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Research Issues in Genetic Testing of Adolescents for
Obesity
Mary E. Segal, Ph.D., Pamela Sankar, Ph.D., Danielle R. Reed, Ph.D.
Obesity is often established in adolescence, and
advances are being made in identifying its genetic underpinnings. We examine issues related
to the eventual likelihood of genetic tests for
obesity targeted to adolescents: family involvement; comprehension of the test’s meaning; how
knowledge of genetic status may affect psychological adaptation; minors’ ability to control
events; parental/child autonomy; ability to make
informed medical decisions; self-esteem; unclear
distinctions between early/late onset for this condition; and social stigmatization. The public
health arena will be important in educating families about possible future genetic tests for obesity.
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Introduction
Categorizing Obesity as a Biobehavioral Trait
Advances in behavioral genetics point to the importance
of biologic inheritance in behavioral traits as well as in
medical conditions. Examples of the latter include diseases such as Huntington’s disease, cystic fibrosis,
Down’s syndrome, and many others in which, when
known genetic variants are present, it is almost certain
that the affected individuals will develop the conditions.
Other diseases, including breast and other cancers, are in
some individuals the result of genetic variants interacting
with environmental factors. This is necessarily a question
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of degree: nearly all disease in some sense results from
the interaction of genetic variation and the environment.1
Although individuals affected with these diseases
may experience guilt and stigmatization, society does not
usually fault them directly for contracting them. It is
generally recognized that a person with Huntington’s
disease does not do anything to acquire the condition—
having parents who are carriers is necessary and sufficient. Similarly, breast and other cancers are generally
viewed as resulting from either genetic inheritance or
external forces, e.g., environmental toxins, outside the
individual and largely beyond his or her control (although there are claims that eating this kind of food or
avoiding that kind of environment may help to prevent
cancer).
These conditions are distinct from those we call
“biobehavioral” traits, which are perceived to be under
the voluntary control of the individual and include alcohol abuse and addiction; some psychiatric conditions
such as depression; obesity; and smoking addiction.
Behavior associated with these traits leads to the assumption, in many people’s minds, that the affected individuals have personal responsibility for their conditions.2
However, recent laboratory advances suggest that biobehavioral traits have a strong genetic substrate.
We are particularly interested in obesity because it is
widespread and implicated in many preventable diseases
in the United States.3 Adolescence appears to be a
critical period in developing obesity, and so obesity
genetic testing may be targeted to this age group.
Medical Problems Associated with Obesity
Obesity is a serious and growing health care problem in
the United States.4,5 We use federal guidelines identifying body mass index (BMI) 25 to ⬍30 as overweight,
and ⱖ30 as obese (BMI is calculated as kg/m2). The
condition is a precursor for many health problems, including diabetes,6 cardiovascular disease, hypertension,
hypercholesterolemia, gallbladder disease, osteoarthritis,
some cancers,7–10 and stroke.11 As many as one-third of
U.S. adults (59 million) are estimated to be overweight
or obese,12,13 and prevalence is increasing: from 1991 to
1999, it is estimated conservatively that the prevalence of
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obesity in the United States increased by 58%.14,15 Prevalence among younger adults 18 to 29 years old is
especially notable, increasing 70% from 1991 to 1998,
from 7.1% to 12.1%.14 In youths, the increase in obesity
is equally alarming: approximately 11% are seriously
overweight and an additional 14% are at risk for overweight.16 Obesity is now one of the most serious and
rapidly worsening health problems of youth in the United
States,17,18 and obesity-related diseases are increasing in
younger people.12,19 In long-term follow-up, boys’ obesity in adolescence leads to increased mortality in later
life relative to lean peers,20,21 even if weight at age 50 is
statistically controlled.22 Obesity is remarkably resistant
to behavioral treatment: up to 90% to 95% of those who
lose weight return to their previous obese state.23–25 Late
adolescence appears to be a critical period in the development of obesity that persists into later life.26
Progress in Identifying Genetic Underpinnings
The importance of environmental factors in obesity is
clear,27–29 but the importance of physiologic factors in
metabolism has also been confirmed; for example, a
recent report showed that obese adolescents consume no
more “junk food” than non-obese adolescents.30 Genetic
factors are shown in studies of twins, familial aggregation, and adoptees whose weight correlates more closely
with their biologic rather than adopted families.31,32 Half
of the variance in the amount of abdominal visceral fat,
which is believed to confer greater health risk than other
types of fat, is possibly determined by a single gene in
some populations, whereas 21% may be determined by
more than one,33,34 and 40% to 80% of the variance in
body weight is due to genetic factors.35,36 Many scientists assert that it is only a matter of time until tests are
available for genes that contain DNA sequence variants
that predispose people to develop obesity.12 Five genes
responsible for obesity in humans have been described:
leptin,37 leptin receptor, prohormone convertase 1 (PC1),
and pro-opiomelanocortin (POMC), all of which are
associated with hypothalamic and pituitary disorders,
and the melanocortin-4 receptor (MC4-R),38 which
causes a non-syndromic phenotype of morbid obesity.
Recently, another gene has been identified that is associated with a relatively mild obesity.39 A fairly large
number of genetic markers are likely involved in most
cases, each coding for a specific propensity for a particular metabolic effect.40 The implications for genetic
testing are clear: “If some environmental variables manifest themselves only on certain genotypes, efforts to
prevent obesity at a public health level can be focused on
recognition and counseling of susceptible individuals. . . . In addition, appreciating the importance of genetic variation as an underlying cause helps to dispel the
notion that obesity represents an individual defect in
behavior with no biological basis . . .”31
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Genetic Testing of Adolescents for Obesity
We first review the relevant issues in genetic testing
generally, followed by genetic testing for minors, and
then possible future genetic testing for obesity in minors.
We then discuss approaches to future genetic testing for
obesity, particularly in minors, suggested by the review.
General issues in genetic testing relevant to adolescents include the involvement of the entire family, difficulty in understanding the meaning of genetic variants
and genetic risk, and our incomplete understanding of
how knowledge of genetic status affects health behavior
and psychological adaptation.
Relevance to Biologic Relatives
A key aspect of genetic testing that is often said to set it
apart from other laboratory procedures is that the information an individual receives about a genetic test has
implications for biologic relatives, especially close ones.
Patients sometimes decide to withhold results from family members.41– 44 When is it appropriate to notify other
family members of results of a genetic test? Is it ever
morally defensible, or imperative, not to notify members
under certain circumstances, e.g., if the family member is
emotionally fragile and there is no known treatment or
cure? Of course, families are often involved when a
member receives any kind of diagnosis or laboratory
result, and, even if it does not have direct implications
for the physical health of other members, it may well
influence their future financial resources and/or their
psychological well-being. In the case of genetic tests for
obesity, however, which would not signal imminent
danger to relatives, there seems to be less reason to
reveal test results to other relatives; indeed, it could be
seen as a betrayal for a parent to reveal an adolescent’s
test results to others.
Comprehension of the Meaning of a Genetic
Test for Risk
The difficulty of conveying the significance of a genetic
test result is particularly acute in the case of polygenic
traits of low penetrance, e.g., cancer, in which affected
genetic status leads to an increased risk, but far from
absolute certainty, that the individual will have the disease. This may well be the situation for obesity. (There
are infrequently occurring exceptions—for example, individuals affected with congenital leptin deficiency have
a monogenic variation that clearly results in obesity.)
Public understanding of risk and probability statements is limited.45,46 Even highly educated adults have
difficulty using mathematical operations concerning
probabilities,47 and scientific illiteracy is widespread.48
The concept of lifetime risk is poorly understood, and so
is the idea that demographic factors modify average
risk.49 More research is needed on numeracy and optimal
methods for presenting risk estimates.50
Nutrition Reviews姞, Vol. 62, No. 8

Subtle language and framing effects often operate,
e.g., whether risks are presented as relative or absolute,51
rates or proportions,52 framed as loss or gain,53 or
whether subjects are asked whether they would “accept”
or “risk” adverse medical situations.54 Even after counseling, many patients fail to recall genetic risk figures
accurately.55–57
How Knowledge of Genetic Status Affects
Health Behavior and Psychological Adaptation
A growing literature documents the public’s attitudes
about and perceptions of genetic testing, including
tradeoffs in perceived benefits and disadvantages58,59
and psychological aspects60,61 for adult-onset disorders
in general,62 and for specific diseases such as breast and
ovarian cancer,63 colorectal cancer,64,65 prostate cancer,66,67 cystic fibrosis,68 and Huntington’s disease.69 Of
course, the applicability of these studies regarding obesity is questionable. Some studies have found psychological effects of reassurance; others of anxiety and
depression.70 In general, perceived benefits are stress
reduction from uncertainty,71 ability to plan, and relief
for those who test negative. Many appreciate the increased knowledge of genetic risk. Disadvantages of a
negative result may include a sense of guilt in some
members of affected families.72 Perceived disadvantages
for those who test positive, in addition to the obvious
health-related issues, are possible discrimination by employers73 and the inability to obtain life and health
insurance.74
Studies on genetic testing for breast or ovarian
cancer75 and for Huntington’s disease76 suggest that the
psychological benefits may outweigh the risks, although
there are concerns that genetic information may generate
psychological distress.77,78 The stigma associated with
breast cancer diagnosis has been found to decrease testing interest.79 However, obesity is a seriously stigmatizing condition because of its implications about poor
personal character, and so the possibility that it is genetically influenced may reassure some people and allay
their anxiety. Little is known about how people perceive
evidence for a genetic basis for behavioral conditions.
For some, a positive genetic test result may be reassuring
because it alleviates the burden of individual responsibility, while for others it may be troubling precisely
because it seems to diminish their control.
It is also unclear how self-awareness of genetic
status might affect health care behavior, e.g., treatment,
screening, and prevention efforts. Might patients who
discover a genetic propensity feel more motivated to
avoid overeating, or might feelings of hopelessness overwhelm them and negatively affect their desire for selfcontrol?80
Nutrition Reviews姞, Vol. 62, No. 8

Genetic Testing of Minors
Advantages and Disadvantages Specific to
Minors
Adolescents often need to believe that they have explicit
control in order to adjust well to life problems.81 Some
children may be aware of problems in families with
genetic conditions, including the possibility that they are
at risk, but may feel unable to express their anxieties and
concerns.82 An investigation of Canadian high schoolers’
attitudes towards cystic fibrosis screening found that,
given the chance to participate, many viewed the experience positively.83 As for adults, advantages of genetic
testing for minor children may include resulting freedom
from anxiety and lead to more open discussion of the
problem. Also, parents may feel better equipped to take
the genetic factors into account as they try to secure the
best environment they can for the child and for the whole
family.84
On the other hand, those opposed to testing children
focus on how the genetic testing deprives them of making an informed choice when they reach adulthood about
whether they wish to be tested. For some conditions,
adults do not wish to be tested, and adolescents tend not
to look beyond the immediate situation and not to recognize that their values may change over time.85,86 As is
the case for adults, there may be negative consequences
for a child because of discrimination and stigmatization
from others because of the inherited condition.
Perhaps more subtle and more devastating, parents’
expectations of and behavior toward a child with the
genetic variant may change for the worse,81 perhaps even
resulting in the parents “scapegoating” the child. The
reaction of parents when told the results of their children’s genetic tests, e.g., for early-onset cancer, is instructive: positive tests increased anxiety, and parents of
children with negative results were not reassured.87
Genetic disease can be a source of “enormous personal and family shame and guilt . . . diminished selfesteem, feelings of deficiency and loss of control following birth of a child with a genetic disorder.”88 How could
this play out in a condition as different from cancer as
obesity? The order of magnitude might of course be
different; however, knowledge that a child is a carrier for
obesity genes might lead some well-meaning parents to
restrict the child’s eating excessively, similar to the
harshly restrictive diets that some children found to have
above average serum cholesterol have been fed.81 Children who receive a negative genetic test result for a
medical condition may experience survivor guilt,82,86
especially if the condition affects siblings. There is the
possibility of being socially ostracized because parents
and siblings may perceive them as different.89,90 In the
case of obesity, they may also experience frustration
because of the lack of a genetic cause to blame.
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Data are limited, but some authors have explored the
reactions of children to screening for risk factors. In
pediatric screening for a predictor of diabetes, children
who tested positive were anxious when first told, but
their anxiety returned to normal within 2 to 3 months;
apparently, the children minimized the health threat,
although relatives did not.91 Children who learned the
results, whether positive or negative, of their genetic
testing for hereditary colorectal cancer did not show
significant changes in depression or anxiety scores over
a several-year period of follow-up,92,93 although a subsample of children with mutation-positive siblings had
higher, although subclinical, depression scores.93
Should Parents Be Final Arbiters, or Should
There Be Some Public Consensus about
Genetic Testing of Minors?
The issue of respect for a child’s autonomy versus
beneficence for his or her welfare is central to the
discussion about parental and child decision-making
about genetic testing. There is an increasing emphasis
today in the medical profession on patients’ decisionmaking, with information and guidance from their physicians. This emphasis on autonomy has encouraged
increasing participation by children as well as adults in
health care decisions. Authors in the critical care literature have called for physicians to consider consulting
adolescent patients about the direction of their care,
rather than relying solely on parents or guardians. This
trend is fostered by an increasing respect for the child’s
capacity to make medical decisions.91,94,95 However, in
medical issues for children in general, and in genetic
issues in particular, an important question concerns the
autonomy of the adult (parent) as well as the child.86
There appears to be an impasse involving the value
judgments at the heart of decisions about testing children
for various adult-onset conditions. Some authors believe
strongly that these kinds of decisions “should be made by
those who care most about the children—the parents,”82
and researchers have described parents’ frustration when
they have been denied breast cancer genetic testing for
their minor children.96 Indeed, some suggest that if
parents are anxious about a child, the reduction of this
anxiety through testing may benefit not only themselves
but also the entire family, including the tested child and
siblings. So this reduction of parental anxiety in itself
might be sufficient reason to test the child.
What if parents and minor children disagree? Some
believe that both the parents and adolescent must consent
to testing if there is no therapeutic intervention that can
begin in childhood.97 However, there is the potential for
undue parental influence over minors in medical decisions.98 Others have suggested that in some circumstances, the wishes of an adolescent to participate in or
refrain from testing might override parental wishes, e.g.,
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for an allele that is a risk factor for the severity of
consequences of head trauma that might be sustained
during high-contact sports.99 This situation seems analogous to obesity in that the adolescent’s decisions about
present-day behavior might cause later problems. However, some public health experts believe that testing
decisions involve values and thus are decisions that
concern society as a whole,100 and not just any single
group of stakeholders. Testing minors is potentially dangerous for their social adjustment and access to insurance, and could be an invasion of their privacy.
Furthermore, there is no consensus among professionals about if and when to test minors, so suggestions
to leave the decisions to health care providers would not
be useful. Geneticists in the United States are less willing
to test children than are pediatricians and parents.85,86 In
one study, half of surveyed geneticists, but three-quarters
of pediatricians, would test for a genetic predisposition to
alcoholism if such a test existed, although they would not
necessarily share results with the children until the age of
majority.
Geneticists and pediatricians were also surveyed
about whether a 16-year-old should be able to refuse
genetic testing in spite of the parent’s desire for the child
to be tested. If the condition were treatable, only 28% of
pediatricians and 22% of geneticists would honor the
minor’s wishes to refrain. If not treatable, however, more
geneticists would wish to withhold the testing.
Existing research has only begun to focus on these
issues. Michie and Marteau91 noted that we need to
examine more closely the attitudes of children, parents,
and health professionals; the informed consent process
and how communication leads to information recall and
decision-making; and the psychological consequences of
predictive testing in children, particularly when they are
members of families at risk.
Should Age or Competency Be the Criterion?
Age
A number of studies have examined how age influences
children’s development of the kinds of abilities that are
required for informed decision-making about genetic
testing. Informed consent for research is required for
those 18 years and older; children as young as 7 years are
sometimes considered capable of assent, defined as “a
child’s affirmative agreement to participate in research.”101 However, there are no clear guidelines for
obtaining assent for different ages and abilities of young
children.102
Piaget’s work suggested that children enter the stage
of formal operations and abstract thought at about age
12. Although his work has been criticized as insufficiently sensitive to factors such as social class, income,
ethnicity, number of children in the family, parents’ ages
Nutrition Reviews姞, Vol. 62, No. 8

and education, and other home aspects103—all of which
can produce variation in the age at which formal operations are undertaken—11 or 12 years is the age when
children are considered capable in many religious traditions of major decisions.85 Research that compared children’s perceptions of their understanding of elements of
research consent with their actual measured levels of
understanding suggested that those older than 11 years
had significantly greater understanding than younger
children.104
Some authors point out that early adolescence is the
time at which understanding and maturity begin.105 Adolescents 12 to 14 years old appear less able to perform
the required activities, such as anticipating consequences
and recognizing vested interests in communication, than
those around the age of 15.106 The courts have ruled that
minors can consent independently to medical treatment
at age 15.86 While some have suggested that 14-yearolds appear to have levels of mental competence comparable to adults regarding decision-making about medical treatment in general,107,108 social concepts and
motivational aspects appear somewhat later, in those 15
and older.106 In a recent study, more than 70% of
early-onset breast cancer survivors believed that the
appropriate age for informing children about the familial
possibility of hereditary breast cancer risk was before
18.109 When children and adolescents themselves were
asked about the age at which they should be allowed to
make medical decisions, the average response was in the
range of 15 to 16.6 years.110,111 But some experts have
noted that decisions to test 16-year-olds should take into
account issues of personal identity, sexuality, and family
relationships that adolescents are dealing with at that
age.91
Competency
Development of criteria for informed decision-making
by adolescents may be approached by focusing not on
the age at which certain competencies appear, which
must be variable, but on the sources of such cognitive,
psychological, and social variability. Each case could
then be specifically evaluated for these competencies.
Competency has been defined as understanding relevant
information, having the wisdom or discretion to evaluate
it in light of one’s best interests, and having the confidence to act with some independence and to take responsibility and accept blame. Assessment of competency
will be difficult without clearly agreed upon methods.112
Because few adults have these capacities, authors
have pointed out that higher standards should not be
expected of children.112 Processes used by adults fall far
short of normative rational decision-making, and are
subject to the kinds of biases found in situations marked
by uncertainty.111,113 Thus, adolescents’ processes may
not be noticeably worse than those of adults. However, a
Nutrition Reviews姞, Vol. 62, No. 8

recent review of the relatively few studies available
suggested that adolescents’ decision-making competence
in general may be less than adults in some areas, such as
advice-seeking and goal setting, but similar to adults in
other areas, such as response to moderating factors.114
Children age 10 to 17 who were interviewed about
participating in research involving genetic testing for
breast cancer and heart disease initially viewed the research as low risk before they received counseling about
the hazards,115 yet adults often have similar reactions.
Variables that should be taken into account in describing
these processes include112:
● Knowledge of relevant condition based on personal
experience. Children who have lived with a relative
who has the medical condition may have a better
grasp of the issues than children who may be cognitively more advanced but cannot personalize the
information to the same extent.112
● Family pressure applied to the child regarding testing.116 Pressure from parents or other family members may compromise a child’s ability to look at the
cognitive issues clearly. Also, such pressure may
come from the same families that afford the most
knowledge of the relevant conditions, mentioned
above, because of daily pressure of living with a
loved one affected with the condition. Nevertheless,
it seems unreasonable to expect complete freedom
from family pressure112; indeed, adults often feel
family pressure regarding the decision to get genetic
testing. However, it is likely more serious in a minor
because of his or her dependent relationship upon
the parents.
● Children’s understanding of inheritance and kinship. Richards117 points out that inheritance and
kinship should not be equated with Mendelian genetics, but with lay concepts of kinship and children’s understanding of the relationships and responsibilities among their family members. He
found that evidence of children’s beliefs about kinship is lacking in the literature, but would be important in assessing competence in decision-making
about genetic testing.
● The more general educational context. The context
in which explanations are given to the children also
affects their ability to make informed decisions, e.g.,
how well the experts explaining the facts to them
understand the condition and testing/treatment, and
how new and risky the treatment.112
Psychological Adaptation: Adolescence,
Self-esteem, and Future Protective Barriers
Adolescence is a critical time for the formation of the
concepts of social identity, self-esteem, and personal
worth. Concerns have been raised that knowing a posi311

tive test result for a future debilitating condition might
well interfere with these natural processes. However,
these concerns need to be balanced against positive
results relevant to the adolescents’ future that have sometimes been found: in some situations, when individuals
are told about a condition such as Huntington’s disease
during adolescence, they appear more able to deal with it
later during their lives than those told during adulthood.118 While of course we do not equate Huntington’s
disease with obesity, adolescence may be an important
formative period, and knowledge obtained then may
facilitate development of autonomy119 and buffer individuals in their later accommodation to their situation.120
This trade-off between adolescents’ developing self-esteem and future protection requires further research.
Some authors believe that decisions about some genetic
testing, e.g., for hereditary breast cancer, should be made
by all “psychologically normal” adolescents, because
respect for their autonomous choices has such positive
consequences for their self-esteem.121
Other attributes of adolescents relate to the way that
self-esteem develops during this period and how this
may influence their ability to participate in decisions
about genetic testing. These include pressure to conform
to peer group norms at all costs (although parents often
remain more influential regarding key values)106 and
adolescents’ perceptions of an external locus of control,
which may make them less likely to question received
health-related information.85
Issues Specific to Genetic Testing of Minors
for Obesity
Distinction between Early and Late Onset Is
Frequently Made but Not Simple to Apply
The National Human Genome Research Institute’s Task
Force on Genetic Testing 1997 report, “Promoting Safe
and Effective Genetic Testing in the United States,”
recommended that children not be tested for adult-onset
genetic conditions unless medical interventions existed
that could benefit the children directly.122 Similarly, a
2001 policy statement by the American Academy of
Pediatrics stated that “genetic testing of children and
adolescents to predict late-onset disorders is inappropriate when the genetic information has not been shown to
reduce morbidity and mortality through interventions
initiated in childhood.”123 While the distinction between
early- and late-onset diseases may be useful in evaluating
genetic testing of children for many conditions, obesity is
not so easily categorized. Except for some rare childhood-onset conditions, obesity may be either a youth- or
an adult-onset disease, with gradual onset of symptoms.
However, the actual medical conditions that require
treatment (e.g., diabetes or heart disease) are less likely
to occur in youth (although this is changing somewhat).
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Thus, obesity may not have the same urgency for treatment as other conditions, e.g., phenylketonuria.
Insurance companies and Medicare do not currently
cover many forms of obesity treatment because it is
usually considered a symptom or precursor to some other
disease, and not worth treating by itself. Until very
recently, taxpayers have not been able to deduct the costs
of weight loss programs as medical expenses unless they
were recommended by a doctor to treat a specific disease.
Obesity itself was not recognized by the IRS as an
ailment that qualified for the weight loss expense deduction afforded to those with pathology that may be associated with obesity. In April 2002, however, the IRS
ruled that obesity itself qualifies as a disease for which
medical treatment is tax-exempt, and this could pave the
way for insurers to cover obesity treatment per se. These
policies may lead to greater public recognition that obesity in minors is an early-onset disease. Especially if
more successful prevention efforts can be found now
than in the past, or if treatments that have broad applicability are discovered, it is likely there will be greater
acceptance of testing minor children for obesity. Research with adolescents is lacking, however, about
whether knowledge of a genetic test result could itself, at
least under some conditions and for some of those
affected, be a deterrent to start or an inducement to
control overeating.
Obesity May Be Accompanied by Social
Stigmatization Not Present in Some Other
Genetic Conditions
The obese are severely stigmatized as self-indulgent,
without self-discipline, lazy, and unattractive,124 and
they believe these stereotypes themselves, leading to
self-prejudice and erosion of self-esteem with no selfprotective strategy to buffer negative feedback.125,126
The social stigma of obesity appears to hold as true for
youths and adolescents as for adults. In laboratory studies,127–129 obesity in children leads to rejection by peers
and is associated with negative characteristics such as
laziness and sloppiness.130 The evidence in general suggests that overweight children have poorer self-concept
than normal-weight children,131,132 and girls may show
depressive symptoms.133 By adolescence, those who are
overweight develop poor self-esteem134 and a negative
self-image that persists into adulthood135; they are also
more likely to report victimization by peers,136 social
isolation,137 and serious emotional problems.138,139 Both
children and adolescents who are obese report lower
social functioning and psychosocial functioning scores
on health-related quality of life inventories.140 However,
information that shifts the responsibility from the obese
and describes them as not responsible for their condition
may mitigate this stigma in children as young as elementary school.141 The attenuating effect of the information
Nutrition Reviews姞, Vol. 62, No. 8

regarding causes of obesity on stigmatization is provocative, and will be important to explore in future research:
a recent report found that providing information to adults
that obesity is mainly due to genetic factors did not lower
bias.142 In one research study, a majority of adults with
other stigmatizing conditions, such as bipolar disorder,
and their social supporters endorsed genetic testing for
children, even in the absence of treatment, perhaps as a
way to counter stigma and suggest that the problem is not
the fault of affected individuals.143
Suggestions for Research about Genetic
Testing of Adolescents for Obesity
Difficulties in Policy Development
Many variables must be taken into account in research to
develop policy guidelines for genetic testing of adolescents for biobehavioral traits such as obesity. For example, demographic subgroups must be considered, because
gender, race/ethnicity, and social class are confounded
with prevalence of and attitudes towards obesity and
genetic testing.
Sub-group differences: gender. Psychological effects of the highly stigmatizing condition of obesity are
moderated by gender: weight and control of eating appear to be more serious issues for women than for
men.124,144 In children, the psychosocial effects of obesity appear more severe for girls than for boys,145 who
are less likely to try to lose weight and less concerned
about their weight.146,147 Adolescent obesity in women
(but not in men), as distinct from a variety of other
physical chronic conditions such as asthma, is associated
with lowered social achievement in early adulthood, e.g.,
income and advanced education, even after controlling
for income and education in the family of origin.148
Gender differences have also been noted in genetic
counseling. For example, in cystic fibrosis testing,
women said they were happier than men at being noncarriers and unhappier at being carriers.68
Sub-group differences: race/ethnicity. The prevalence of obesity in African Americans is higher than in
European Americans: in African-American women,
prevalence is estimated at around 37%; more than half
are overweight.149 Psychosocial consequences of obesity
have been observed in Latino children as well as in
African-American and European-American children,134,150
and some studies suggest that Latina women are negatively affected by concerns about body image.151 Poor
self-esteem is correlated more often with high body
weight among European Americans than among African
Americans,152 and obese African-American women appear less preoccupied with their body image146,147 and
with the social consequences of their obesity.153 There
may be a lower BMI-associated mortality rate in African
Americans relative to European Americans,154 and some
Nutrition Reviews姞, Vol. 62, No. 8

researchers believe that genetic factors may contribute to
observed differences among ethnic groups.155,156 Ethnic
differences have also been noted in genetic testing. For
example, in one study, African-American women given
education and counseling planned to be tested for breast
cancer genetic mutations with greater frequency than
those who received education only, while no differences
were observed for Caucasian women.157
Sub-group differences: social class and cultural aspects. The variation among different ethnic groups in
prevalence of obesity is confounded with social class. A
large literature demonstrates the association between
lower social class, defined variously as educational status, income, occupational status, or some combination
of these, and higher rates of obesity in the United
States,158 –162 Europe,163–169 and elsewhere. The effect is
widely reported in children and adolescents as well as in
adults.
Adults with higher income and educational status
are more likely to perceive themselves as overweight,
relative to lower-income adults with the same BMI.147
Also, mothers of low educational status (high school or
less) tend to fail to perceive that their young (age 2–5
years) children are overweight, after controlling for
child’s age, gender, and race.170 Studies have emphasized the importance of cultural factors in the family,
e.g., the amount of physical activity and feeding control
patterns on development of obesity.166,167,171
Large Number of Factors
The review above suggests that the following factors will
need to be taken into account in research to develop
policy and to counsel individual adolescents on obtaining
genetic testing for obesity:
● Family demographics,
● Child’s age,
● Child’s gender,
● Ethnicity,
● Social class (educational status, income), and
● Weight status, e.g., BMI.
In fact, an important question will be whether the
adolescent is obese at the time of testing or at risk
because of the familial history. For each of the following,
both the child’s and the family’s perceptions should be
taken into account:
● Level of stigma experienced for obesity,
● Perceptions of health risks associated with obesity,
● Perceptions of child’s ability to control obesity,
● Anticipated changes in self-concept if a genetic test
result is positive,
● Attitudes about autonomy of children,
● Anticipated approval or disapproval of the support
network,
● Cognitive ability to process the relevant genetic risk
information,
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Knowledge of obesity based on personal experience,
and
● Understanding of inheritance and kinship.
In most cases, the parents will be the most relevant family members, although siblings, extended
family networks, and/or the child’s guardian may also
be involved.
This is a large number of complex factors. Furthermore, they do not include any of the variables associated
with a genetic counselor (e.g., the counselor’s beliefs
about the family or the trait or the counselor’s need for
certainty or external/internal locus of control), but surely
counselors vary on these, and they will need to be taken
into account in any model of shared decision-making
between patients and counselors.
●

Communication, Always Important, Is Critical
Here
Many authors have noted the importance of communication in counseling for genetic testing, and have stressed
informed consent as a process rather than a single
event.172 This process should involve a transaction between all parties rather than expert advice that flows
unidirectionally from counselor to patient, although authors point out the difficulties in applying this to minors.173 In this context, tailored print communication,
developed especially for an individual on the basis of
knowledge about his or her circumstances, may be useful.174 Audiences appear to interpret the meaning of
terms such as “mutation” and “risk” differently from
what is meant by authors of these messages, and so it will
be very important to pre-test messages; few studies
integrate communication research with the genetic context.173
A good example of ways in which a patient’s individual cognitive style may interact with message type is
found in Croyle et al.’s 1995 study,175 which showed an
interaction between need for certainty and type of information presented in predicting individuals’ interest in
genetic testing. People with a high need for certainty
were more interested in genetic testing when provided a
standard description rather than a more complete description of how to interpret population-based genetic
risk for a negative test; those with low need for certainty
showed the opposite pattern. Personal perception of the
kind of information provided by a test is an important
predictor of future use of the test. Effective communication will be very important in dealing with adolescents
and biobehavioral traits such as obesity, because of the
socially sensitive nature of the behavior, issues of personal responsibility, and the adolescent’s stage of development of self-esteem.
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The Public Health Arena as a Focus for
Educational Efforts
All of the foregoing suggests great complexity in the
issues surrounding genetic testing of adolescents for
obesity. Will the providers of counseling efforts for
genetic testing be ready for this job? Genetic counselors
are in short supply, and primary care providers— general
practitioners and pediatricians—are currently not welltrained in genetic counseling generally.176 –179
Unless the financial regulations change for delivery
of genetic counseling services, it seems doubtful that
individual counselors will be available, or reimbursed,
for in-depth counseling of adolescents and their families
on genetic testing for widely prevalent biobehavioral
traits such as obesity. Yet these issues will be of serious
concern when genetic bases for obesity are identified and
tests are available, particularly because tests often
emerge into the marketplace before their best use is
clearly defined. Schools, workplaces, the mass media,
and individualized technologic education programs that
use interactive surveys and guidelines all have the potential to be tremendously useful resources that can be
efficiently mobilized to help educate consumers about
genetic testing of adolescents for obesity.
These recommendations assume that general, widely
applicable guidelines will be difficult to develop and
even more difficult to deliver because:
. . . each child, and each child-parent relationship, is
unique. There is a limit to how helpful general ideas
can be when talking with the individual child—so
much depends on the specific relationship and on how
freely and comfortably the child and adult talk about
many other things. It may be assumed that parents
should have an orderly plan, gradually unfolding
information as the child ‘develops,’ but life is not like
that. Some children understand something long before
the textbooks say that they can, others want to talk
years after that ‘stage’. . . . There are barriers to
communication, especially in busy clinics. . . . Communication goes beyond words in tone of voice . . . facial expression and body language. . . . More important than practical barriers are those of attitudes . . . .112
This will be very difficult for the genetic counselor to
assess in the time available for individual counseling.
Not only children but also adults will need exposure
to public education efforts about the basic concepts of
genetics, risk, and probability.48 Genetic literacy is critical for the coming age of widely available genetic
testing. One expert suspects that “as the range of tests
that are commercially available continues to grow,
within a global economy where information is freely
available to those with access to the Web, it is going to
Nutrition Reviews姞, Vol. 62, No. 8

be increasingly difficult to prevent anyone from having
tests performed on any DNA sample, whether it comes
from an adult or a child.”117
We may infer from the literature on medical decision-making that mid-adolescence may be a time when
appropriately educated adolescents can understand the
issues involved in such testing and give informed consent, although little work has examined this question
directly. With broad media exposure, the public appears
to be approaching an understanding that obesity is a
disease in its own right that needs to be prevented and/or
treated, and that this is a better alternative than waiting
until an individual becomes symptomatic for diseases for
which obesity is a risk factor. One aspect that will be
crucial in future discussions of genetic testing for biobehavioral traits such as obesity is whether effective prevention strategies and behavioral and genetic-based
treatments exist. This will have an important effect on
the advantages and disadvantages of genetic testing for
obesity at specific ages. We cannot predict this in advance, but we can begin to address issues of numeracy
and scientific literacy, particularly regarding risk and
probability, which have implications not only for genetic
testing of obesity, but also for genetic testing in general,
as well as understanding the risks of many diseases and
treatments. As the consumer decision-making movement
continues to grow, this will be extremely important
across a wide variety of situations in health care.
We can also begin to understand the best ways to
frame the issues in genetic testing for affected youths.
Such genetic testing might be widely approved and taken
up by parents and affected youths because of the possible
relief from stigma and personal responsibility it might
provide. Our group is beginning to address these issues
systematically with focus groups and in-depth interviews
of adults, adolescents, and parents of younger children.
We recognize that interest in hypothetical testing has
been shown to be a poor predictor of uptake when tests
later became available, e.g., for diseases such as Huntington’s disease and breast cancer. However, it is critical not to wait until tests actually become available to
formulate the issues and to begin to address them, because experience shows that when a widely desired
health care option becomes possible, time is inadequate
between its initial availability and subsequent uptake to
do the careful research that is required.
Would a positive genetic test result in more responsible health care practices to guard against obesity
among affected or at-risk adolescents? At this point, we
cannot predict this, as to our knowledge no research has
been published with subjects in this age group. However,
we can ask adolescents and their parents today to share
ideas about this with us. We suspect that such research is
likely to be more successful if subjects are asked to
Nutrition Reviews姞, Vol. 62, No. 8

suggest not simply whether they would or would not
adhere to improved health regimens, but rather the conditions under which they would or would not, and the
reasons why the conditions might yield different results.
This approach will yield testable hypotheses at the time
that genetic testing becomes available.
Our suggestions that we anticipate using community
settings to deliver educational interventions to adolescents and their families regarding genetic testing for
obesity, and that we begin to develop interactive, personally tailored mechanisms to do so, are similar to
recommendations by Marcus for risk communication for
cancer.180 In this way, we can hope to maximize adolescents’ autonomy within the wider context of the needs of
their families for guidance and control. We can help
them to obtain tools for understanding and communicating about these sensitive and important issues, and so
maximize the usefulness to individuals of the new genetic technologies that will emerge.
Research determining the content of these types of
educational strategies is needed. As Marcus has pointed
out, “What is not fully understood is the role of sociocultural norms, and by extension, various significant
others (and especially the family) in modifying or mediating risk communication on individual health behavior. . . . Similarly, we lack a basic understanding of how
individual risk information might impact the family,
including familial relationships and the risk perceptions
of other family members.”180 Research in these areas,
with the goal of the eventual development of widely
available but personalized public health educational efforts, will be an important start in responsibly addressing
the enormous potential of genetic technology for biobehavioral traits such as obesity.
Acknowledgement
This article has been supported by a grant from the
Ethical, Legal and Social Implications program of the
National Human Genome Research Institute, National
Institutes of Health, #RO3-HG02499, “Values, Attitudes
and Beliefs in Obesity Genetic Testing.” We thank Julie
Lytton for reviewing the manuscript.
1.

Khoury MJ, Burke W, Thomson EJ. Genetics and
public health: a framework for the integration of
human genetics into public health practice. In:
Khoury MJ, Burke W, Thomson EJ, eds. Genetics
and Public Health in the 21st Century. Oxford,
England: Oxford University Press; 2000:3–24.
2. McLellan AT, Lewis DC, O’Brien CP, Kleber HD.
Drug dependence, a chronic medical illness: Implications for treatment, insurance, and outcomes
evaluation. JAMA. 2000;284:1689 –1695.
3. Manson JE, Bassuk SS. Obesity in the United
States: a fresh look at its high toll. JAMA. 2003;
289:229 –230.
4. Calle EE, Thun MJ, Petrelli JM, Rodriguez C, Heath
315

5.

6.

7.

8.
9.
10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
316

CW Jr. Body-mass index and mortality in a prospective cohort of U.S. adults. N Engl J Med.
1999;341:1097–1105.
Hill JO, Wyatt HR, Melanson EL. Genetic and environmental contributions to obesity. Med Clin N
Am. 2000;84:333–346.
Mokdad AH, Ford ES, Bowman BA, et al. Diabetes
trends in the U.S.: 1990 –1998. Diabetes Care.
2000;23:1278 –1283.
Must A, Spadano J, Coakley EH, Field AE, Colditz
G, Dietz WH. The disease burden associated with
overweight and obesity. JAMA. 1999;282:1523–
1529.
Pi-Sunyer FX. Medical hazards of obesity. Ann
Intern Med. 1993;119:655– 660.
Pi-Sunyer FX. Health implications of obesity. Am J
Clin Nutr. 1991;53:1595S–1603S.
La Guardia M, Giammanco M. Breast cancer and
obesity. Panminerva Med. 2001;43:123–133.
Farooqi IS, O’Rahilly S. Recent advances in the
genetics of severe childhood obesity. Arch Dis
Child. 2000;83:31–34.
Hill JO, Trowbridge FL. Childhood obesity: future
directions and research priorities. Pediatrics. 1998;
101:570 –574.
Kuczmarski RJ, Flegal KM, Campbell SM, Johnson
CL. Increasing prevalence of overweight among
U.S. adults. The National Health and Nutrition Examination Surveys, 1960 to 1991. JAMA. 1994;
272:205–211.
Mokdad AH, Serdula MK, Dietz WH, Bowman BA,
Marks JS, Koplan JP. The spread of the obesity
epidemic in the United States, 1991-1998. JAMA.
1999;282:1519 –1522.
Mokdad AH, Serdula MK, Dietz WH, Bowman BA,
Marks JS, Koplan JP. The continuing epidemic of
obesity in the United States. JAMA. 2000;284:
1650 –1651.
Troiano RP, Flegal KM. Overweight children and
adolescents: description, epidemiology, and demographics. Pediatrics. 1998;101:497–504.
Ogden CL, Flegal KM, Carroll MD, Johnson CL.
Prevalence and trends in overweight among US
children and adolescents, 1999-2000. JAMA.
2002;288:1728 –1732.
Cuttler L, Whittaker JL, Kodish ED. Pediatric obesity policy: the danger of skepticism. Arch Pediatr
Adolesc Med. 2003;157:722–724.
Dietz WH. Health consequences of obesity in
youth: childhood predictors of adult disease. Pediatrics. 1998;101:518 –525.
Engeland A, Bjorge T, Sogaard AJ, Tverdal A.
Body mass index in adolescence in relation to total
mortality: 32-year follow-up of 227,000 Norwegian
boys and girls. Am J Epidemiol. 2003;157:517–523.
Fontaine KR, Redden DT, Wang C, Westfall AO,
Allison DB. Years of life lost due to obesity. JAMA.
2003;289:187–193.
Must A. Morbidity and mortality associated with
elevated body weight in children and adolescents.
Am J Clin Nutr. 1996;63:445S– 447S.
Wilson GT. Behavioral treatment of childhood obesity: theoretical and practical implications. Health
Psychol. 1994;13:371–372.
Wadden TA, Sternberg JA, Letizia KA, Stunkard

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.
37.

38.

39.

40.
41.

AJ, Foster GD. Treatment of obesity by very low
calorie diet, behavior therapy, and their combination: a five-year perspective. Int J Obes. 1989;13:
39 – 46.
Wadden TA. Treatment of obesity by moderate
and severe caloric restriction: results of clinical
research trials. Ann Intern Med. 1993;119:688 –
693.
Must A, Gortmaker SL, Dietz WH. Risk factors for
obesity in young adults: Hispanics, African Americans and Whites in the transition years, age 16 –28
years. Biomed Pharmacother. 1994;48:143–156.
Dietz WH Jr., Gortmaker SL. Do we fatten our
children at the television set? Obesity and television viewing in children and adolescents. Pediatrics. 1985;75:807– 812.
Gortmaker SL, Must A, Sobol AM, Patterson K,
Colditz GA, Dietz WH. Television viewing as a
cause of increasing obesity among children in the
United States, 1986 –1990. Arch Pediatr Adolesc
Med. 1996;150:356 –362.
Hill JO, Melanson EL. Overview of the determinants of overweight and obesity: current evidence
and research issues. Med Sci Sports Exerc. 1999;
31:S515–S521.
Bandini LG, Vu D, Must A, Cyr H, Goldberg A, Dietz
WH. Comparison of high-calorie, low-nutrientdense food consumption among obese and nonobese adolescents. Obes Res. 1999;7:438 – 443.
Barsh GS, Farooqi IS, O’Rahilly S. Genetics of bodyweight regulation. Nature. 2000;404:644 – 651.
Vogler GP, Sorensen TI, Stunkard AJ, Srinivasan
MR, Rao DC. Influences of genes and shared family environment on adult body mass index assessed in an adoption study by a comprehensive
path model. Int J Obes Relat Metab Disord. 1995;
19:40 – 45.
Montague CT, O’Rahilly S. The perils of portliness:
causes and consequences of visceral adiposity.
Diabetes. 2000;49:883– 888.
Bouchard C, Rice T, Lemieux S, Despres JP, Perusse L, Rao DC. Major gene for abdominal visceral fat area in the Quebec Family Study. Int J
Obes Relat Metab Disord. 1996;20:420 – 427.
Rosenbaum M, Leibel RL. The physiology of body
weight regulation: relevance to the etiology of obesity in children. Pediatrics. 1998;101:525–539.
Comuzzie AG, Allison DB. The search for human
obesity genes. Science. 1998;280:1374 –1377.
Lee JH, Reed DR, Price RA. Leptin resistance is
associated with extreme obesity and aggregates in
families. Int J Obes Relat Metab Disord. 2001;25:
1471–1473.
Vaisse C, Clement K, Durand E, Hercberg S, GuyGrand B, Froguel P. Melanocortin-4 receptor mutations are a frequent and heterogeneous cause of
morbid obesity. J Clin Invest. 2000;106:253–262.
Nishigori H, Tomura H, Tonooka N, et al. Mutations
in the small heterodimer partner gene are associated with mild obesity in Japanese subjects. Proc
Nat Acad Sci U S A. 2001;98:575–580.
Clement K, Boutin P, Froguel P. Genetics of obesity. Am J Pharmacogenomics. 2002;2:177–187.
Sankar P. Genetic privacy. Annu Rev Med. 2003;
54:393– 407.
Nutrition Reviews姞, Vol. 62, No. 8

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Wilcke JT, Seersholm N, Kok-Jensen A, Dirksen A.
Transmitting genetic risk information in families:
attitudes about disclosing the identity of relatives.
Am J Hum Genet. 1999;65:902–909.
Goelen G, Rigo A, Bonduelle M, De Greve J. Moral
concerns of different types of patients in clinical
BRCA1/2 gene mutation testing. J Clin Oncol.
1999;17:1595–1600.
Applebaum-Shapiro SE, Peters JA, O’Connell JA,
Aston CE, Whitcomb DC. Motivations and concerns of patients with access to genetic testing for
hereditary pancreatitis. Am J Gastroenterol. 2001;
96:1610 –1617.
Weinstein ND. What does it mean to understand a
risk? Evaluating risk comprehension. J Natl Cancer
Inst Monogr. 1999;25:15–20.
Yamagishi K. When a 12.86% mortality is more
dangerous than 24.14%: implications for risk communication. Appl Cogn Psychol. 1997;11:495–506.
Lipkus IM, Samsa G, Rimer BK. General performance on a numeracy scale among highly educated samples. Med Decis Making. 2001;21:37–
44.
Biesecker BB, Garber JE. Testing and counseling
adults for heritable cancer risk. J Natl Cancer Inst
Monogr. 1995;17:115–118.
Rimer BK. The cancer risk communication meeting
in perspective. J Natl Cancer Inst Monogr. 1999;
25:3.
Vernon SW. Risk perception and risk communication for cancer screening behaviors: a review. J Natl
Cancer Inst Monogr. 1999;25:101–119.
Lipkus IM, Kuchibhatla M, McBride CM, et al.
Relationships among breast cancer perceived absolute risk, comparative risk, and worries. Cancer
Epidemiol Biomarkers Prev. 2000;9:973–975.
Grimes DA, Snively GR. Patients’ understanding of
medical risks: implications for genetic counseling.
Obstet Gynecol. 1999;93:910 –914.
Edwards A, Elwyn G, Covey J, Matthews E, Pill R.
Presenting risk information—review of the effects
of “framing” and other manipulations on patient
outcomes. J Health Commun. 2001;6:61– 82.
Press N, Clayton EW. Genetics and public health:
Informed consent beyond the clinical encounter.
In: Khoury MJ, Burke W, Thomson EJ, eds. Genetics and Public Health in the 21st Century. Oxford,
England: Oxford University Press; 2000:505–526.
Lloyd S, Watson M, Waites B, et al. Familial breast
cancer: a controlled study of risk perception, psychological morbidity and health beliefs in women
attending for genetic counselling. Br J Cancer.
1996;74:482– 487.
Evans DG, Blair V, Greenhalgh R, Hopwood P,
Howell A. The impact of genetic counselling on risk
perception in women with a family history of breast
cancer. Br J Cancer. 1994;70:934 –938.
Watson M, Lloyd S, Davidson J, et al. The impact
of genetic counselling on risk perception and mental health in women with a family history of breast
cancer. Br J Cancer. 1999;79:868 – 874.
Jallinoja P, Hakonen A, Aro AR, et al. Attitudes
towards genetic testing: analysis of contradictions.
Soc Sci Med. 1998;46:1367–1374.
Kodish E, Wiesner GL, Mehlman M, Murray T.

Nutrition Reviews姞, Vol. 62, No. 8

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Genetic testing for cancer risk: how to reconcile
the conflicts. JAMA. 1998;279:179 –181.
Lerman C. Psychological aspects of genetic testing: Introduction to the special issue. Health Psychol. 1997;16:3–7.
Marteau TM, Croyle RT. The new genetics: psychological responses to genetic testing. BMJ.
1998;316:693– 696.
Meiser B, Gleeson MA, Tucker KM. Psychological
impact of genetic testing for adult-onset disorders:
an update for clinicians. Med J Aust. 2000;172:
126 –129.
Press NA, Yasui Y, Reynolds S, Durfy SJ, Burke W.
Women’s interest in genetic testing for breast cancer susceptibility may be based on unrealistic expectations. Am J Med Genet. 2001;99:99 –110.
Vernon SW, Gritz ER, Peterson SK, et al. Intention
to learn results of genetic testing for hereditary
colon cancer. Cancer Epidemiol Biomarkers Prev.
1999;8:353–360.
Croyle RT, Lerman C. Interest in genetic testing for
colon cancer susceptibility: cognitive and emotional correlates. Prev Med. 1993;22:284 –292.
Miesfeldt S, Jones SM, Cohn W, et al. Men’s
attitudes regarding genetic testing for hereditary
prostate cancer risk. Urology. 2000;55:46 –50.
Diefenbach MA, Schnoll RA, Miller SM, Brower L.
Genetic testing for prostate cancer: willingness
and predictors of interest. Cancer Pract. 2000;8:
82– 86.
Marteau TM, Dundas R, Axworthy D. Long-term
cognitive and emotional impact of genetic testing
for carriers of cystic fibrosis: the effects of test
result and gender. Health Psychol. 1997;16:51– 62.
Codori AM, Brandt J. Psychological costs and
benefits of predictive testing for Huntington’s disease. Am J Med Genet. 1994;54:174 –184.
Salkovskis PM, Rimes KA. Predictive genetic testing: psychological factors. J Psychosom Res.
1997;43:477– 487.
Decruyenaere M, Evers-Kiebooms G, Van den
Berghe H. Perception of predictive testing for Huntington’s disease by young women: preferring uncertainty to certainty? J Med Genet. 1993;30:557–
561.
Biesecker BB, Boehnke M, Calzone K, et al. Genetic counseling for families with inherited susceptibility to breast and ovarian cancer. JAMA. 1993;
269:1970 –1974.
Dickens BM, Pei N, Taylor KM. Legal and ethical
issues in genetic testing and counseling for susceptibility to breast, ovarian and colon cancer.
CMAJ. 1996;154:813– 818.
Lynch HT, Watson P, Tinley S, et al. An update on
DNA-based BRCA1/BRCA2 genetic counseling in
hereditary breast cancer. Cancer Genet Cytogenet. 1999;109:91–98.
Lerman C, Narod S, Schulman K, et al. BRCA1
testing in families with hereditary breast-ovarian
cancer: a prospective study of patient decision
making and outcomes. JAMA. 1996;275:1885–
1892.
Wiggins S, Whyte P, Huggins M, et al. The psychological consequences of predictive testing for
Huntington’s disease. Canadian Collaborative
317

77.

78.

79.

80.
81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.
318

Study of Predictive Testing. N Engl J Med. 1992;
327:1401–1405.
Lerman C, Daly M, Masny A, Balshem A. Attitudes
about genetic testing for breast-ovarian cancer
susceptibility. J Clin Oncol. 1994;12:843– 850.
Lerman C, Croyle RT. Emotional and behavioral
responses to genetic testing for susceptibility to
cancer. Oncology. 1996;10:191–195.
Durfy SJ, Bowen DJ, McTiernan A, Sporleder J,
Burke W. Attitudes and interest in genetic testing
for breast and ovarian cancer susceptibility in diverse groups of women in western Washington.
Cancer Epidemiol Biomarkers Prev. 1999;8:369 –
375.
Marteau TM, Lerman C. Genetic risk and behavioural change. BMJ. 2001;322:1056 –1059.
Clarke A. Introduction. In: Clarke A, ed. The Genetic Testing of Children. Oxford, England: BIOS
Scientific Publishers, Ltd.; 1998:1–16.
Cohen C. Moving away from the Huntington’s disease paradigm in the predictive genetic testing of
children. In: Clarke A, ed. The Genetic Testing of
Children. Oxford, England: BIOS Scientific Publishers, Ltd.; 1998:133–143.
Mitchell J, Scriver CR, Clow CL, Kaplan F. What
young people think and do when the option for
cystic fibrosis carrier testing is available. J Med
Genet. 1993;30:538 –542.
Dalby S. GIG response to the UK Clinical Genetics
Society report ‘The genetic testing of children’.
J Med Genet. 1995;32:490 – 491.
Wertz DC, Fanos JH, Reilly PR. Genetic testing for
children and adolescents: who decides? JAMA.
1994;272:875– 881.
Wertz D. International perspectives. In: Clarke A,
ed. The Genetic Testing of Children. Oxford, England:
BIOS Scientific Publishers, Ltd.; 1998:271–287.
Grosfeld FJ, Beemer FA, Lips CJ, Hendricks KS,
ten Kroode HF. Parents’ responses to disclosure
of genetic test results of their children. Am J Med
Genet. 2000;94:316 –323.
Kessler S. Family processes in regard to genetic
testing. In: Clarke A, ed. The Genetic Testing of
Children. Oxford, England: BIOS Scientific Publishers, Ltd.; 1998:113–122.
Ross LF, Moon MR. Ethical issues in genetic testing of children. Arch Pediatr Adolesc Med. 2000;
154:873– 879.
American Society of Human Genetics Board of
Directors, American College of Medical Genetics
Board of Directors. Points to consider: ethical,
legal, and psychosocial implications of genetic
testing in children and adolescents. Am J Hum
Genet. 1995;57:1233–1241.
Michie S, Marteau TM. Predictive genetic testing in
children: the need for psychological research. Br J
Health Psychol. 1996;1:3–14.
Michie S, Bobrow M, Marteau TM. Predictive genetic testing in children and adults: a study of
emotional impact. J Med Genet. 2001;38:519 –526.
Codori AM, Zawacki KL, Petersen GM, et al. Genetic testing for hereditary colorectal cancer in
children: long-term psychological effects. Am J
Med Genet. 2003;116A:117–128.
Zawistowski CA, Frader JE. Ethical problems in

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

pediatric critical care: consent. Crit Care Med.
2003;31:S407–S410.
King NM, Cross AW. Children as decision makers:
guidelines for pediatricians. J Pediatr. 1989;115:
10 –16.
Lynch HT, Lemon SJ, Durham C, et al. A descriptive
study of BRCA1 testing and reactions to disclosure
of test results. Cancer. 1997;79:2219 –2228.
Ross LF. Commentary: genetic testing of adolescents: is it in their best interest? Arch Pediatr
Adolesc Med. 2000;154:850 – 852.
Scherer DG. The capacities of minors to exercise
voluntariness in medical treatment decisions. Law
Hum Behav. 1991;15:431– 449.
Caulfield TA. The law, adolescents, and the APOE
epsilon 4 genotype: a view from Canada. Genet
Test. 1999;3:107–113.
Wilfond BS, Thomson EJ. Models of public health
genetic policy development. In: Khoury MJ, Burke
W, Thomson EJ, eds. Genetics and Public Health
in the 21st Century. Oxford, England: Oxford University Press; 2000:61– 82.
Department of Health and Human Services. Additional protections for children involved as subjects
in research. In: Code of Federal Regulations, Title
45, Public Welfare, Part 46-Protection of Human
Subjects. Washington, DC: Department of Health
and Human Services; 1991: Subpart D.
Rossi WC, Reynolds W, Nelson RM. Child assent
and parental permission in pediatric research.
Theoret Med Bioeth. 2003;24:131–148.
Alderson P. Everyday and medical life choices:
decision-making among 8- to-15-year-old school
students. Child Care Health Dev. 1992;18:81–95.
Tait AR, Voepel-Lewis T, Malviya S. Do they understand? (part II): assent of children participating
in clinical anesthesia and surgery research. Anesthesiology. 2003;98:609 – 614.
Jolly A, Parsons E, Clarke A. Identifying carriers of
balanced chromosomal translocations: Interviews
with family members. In: Clarke A, ed. The Genetic
Testing of Children. Oxford, England: BIOS Scientific Publishers, Ltd.; 1998:61–90.
Mann L, Harmoni R, Power C. Adolescent decision-making: the development of competence. J
Adolesc. 1989;12:265–278.
Weithorn LA, Campbell SB. The competency of
children and adolescents to make informed treatment decisions. Child Dev. 1982;53:1589 –1598.
Melton GB. Children’s competence to consent: a
problem in law and science. In: Melton GB, Koocher
GP, Saks MJ, eds. Children’s Competence to Consent. New York: Plenum Press; 1983:1–18.
Miesfeldt S, Cohn WF, Jones SM, Ropka ME,
Weinstein JC. Breast cancer survivors’ attitudes
about communication of breast cancer risk to their
children. Am J Med Genet. 2003;119C:45–50.
Alderson P. In the genes or in the stars? Children’s
competence to consent. J Med Ethics. 1992;18:
119 –124.
Binedell J. Adolescent requests for predictive genetic testing. In: Clarke A, ed. The Genetic Testing
of Children. Oxford, England: BIOS Scientific Publishers, Ltd.; 1998:123–132.
Alderson P. Talking to children—and talking with
Nutrition Reviews姞, Vol. 62, No. 8

113.
114.
115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

them. In: Clarke A, ed. The Genetic Testing of
Children. Oxford, England: BIOS Scientific Publishers, Ltd.; 1998:27–36.
Kahneman D, Tversky A. The psychology of preferences. Sci Am. 1982;246:136 –142.
Byrnes JP. The development of decision-making.
J Adolesc Health. 2002;31:208S–215S.
Bernhardt BA, Tambor ES, Fraser G, Wissow LS,
Geller G. Parents’ and children’s attitudes toward
the enrollment of minors in genetic susceptibility
research: implications for informed consent. Am J
Med Genet. 2003;116A:315–323.
McLean SA. The genetic testing of children: some
legal and ethical concerns. In: Clarke A, ed. The
Genetic Testing of Children. Oxford, England:
BIOS Scientific Publishers, Ltd.; 1998:17–26.
Richards M. The genetic testing of children: adult
attitudes and children’s understanding. In: Clarke
A, ed. The Genetic Testing of Children. Oxford,
England: BIOS Scientific Publishers, Ltd.; 1998:157–
168.
van der Steenstraten IM, Tibben A, Roos RA, van
de Kamp JJ, Niermeijer MF. Predictive testing for
Huntington disease: non-participants compared
with participants in the Dutch program. Am J Hum
Genet. 1994;55:618 – 625.
Robertson S, Savulescu J. Is there a case in favour
of predictive genetic testing in young children?
Bioethics. 2001;15:26 – 49.
Skirton H. Telling the children. In: Clarke A, ed. The
Genetic Testing of Children. Oxford, England:
BIOS Scientific Publishers, Ltd.; 1998:103–111.
Elger BS, Harding TW. Testing adolescents for a
hereditary breast cancer gene (BRCA1): respecting their autonomy is in their best interest. Arch
Pediatr Adolesc Med. 2000;154:113–119.
Holtzman NA, Watson MS. Promoting safe and
effective genetic testing in the United States. Final
report of the Task Force on Genetic Testing.
J Child Fam Nurs. 1999;2:388 –390.
Committee on Bioethics. American Academy of
Pediatrics. Ethical issues with genetic testing in
pediatrics. Pediatrics. 2001;107:1451–1455.
Tiggemann M, Rothblum ED. Gender differences
in social consequences of perceived overweight in
the United States and Australia. Sex Roles. 1988;
18:75– 86.
Crandall CS. Prejudice against fat people: Ideology and self-interest. J Pers Soc Psychol. 1994;
66:882– 894.
Crocker J, Cornwell B, Major B. The stigma of overweight: affective consequences of attributional ambiguity. J Pers Soc Psychol. 1993;64:60 –70.
Richardson SA, Goodman N, Hastorf AH, Dombusch SM. Cultural uniformity in reaction to physical disabilities. Am Sociol Rev. 1961;26:241–247.
Bell SK, Morgan SB. Children’s attitudes and behavioral intentions toward a peer presented as
obese: does a medical explanation for the obesity
make a difference? J Pediatr Psychol. 2000;25:
137–145.
Turnbull JD, Heaslip S, McLeod HA. Pre-school
children’s attitudes to fat and normal male and
female stimulus figures. Int J Obes Relat Metab
Disord. 2000;24:1705–1706.

Nutrition Reviews姞, Vol. 62, No. 8

130.

131.

132.

133.

134.
135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

Staffieri JR. A study of social stereotype of body
image in children. J Pers Soc Psychol. 1967;7:
101–104.
Wadden TA, Foster GD, Brownell KD, Finley E.
Self-concept in obese and normal-weight children.
J Consult Clin Psychol. 1984;52:1104 –1105.
Davison KK, Birch LL. Weight status, parent reaction, and self-concept in five-year-old girls. Pediatrics. 2001;107:46 –53.
Erickson SJ, Robinson TN, Haydel KF, Killen JD.
Are overweight children unhappy? Body mass index, depressive symptoms, and overweight concerns in elementary school children. Arch Pediatr
Adolesc Med. 2000;154:931–935.
Strauss RS. Childhood obesity and self-esteem.
Pediatrics. 2000;105:e15.
Stunkard A, Burt V. Obesity and the body image. II
Age of onset of disturbances in the body image.
Am J Psychiatry. 1967;123:1443–1447.
Pearce MJ, Boergers J, Prinstein MJ. Adolescent
obesity, overt and relational peer victimization, and
romantic relationships. Obes Res. 2002;10:386 –
393.
Strauss RS, Pollack HA. Social marginalization of
overweight children. Arch Pediatr Adolesc Med.
2003;157:746 –752.
Falkner NH, Neumark-Sztainer D, Story M, Jeffery
RW, Buehring T, Resnick MD. Social, educational,
and psychological correlates of weight status in
adolescents. Obes Res. 2001;9:32– 42.
Eisenberg ME, Neumark-Sztainer D, Story M. Associations of weight-based teasing and emotional
well-being among adolescents. Arch Pediatr Adolesc Med. 2003;157:733–738.
Schwimmer JB, Burwinkle TM, Varni JW. Healthrelated quality of life of severely obese children
and adolescents. JAMA. 2003;289:1813–1819.
Tiggemann M, Anesbury T. Negative stereotyping
of obesity in children: the role of controllability
beliefs. J Appl Soc Psychol. 2000;30:1977–1993.
Teachman BA, Gapinski KD, Brownell KD, Rawlins
M, Jeyaram S. Demonstrations of implicit anti-fat
bias: the impact of providing causal information
and evoking empathy. Health Psychol. 2003;22:
68 –78.
Smith LB, Sapers B, Reus VI, Freimer NB. Attitudes towards bipolar disorder and predictive genetic testing among patients and providers. J Med
Genet. 1996;33:544 –549.
Glynn SM, Ruderman AJ. The development and
validation of an eating self-efficacy scale. Cognitive Therapy Research. 1986;10:403– 420.
Steen SN, Wadden TA, Foster GD, Andersen RE.
Are obese adolescent boys ignoring an important
health risk? Int J Eating Disord. 1996;20:281–286.
Miller KJ, Gleaves DH, Hirsch TG, Green BA, Snow
AC, Corbett CC. Comparisons of body image dimensions by race/ethnicity and gender in a university population. Int J Eat Disord. 2000;27:310 –316.
Paeratakul S, White MA, Williamson DA, Ryan DH,
Bray GA. Sex, race/ethnicity, socioeconomic status, and BMI in relation to self-perception of overweight. Obes Res. 2002;10:345–350.
Gortmaker SL, Must A, Perrin JM, Sobol AM, Dietz
WH. Social and economic consequences of over319

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

320

weight in adolescence and young adulthood.
N Engl J Med. 1993;329:1008 –1012.
Flegal KM, Carroll MD, Kuczmarski RJ, Johnson
CL. Overweight and obesity in the United States:
prevalence and trends, 1960-1994. Int J Obes
Relat Metab Disord. 1998;22:39 – 47.
Robinson TN, Chang JY, Haydel K, Killen JD. Overweight concerns and body dissatisfaction among
third-grade children: the impacts of ethnicity and
socioeconomic status. J Pediatr. 2001;138:181–187.
Fitzgibbon ML, Blackman LR, Avellone ME. The
relationship between body image discrepancy and
body mass index across ethnic groups. Obes Res.
2000;8:582–589.
Faith MS, Manibay E, Kravitz M, Griffith J, Allison
DB. Relative body weight and self-esteem among
African Americans in four nationally representative
samples. Obes Res. 1998;6:430 – 437.
Kumanyika S, Wilson JF, Guilford-Davenport M.
Weight-related attitudes and behaviors of black
women. J Am Diet Assoc. 1993;93:416 – 422.
Sanchez AM, Reed DR, Price RA. Reduced mortality associated with body mass index (BMI) in
African Americans relative to Caucasians. Ethn
Dis. 2000;10:24 –30.
Foster GD, Wadden TA, Vogt RA. Resting energy
expenditure in obese African American and Caucasian women. Obes Res. 1997;5:1– 8.
Albu J, Shur M, Curi M, Murphy L, Heymsfeld SB,
Pi-Sunyer FX. Resting metabolic rate in obese,
premenopausal black women. Am J Clin Nutr.
1997;66:531–538.
Lerman C, Hughes C, Benkendorf JL, et al. Racial
differences in testing motivation and psychological
distress following pretest education for BRCA1
gene testing. Cancer Epidemiol Biomarkers Prev.
1999;8:361–367.
Laitinen J, Power C, Jarvelin MR. Family social
class, maternal body mass index, childhood body
mass index, and age at menarche as predictors of
adult obesity. Am J Clin Nutr. 2001;74:287–294.
Averett S, Korenman S. Black-white differences in
social and economic consequences of obesity. Int
J Obes Relat Metab Disord. 1999;23:166 –173.
Bowen DJ, Tomoyasu N, Cauce AM. The triple
threat: a discussion of gender, class, and race
differences in weight. Women Health. 1991;17:
123–143.
Jeffery RW, French SA, Forster JL, Spry VM. Socioeconomic status differences in health behaviors
related to obesity: The Healthy Worker Project. Int
J Obes. 1991;15:689 – 696.
Teasdale TW, Sorensen TI, Stunkard AJ. Genetic
and early environmental components in sociodemographic influences on adult body fatness. BMJ.
1990;300:1615–1618.
Wardle J, Griffith J. Socioeconomic status and
weight control practices in British adults. J Epidemiol Community Health. 2001;55:185–190.
Hardy R, Wadsworth M, Kuh D. The influence of
childhood weight and socioeconomic status on
change in adult body mass index in a British national birth cohort. Int J Obes Relat Metab Disord.
2000;24:725–734.
Muller MJ, Asbeck I, Mast M, Langnase K, Grund

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

A. Prevention of obesity—more than an intention.
Concept and first results of the Kiel Obesity Prevention Study (KOPS). Int J Obes Relat Metab
Disord. 2001;25:S66 –S74.
Kromeyer-Hauschild K, Zellner K, Jaeger U, et al.
Prevalence of overweight and obesity among
school children in Jena (Germany). Int J Obes Relat
Metab Disord. 1999;23:1143–1150.
Galobardes B, Morabia A, Bernstein MS. The differential effect of education and occupation on
body mass and overweight in a sample of working
people of the general population. Ann Epidemiol.
2000;10:532–537.
Leino M, Porkka KV, Raitakari OT, Laitinen S,
Taimela S, Viikari JS. Influence of parental occupation on coronary heart disease risk factors in children. The Cardiovascular Risk in Young Finns Study.
Int J Epidemiol. 1996;25:1189 –1195.
Tavani A, Negri E, La Vecchia C. Determinants of
body mass index: a study from northern Italy. Int J
Obes Relat Metab Disord. 1994;18:497–502.
Baughcum AE, Chamberlin LA, Deeks CM, Powers
SW, Whitaker RC. Maternal perceptions of overweight preschool children. Pediatrics. 2000;106:
1380 –1386.
Burke V, Beilin LJ, Dunbar D. Family lifestyle and
parental body mass index as predictors of body
mass index in Australian children: a longitudinal
study. Int J Obes Relat Metab Disord. 2001;25:
147–157.
Geller G, Botkin JR, Green MJ, et al. Genetic
testing for susceptibility to adult-onset cancer: the
process and content of informed consent. JAMA.
1997;277:1467–1474.
Condit C, Parrott R, O’Grady B. Principles and
practices of communication processes for genetics in public health. In: Khoury MJ, Burke W,
Thomson EJ, eds. Genetics and Public Health in
the 21st Century. Oxford, England: Oxford University Press; 2000:549 –568.
Rimer BK, Glassman B. Is there a use for tailored
print communications in cancer risk communication? J Natl Cancer Inst Monogr. 1999;25:140 –
148.
Croyle RT, Dutson DS, Tran VT, Sun YC. Need for
certainty and interest in genetic testing. Women
Health. 1995;1:329 –339.
Hofman KJ, Tambor ES, Chase GA, Geller G, Faden RR, Holtzman NA. Physicians’ knowledge of
genetics and genetic tests. Acad Med. 1993;68:
625– 632.
Sandhaus LM, Singer ME, Dawson NV, Weisner
GL. Reporting BRCA test results to primary care
physicians. Genet Med. 2001;3:327–334.
Rosen A, Wallenstein S, McGovern MM. Attitudes
of pediatric residents toward ethical issues associated with genetic testing in children. Pediatrics.
2002;110:360 –363.
Wideroff L, Freedman AN, Olson L, et al. Physician
use of genetic testing for cancer susceptibility:
results of a national survey. Cancer Epidemiol
Biomarkers Prev. 2003;12:295–303.
Marcus AC. New directions for risk communication
research: a discussion with additional suggestions. J Natl Cancer Inst Monogr. 1999;25:35– 42.

Nutrition Reviews姞, Vol. 62, No. 8

