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The use of electrical stimulation to influence biological functions and/or pathological processes
in the body has been recently termed “electroceuticals.” The most commonly used techniques
are “neural electroceuticals,” forms of electrical modulation of the brain that seem to represent
the new frontier both to treat neurological and psychiatric diseases, when no other effective
treatments are available, and to enhance cognitive functions (Kambouris et al., 2014; Reardon, 2014;
Miller and Matharu, 2017).

These types of medical interventions have given rise to a wide ethical debate (Pickersgill and
Hogle, 2015; Lavazza and Colzato, 2018; Packer et al., 2018). Here I wish to introduce two new
challenges bearing important moral implications, which require the careful consideration of the
scientific and philosophical community. These challenges can be co-present and can be placed
in the same framework of human augmentation and the willingness to go beyond one’s own
physiological limits. However, it is possible to analytically distinguish them according to their initial
conditions and their different scopes, as it will be explained.

The first challenge concerns a possible shift from a mainly therapeutic use of electroceuticals to
a use aimed at enhancement. This potential shift is due to the fact that technology has now fulfilled
a very ancient human aspiration, that of overcoming one’s limits and improving indefinitely. And
the effect of this shift could be a segmentation of society between enhanced and non-enhanced
individuals, something that goes against the essentially egalitarian project of modern thought
(Rawls, 1999; Mason, 2006).

The second challenge concerns the aging tendency and the demographic contraction that
characterize European countries and Japan, and which may soon affect other economically
developed countries (Lutz et al., 2008; Diugosz, 2011; Murray et al., 2018). This trend, over time,
will reduce the overall availability of cognitive skills and abilities in those populations, who will
have to manage increasingly complex and diversified societies and environments. This mismatch
between the needs arising from one’s life context and the available resources could push people to
resort to electroceuticals as means of strengthening their cognitive abilities, opening up scenarios in
which ethical evaluations will have a role to play. Below, I will address these two challenges, giving
more space to the first.

GOING BEYOND ONE’S LIMITS

Ever since the Odyssey, humans have always desired to alter their minds in a controlled manner
through a mix of substances and to go beyond the limits established by brain physiology (Koops
et al., 2013). In recent decades, important steps have been taken in this direction, both with new
molecules able to act on brain chemistry and with instruments capable of electrically modulating
brain activity (Dresler et al., 2018). Scientific consensus on the cognitive enhancement potential
of the so-called Non-Invasive Brain Stimulation (NIBS) is not yet unanimous (see Horvath et al.,
2015 on one side; Price and Hamilton, 2015 on the other side), but it is undeniable that there is a
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great investment in research. A growing amount of research
studies have produced at least some results in the field,
even with different effects at an inter- and intra-individual
level. For example, Transcranial Direct Current Stimulation
(tDCS) is a form of neurostimulation that so far has been
used on healthy subjects to enhance mathematical cognition,
reading, memory, mood, learning, perception, decision making,
creativity motivation, and moral reasoning (Chi and Snyder,
2012; Callaway, 2013; Meinzer et al., 2013; Snowball et al., 2013;
Parkin et al., 2015). The use of NIBS is very often deemed effective
by the public due to wide media coverage and Internet ads (Fitz
and Reiner, 2015). However, the road to enhancement is now
open and more relevant and consistent results may come both
from more in-depth knowledge on the functioning of the nervous
system and from more performing devices.

What are the consequences of a greater concentration of
medical-scientific skills and resources in the field of cognitive
neuroenhancement? Medicine is changing, suggests Harari
(2016, ch 9), whose line of reasoning is useful here, even though
he does not refer to electroceuticals. Somewhat oversimplifying, it
can be said that the vocation of medicine, for most of its history,
has been to treat the sick, to restore to a better condition those
who saw their health deteriorate or were born with a congenital
pathology or deficit. Classical Hippocratic medicine has then
recently introduced the idea of disease prevention and the notion
of combating the symptoms of aging (Bynum, 2008). This was
a conceptual and clinical turning point, which has opened the
door to the idea of improving the physical and cognitive status of
healthy people, thus fulfilling the human aspiration I mentioned
earlier, which had not yet been reflected in medical practice.

From an ethical point of view, caring for the sick—at least
in principle—is an egalitarian project, because it envisions
a level of health which each person can and should ideally
reach, despite the limits of medical knowledge and of material
resources. This project goes hand in hand with—and derives
from—the social and political idea that Christianity and the
Enlightenment have brought onto the Western world, according
to which all human beings have equal dignity and rights
and deserve the same treatment (despite the many exceptions
due to material contingencies and the organization of life in
society) (Hunt, 2007).

As Harari emphasizes, enhancing those in good health might
instead be an elitist project, because it necessarily ignores
universal levels of functioning or performance that are applicable
to all (More and Vita-More, 2013). Every individual legitimately
seeks to gain an advantage over others by exploiting the means
made available by medical research to those who can pay for
them. Once a certain level of enhancement has been achieved
by the whole—or at least by the majority—of the population,
the given technology will be available to everyone in terms of
both diffusion and cost, and there will be demand for new and
further forms of enhancement. These forms of enhancement will
be sought by medical-scientific research within the dynamic that
always pushes further the frontier of technical knowledge.

Harari’s prediction is that the poorest people in the
next 50 years will have much better healthcare than today,
whereas the health inequality measured in functioning and

physical-cognitive performance might get much worse. Strong
inequalities have always been present in the history of
mankind, even when enhancement was not even contemplated
as a possibility. However, for reasons related to technical
progress, today there may be no shared interest in ensuring
healthcare to the entire population according to the best
current standards.

In the twentieth century many states had an interest in, and
the possibility of, integrating the masses in the social fabric, also
by universally extending the benefits of modern medicine. In
fact, there was the need to have millions of soldiers in good
health and well-looked after when injured, while the industry
benefited from millions of workers in good physical conditions
and able to work in factories for many consecutive hours. These
were the years when mass hygiene facilities and vaccination
campaigns were introduced, and several epidemics were
eradicated (cf. Pinker, 2018).

NEW POTENTIAL INEQUALITIES

The economic and military dynamics of the twenty-first century
might be very different from the past. In the era of drones
and remote or self-driving military vehicles, mass armies are
no longer needed: what is needed are only a few selected
super-experts in war technology (Scharre, 2018). The advent
of robotics and the use of big data combined with evolving
algorithms also make a large part of human work obsolete, so that
production tasks can be performed by machines, leaving human
beings in charge of more complex activities such as design and
supervision (Ford, 2015).

These trends, of which we can already see some indications,
could be accentuated and accelerated by the research on cognitive
enhancement: the best performing individuals will be the ones
to occupy positions of responsibility, as society will want to
entrust the most important tasks to those with the best skills
(Santoni de Sio et al., 2014). There are also scenarios that seem
to come from a dystopian novel and, to the current state of
knowledge, are certainly not realistic: such scenarios involve the
emergence of superhumans with exceptional physical, emotional
and intellectual abilities, which will stand out from the rest
of the non-enhanced or less enhanced individuals, because the
differences will become not only quantitative but also qualitative,
leading to the creation of different groups distinguished by
temperament and interests (Bess, 2015).

In fact, quantitative differences concern the increase of
cognitive abilities, for example memory. Those who can
access these forms of empowerment become high-performing
people, who can succeed in the workplace and then improve
their condition outperforming those who are not enhanced.
Qualitative differences instead are brought on, for example,
by genetic modifications thanks to recent techniques such as
CRISPR-Cas9 (Lavazza, 2019a). In that case, genetically modified
individuals could be different from non-modified individuals in
the same way as adults and children or the most educated people
and the illiterate ones are different. And social consequences
would be predictably very relevant.
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The equality project entailed by the material and moral
progress of the world so far—which substantially amounts to
defeating hunger, diseases and war—aims to guarantee decent
living conditions for everyone, so that all people can equally
pursue their own life project. Instead, the new goals aiming at
overcoming our mortal and uncertain human condition, mainly
thanks to technology, can hardly be within everyone’s reach and,
on the contrary, will often be linked to a privileged condition
reserved for a few.

There has certainly been an increase in do-it-yourself use
of simple transcranial direct current stimulation (tDCS) devices
(Fitz and Reiner, 2015). However, dealing with the use of other
latest generation electroceuticals and future more sophisticated
devices we will have to address the challenge outlined above.
Should we consider prohibiting the use of certain forms of
enhancement or should we pursue egalitarian policies, allowing
everyone to access electroceuticals? (Lavazza, 2019b). A possible
(but debatable) solution is to try to enhance the moral abilities
of individuals, to ensure the prevalence of pro-social motives and
a general growth of the well-being of individuals and of whole
society (Persson and Savulescu, 2012). If this was not possible,
one could explore a use of cognitive enhancement according
to Rawlss influential view that inequalities are acceptable if
they benefit the whole society (Lavazza, 2016). In this sense,
cognitively enhancing certain professional figures or public
decision-makers will give them a benefit that others will not
enjoy but will positively reverberate on the general functioning
of society.

MANDATORY ENHANCEMENT?

The second challenge concerning electroceuticals is intertwined
with the first, while it has a different scope. The processes of
scientific and technological innovation on a global scale, along
with the phenomena of social complexification, are undergoing
continuous acceleration, which will require a greater availability
of cognitive skills to manage this complexity and the associated
problems (for example, those related to climate change and to
the reduction of natural resources). According to Rindermann
(2018), however, cognitive abilities in the Western world could
go down due to demographic trends. In many nations, fewer
births and a longer life expectancy result in a decline in memory,
processing speed, attention, creativity and, therefore, in the
capacity for innovation. Furthermore, the most educated and
cognitively most capable people normally make fewer children.
It is difficult to quantify the phenomenon, both because it is
new and because it is still little studied. However, it is plausible
to assume that general aging will cause a decrease in the overall
cognitive abilities of society. First, there will be more people over
the age of 65, while people under the age of 65 will decrease in
number. And it is established that “the normal aging process
is associated with declines in certain cognitive abilities, such
as processing speed and some aspects of memory, language,
visuospatial function, and executive functions” (Harada et al,
2013; cf. also Reichman et al., 2010; Salthouse, 2012; Fechner
et al., 2019). Secondly, with the number of elderly people

increasing, even if the incidence rate remains fixed, the overall
percentage of people suffering from diseases that affect cognition
will increase. In the United States today there are about 6 million
people with dementia; according to some estimates (Alzheimer’s
Association, 2019) the number will go up to 14 million in 2050,
while the overall population will remain stable or grow slightly.

The idea of making enhancement (and cognitive
improvement/rehabilitation for aged people) widespread
and perhaps even mandatory also comes from arguments that
underline how some emergencies cannot be faced with the
cognitive and moral endowments that we have today (Lavazza
and Reichlin, 2019). Persson and Savulescu (2012), for example,
have stated that humans are ethically unfit to face the challenges
of the present age. Their argument rests on the fact that today’s
humankind is facing two kind of threats “generated by the
existence of modern scientific technology: the threats of weapons
of mass destruction, especially in the hands of terrorist groups,
and of climate change and environmental degradation” (Persson
and Savulescu, 2012: 1). According to the authors, humans are
not morally equipped to address such global problems within a
democratic system, especially when it comes to environmental
problems. Consequently, cognitive enhancement, understood
as the basis of moral betterment, could become the object
of policies that make it strongly recommended, encouraged,
or mandatory.

In this framework, the classic suggestion is to increase
the educational programs that allow for the enhancement of
cognitive abilities, which constitute human capital. Specifically,
reference is often made to cognitive training programs such as
the reasoning training proposed by Klauer and Phye (2008). But
if neurocognitive enhancement proves to be safe and effective, it
promises to be quicker and more easily administrable to a greater
percentage of the population compared to traditional programs,
since it does not require the conscious and prolonged effort of
the subject. In the case of a real decline in the cognitive abilities
of a society as a whole, neurocognitive intervention via neural
electrical modulation would become one of the viable options in
order to improve the condition of the elderly and compensate for
the loss of their cognitive skills and to partially rehabilitate people
with degenerative diseases.

This would bring about some ethical questions, as well as
the pressure to promote and spread forms of enhancement,
and improvement for aged people (since they can only regain
the previous performance). In this case, those who want to
occupy relevant roles in society might be asked or even forced to
undergo the enhancement to make up for the general decline in
cognitive abilities. Ethical reflection will then be called to clarify
the obligations to be enhanced and the rights of those who do not
want to alter the functioning of their mind / brain.

This situation does not exclude the tendency linked to the
first challenge that I have illustrated. On the one hand, medicine
is concentrating on enhancing a lucky few, who could take
advantage of the current dynamics to reverse the pursuit of
equality that our societies have been implementing for some
time (apart from temporary fluctuations in the distribution of
income and wealth). On the other hand, demographic decline
and aging may require that more people resort to cognitive
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enhancement, improvement and rehabilitation to compensate for
the decrease in the overall capabilities available to address the
complex problems we are facing today.

CONCLUSION

These scenarios find their preconditions in trends that are
already in place, but which will not be necessarily realized.
However, they seem to deserve attention from all those working
in the field of electroceuticals and from public decision-makers,
that is, all those who can affect future situations. Philosophers
and neuroethicists are entrusted with the task of thinking
about these scenarios so as not to be unprepared in case they
come true.

In the face of these challenges, however, some lines of
intervention can already be hypothesized. Faced with the first
challenge—that is, the possible shift from a mainly therapeutic
use of electroceuticals to a use aimed at enhancement—a stricter
regulation of devices must be promoted (Dubljevi¢, 2015; Maslen
et al, 2015). Secondly, scientists and clinicians could try to
establish guidelines for the use of electroceuticals that should
consider not only the safety features but also the possible
social consequences of a widespread use of these enhancement
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techniques. Thirdly, research should be directed primarily at
clinical applications, before moving toward the enhancement of
healthy subjects.

As for the second challenge, the three recommendations
set out above apply as well. More specifically, all operators
engaged in medical practices involving electroceuticals should
refer to the ethical codes of their respective professions and to
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Faced with political decisions that could go toward the
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AUTHOR CONTRIBUTIONS

The author confirms being the sole contributor of this work and
has approved it for publication.

Hunt, L. (2007). Inventing Human Rights: A History. New York, NY: W. W. Norton
& Company.

Kambouris, M. E., Zagoriti, Z., Lagoumitzi, G., and Poulas, K. (2014).
From therapeutic electrotherapy to electroceuticals: formats, applications
and prospects of electrostimulation. Ann. Res. Rev. Biol. 4, 3054-3070.
doi: 10.9734/ARRB/2014/10563

Klauer, K. J., and Phye, G. D. (2008). Inductive reasoning: a training approach. Rev.
Educ. Res. 78, 85-123. doi: 10.3102/0034654307313402

Koops, B. J., Liithy, C. H., Nelis, A., Sieburgh, C., Jansen J. P. M., Schmid, M. S.,
(eds.) (2013). Engineering the Human: Human Enhancement Between Fiction
and Fascination. New York, NY; Heidelberg: Springer.

Lavazza, A. (2016). A Rawlsian version of the opportunity maintenance thesis. Am.
J. Bioethics 16, 50-52. doi: 10.1080/15265161.2016.1170236

Lavazza, A. (2019a). reproduction: ~ genome-editing
and maternal behavior as a potential concern. Front. Genet. 10:532.
doi: 10.3389/fgene.2019.00532

Lavazza, A. (2019b). Transcranial electrical stimulation for human enhancement
and the risk of inequality: prohibition or compensation? Bioethics 33, 122-131.
doi: 10.1111/bioe.12504

Lavazza, A., and Colzato, L. S. (2018). Editorial special topic: neuroethical
issues in cognitive enhancement. J. Cognit. Enhanc. 2, 319-322.
doi: 10.1007/s41465-018-0117-9

Lavazza, A., Reichlin, M. (2019). Introduction: moral enhancement. Topoi 38:1.
doi: 10.1007/s11245-019-09638-5

Lutz, W., Sanderson, W., and Scherbov, S. (2008). The coming acceleration
of global population ageing. Nature 451, 716-719. doi: 10.1038/nature
06516

Maslen, H., Douglas, T., Cohen Kadosh, R., Levy, N., and Savulescu, J. (2015). The
regulation of cognitive enhancement devices: refining Maslen et al.’s model. J
Law Biosci. 2, 754-767. doi: 10.1093/jlb/1sv029

Mason, A. (2006). Levelling the Playing Field: The Idea of Equal Opportunity and
its Place in Egalitarian Thought. New York, NY: Oxford University Press.

Meinzer, M., Lindenberg, R., Antonenko, D., Flaisch, T., and Floel, A.
(2013). Anodal transcranial direct current stimulation
reverses age-associated cognitive decline and functional brain activity
changes. J. Neurosci. 33, 12470-12478. doi: 10.1523/JNEUROSCI.5743-
12.2013

Miller, S., and Matharu, M. S. (2017). “The use of electroceuticals and
neuromodulation in the treatment of migraine and other headaches,” in

Parental selective

temporarily

Frontiers in Neuroscience | www.frontiersin.org

June 2019 | Volume 13 | Article 678


https://www.alz.org/alzheimers-dementia/facts-figures
https://doi.org/10.1038/nature.2013.13012
https://doi.org/10.1016/j.neulet.2012.03.012
https://doi.org/10.1016/j.sbspro.2011.05.106
https://doi.org/10.1021/acschemneuro.8b00571
https://doi.org/10.1007/s12152-014-9225-0
https://doi.org/10.1037/xlm0000661
https://doi.org/10.1136/medethics-2013-101458
https://doi.org/10.1016/j.cger.2013.07.002
https://doi.org/10.1016/j.brs.2015.01.400
https://doi.org/10.9734/ARRB/2014/10563
https://doi.org/10.3102/0034654307313402
https://doi.org/10.1080/15265161.2016.1170236
https://doi.org/10.3389/fgene.2019.00532
https://doi.org/10.1111/bioe.12504
https://doi.org/10.1007/s41465-018-0117-9
https://doi.org/10.1007/s11245-019-09638-5
https://doi.org/10.1038/nature06516
https://doi.org/10.1093/jlb/lsv029
https://doi.org/10.1523/JNEUROSCI.5743-12.2013
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/neuroscience#articles

Lavazza

The Ethical Challenge of Electroceuticals

Electroceuticals. Advances in Electrostimulation Therapies, ed A. Majid (Cham:
Springer), 1-33.

More, M., and Vita-More, N. (eds.) (2013). The Transhumanist Reader: Classical
and Contemporary Essays on the Science, Technology, and Philosophy of the
Human Future. Hoboken, NJ: Wiley-Blackwell.

Murray, C. J., Callender, C. S., Kulikoff, X. R,, Srinivasan, V., Abate, D., Abate, K.
H., et al. (2018). Population and fertility by age and sex for 195 countries and
territories, 1950-2017: a systematic analysis for the Global Burden of Disease
Study 2017. Lancet 392, 1995-2051. doi: 10.1016/S0140-6736(18)32278-5

Packer, S., Mercado, N., and Haridat, A. (2018). Bioelectronic medicine—ethical
concerns. Cold Spring Harb. Perspect. Med. doi: 10.1101/cshperspect.a034363.
[Epub ahead of print].

Parkin, B. L., Ekhtiari, H., and Walsh, V. F. (2015). Non-invasive human
brain stimulation in cognitive neuroscience: a primer. Neuron 87, 932-945.
doi: 10.1016/j.neuron.2015.07.032

Persson, 1., and Savulescu, J. (2012). Unfit for the Future: The Need for Moral
Enhancement. Oxford: Oxford University Press.

Pickersgill, M., and Hogle, L. (2015). Enhancement, ethics and society: towards an
empirical research agenda for the medical humanities and social sciences. Med.
Hum. 41, 136-142. doi: 10.1136/medhum-2015-010718

Pinker, S. (2018). Enlightenment Now: The Case for Reason, Science, Humanism,
and Progress. New York, NY: Viking.

Price, A. R., and Hamilton, R. H. (2015). A re-evaluation of the cognitive effects
from single-session transcranial direct current stimulation. Brain Stimul. 8,
663-665. doi: 10.1016/.brs.2015.03.007

Rawls, J. (1999). A Theory of Justice, Revised, Edn. Cambridge, MA: Belknap Press.

Reardon, S. (2014). Electroceuticals spark 511:18.
doi: 10.1038/511018a

interest.  Nature

Reichman, W. E., Fiocco, A. J., and Rose, N. S. (2010). Exercising the brain to
avoid cognitive decline: examining the evidence. Aging Health 6, 565-584.
doi: 10.2217/ahe.10.54

Rindermann, H. (2018). Cognitive Capitalism: Human Capital and the Wellbeing
of Nations. Cambridge: Cambridge University Press.

Salthouse, T. (2012). Consequences of age-related cognitive declines.
Ann. Rev. Psychol. 63, 201-226. doi: 10.1146/annurev-psych-120710-
100328

Santoni de Sio, F., Faulmiiller, N., and Vincent, N. A. (2014). How
cognitive enhancement can change our duties. Front. Syst. Neurosci. 8:131.
doi: 10.3389/fnsys.2014.00131

Scharre, P. (2018). Army of None: Autonomous Weapons and the Future of War.
New York, NY: W. W. Norton and Company.

Snowball, A., Tachtsidis, I., Popescu, T., Thompson, J., Delazer, M., and Zamarian,
L., et al. (2013). Long-term enhancement of brain function and cognition
using cognitive training and brain stimulation. Curr. Biol. 23, 987-992.
doi: 10.1016/j.cub.2013.04.045

Conflict of Interest Statement: The author declares that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Lavazza. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Neuroscience | www.frontiersin.org

June 2019 | Volume 13 | Article 678


https://doi.org/10.1016/S0140-6736(18)32278-5
https://doi.org/10.1101/cshperspect.a034363
https://doi.org/10.1016/j.neuron.2015.07.032
https://doi.org/10.1136/medhum-2015-010718
https://doi.org/10.1016/j.brs.2015.03.007
https://doi.org/10.1038/511018a
https://doi.org/10.2217/ahe.10.54
https://doi.org/10.1146/annurev-psych-120710-100328
https://doi.org/10.3389/fnsys.2014.00131
https://doi.org/10.1016/j.cub.2013.04.045
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/neuroscience#articles

	The Two-Fold Ethical Challenge in the Use of Neural Electrical Modulation
	Going Beyond One's Limits
	New Potential Inequalities
	Mandatory Enhancement?
	Conclusion
	Author Contributions
	References


