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attention. Kreitmair’s article is highly important for map-
ping out how new technologies might change perception
of the self and one’s surroundings (even if only temporar-
ily). It is also important to note that this change would not
be a potential by-product of the technology but would be
the primary objective of the technology. For some people,
neurological change will only be an interesting temporary
adventure, but for others it might provide hope for a bet-
ter life. When such life-changing technology is offered to
consumers we should also consider this in detail for the
supporting evidence (or lack thereof). Furthermore, if a
DTC neurotechnology does prove to be efficacious we
should then consider whether it should remain in the
DTC market or be subject to medical regulation and offered
within a medical context. For other forms of technology –

that are not life changing - we should look at lessons
learned from the longer and shorter histories of associated
technologies and their regulation. These lessons should be
used steer the market to protect the most vulnerable
rather than try to address all forms of DTC neurotechnol-
ogy and all forms of marketing this technology as if
equally ethically important. �
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Ethical and Regulatory Concerns About
Direct-to-Consumer Brain Stimulation

for Athletic Enhancement
Robert Martone, University at Buffalo

John Shook, University at Buffalo

We offer critical analyses and ethical concerns relating to
direct-to-consumer (DTC) athletic enhancement in
response to “Dimensions of Ethical Direct-to-Consumer
Neurotechnologies” by Karola Kreitmair (2019).
Transcranial electrical stimulation (tES) for physical
enhancement is acquiring growing attention from profes-
sional athletes, the military, and the general public.
Kreitmair rightly sees the need for an ethical framework
to encompass a growing class of DTC neurotechnology
products. This class of products deserves a level of strict
scrutiny because these products are directed at altering
the activity of the central nervous system.

Ethical concerns for short-term and long-term safety
must be paramount, especially for DTC usage among
members of the public, far above practical interests in
measurable efficacy. Devices capable of altering brain
function, whether in clinical or consumer settings, should
be developed, tested, and marketed according to ethical
practices. Consumers, no less than patients, deserve
rigorous protections and ample information about these
DTC devices in order to make informed decisions.
Skeptical doubts and worried concerns about “brain dop-
ing” (Gazerani 2017; Lefaucheur 2019) may not abate
public interest in accessing affordable short-cuts to phys-
ical enhancement.
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Designing large clinical trials to focus on ascertaining
the safety parameters and proper dosage for transcranial
brain stimulation, and low-level tES in particular, has
received relatively little attention to date. Consumers
using tES devices as they like under uncontrolled condi-
tions are hardly comparable to patients receiving uniform
treatments under clinical care. Furthermore, noting how
dozens of tES case studies have incidentally reported few
serious harms occurring during clinical application
(Bikson et al. 2018) is not an adequate substitute. (If such a
substitution were reasonable, then the Food and Drug
Administration [FDA] could discard most of the rigors of
the Phase 1 stage.) As Kreitmair notes, many supporting
claims for DTC tES devices are anecdotal, or take the form
of manufacturer papers that have not undergone peer
review. There is too little known about appropriate tES
dosages, especially for usage outside of controlled clinical
application. Hoping that “low levels” will be keeping
everyone safe is just a hope (Bestmann and Walsh 2017).

Even less is understood about the real efficacy and
reliability of tES for improving athletic capacities and
skills. Experimental tests on athletic individuals can dis-
cern slight improvements to exercise performance,
although much variability across individuals is the norm
(Angius et al. 2018; Holgado et al. 2019; Huang et al.
2019; Kamali et al. 2019; Machado et al. 2019). Studies
meeting high standards (large, randomized, blinded, pla-
cebo controlled) should carry the most weight.
Conclusive scientific confirmations of improved athleti-
cism from tES, showing both consistency of results from
the same tES technique and reliability of results for
many types of athletes, are still in the future (Colzato
et al. 2017). Even if optimism about tES become war-
ranted, we are not all athletes. How enhancements of
exercise performance for elite athletes could transfer to
exercise improvements for anyone else is largely specula-
tive. To date, there has only been modest research into
measurable whole-body results for non-athletes unfamil-
iar with arduous training regimens.

Should consumers be left to draw their own conclusions
about how well tES devices may work for them without
unwanted side-effects after prolonged use? The public
receives little guidance from current government oversight
or regulation. Kreitmair does not demand much more,
basically claiming that these devices should not be subject
to heightened regulatory scrutiny just because the FDA has
declined to regulate them: DTC devices should not be eval-
uated “according to medical device criteria … because
they are not regulated” (Kreitmair 2019, 155). This circular
reasoning is a result of the author’s struggle to cast a broad
ethical framework over a narrowly defined group of devi-
ces that have (so far) escaped regulatory oversight.

Device classifications are not monolithic or unchan-
ging. They may prove to be incorrect or in need of revi-
sion. Kreitmair brings up DTC genetic testing as an
example where regulators developed an evolving under-
standing of oversight needs. In our view, many sorts of
DTC neurotechnology devices, not excepting devices for

athletic performance, should become candidates for
research and regulatory scrutiny in a manner akin to
medical devices. Kreitmair eventually concurs: “It is
likely that some DTC neurotechnologies will ultimately
require FDA oversight” (Kreitmair 2019, 162).

It might be thought that tES for athletic abilities, such
as speed, strength, agility, and endurance, does not
deserve a level of regulatory or ethical scrutiny as high as
tES for cognitive operations. That neat distinction between
“physical” and “mental” functioning lacks neurological or
psychological warrant. Improved athleticism from tES
could be partly or largely due to a variety of altered cogni-
tive processes singly or in combination. Electrical stimula-
tions of any brain areas are significantly interventional
and carry both known and unknown risks. Letting the
“buyer beware” could not be an adequate standard.
Furthermore, risks from tES DTC products are taken not
only by the purchasing consumer, but also by others in a
household inappropriately accessing to a device, such as a
child or a relative with a disqualifying medical condition.

Kreitmair offers “human flourishing” as the ultimate
objective of DTC neurotechnology devices, a goal more
broadly applicable than clinical efficacy. It is no coinci-
dence that human flourishing is reminiscent of the FDA’s
“General Wellness” category of devices unattached to
specific claims about treating diseases or health condi-
tions. The promise of enhanced physical performance
through tES is surely a route toward human flourishing.
However, that flourishing cannot be reliably attained
without proper attention to risk, efficacy, autonomy, and
other important values. We assert that a DTC tES
device’s safety and efficacy are fundamental to any claim
of transparency, safety, just distribution, and other eth-
ical dimensions. Absent an adequate understanding of a
tES device’s effectiveness for trained athletes or casual
consumers, it is impossible to determine acceptable risk
levels, sufficient transparency regarding validation and
effects, or equitable distribution or regulation.

We specifically urge that the dimension of autonomy
should be elevated as its own priority. This is critical in the
case of DTC tES for athletic performance enhancement,
where there is only modest neuroscientific knowledge about
neural architectures affected by these consumer devices.
Kreitmair discusses autonomy within the context of trans-
parency, taking the view that one’s ability to act with auton-
omy would be impaired in the absence of transparency.
And so it is. Yet transparency about vast ignorance is not an
ideal way to make an “informed” patient or consumer, nor
is it the most ethical way to respect the autonomy of vulner-
able persons. Autonomy should be central to the capacity
for consumer judgments about DTC tES devices.

Manufacturers can show respect for their customers
by sharing more than anecdotal success stories.
Heightened regulatory scrutiny should at least motivate
manufacturers to cooperate with peer-reviewed studies
in order to establish utility and risk profiles.
Independent scientific interest to date has yielded limited
results from generally underpowered studies. A
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consensus strategy to address key unresolved questions
could significantly advance the field, much as precompe-
titive consortia have led advances in other fields.

In summary, there is an enthusiastic and growing
market for tES-aided athletic enhancement. The DTC
market deserves stronger research and regulatory stand-
ards. Manufacturers of DTC tES devices should partner
with athletic, research, and regulatory communities to
promote the appropriate use of these neurotechnologies,
and to ensure a robust continuity of empirical studies
into the future consumer use of tES athletic
enhancements.
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The Human Right to Science and Direct
to Consumer Neurotechnologies

Sebastian Porsdam Mann, University of Copenhagen and University of Oxford
Maximilian Martin Schmid, A&BC Consulting

Kreitmair identifies seven dimensions “intended to pro-
vide guidance for consumers, developers, researchers,
and ethicists to work towards ethical DTC neuro-
technology” (Kreitmair 2019, 12). These are introduced as
a “starting off point” for “further discussion.” In this
contribution, we introduce the human right of everyone
to “enjoy the benefits of the progress of science and its
applications” (Article 15(1) b International Covenant on
Economic, Social and Cultural Rights [ICESCR] 1976)
and argue that it provides a legally binding and morally

weighty framework for the assessment of DTC neuro-
technologies. Thus, compliance with the “right to scien-
ce,” or RtS, can serve as a useful additional dimension
for ethical DTC neurotechnology.

The RtS originated in the United Nations’ 1948
Universal Declaration of Human Rights, Article 27(2) of
which states that “[everyone] has the right freely to par-
ticipate in the cultural life of the community, to enjoy the
arts and to share in scientific advancement and its ben-
efits.” As a declaration, the Universal Declaration at first
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