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Abstract
This update to the American Academy of Neurology’s 1998 position statement endeavors to
provide guidance for the consistent ethical conduct and review of neurologic research involving
human participants. It does so by outlining a widely used ethical framework of 7 principles
derived from the foundational documents of modern bioethics, including the Nuremberg Code,
the World Medical Association’s Declaration of Helsinki, the Belmont Report, and the US
Department of Health and Human Service’s Common Rule. The position statement then
applies this principle-based framework to analyze and produce recommendations for the
management of common and important ethical issues encountered in neurologic clinical re-
search. These include institutional review board oversight, equitable research participant in-
clusion, cognitive impairment in research participants, international studies, the replication
crisis, and genetic testing and modification.

Introduction
Clinical research entails work with human participants intended primarily to develop generalizable
knowledge about health and disease. It includes both interventional studies such as clinical trials and
also observational studies. Ethical considerations in clinical research differ from medical decision-
making in the individual patient. In clinical care, ethical analysis is simplified as both benefit and risk
are borne primarily by the individual patient based upon his or her own value system, potentially
without external influence. In clinical research involving human participants, the risk is largely borne
by the research participant whereas, the potential benefits extend not only to that participant but
also to the investigator and society at large. Therapeuticmisconception—the belief that the primary
goal of clinical research is direct benefit to participants rather than the production of generalizable
knowledge—is common among participants and physicians.1 Clinical researchers, unlike health
care providers, have dual and often divergent ethical obligations. Researchers have a duty to research
participants but also to the society that funds, facilitates, and permits their research and to potential
future beneficiaries of the knowledge derived from their studies. While clinical research has created
benefits for patients and society, its history has also included a number of egregious ethical
violations, both infamous and obscure.2–6

This revision to the American Academy of Neurology’s (AAN) 1998 position statement7

endeavors to provide guidance to its members involved with research on human participants. It
outlines a principle-based framework for analyzing some of the most important ethical chal-
lenges currently facing neuroscientists, and by doing so, mitigating the risk to human partic-
ipants involved in clinical research.
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Ethical framework
The foundation of modern clinical research ethics is the
Nuremberg Code, developed during the trial of Nazi
researchers in 1947; the Declaration of Helsinki, promulgated
by the World Medical Association (WMA) in 1964 (with
numerous subsequent revisions); and the Belmont Report,
developed in 1978 in response to the Tuskegee Syphilis
Study. The Belmont Report in particular establishes the dis-
tinction between clinical practice and research, proposes the
principles of beneficence, autonomy, and justice that shape
modern bioethical theory, and applies these ethical principles
to informed consent, the assessment of risks and benefits in
research, and the selection of research participants. The
Nuremberg Code, the Declaration of Helsinki, and especially
the Belmont Report together inform the US Department of
Health and Human Service’s (DHHS) Common Rule (45
CFR part 46), which sets the standards for federally funded
research in the United States, and which is widely adopted by
almost all academic institutions in the United States regard-
less of their reliance on federal funding.

One summary of the requirements found in these founda-
tional documents is Ezekiel Emanuel’s framework of 7 prin-
ciples for the ethical analysis of research on human
participants.8 For the purposes of this position statement, we
will make use of these 7 principles as a practical and concise
distillation of the fundamental ethical guidelines detailed at
greater length in the Nuremberg Code, the Declaration of
Helsinki, the Belmont Report, and the Common Rule.
Principle-based analysis is helpful in focusing attention on
common ethical problems, avoiding unintentional oversight
of ethical vulnerabilities, and providing a common starting
point for interdisciplinary discussion and debate. Emanuel’s 7
principles have been widely accepted and utilized over the last
decade and a half, and are explicitly endorsed and pro-
mulgated by the NIH.9,10 These 7 principles, derived from the
foundational documents of research ethics, are social value,
scientific validity, fair participant selection, favorable risk–
benefit ratio, independent review, informed consent, and re-
spect for participants (table). Addressing all 7 principles is
necessary and sufficient for clinical research to be considered
ethically permissible.

Social value is the requirement that a clinical study must have
the potential to improve human health or meaningfully in-
crease society’s knowledge of human biology.

Scientific validity is the requirement that a study must use
accepted scientific methodology to produce valid and re-
producible results.

Fair participant selection is the requirement that study sites,
populations, and participants be selected based primarily on
scientific criteria and that vulnerable populations neither be
targeted nor excluded in clinical studies.

Favorable risk-benefit ratio is the requirement that risks to
participants be minimized and that potential benefits to par-
ticipants and society be disproportionately greater than the
risks to participants.

Independent review is the requirement that clinical studies be
reviewed and approved by knowledgeable individuals un-
affiliated with the research, traditionally by an institutional
review board (IRB) or a part thereof.

Informed consent, the best-known principle of ethical clinical
research, is the requirement that participants be accurately
informed of and understand the purpose, risks, benefits, and
alternatives of a clinical study, and that they make an un-
coerced decision whether or not to participate.

Respect for participants is the requirement that both potential
and enrolled participants be treated respectfully, with attention
to and protection of their privacy and interests throughout the
course of the study.

Together these 7 principles summarize the requirements of
the Nuremberg Code, the Helsinki Declaration, the Belmont
Report, and the Common Rule, allowing these requirements
to be easily applied to the ethical evaluation of clinical re-
search. The following sections provide principle-based ethical
analysis and practical suggestions concerning some of the
common ethical issues that clinical neuroscientists have en-
countered historically, are now facing, and may anticipate in
the future. This is not intended to be a comprehensive review
of ethical issues arising in clinical research,11 but rather an
application of the foundational requirements of research
ethics to some of the most important and common challenges
within the field of neurologic clinical research.

Historical concerns: IRB review
IRBs are panels of subject matter experts and lay people
established by institutions conducting research on human

Glossary
AAN = American Academy of Neurology; CIOMS = Council of International Organisations for Medical Sciences; DHHS =
Department of Health and Human Service; EFIC = exception from informed consent; HIC = high-income country; ICH-
GCP = International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human
Use’s Guideline for Good Clinical Practice; IRB = institutional review board; LMIC = low- and middle-income country;
WMA = World Medical Association.
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participants and mandated by the DHHS Common Rule.
They are intended to protect the rights and welfare of research
participants by providing unbiased independent review of
clinical research. Data safety monitoring boards fulfill a similar
function through independent review of study data once re-
search is underway as an added layer of human participant
protection in large randomized trials. Some scientific, medical,
ethical, and legal scholars have raised concerns about potential
impediments to research imposed by the Common Rule’s
requirement for IRB review.12–15 Schneider12 makes an ex-
treme critique of IRB review in The Censor’s Hand: The
Misregulation of Human-Subject Research, arguing that the risks
to participants in most clinical research are minimal, that the
burdens imposed on clinical research by IRB review are se-
vere, and that the overall balance between costs and benefits
favors the elimination of IRB review. The AAN is sensitive to
the logistical and temporal obligations imposed by IRB review
on researchers. The AAN is also mindful of the high degree of
variability between IRBs in the application of federal regu-
lations, the time needed to review studies, and the decisions
rendered.16 This variability can greatly increase the un-
certainty and difficulty of obtaining IRB approval for clinical
research, especially in multicenter studies.

The AAN believes that the excellent safety record of modern
biomedical research in the United States, which Schneider
and others cite as an argument against the need for IRB re-
view, is actually attributable in large part to the Common
Rule’s requirement for rigorous IRB review of research pro-
tocols. Given the potential for conflicts of interest inherent in
clinical research and the primary obligation to protect the

safety of human participants, the AAN strongly endorses the
principle of independent review as a necessary procedural
safeguard. This is essential to ensure the implementation of
the other principles of ethical clinical research. IRBs are the
best established and proven means to ensure independent
review. Alternative mechanisms (e.g., public review through
online registries) could eventually emerge and supplant the
need for IRBs. For now, the AAN believes that eliminating
IRBs in the absence of an adequate surrogate would un-
dermine the ethical foundation of clinical research and the
safety of research participants. Relying on frequently vulner-
able study participants to police violations through civil legal
action, as Schneider and other radical critics of IRBs propose,
would fail to avert preventable harms and would place an
extraordinary and unjustifiable burden on study participants.

While IRBs remain critical to the independent review and
ethical practice of clinical research, reforms to IRBs are cur-
rently being implemented by the NIH and others to (1)
minimize impediments imposed by IRBs that are unlikely to
improve the safety of human participants, (2) make the
boards more responsive to appeals and criticism, and (3)
increase standardization and consistency between IRBs.
These reforms potentially diminish administrative burden
without compromising research participant safety, and accord
with the DHHS 2017 amendment to the Common Rule.17 As
previously discussed, the Common Rule is a federal policy
providing standardized protections for human research par-
ticipants in federally funded research. It applies to 16 signa-
tory federal departments and agencies, and to researchers and
research institutions that receive funding from those

Table Ethical principles for clinical research

Requirement Summary Examples of violations

Social value A study must have the potential to improve human health or
meaningfully increase society’s knowledge of human biology

A placebo-controlled trial of a “me-too” medication, i.e., no
safer, more effective, or cheaper than existing medications
for the same illness

Scientific validity A study must use accepted scientific methodology to produce valid
and reproducible results

A study that uses unblinded and biased assessments of
outcomes that systematically favor the study drug

Fair participant
selection

Study sites, populations, and participants must be selected based
primarily on scientific criteria and vulnerable populationsmust not
be targeted or excluded in clinical studies

A study that excludes female participants without an explicit
and valid scientific rationale

Favorable
risk–benefit ratio

Risks to participants must be minimized and potential benefits to
participants and society must exceed the risks

A trial using a placebo control even though safe and effective
treatments are otherwise readily available to participants

Independent review Clinical studies must be reviewed and approved by knowledgeable
individuals unaffiliated with the research

A study conducted in a nation or institution where
institutional review board review is pro forma, with
guaranteed approval

Informed consent Participants must be accurately informed of and understand the
purpose, risks, benefits, and alternatives of a clinical study, and
make an uncoerced decision whether or not to participate

A study in which participants are not informed of existing
effective treatments outside the study

Respect for enrolled
and potential
participants

Potential and enrolled participants must be treated respectfully,
with attention to and protection of their privacy and interests
throughout the course of the study

A study of a genetic test in which identifiable results can be
obtained by employers, law enforcement, or others

Principles of ethical research derived from the Nuremberg Code, the Declaration of Helsinki, the Belmont Report, and the US Common Rule. Originally
developed by Emanuel et al.8
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agencies.18 Signatory departments and agencies include
DHHS, the Department of Defense, the Department of La-
bor, the Department of Energy, the Department of Com-
merce, the National Aeronautics and Space Administration,
and others. The Department of Homeland Security, the
Central Intelligence Agency, and others have not actually
signed the Common Rule but adhere to its requirements. In
practice, almost all academic institutions in the United States
require their researchers to abide by the Common Rule re-
gardless of the source of research funding. The Common Rule
main elements include the following:

c Requirements for IRB membership, function, operations,
review, and record-keeping

c Requirements for obtaining and documenting informed
consent

c Requirements for additional protections for vulnerable
populations including prisoners, pregnant women,
fetuses, children, and other participants lacking
decision-making capacity

The 2017 amendment to the Common Rule is intended to
reduce logistical burden and improve participant protection
by mandating review of most multisite trials by a single central
IRB, rather than by multiple parallel IRBs. A central IRB is the
sole IRB of record that provides ethical review for all sites
participating together in one or more multisite studies. The
amendment further reduces regulatory burdens (and allows
IRBs to focus on higher-risk studies) by creating new
exemptions from IRB review for low-risk studies and by
eliminating the need for continuing IRB review in others. In
addition, the amendment creates the option for participants
to grant broad consent for the use of their information and
biological samples in future studies. Some IRBs are reporting
increased regulatory burdens and delays under the newly
implemented revised Common Rule, which may lead to the
need for further amendments. Generally, the AAN endorses
reforms directed at simplifying review of multisite studies
under central IRBs, reducing review of low-risk studies, and
giving research participants options for broad consent to fu-
ture studies. The AAN also supports IRBs’ use of publicly
available ethics checklists such as the Harvard Multi-Regional
Clinical Trials Center ethics toolbox.19 This ensures that the
criteria for IRB review are available to all stakeholders, and are
consistent between studies and between IRBs. Finally, the
AAN encourages mechanisms to allow appeals when IRB
rulings conflict with the views of independent reviewers.

Historical concerns: Equitable research
participant inclusion
The research and bioethics communities increasingly recog-
nize an ethical problem in participant selection: broad seg-
ments of the population, including women, minority races and
ethnicities, children, and the elderly, are systematically un-
derrepresented in clinical research.20–24 Such un-
derrepresentation limits the generalizability or external
validity of study results and diminishes the long-term benefits

that underrepresented populations obtain from research.
Therefore, systematic underrepresentation—when not justi-
fied by study-specific scientific requirements or population-
specific risks—conflicts with the principles of fair represen-
tation, scientific validity, and social value. Yet systematic
reviews show that large populations often are excluded from
clinical trials with little or no justification.25,26

For these reasons, the AAN endorses the NIH requirements
that (1) clinical studies include both sexes and minority races
and ethnicities unless there are specific valid scientific or
ethical reasons not to do so in a given study; (2) clinical trials
include sufficient numbers of participants to allow for a valid
analysis of whether women or minority participants are af-
fected differently than other participants; and (3) all NIH-
funded trials submit these subgroup analyses to Clin-
icalTrials.gov.27 The AAN also endorses the NIH re-
quirement that clinical studies include individuals of all ages
(including children and older adults) unless there are spe-
cific scientific or ethical reasons not to do so in a given
study.28 The AAN recommends that, when possible, non-
NIH-funded clinical neuroscience studies also follow these
guidelines. Recognizing that pilot studies and studies of rare
neurologic diseases cannot realistically conform with this
requirement, the AAN recommends that, at minimum,
clinical neuroscience research not exclude or restrict par-
ticipants by sex, race, ethnicity, or age unless there is a sci-
entific or ethical reason specific to that study. In addition,
where possible, participant recruitment should take place at
community hospitals as well as academic centers, to promote
geographic and socioeconomic diversity.

Historical concerns: Cognitive impairment in
research participants
Clinical neuroscience often involves the study of diseases that
cause temporary or permanent cognitive impairment. Many
participants with neurologic and psychiatric diseases have im-
paired or nonexistent capacity to engage in the informed consent
process, and capacitymay fluctuate over time in disorders such as
epilepsy and dementia. Capacity screening instruments have
been developed and validated, and should be used whenever
a study’s inclusion criteria encompass participants with disorders
that place them at risk.29 The results of such screening instru-
ments must be confirmed by a qualified clinician.

The principle of informed consent requires the provision of
accurate information about the purpose, methods, risks,
benefits, and alternatives to the study and an uncoerced de-
cision by a participant with decision-making capacity.8 De-
cisional capacity includes 4 abilities: (1) understanding (of the
basic facts about the decision including risks, benefits, and
alternatives), (2) appreciation (recognition that the facts ap-
ply to oneself), (3) reasoning (an ability to logically manip-
ulate information, as in weighing risks and benefits), and (4)
the expression of choice (the ability to articulate a choice
consistently over time).30 Importantly, decisional capacity is
recognized to exist on a continuum, depending on the

664 Neurology | Volume 94, Number 15 | April 14, 2020 Neurology.org/N

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://ClinicalTrials.gov
http://ClinicalTrials.gov
http://neurology.org/n


complexity and importance of a decision, and not to be a di-
chotomous all-or-nothing characteristic.

When impaired decision-making capacity precludes direct
fulfillment of the requirement for informed consent, a legally
authorized representative may make the decision on the
participant’s behalf. The 2017 amendment to the Common
Rule specifies that, where state law does not specify rules for
surrogate decision-making about research, surrogates for
medical decision-making can also be considered surrogates
for decisions about clinical research (this is the case in most
states).18 The surrogate should use a substituted judgment
standard, making the decision based on the participant’s his-
torical beliefs and values, as the surrogate believes the par-
ticipant would, were the participant able to undertake the
informed consent process.31 IRBs may require additional
safeguards, such as independent consent monitors, depending
on the degree of cognitive incapacity and the study’s risk–
benefit ratio and complexity.32 In developing such safeguards,
IRBs should make every effort to fully protect participants
with dementia and other cognitive impairments, while mini-
mizing impediments to studies of these important conditions.
Similarly, in developing safeguards for pediatric participants,
IRBs should endeavor to balance rigorous protection for
children participating in research, with the minimization of
impediments to clinical research on pediatric neurologic dis-
orders. Of note, the informed consent process can be cogni-
tively and emotionally demanding, and every effort should be
made to ensure participants’ and surrogate decision-makers’
comprehension. In addition, where possible, researchers
should consider disclosing relevant conflicts of interest during
the informed consent process.

In emergency settings, where time constraints prohibit the
informed consent process with a legally authorized repre-
sentative, where the research could not otherwise be con-
ducted, where there is a possibility of direct benefit to the
prospective participant, and where there is prior assent from
community representatives, IRBs may grant an exception
from informed consent (EFIC).33,34 EFIC typically requires
prior consultation with and education for the entire com-
munity in which the research is to be conducted.

Current controversies: International
clinical research
International clinical research in low- and middle-income
countries (LMICs) has expanded dramatically over the last 2
decades, while the number of trials in the United States and
Western Europe has declined.35,36 Some of the newly glob-
alized clinical research targets public health concerns specific
to or shared by LMICs, areas of research that have historically
received disproportionately low rates of attention and fund-
ing. However, some globalized clinical research is conducted
by pharmaceutical, biotechnology, and device companies
developing products intended for sale in high-income coun-
tries (HICs). This raises potential ethical concerns. First there
is the potential concern that some companies may be

motivated to globalize research due to less stringent ethical
oversight (as well as lower study costs). This may entail a vi-
olation of the requirement for independent review, which
potentially undermines the implementation of all other ethical
requirements as discussed in the section on IRB review.
Similarly, there is a concern that some individuals in LMICs
who otherwise lack access to health care may feel coerced to
enroll in a clinical study to obtain otherwise unobtainable but
needed health care for themselves or their family members.
This represents a potential failure of the principle of informed
consent due to a coercive influence (or the participant’s
perception of a coercive influence). Informed consent, like the
principle of independent review, is a critical procedural safe-
guard. Third, there is a concern about the potential exploi-
tation of LMIC research participants to obtain data for use in
products for HICs that will not generally be available to the
LMIC populations who bore the risks of the research. This
represents a potential failure to fulfill the fair participant se-
lection requirement. Finally, there is a concern that the
interests and values of research participants in LMICs are not
always sufficiently reflected in studies that are designed, fun-
ded, and published in HICs, by HIC researchers. This is at
heart a concern about the principle of respect for potential
and enrolled participants.

Many ethical guidelines have been developed for international
clinical research that attempt to address the potential ethical
concerns outlined above. These include the WMA’s Decla-
ration of Helsinki, the international ethical guidelines issued
by the Council of International Organisations for Medical
Sciences (CIOMS), and the International Conference on
Harmonisation of Technical Requirements for Registration of
Pharmaceuticals for Human Use’s Guideline for Good Clin-
ical Practice (ICH-GCP).37 Although there are broad areas of
agreement (e.g., research populations should have a reason-
able likelihood of benefitting from the results of clinical re-
search), these guidelines are not legally binding and provide
conflicting guidance regarding some specific issues.37,38

The AAN endorses ongoing international clinical research,
crucial to improving health care in LMICs, but stipulates that
the research community must act to ensure the safety and
dignity of human participants who participate in clinical re-
search in LMICs. To achieve this end in a systematic and lasting
manner, the AAN favors pursuit of unified guidelines for in-
ternational research through international organizations such
as the WMA and CIOMS. Unified guidelines should in-
corporate lessons learned from existing guidelines such as the
Declaration of Helsinki and the ICH-GCP, and the input of
broad representation from both HICs and LMICs. The AAN
further recommends that unified guidelines utilize fundamental
ethical principles like those detailed in the Belmont Report and
summarized in the 7 requirements detailed by Emanuel.

Current controversies: Replication crisis
The replication crisis refers to the increasingly recognized
phenomenon of peer-reviewed and widely cited studies that
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demonstrate statistically significant results that cannot be
reproduced by other researchers.39,40 Some failures of rep-
lication are likely due to intervening scientific and techno-
logical advances, failures to perfectly reproduce original
study conditions, and the use of insufficient sample sizes in
replicated studies. More recent replication efforts have
addressed these issues by obtaining detailed review and ap-
proval from the scientists who conducted the original stud-
ies, and by using significantly larger sample sizes than the
original studies, and yet have reproduced significant results
in fewer than half of replicated studies.41 Using the frame-
work of Emanuel’s 7 principles, the replication crisis suggests
possible violations of the requirements for scientific validity
and social value in clinical research. Publication bias, and
specifically the selective reporting of positive studies or
studies that report a statistically significant difference or ef-
fect, is cited as one of the key contributors to the replication
crisis.42 A system of clinical studies that produces consis-
tently biased results lacks scientific validity. It also has di-
minished potential to improve human health or increase
society’s knowledge of human biology, and therefore has
diminished social value. Within Emanuel’s summarizing
framework for ethical clinical research, these violations un-
dermine the ethical justification for the social resources de-
voted to such studies and especially for the risks undertaken
by research participants.

Although the field of psychology has received the most at-
tention for failures of reproducibility,43 replication failures
have occurred across most fields, including clinical
neuroscience.44–46 To address the replication crisis, the AAN
endorses a number of measures directed at improving the
scientific validity of clinical neuroscience, as part of the ethical
protection of research participants. Since 2017, the DHHS
and NIH have required that all NIH-funded clinical trials,
excluding phase I trials and feasibility studies, must be pre-
registered with ClinicalTrials.gov and trial findings reported
in a timely manner.47 Compliance provides the public with
accurate and current trial information, and also reduces
publication bias, which is thought to contribute to low repli-
cability rates. The AAN endorses this rule. Given the ongoing
development of public registries and the lack of consensus
regarding the registration of observational studies, the AAN
does not at this time endorse a requirement that observational
studies be preregistered, but recommends that registration of
interventional and observational studies be considered when
possible, regardless of funding source. In addition, we rec-
ommend whenever feasible the open sharing of clinical neu-
roscience data, research protocols, statistical analyses, and
results in publicly accessible repositories such as Open Sci-
ence Framework (osf.io) or the Registry of Research Data
Repositories (re3data.org). This allows public review and
reanalysis of data, helping to detect and eliminate bias that
escapes the traditional peer review process. Systematic
reviews comparing published studies to protocols commonly
identify evidence of selective reporting of outcomes within
published studies, a source of bias that can be detected and

reduced through the open sharing of research protocols.48–51

The AAN also recommends the use of peer-reviewed check-
lists for the reporting of all clinical neuroscience studies, such
as the Consolidated Standards of Reporting Trials 2010
checklist for randomized trials (consort-statement.org) and
the Strengthening the Reporting of Observational Studies in
Epidemiology checklist for observational studies (strobe-
statement.org). In keeping with Ioannidis52 and the New
England Journal of Medicine and Neurology® guidelines for
statistical reporting, the AAN endorses supplementing or
replacing reported p values with measures of effect size or
association and measures of uncertainty (such as 95% con-
fidence intervals), when the statistical analysis plan does not
prespecify methods to adjust for multiple tests.52,53 Finally,
the AAN endorses the funding and publication of replication
studies. These endorsements should not be construed as
a critique of the peer review system. The AAN recognizes
that peer review has played and continues to play a critical
role in ensuring the scientific validity and ethical conduct of
clinical research. Rather, this position statement identifies
enhancements by which peer review may be further
strengthened.

Imminent ethical issues: Genetic research
The burgeoning field of genetic clinical neuroscience raises
a host of new ethical issues. Genetic testing, even in the absence
of active genetic modifications, can raise important ethical
concerns. The depth and breadth of sensitive information
collected during clinical research has expanded dramatically as
whole exome and whole genome sequencing have become
commonplace. This may have the consequence of incidentally
identifying unanticipated genetic information, wholly unrelated
to the research, that nonetheless has potential adverse impli-
cations for both the patient and the family. Approximately 2%
of apparently healthy adults of European descent undergoing
whole exome testing are found to have genetic variations that
are disease-causing or likely to be disease-causing, for which
medical intervention is possible to avert or ameliorate the
effects of the disease.54 Such results are said to be actionable.
Currently, many studies do not divulge genetic testing results
to participants at any time even when they are actionable.
Genetic testing can also affect family members by inadvertently
exposing mutations in asymptomatic individuals at risk who
had previously chosen to avoid this knowledge (or had not
consented to testing) and who might be participants to psy-
chological harm or discrimination. Similarly, genetic testing can
affect familial relationships by incidentally revealing mis-
attributed paternity. The risk of incidental genetic findings may
be particularly important for pediatric participants and others
who lack capacity. Such participants may find their future lives
altered or constrained in important ways as a result of parents’
or guardians’ decisions to enroll them in research involving
genetic testing.

The principle of informed consent requires that such risks be
outlined during the consent process. We recommend that
expert panels establish and regularly update consensus listings
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of actionable genetic testing results, with the ultimate objec-
tive of providing participants with an option to be
informed—or not—of incidentally discovered actionable
results during the informed consent process prior to genetic
testing.55 The end goal for these expert panels would be to
develop and maintain updated formal guidelines for the dis-
closure of actionable genetic test results, likely through re-
ferral of affected research participants to board-certified
genetic physicians or genetic counselors. Similarly, identifi-
cation of the boundaries for the future use of stored genetic
data should be specified in the informed consent process. The
principle of respect for research participants requires that
genetic data be kept confidential and secure, and the 2017
amendment to the DHHS Common Rule provides updated
rules for the protection of participant data.17 In addition to
providing physical and technological safeguards for genetic
data, the AAN recommends that clinical researchers collecting
whole exome or whole genome data obtain an NIH certificate
of confidentiality. This document serves to protect sensitive
study data including genetic information from legal discovery
regardless of jurisdiction or nature of the proceeding (civil or
criminal).56

Looking into the near future, research involving genetic
modifications of plant, animal, and human somatic and ger-
minal cells, via CRISPR/Cas9 and other gene editing tech-
nologies, will present cascading ethical quandaries. It appears
possible that future gene editing research could violate the
requirements for social value, a favorable risk–benefit ratio, or
informed consent. Ethical challenges are evolving in parallel
with rapidly developing gene editing technologies as new
applications are conceived and explored. A full review of these
ethical issues is beyond the scope of this position paper. We
highlight areas of ethical concern and endorse the ongoing
efforts of the NIH, the US National Academy of Sciences, the
Chinese Academy of Sciences, and the Royal Society of the
United Kingdom to develop a framework for ethical assess-
ment and regulation of gene editing research.18

Even when limited to nonhuman genomes, as in the case of
genetically modifying mosquitoes to prevent malaria trans-
mission, gene editing offers the potential to generate eco-
logical disequilibrium—particularly through the use of gene
drive technology. Gene drives are a genetic engineering
technique that involves the insertion of self-propagating ge-
netic sequences that are then transmitted to all offspring
across all subsequent generations. Geneticists typically con-
struct these self-propagating gene drives using a payload gene
combined with a gene for an endonuclease like Cas9 that cuts
wild-type DNA at a specific target. The cell’s natural DNA
repair system then copies the entire gene drive (including the
endonuclease gene and the payload gene) into the cleaved
wild-type chromosome during the repair process, replicating
the gene drive. Such technology promotes the rapid spread of
the payload gene through an entire population over the course
of multiple generations. Species-wide changes can then occur
either intentionally or unintentionally through the occurrence

of off-target mutations. These off-target mutations involve the
accidental insertion of the novel genetic sequence in an un-
intended location in the genome, potentially causing the de-
activation or modification of unintended genes, and appear to
be more frequent in complex genomes.57 Species-wide ge-
netic changes could cause extinction or uncontrolled over-
growth and ecological disequilibrium. This could potentially
present a serious ecological threat that would violate the
ethical requirements for social value and especially a favorable
risk–benefit ratio. This potential violation of ethical principles
may justify national or international regulation of gene editing
and particularly gene drive research.

When applied to human somatic or germ cells, gene editing
also introduces the additional risk of unintended con-
sequences to individual participants through imperfectly un-
derstood genotype-phenotype interactions, or through off-
target mutations in which the new genetic sequence is acci-
dently inserted in an incorrect location. Gene editing in
humans also introduces ethical questions about enhancement
(rendering the participant not merely healthier but taller,
smarter, stronger, or in some other way “superior” to “nor-
mal” human functioning). Whether genetic technology
should ever be used for enhancement, and if so under what
conditions, is a question that ethicists and geneticists will need
to address in the near future before reliable genetic en-
hancement becomes available. Finally, human germ cells,
unlike somatic cells, are involved in transmission of genes to
offspring, and genetic editing of germ cells can extend the
effects and the risks of genetic research beyond current
participants to future generations. This greatly amplifies the
risks from unexpected genotype–phenotype interactions
and off-target mutations, extending potential risks to entire
families, populations, and the human species. In addition,
genetic modifications of germ cells may violate the
requirements of informed consent since affected future
generations would have no choice about participation in the
study. For these reasons, the AAN endorses a moratorium
on human germline editing until the research community
establishes a better understanding of the risks entailed, and
until a framework for international oversight and regulation
is established.58

We hope that the application of a principle-based ethical
framework will facilitate and lend greater consistency and
fairness to ethical research design, implementation, and
analysis. From well-established ethical issues like the inclusion
of cognitively impaired research participants to areas with
actively evolving ethical challenges like CRISPR-Cas9 gene
editing, the application of a principle-based framework offers
the potential for a degree of transparency and consistency that
is sometimes lacking in modern ethics oversight of clinical
research.
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