
Advances in genetic research have
raised questions about the protec-

tion of human subjects. The usual concern
is whether existing protections are suffi-
cient1–2, but an escalation of protections
can also create problems, as illustrated in
the following example.

Epidemiologists were planning a study
of learning problems in healthy children.
One hypothesis was that ordinary genetic
variations in metabolism might make
some children more vulnerable to neuro-
toxic effects of household pesticides.
Investigators planned to collect cheek
swabs from children to determine genetic
metabolic variants. An ethicist was asked
to help with the consent form. The ethicist
recommended advising the parents of
these children as follows:

“Genetic information about [your
child] could alter the way in which you
think about them…Some individuals may
feel anxious, depressed or additionally
stressed by learning genetic information
about their children…Your child could
experience problems in school as a result
of participation in genetic research…”

These warnings are directly based on
NIH guidelines for human genetic
research3. Although these guidelines do
not carry the force of law or regulation,
they are highly influential in the delibera-
tions of Institutional Review Boards
(IRBs). The current guidelines reflect an
assumption of genetic determinism in
which all alleles are expected to have
direct and powerful consequences on
health. In contrast, the common varieties
of metabolism genes in the example above
are neither necessary nor sufficient to
produce disease.

Highly penetrant alleles have become
the paradigm for discussions of genetic
research. This assumption of strong
genetic effects has, in turn, prompted calls
for more stringent warnings in any studies
that include the collection of genetic mate-
rial2. A more balanced approach would be
to recognize a broad distinction between
disease alleles (rare alleles with strong
health effects) and susceptibility alleles4

(common alleles with weak effects).

Disease alleles have been characterized
as rare, highly penetrant alleles that gener-
ally produce rare diseases4. Perhaps 2% of
human illness can be attributed directly to
the inheritance of specific alleles5. Even
among the genes that fit this paradigm,
the phenotype produced by a specific
DNA sequence can be unpredictable. For
example, not everyone who is homozy-
gous for cystic fibrosis alleles shows clini-
cal signs of disease, and severity can vary
widely among those with the disease6.
Inconsistency of gene penetrance may
reflect interaction with other genes, cellu-
lar mechanisms that regulate gene expres-
sion and interactions with nutritional and
environmental factors7.

The contribution of specific alleles to the
remaining 98% of human illness is largely
unknown. In this second paradigm of
genetic effect, a single allelic variant is but
one component in a web of factors that
lead to disease. Genetic variations in physi-
ologic function that are adaptive for the
species as a whole may be either good or
bad for individuals depending on other
factors. Gene-gene and gene-environment
interactions presumably have a strong role. 

Unlike disease alleles, susceptibility
alleles in themselves have little predictive
power for individual carriers. Their sig-
nificance lies in what they might reveal
(in combination with other factors)
about the molecular processes that lead
to common diseases. Better understand-
ing of the pathways of disease causation
in genetically susceptible people will pro-
vide new possibilities for disease treat-
ment and prevention.

Policies on the protection of human
subjects frequently fail to distinguish
between the study of rare alleles with
strong effects and the study of common
alleles with weak effects. (For example, see
current guidelines from the US Office for
Protection from Research Risks3.) Genetic
studies of high-risk families or clinical
studies of disease alleles with high pene-
trance require a higher level of protection
for participants than population-based
studies of common, low-penetrance alle-
les for which no risk has been established.

The indiscriminate application of
more stringent cautions can cause harm.
Warnings geared to highly penetrant
genes may distract study participants
from other, more immediate risks of a
study. Another problem is that misplaced
warnings may discourage healthy people
from participating in studies in which
they receive no particular benefit.
Although ethicists acknowledge that
harsher warnings may decrease research
participation, they deem this a reason-
able price to pay2. The costs, however, are
greater than some ethicists may realize. A
reduction in participation rates can dam-
age the scientific validity of epidemio-
logic studies8.

Informed consent is a moral imperative
in human research, but more protection
of research subjects is not necessarily bet-
ter protection. The assumptions of
genetic determinism can lead to unrea-
sonable requirements for informed con-
sent. It is a particular challenge in genetic
research to calibrate the protection of
human subjects to the actual level of risk.
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