (116, 117) and activates brain ar-
eas such as the prefrontal cortex and anterior cingulate
cortex (118) . Long-term meditation enhances brain
activation in specific areas and promotes attention
sustainability (119). Meditation modulates plasticity
in attention-related neural circuits (120), and reduces
neural responses in conceptual processing regions, in-
dicating enhanced neural efficiency (121, 122). PET
studies show increased dopamine release in the ventral
striatum during meditation, suggesting regulation of
conscious states (123). Structural brain changes asso-
ciated with meditation include larger volumes of the
right hippocampus and orbitofrontal cortex in long-
term meditators (124), and greater cortical thickness
in attention-related regions (125). Longitudinal stud-
ies show gray matter increases in the hippocampus and
other regions after meditation training (126).

Bioethical analysis

As we have seen during the course of the present
work, advancements in neuroscientific research have
opened up new possibilities for enhancing brain func-
tion. As shown in Table 1, these enhancements can
be achieved through pharmacological means, TBS or
TDCs, or via neurohacking.

However, especially when it comes to the use of
pharmacological enhancement these practices are very
problematic because they could raise ethical concerns
surrounding a classical bioethical discourse. These
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Table 1. Comparison of different methods for brain enhancement

Pharmacological TMS & External

enhancement stimulation Neurohacking
Side effects Major Mild Mild to non-existent (depending on the

combination of employed techniques)

Availability Moderately available Scarcely available Widely available
Measuring parameters, Unclear Prefrontal cortex and its Many processes at work, depending on
i.e. what is enhanced neural pathways the enhancers’ combination
Target Healthy, non-pathological | Healthy, non-pathological | Healthy, non-pathological individuals
Population individuals individuals

practices raise bioethical concerns related to safety, in-
formed consent, equity of access, and the potential for
unintended consequences along with ethical concerns
about authenticity and fairness due to their widespread
illicit use for cognitive enhancement purposes and
their potential to create an uneven playing field in aca-
demic and professional settings. These bioethical issues
need to be carefully considered and addressed to ensure
responsible and ethical practices in the field of brain
enhancement. A recent article about closed-loop neu-
romodulation of the prefrontal cortex (127) provides
insights into the challenges of closed-loop approaches
in brain stimulation and highlights the need for ob-
jective characterization of mental states and effective
strategies for neurostimulation interventions. Also, the
ethical dimension of biohacking must be confronted
with some reflection on neuromarketing and brain
hype (128) and how commercialized products are ad-
vertised to the public (129). In this section, we are go-
ing to explore and address such issues considering the
singular kinds of enhancement and giving a final analy-
sis as to which one or which ones are more bioethically
acceptable than others starting from both scientific
and bioethical evidence. The first issue concerning
drug-related cognitive enhancement is certainly due to
the unknown risks of this practice, the aforementioned
risks concern the lack of safety and possible harm
that it can cause to healthy people, especially when it
comes to long-term consequences in adolescents and
children: during this period the brain is still in devel-
opment (130), in these cases, the use of pharmacolog-
ical cognitive enhancers is even riskier. Other safety
concerns are about possible abuse of cognitive enhanc-
ers and, as is the case with every drug assumption,

contraindications in the case of pre-existing condi-
tions such as heart or hepatic impairments, and this
could be utterly dangerous if such conditions are still
unknown by the person using enhancers (131, 132).
Authenticity (133) is another ethical issue that is
worth taking into account in our case: it concerns the
individual’s identity first, i.e. the way a person is, the
way they interact with the external world, their decision-
making processes, and their morality and values.

Consequently, the issue of authenticity concerns
also the behavioral outcomes of such an individual, i.e.
the way a result of a university exam is achieved, the
moral judgments this person expresses, and the whole
set of actions whose outcomes have a certain impact
on the community in which the individual lives their
daily life (13). Of course, the other side of this issue
also concerns the work of others: e.g., can we consider
exactly equal two papers written by an individual A
and an individual B, whereas individual A has used
cognitive enhancers? This represents an authenticity
concern.

Consequently, we can also consider the issue of
Justice (134, 135), both in an academic environment
and, more generally, society-wise. Considering our last
example, we can see how an issue of justice also arises,
and it would be even larger in the case of a university
exam. We could say that the use of enhancers is mor-
ally unjustifiable because it could cause an individual
to the violation of the Standard of Excellence that a
workplace or an academic setting should have (136)
Starting from this idea we could extend the issue to
other endeavors such as the military, but also corporate
jobs and medical jobs. Enhancing the brain relates also
to the risks and harm to others that can result from the
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use of enhancers by healthy individuals. Since we have
a severe lack of knowledge in this sense, we could say
that we do not know the consequences of drug as-
sumption to society and, more specifically, to other
people. We know that these drugs can cause some very
serious behavioral side effects and that we cannot con-
trol those side effects, therefore it is still unclear
whether a healthy individual could harm other people
because they are under the effect of an enhancer, i.e.
harm to other people remains in this context a possible
outcome of cognitive enhancers assumption, therefore
the respect of the principle of non-maleficence cannot
be guaranteed (137). When it comes to external stim-
ulation the situation shifts. This kind of non-invasive
enhancement has some ethical advantages that are of
interest to us. First, the health concerns about any pos-
sible side effects and harm can be addressed and solved
with this kind of practice: it seems that there are no
unknown risks in stimulating one’s own brain and neu-
ral pathways. Also, an issue of justice is still present,
and, in this case, it would be related to the effective
availability of this kind of therapy and the related pos-
sible cost of it. If this kind of enhancement is consid-
ered not essential, especially for healthy individuals, it
is plausible that a procedure of this kind would be ex-
tremely expensive and therefore not accessible to
everyone. While these technologies promise substan-
tial cognitive benefits, including improved memory,
attention, and mental health outcomes, they are also
extremely costly. For this very reason, their accessibil-
ity remains a contentious issue, raising important eth-
ical concerns about equity and justice. One of the
primary barriers to accessing high-cost brain enhance-
ment techniques is their significant financial burden.
For instance, transcranial magnetic stimulation (TMS)
can cost between $300 to $500 per session, with a full
course of treatment often requiring multiple sessions,
thus accumulating substantial costs (138) This price
range makes it unaffordable for many individuals, par-
ticularly those from lower socioeconomic backgrounds.
In contrast, individuals with higher income levels or
comprehensive health insurance plans are more likely
to afford such treatments, thereby exacerbating exist-
ing health disparities (139). Health insurance could be
a way to solve this problem, at least in the middle class
when it comes to European countries however, the

bureaucratic hurdles involved in obtaining insurance
approval for these treatments can be prohibitive, fur-
ther limiting access for those in (140) Of course, global
disparities also play a crucial role in the accessibility of
brain enhancement technologies. When it comes to
low- and middle-income countries, the availability of
advanced medical technologies, including high-cost
brain enhancement methods, is often limited or
non-existent (141) This lack of availability is com-
pounded by inadequate healthcare infrastructure and
insufficient funding, leaving a significant portion of
the global population without access to these poten-
tially life-changing treatments. Naturally, the inacces-
sibility of high-cost brain enhancement techniques
raises significant ethical concerns. The principle of jus-
tice in healthcare ethics demands fair distribution of
resources and equal access to medical treatments (134)
In our case, only a privileged part of the global popu-
lation can adequately access such cognitive enhance-
ment methods, this creates a troubling issue in equal
opportunity and its validity. Such reasonings can be
applied to the whole global healthcare system, but this
inequity is particularly important in the context of
cognitive enhancement because access to these tech-
nologies could confer enormous advantages in many
areas of life: from basic to higher education, to em-
ployment, affecting the overall quality of life. The ac-
cessibility of high-cost brain enhancement techniques
is a complex issue that intersects with socioeconomic
status, health insurance coverage, and global dispari-
ties. Addressing these barriers is essential to ensure
equitable access to cognitive enhancement technolo-
gies, thereby promoting a fairer and more just society.
Ethical considerations must guide policy decisions to
bridge the gap in accessibility and ensure that the ben-
efits of these advanced treatments are available to all,
regardless of their financial or geographic circum-
stances (142) When it comes to authenticity the prob-
lem is extremely complicated and it has been discussed
in the case of another similar practice that involves a
surgical procedure of deep brain stimulation, however,
we think this reasoning can also be extended to non-
invasive stimulative methods such as our subject mat-
ter (143). Accordingly, we should say that the
authenticity issue, in this case, would arise only if we
think that an individual stays authentic to their
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personhood (144) only if they stay just the way they are
born both physically and mentally: therefore, in this
case also cosmetic surgery would be an issue (145).
Contrarily, if we consider the beneficence and non-
maleficence principles, we could safely say that since
there is no harm to external individuals and since no
possible behavioral change has been detected in exter-
nal stimulation practices, then this enhancement op-
tion would be ethically justifiable. In the context of
natural biohacking, the principle of autonomy is para-
mount. Techniques such as mindfulness and dietary
choices empower individuals to take control of their
mental health and cognitive function. However, the
principle of autonomy can be only compromised if in-
dividuals lack access to accurate information or if soci-
etal pressures unduly influence their choices. For
example, the commercialization of certain neurohack-
ing practices may lead to exaggerated claims and mis-
information, undermining true informed consent
(146). When it comes to the principle of non-
maleficence, we could say that biohacking practices
generally pose low physical risks to the individual and
none to society, therefore we believe such a principle is
respected. Since the principle of beneficence involves
promoting the well-being of individuals and society
(134), we could say that natural neurohacking has the
potential to offer significant benefits, including im-
proved mental health, enhanced cognitive function,
and greater overall well-being. As we have seen mind-
fulness meditation, has been shown to reduce stress
and improve emotional regulation (147) However, en-
suring beneficence requires that these practices are
based on solid scientific evidence and that the benefits
are communicated. Overstating the benefits or ignor-
ing the potential downsides can lead to mistrust and
harm, counteracting the intended positive outcomes.
Furthermore, psychological techniques such as inten-
sive meditation may induce distress or exacerbate un-
derlying mental health issues in some individuals (147,
148). Natural neurohacking practices often require
resources such as time, money, and access to informa-
tion, which can create disparities. For instance, individ-
uals from lower socioeconomic backgrounds may find it
more challenging to engage in certain neurohacking
practices due to cost or lack of availability. This inequity
raises concerns about fairness and the right of all

individuals to benefit from health-enhancing practices
(149-151). Therefore, we could say that the issue of
justice, though mitigated concerning our previous ex-
amples, is not completely respected also in the case of
biohacking. In the end, the accessibility of high-cost
brain enhancement techniques is a complex issue that
intersects with the socioeconomic status of individuals,
the possible presence of health insurance and its cover-
age, and, most importantly, global disparities. Ad-
dressing these issues is essential to ensure equitable
access to cognitive enhancement via external stimula-
tion and promoting a fairer and more just society.
While both drug-related enhancement and external
stimulation methods present bioethical issues, we be-
lieve that external stimulation poses significantly fewer
problems. However, issues of justice and authenticity
remain pressing concerns. These challenges can only be
resolved through comprehensive policies and regula-
tions that strictly monitor the application and progress
of TMS and tDCS (152) Ultimately, the only bioethi-
cally acceptable method for enhancement remains
neurohacking due to its lower risk profile and its guar-
antee of personal autonomy (153). Nevertheless, as a
society, we should strive to make external stimulation
techniques safe and widely available. This would pro-
vide an alternative for individuals who either do not
wish to pursue neurohacking techniques or cannot
modify their lifestyle for various reasons (154).
Through such efforts, we can ensure that the benefits
of cognitive enhancement are accessible to all, regard-
less of their financial or personal circumstances (141).

Conclusions

In conclusion, there is significant evidence guid-
ing us toward the idea that, even though cosmetic
neurology can be considered problematic, there can
be methods that are safe and bioethically acceptable,
or at least improvable. As we have seen, such meth-
ods, even though not completely free from bioethical
consequences and risks can be deemed acceptable if
carried out responsibly and backed up by policies
and regulations, preferably on a global level. Finally,
it is rather clear that since the need for enhancement
is a real and concrete necessity of today’s society,
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enhancement systems are to be considered as a way
to improve ourselves and our cognitive abilities. The
scope of a bioethical analysis in this context is moving
forward to guarantee their safety and availability while
addressing major ethical issues.
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