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Abstract

Objective: Precision medicine raises hope for translating ge-
netic-based knowledge about psychiatric risks into mental
health benefits by motivating health-related, risk-reducing
behaviors. Teenagers (ages 14-17) are an important age-
group to engage in preventive efforts but, their views about
psychiatric genetics are understudied. Method: An online
survey with a nationally representative sample of teenagers
(n = 417) was conducted. Participants were randomly as-
signed to receive 1 of 2 handouts, 1 emphasizing the genetic
underpinnings of psychiatric conditions; the other agency-
oriented and focusing on gene-environment interactions.
Survey questions queried their views about behavioral
changes in response to psychiatric genetic risk information
and expressed willingness to undertake them. Participants’
decision-making characteristics (i.e., self-efficacy, empower-
ment, intolerance of uncertainty, and sensation-seeking)
were assessed at baseline. Results: Teenagers strongly val-
ued the information provided and its potential usefulness for
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their mental health. Information about psychiatric genetics
alone impacted views about the causes of mental illness.
Contrary to our hypothesis, the type of handout did not im-
pact participants’ expressed willingness to make behavioral
changes to reduce their risk of developing a psychiatric con-
dition, but their sense of empowerment played a key role in
their responses. Conclusion: Educating teenagers about
gene-environment interactions may help facilitate the trans-
lational efforts of precision psychiatry. Research with teenag-
ers across racial/ethnic groups, especially those with family
histories, is needed to better understand the factors that im-
pact teenagers’ empowerment in psychiatric genomic set-
tings and to identify measures, including the best enablers of
empowerment (e.g., educators, parents), which would allow
them to reap the benefits of precision psychiatry.

© 2021 S. Karger AG, Basel

Introduction

Precision medicine holds great promise for adolescent
psychiatry (“precision psychiatry”) [1]. This approach
aims to provide a more customized approach to health
care by tailoring preventive, diagnostic, and therapeutic
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options to individuals’ genetic variability, environmental
factors, and lifestyle choices. Given that the genetic un-
derpinnings of psychiatric conditions are complex and
mostly non-deterministic, existing data are insufficiently
predictive to motivate specific preventive or treatment in-
terventions [2]. However, studies of interactions between
genetic vulnerability and environmental stressors (e.g.,
poverty [3]), as well as personal environmental triggers
(e.g., substance use and unmanaged stress), demonstrate
an impact on psychiatric outcomes [4, 5]. Thus, ongoing
research on gene-environment interactions has led to
hope that next-generation sequencing technologies, bet-
ter defined environmental variables, and studies of large
cohorts will yield more robust findings [2, 6]. These ap-
proaches highlight the possibility of - and need for -
translating genetic-based knowledge about psychiatric
risks into mental health benefits by motivating health-
related, risk-reducing behaviors. While such translation-
al genomic efforts are already underway, there is hope
that, in the long-run, they will deliver the promised ben-
efits of precision psychiatry [7-9].

Adolescence is an optimal life stage to embark on such
translational genomic efforts in psychiatry. Studies indi-
cate that many adults with recurring psychiatric disorders
(e.g., major depression) experienced initial episodes while
teenagers [10]. More generally, it is estimated that half of
lifetime diagnosable psychiatric conditions begin by age
14, and three-fourths begin by age 24 [11]. Teenagers’ im-
pulsive, risk-taking behavior and influence by peers fur-
ther increase their risk for psychiatric disorders. Studies
indicate, for example, that the majority of teens with sub-
stance abuse issues began using drugs due to peer pres-
sure, a behavior that, in interaction with genetic vulner-
ability, increases the risk for schizophrenia [12]. Insofar
as precision psychiatry — the ultimate goal of translation-
al genomic efforts — can encourage risk-reducing behav-
iors and prevent initial episodes from developing into
life-long conditions, it will serve an important end.

Several studies that explored the potential impact of
translational genomic efforts are encouraging. They
found that many adolescents, especially those with a fam-
ily history of the relevant condition, report that they
would be willing to make behavioral changes if the risk
were actionable [13, 14]. Yet none of these studies focused
on psychiatric disorders. Studies of adults further suggest
that the likelihood of behavioral changes in response to
genetic data depends on various factors, including qual-
ity of intervention, an individual’s risk assessment, and
belief in one’s ability to mitigate the risk [15], but there is
very little research with teenagers. Similarly, although
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personal factors, for example, self-efficacy [16, 17], em-
powerment [18, 19], sensation-seeking [20], and toler-
ance of uncertainty [21] have been shown to play a role in
the management and treatment of psychiatric conditions,
their potential impact on teenagers’ willingness to change
behaviors in light of information about psychiatric ge-
netic predisposition is unknown.

With the expanded use of next-generation genetic se-
quencing technologies, ongoing efforts to better define
gene-environment interactions that affect mental health
outcomes, and studies of ever-larger cohorts, there is
hope that more robust findings will emerge in the near
future [6]. How this information will impact teenagers is
unknown. Some scholars raised concerns that positive ge-
netic results may trigger anxiety and have long-term psy-
chological costs for teenagers and their parents [22]. Oth-
ers suggested that, as externalizing behaviors and risk-
taking are often considered hallmarks of adolescence,
teenagers who learn that they have lower genetic vulner-
ability will increase engagement in riskier behaviors, such
as alcohol and substance use [23]. Conversely, there is
hope that learning about psychiatric genetics, and espe-
cially gene-environment interactions (GxE) in psychia-
try — arguably a more empowering form of informa-
tion — may be a key factor in the successful implementa-
tion of adolescent precision psychiatry. We report on
findings from a survey of a nationally representative sam-
ple of adolescents (n = 417) that gauged views about psy-
chiatric genetic risk information and expressed willing-
ness to make behavioral changes in response to such data.

Materials and Methods

Participants

An anonymous, approximately 25-min, online survey was ad-
ministered to 417 adolescents aged 14-17. Participants were re-
cruited by Touchstone Research Inc. (TSR), a professional research
firm that has assembled an online, double opt-in, Internet-based
“Kids and Family” panel (http://touchstoneresearch.com/youth-
families/). TSR invited a sample of US parent of teenagers to con-
sent to their child’s participation in the study. A sample of teenag-
ers, nationally representative for gender, race, ethnicity, and geo-
graphic region and with equal age distribution (14-15 vs. 16-17
years) was then invited to assent. If teenage participants agreed,
they were randomized to read one of 2 handouts about factors con-
tributing to the development of psychiatric disorders (see further
information about the handouts below). Both parental consent and
adolescents’ assent were obtained after they were provided with in-
formation about the study, including a simple-language explana-
tion of key terms (“genetics” and “mental illness”). Parents were
asked to indicate their demographic information (e.g., age, sex,
race/ethnicity, and education) and their child’s sex and age.
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Study Design and Instruments

The survey began with 4 questions assessing participants’ char-
acteristics as decision-makers (e.g., perceived ability to handle un-
foreseen situations), especially in health-related contexts (see fur-
ther information below). Participants were then randomly as-
signed to one of the 2 handouts and asked to confirm that they read
it before being allowed to continue the survey. Post-intervention
questions explored participants’ views on causal attribution of psy-
chiatric disorders to genetics and environment, willingness to
make behavioral changes, perceived control of health outcomes,
and perceived utility of the information. Participants were asked
to respond to the questions about willingness to make behavioral
changes, perceived control of health outcomes, and perceived util-
ity of the information having in mind the material that they read
in the handout about genetic and environmental contributions to
psychiatric conditions. TSR administered the survey and offered
participants the equivalent of USD 10 (in points redeemable for
cash or e-reward) for their participation. The researchers did not
have access to participants’ identifying information.

The handout that participants read was titled either “Genetics,
Environment and Mental Illness,” which provided extensive ex-
planation of gene-environment interactions and their contribu-
tions to psychiatric conditions (“GxXE handout”), or “Genetics and
Mental Illness,” which centered primarily on genetic contributions
to psychiatric conditions (“psychiatric genetics handout”). The
GxE handout was based on educational material previously devel-
oped by a member of the team in collaboration with service users,
which has been used both clinically and in previous studies [24]. It
included explanations of how both genetics and environment in-
teract and contribute to mental illnesses and of the steps that can
be taken to reduce the likelihood of or support recovery from an
episode of mental illness. Psychiatric genetics was described in
general terms (“genetic factors contributing to mental illness”),
and environmental factors that increase the risk for the develop-
ment of psychiatric conditions included, for example, stressful life
events and use of drugs such as marijuana or cocaine. In addition,
the GxXE handout provided measures that individuals can take to
mitigate their risk and to help recovery, including “taking medica-
tion as suggested by a doctor” and a list of “protective factors,” that
is, reducing stress, good sleep hygiene, healthy diet, having a good
support system, and avoiding drugs like marijuana and cocaine.
The explanations were supported by images that portrayed the in-
teraction between genetics and environments [24]. The psychiatric
genetics handout was developed by the research team based on
existing literature. It had a prominent focus on the contribution of
genetics to mental illnesses, including the genetic complexity of
such conditions, while following as much as possible the structure,
wording, and images of the GXE handout. Description of the ge-
netic factors that increase the risk for developing psychiatric con-
ditions included, for example, studies associating changes in the
gene DRD2 with disorders including schizophrenia, posttraumat-
ic stress disorder, and addiction. Environmental factors were not
mentioned, although we included the possible use of prescribed
medication and the list of “protective factors” described above.
Both handouts and all other study material were at a 7-8th grade
(13-14 year-old) reading level, assessed using Word’s Flesch Kin-
caid Grade Level test (see online suppl. materials 1, 2; for all online
suppl. material, see www.karger.com/doi/10.1159/000512475).

Two additional steps were taken to ensure that the study was
adolescent-friendly. First, 3 educators with extensive experience
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teaching teenagers reviewed the material and provided feedback
on its comprehensibility for teenagers. Changes were made to ad-
dress their comments. Using the revised material, we then con-
ducted four 1-h, online cognitive interviews with teenagers (2 girls,
2 boys, recruited and hosted by TSR, following the consent proce-
dures above and offering interviewees the equivalent of USD 40 for
their participation), with both the interviewee and interviewer see-
ing the material on a shared screen. Interviewees received the study
material in advance and were asked to read it in preparation for
their interview. Changes to wording and images in the material
were made in light of interviewees” feedback. The final handouts
were estimated to require 10 min to read. We hypothesized that
information about the genetic and environmental contributions to
psychiatric disorders (the GXxE handout) would be a stronger mo-
tivator of expressed willingness to engage in risk-reducing behav-
ioral change among adolescents than information about the ge-
netic contributions alone (the psychiatric genetics handout) be-
cause of the strong focus on environmental factors and measures
that they can adopt to mitigate the risk and to help recovery. Since
the psychiatric genetics handout provided only a partial explana-
tion of the factors contributing to psychiatric conditions, partici-
pants who were assigned to read this handout were debriefed at the
end of the survey, given a link to the GxE handout, and required
to confirm having read it before final completion of the survey.

Measures

Participants’ characteristics as decision-makers: The survey in-
cluded 4 validated scales that have been shown to be associated
with health outcomes: participants’ self-efficacy, that is, “personal
competence to deal effectively with a variety of stressful situa-
tions,” [25] health empowerment [26], intolerance of uncertainty
[27], and sensation-seeking [28]. Higher scores indicate higher
levels of all 4 traits.

The scales were adjusted to the study’s focus on mental health
and to ensure they were adolescent-friendly as described above.
The self-efficacy scales included 10 statements, such as “If T am in
trouble, I can usually think of a solution.” The 8-item health em-
powerment scale included statements such as “I know what helps
me stay motivated to care for my health.” The intolerance of un-
certainty scale comprised 12 statements, such as “Unforeseen
events upset me greatly.” The 8-item sensation-seeking scale in-
cluded, for example, “I would love to have new and exciting expe-
riences, even if they are illegal.” The response options for each
statement were on a 1-4 (i.e., self-efficacy scale) or 1-5 Likert scale
(1 = least agreement). Significantly, only minor changes in word-
ing were made in these previously validated scales (e.g., changing
the word “efficient” to “well” or “acting” to “doing something”).
Cronbach’s alpha for the modified scales indicates high internal
consistency (ranging from 0.81 to 0.88).

Causal attribution of psychiatric disorders to genetics and en-
vironments was assessed by 2 questions: “How much do you think
mental illness is caused by genetic factors?” (Likert scale 1-5; 1 =
“Genetics does not contribute at all to mental illness”; 5 = “Genet-
ics alone causes mental illness”) and “How much do you think
mental illness is caused by experiences, such as things that hap-
pened to someone, or environmental factors?” (Likert scale 1-5;
1 = “Experiences do not contribute at all”; 5 = “Experiences alone
cause mental illness”).

Willingness to make behavioral changes. Participants were in-
structed to “[Imagine] that you were told that you have a large
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Table 1. Participants’ sociodemographic characteristics

Total Psychiatric GxE
(N=417) genetics handout
handout (N=201)
(N =216)
Gender, 1 (%)
Female 213 (51.1) 109 (50.5) 104 (51.7)
Male 204 (48.9) 107 (49.5) 97 (48.3)
Age, n (%)
14-15 years 214 (51.3) 108 (50) 106 (52.7)
16-17 years 203 (48.7) 108 (50) 95 (47.3)
Ethnicity, n (%)
Hispanic 94 (22.5) 48 (51.1) 46 (48.9)
Non-Hispanic 323 (77.5) 168 (52) 155 (48)
Race, 1 (%)
Black/African American 58 (13.9) 34 (15.7) 25(12.4)
White 322 (77.2) 120 (55.6) 112 (55.7)
Asian 22 (5.3) 11 (5.1) 15 (7.5)
American Indians/Alaska Natives 9(2.2) 3(1.4) 6(3)
Native Hawaiian/other Pacific Islanders 6 (1.4) 4(1.9) 2(1)
Family income (parent report), n (%)
USD <19,999 29 (7) 17 (7.9) 12 (6)
USD 20,000-44,999 88 (21.1) 44 (20.4) 44 (21.8)
USD 45,000-74,999 121 (29) 62 (28.7) 59 (29.4)
USD >75,000 179 (42.9) 77 (35.7) 86 (42.8)
Parental education, #n (%)
Less than high school 3(0.7) 1(0.5) 2(1)
High school diploma 66 (15.8) 35(16.2) 31(15.4)
Some college/technical/vocational school 103 (24.7) 53 (24.5) 50 (24.9)
Undergraduate college/technical/vocational school degree 148 (35.5) 76 (35.2) 72 (35.8)
Graduate degree 72 (17.3) 41 (19) 31(15.4)

GxE, gene-environment interaction.

number of factors contributing to mental illness,” and asked:
“Would you do any of the following?” listing 8 statements about
behaviors that could reduce the risk of developing a psychiatric
condition (e.g., “Pay more attention to eating healthy,” “Avoid or
reduce taking drugs like marijuana and cocaine”). Response op-
tions were yes/no (1 = “no,” 2 = “yes”).

Perceived control of health outcomes was measured using 2
items, adjusted from a study on direct-to-consumer genomic test-
ing to focus on mental health [29]. Participants were asked to think
about the handout that they read and to state their degree of agree-
ment with each of the following statements: “Changes in lifestyle,
diet, and exercise can reduce a person’s chances of developing
mental illness and improve outcomes,” and “Mental health sup-
port and treatment can reduce a person’s chances of developing
mental illness and improve outcomes” (5-point Likert scale, 1 =
least agreement).

Perceived utility of the information was assessed by 2 items
(“The handout provided me with new information” and “The
handout provided me with important information”). Participants
were then asked to “[Think] about the factors that contribute to
the development of mental illness,” and indicate their level of
agreement with statements relating to “why it would be important
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for you to know this information” (8 items) and “why would it be
important for you NOT to know this information” (3 items).
These questions were developed based on the existing literature.
Example of statements in favor of knowing was “I would be able
to take better care of myself.” The statements in favor of not know-
ing were “Iam too young for this information,” “I wouldn’t change
anything I do anyway,” and “Knowing this information may make
me anxious or be too stressful.” The response options for all the
perceived utility questions were on a 1-5 Likert scale (1 = least
agreement).

Statistical Analysis

Study data were analyzed using SAS 9.4 and SPSS (IBM) 24.0.
Descriptive statistics were used for demographic characteristics.
Mean and standard deviation (SD) were used to measure partici-
pants’ characteristics as decision-makers (i.e., self-efficacy, health
empowerment, intolerance to uncertainty, and sensation-seeking
scores). T tests for continuous measures and y tests for categorical
measures were used to determine differences between the 2 inter-
vention groups. Generalized linear regression models were used to
assess the impact of demographic covariates (age, gender, and
race/ethnicity) and participants’ characteristics as decision-mak-
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Table 2. Participants’ decision-making characteristics

Overall Psychiatric genetics ~ GxE Estimate* 95% CI* p value*

(n=417) (n=216) (n=201)

mean (SD) mean (SD) mean (SD)
Self-efficacy 31.1 (5.0) 31.3(4.9) 30.8 (5.1) 0.54 -0.43to1.51 0.2718
Health empowerment 31.8 (5.2) 31.8 (5.4) 31.77 (4.9) 0.08 -0.94t01.09 0.8847
Intolerance of uncertainty 35.1(9.5) 34.8 (9.9) 35.33 (9.0) -0.47 -231to1.36 0.6140
Sensation-seeking behavior 21.9 (7.0) 22.0(7.2) 21.8 (6.8) 0.13 -1.23t01.49 0.8494

GxE, gene-environment interaction. * From GLM, models by intervention groups, controlling for age, gender, race, and ethnicity.

Eating healthy

Increase physical activity
Reduce stress

Get enough sleep

Take vitamins
Avoid/reduce smoking
Avoid/reduce alcohol

Avoid/reduce drug use

92%

89%

96%

@ GxE @ Psychiatric genetics

Fig. 1. Participants’ expressed willingness to make behavioral changes if told they have a large number of risk factors.

GxE, gene-environment interaction.

ers on responses to the post-intervention survey. Participants’ age
was collapsed into 14- to 15-year olds and 16- to 17-year olds to
increase the power of the analysis. A p value <0.05 was considered
significant.

Results

Participants’ Characteristics

Demographic characteristics are provided in Table 1;
417 teenagers completed the survey, of whom 51% were
of age 14-15 years and 49% 16-17. Among them, 51%
were female and 49% male, 23% identified as Hispanic,
77% as white, 14% black/African American, 5% Asian,
and 4% American Indians/Alaska Native and Native Ha-
waiian/other Pacific Islander. Of them, 57% had a house-
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hold annual income USD <74,999 (the 2017 mean in-
come in the US was USD 77,713 [30]), and 201 (48%)
participants received the GXE handout and 216 (52%) re-
ceived the psychiatric genetics handout. No differences in
mean scores of demographic or decision-making charac-

teristics were found between the intervention groups (Ta-
ble 2).

Causal Attribution of Psychiatric Disorders to

Genetics and Environments

In total, 95% of participants thought that genetics con-
tributes at least moderately to mental illness (mean = 3.4,
SD =0.7) and 89% thought that experiences contribute at
least moderately to mental illness (mean = 3.3, SD = 0.9).
Significant differences were found between the interven-
tion groups with respect to casual attributions. Partici-
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Table 3. Participants’ responses to the questions about the importance (or not) of knowing risk information

Overall (n=417) Psychiatric GxE (n=201) Estimate 95% CI
genetics (n = 216) value*
agree/  mean agree/  mean agree/  mean
strongly (SD) strongly (SD) strongly (SD)
agree (%) agree (%) agree (%)
Why would it be important for you to know this information?
I would be able to take better care of myself 83.9 43(0.8) 84.2 4.4(0.8) 83.6 4.2(0.8) 0.10 (-0.05, 0.194
0.26)
I would be able to change behaviors that increase my risk 82.2 43(09) 833 43(0.9) 8l1.1 4.2 (1.0) 0.11 (-0.07, 0.232
to develop a mental illness, such as using drugs or drinking 0.29)
alcohol
It would make it easier for me to get the support that I need 75.6 4.1(1.0) 76.0 4.1(1.0) 75.1 4.1(1.0) 0.05 (-0.14, 0.600
0.24)
I would be able to get treatment more quickly, if I develop 73.6 4.1(1.0) 75.4 4.1(1.0) 71.6 4(1.0) 0.14 (-0.06, 0.167
a mental illness 0.33)
I would be able to make better choices about my life and 73.6 4.1(1.0) 75.0 4.1(1.0) 72.1 4(1.1) 0.11 (-0.09, 0.292
planning for school and a job 0.3)
I would be able to make better decisions about having 61.9 3.8(1.1) 59.8 38(1.1) 642 3.8(1.1) 0.02 (-0.19, 0.876
children in the future 0.23)
It would allow my family members to take better care of 74.8 4.1(1.0) 77.8 4.1(1.0) 716 4(1.0) 0.10 (-0.1, 0.332
themselves 0.29)
Having information is always good 93.0 4.6(0.7) 93.1 4.6 (0.6) 93.0 4.6(0.7) 0.01 (-0.12, 0.912
0.14)
Why would it be important for you NOT to know this information?
I am too young for this information 8.4 1.7(1.1) 10.2 1.7(1.1) 6.5 1.6 (1.0) 0.08 (-0.13, 0.462
0.28)
I would not change anything I do anyway 15.6 2.2(1.2) 18.1 2.2(1.3) 13.0 2.1(1.2) 0.11 (-0.13, 0.354
0.35)
Knowing this information may make me anxious or be too  15.1 2.1(1.2) 17.2 2.1(1.3) 13.0 2(1.2) 0.15 (-0.12, 0.345
stressful 0.35)

* p value assessed differences in the mean score between participants in the intervention groups.

pants who read the psychiatric genetics handout were
more likely to think that psychiatric disorders are caused
by genetic factors than those who read the GxE handout
(t=-2.21,df = 415, p = 0.028).

Willingness to Make Behavioral Changes (Fig. 1)

For each of the items, a large majority of participants
stated that if told that they had a large number of risk fac-
tors contributing to psychiatric conditions, they would
make behavioral changes (range from 81% for “Make
sure I take vitamins” [mean = 1.8, SD = 0.4] to 95% for
“Avoid or reduce taking drugs like marijuana and co-
caine” [mean = 2.0, SD = 0.2]). Contrary to our hypoth-
esis, no differences were found between the intervention
groups.
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Perceived Control of Health Outcomes

Most participants agreed or strongly agreed that
“Changes in lifestyle, diet, and exercise can reduce a
person’s chances of developing mental illness and im-
prove outcomes” (77%; mean = 4.1, SD = 1.0) and that
“Mental health support and treatment can reduce a per-
son’s chances of developing mental illness and improve
outcomes” (81%; mean = 4.2, SD = 0.9). No significant
differences were found between the intervention
groups.

Perceived Utility

In total, 85% of participants agreed/strongly agreed
that the handout provided them with new information
(mean = 4.34, SD = 0.93) and 90% reported that the hand-
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Table 4. Impact of participants’ characteristics as decision-makers on post-intervention responses to survey*

Self-efficacy Health empowerment Intolerance of uncertainty Sensation-seeking

estimate  95% CI p value estimate  95% CI p value Estimate  95% CI p value estimate  95% CI p value
Importance of knowing the factors contributing ~ 0.02 (-0.14,0.17) 0.8032 0.51 (0.37,0.64) <0.001 0.06 (0.01,0.12) 0.0130 0.03 (-0.04, 0.1) 0.3707
to the development of mental illness
Importance of NOT knowing the factors 0.02 (=0.05, 0.09) 0.5524 -0.08 (=0.15, -0.02) 0.0127 0.07 (0.04,0.11) 0.0001 0.04 (0, 0.08) 0.0519
contributing to the development of mental illness
Perceived control 0.04 (0,0.09) 0.0733 0.08 (0.04,0.12) 0.0002 0.01 (-0.01,0.03)  0.3048 0.03 (0, 0.05) 0.0183
Willingness to make behavioral changes —-0.01 (-0.05, 0.03) 0.5921 0.06 (0.03, 0.09) 0.0001 0.00 (-0.01,0.01)  0.5990 -0.01 (-0.03,0.01)  0.1794

GxE, gene-environment interaction. A p value <0.05 was considered significant. * Regression analysis was used with post-intervention responses (sum of items) as dependent variables.

out provided them with important information (mean =
4.44, SD = 0.84). No significant differences between the 2
intervention groups were found for these questions.

Responses to the questions on the importance of
knowing about their risks for mental disorders are pro-
vided in Table 3. At least three-quarters of participants
agreed or strongly agreed that “Information is always
good” (93%), followed by “I would be able to take better
care of myself” (84%), “I would be able to change behav-
iors that increase my risk to develop a mental illness, such
as using drugs or drinking alcohol” (82%), and “It would
make it easier for me to get the support that I need” (76%)
(the means for these statements >4.1, SD < 1.1). The least
selected option was “I would be able to make better deci-
sions about having children in the future” (62%, mean =
3.8, SD = 1.1). No significant differences were found be-
tween the intervention groups.

With regard to reasons in favor of not knowing this
information, only a small minority of participants agreed
or strongly agreed with the statements, “I am too young
for this information” (8%; mean = 1.7, SD = 1.1),
“I wouldn’t change anything I do anyway” (16%; mean
score = 2.2, SD = 1.2), and “Knowing this information
may make me anxious or be too stressful” (15%; mean =
2.1, SD = 1.2) (Table 3). No significant differences were
found between the intervention groups.

Impact of Covariates on Postintervention Responses

Participants’ demographic characteristics (age, gen-
der, and race/ethnicity) had no impact on responses to
post-intervention questions (i.e., causal attribution of
psychiatric disorders to genetics and environments, per-
ceived utility of the information, perceived control of
health outcomes, and willingness to make behavioral
changes). However, participants’ characteristics as deci-
sion-makers impacted most of the post-intervention re-
sponses (Table 4). Higher health empowerment scores
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were positively associated with statements in favor of
knowing the information (Estimate = 0.51,95% CI: 0.37-
0.64, p < 0.0001), perceived control over mental health
outcomes (Estimate = 0.08, 95% CI: 0.04-0.12, p =
0.0002), and expressed willingness to make behavioral
changes to reduce risk for psychiatric conditions (Esti-
mate = 0.06, 95% CI: 0.03-0.09, p = 0.0001), but nega-
tively associated with statements against knowing this
information (Estimate = —0.08, 95% CI: —0.15 to —0.02,
p = 0.0127). Higher intolerance of uncertainty scores
were positively associated with statements in favor of
knowing the information about how to improve self-care
as well as with concerns about having this knowledge, for
example, due to young age or possible increase in anxiety
(respectively, Estimate = 0.06, 95% CI: 0.01-0.12, p =
0.0130; Estimate = 0.07, 95% CI: 0.04-0.11, p < 0.0001).
Higher sensation-seeking scores were positively associ-
ated with perceived control over mental health outcomes
(Estimate = 0.03, 95% CI: 0-0.05, p = 0.0183). These as-
sociations remained significant when adjusted for par-
ticipants’ demographic characteristics, with the addi-
tional finding that 14- to 15-year olds were less likely
than 16- to 17-year olds to believe that they have control
over mental health outcomes (Estimate = —0.49, 95%
CI: -0.80 to —0.17, p = 0.0024).

Discussion

As studies indicate that 20% of American teens have a
diagnosable psychiatric condition and that the social,
health care, and monetary costs associated with child-
hood psychiatric conditions commonly endure into
adulthood [31], teenagers are — or should be - central to
precision psychiatry’s efforts to reduce the occurrence of
psychiatric conditions. As a group, teenagers are prone to
risk-taking behaviors that may increase the likelihood of
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developing psychiatric conditions (e.g., substance use)
[32], but may also be more amenable than adults to
changes in health practices that may mitigate those risks
[33]. However, only a few studies exist on teenagers in
genomic contexts, and none of them focused on precision
psychiatry, a critical arena for precision medicine, and
translational genomic efforts.

Our study explored the views of teenagers from the
general public about their interest in and willingness to
make behavioral changes in light of information about
genetic and environmental factors contributing to psy-
chiatric disorders. Although recruitment through a sur-
vey-research company’s online panel may have intro-
duced bias, the selection of a nationally representative
sample somewhat reduces the concern. By randomizing
the handout that participants read, our study aimed to
identify whether the provision of information that focus-
es mostly on the genetic underpinnings of psychiatric
conditions would yield different attitudes among teenag-
ers than information that explains the interaction be-
tween genetics and environments, suggesting a greater
degree of human agency and control.

The overwhelming majority of participants in our
study stated that the handout they read provided new and
important information. They highly valued having the in-
formation and believed that knowing this information
would enable them to take better care of themselves, to
make behavioral changes to reduce their risk of develop-
ing a psychiatric condition, and to seek support that they
may need. Only a minority of participants thought that
they were too young for this information, that the infor-
mation would be too anxiety provoking, or that they
would not make behavioral changes despite such infor-
mation. These findings were not impacted by partici-
pants’ demographic characteristics, indicating broad ac-
knowledgement of the benefits of learning about this is-
sue.

However, the handouts provided - psychiatric genet-
ics or GXE - did not impact participants’ responses as we
expected. It is possible that the reference to some protec-
tive measures to reduce risk or support recovery in the
psychiatric genetics handout affected this outcome,
though a handout that described genetics as the sole con-
tributor to psychiatric disorders would have been mis-
leading and thus unethical to give to participants. It is also
possible that the overall high expressed willingness to
make behavioral changes overshadowed the exact con-
tent of the information that participants read. Nonethe-
less, the finding that those who read the psychiatric genet-
ics handout were more likely to attribute psychiatric dis-
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orders to genetics highlights the importance of how risk
information is framed and communicated. Although
most people are unlikely to endorse an entirely genetic
deterministic approach to health outcomes [34], especial-
ly psychiatric conditions [35], deterministic narratives of
precision psychiatry may impact how adolescents con-
ceptualize such conditions.

A major finding of our study is the role of empower-
ment in translational genomics. Teenagers who viewed
themselves as empowered decision-makers were more
likely to engage in each critical aspect of precision psy-
chiatry, from expressing an interest in information about
individual risk factors, to expressed willingness to make
behavioral changes, and perceived control over their
mental health outcomes. This is not surprising. Studies of
adults have long suggested that empowerment is central
to achieving positive mental health and improving health
behaviors, as well as management and quality of mental
health care and outcomes [36]. Similarly, teenagers’ em-
powerment has been shown to be associated with higher
perceived health among teenagers [37], increased self-ef-
ficacy, perceived personal control, and overall mental
health outcomes [36, 38].

This finding is reassuring for translational genomics
efforts in psychiatry, but research is needed to allow for
better understanding of how to facilitate a sense of em-
powerment among teenagers learning about their psychi-
atric genetic predispositions. Studies with adults (mostly
patients) in Canada have found that psychiatric genetic
counseling can be empowering. Adults participating in
such sessions found the educational and support compo-
nents of genetic counseling to be useful for managing un-
certainty and reducing feelings of guilt and stigma and
expressed motivation in some cases to make behavioral
changes following the genetic counseling session [39].
However, it is unclear whether these outcomes can be
replicated elsewhere [40]. Research shows that many ge-
netic counselors are uncomfortable discussing psychiat-
ric genetics with patients [41, 42] and have negative atti-
tudes toward individuals with such conditions [43], and
that, though it is a growing discipline, psychiatric genetic
counseling is — as yet — neither routinely nor widely of-
fered [44]. Although efforts to rectify these issues are un-
derway, the challenges are compounded in the USA,
where the health-care settings are markedly different
than those in the Canadian clinics, including the latter’s
national health-care coverage and unique training of ge-
netic counselors who provide this service [24].

Precision medicine, including precision psychiatry,
adds complexities to the prospect of teenagers’ empower-
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ment in genomic-related decisions. Parents, teenagers,
and health-care professionals may disagree about the val-
ue of empowering teenagers as genomic decision-makers
and the appropriate balance between parents’ and teenag-
ers’ interests in learning about their psychiatric genomic
risks [45]. Although clinicians can facilitate teenagers’
empowerment in health contexts, studies indicate that
their knowledge of genomics, especially of psychiatric ge-
netics and gene-environment interactions, is limited [40,
41, 46, 47]. These issues are unlikely to lessen with the
growing research on prediction of genetic risk for psychi-
atric conditions (e.g., polygenic risk scores); on the con-
trary, a growing body of complex information may in-
crease the possibility of misunderstanding and misinter-
pretation [48]. Improving public understanding of the
potential benefits of precision psychiatry and stakehold-
ers’ psychiatric genomic knowledge will move the needle
in the right direction. However, engaging teenagers in
conversations about precision psychiatry - ideally
through psychiatric genetic counseling [40, 49] — will be
key for developing teenager-friendly interventions. As a
starting point, these conversations should include ethical
and legal considerations of teenagers’ autonomy, possible
harms and benefits arising from psychiatric genetic data,
and universal accessibility to services that support behav-
ioral change [45, 49].

Better understanding of the various aspects of empow-
erment that are important for teenagers is also needed but
understudied in this context. As scholars have observed,
empowerment is a complex, multilevel construct with no
consensual definition. Some conceptualize it as an active,
continuous process that can occur at the individual, in-
terpersonal, and community levels; others view empow-
erment as an outcome that displays itself differently
across fields (e.g., social contexts and educational set-
tings) and that can be better identified when it is weak or
absent rather than when it is present [50, 51]. Moreover,
although there is agreement that empowerment includes
some aspects of gaining control over a particular life con-
text, there are different views regarding how such power
is acquired, who should be entrusted with facilitating this
transformation (e.g., parents, educators, and peers), and
what the best ways are for doing that (e.g., instructional,
experiential learning, and teenager-adult dialog) [37, 50].

In precision psychiatry, interpersonal- and communi-
ty-level empowerment are likely to have a significant im-
pacton teenagers’ engagement in genomic conversations.
For instance, studies show that teachers can play as im-
portant roles as parents in empowering teenagers to make
healthy choices, including in the context of mental health
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[37, 52], but also that existing curricula in schools are not
up-to-date with existing knowledge of genomics [53]. As
empowerment is a relational process [54], teens’ and their
families’ and communities’ experiences of social margin-
alization (e.g., poverty, which is disproportionally high
among underserved racial/ethnic minorities [55]), and
bias in health care may affect their engagement in genom-
ic discussions, as found in studies of African American
and Latino adults [56-60]. Stigma surrounding psychiat-
ric genetics and teenagers’ experiences with psychiatric
conditions (personally or through family history) may
further affect the degree of empowerment and extent of
supports they need. Identifying what these may entail for
precision psychiatry and knowledge as to how teenagers
conceptualize empowerment in precision psychiatry will
be needed.

Similarly, the implementation of precision psychiatry
across racial and ethnic groups may require caution and
tailored approaches to empower teenagers from histori-
cally marginalized communities. Importantly, our study
found high interest in information and willingness to
make behavioral changes in light of psychiatric genetic
predispositions regardless teenagers’ race/ethnicity.
However, the ability of teenagers from historically mar-
ginalized racial/ethnic communities to enjoy the benefits
of translational genomic efforts is likely to be significant-
ly different than that of White teens. As is well-estab-
lished, biobank and genomic cohorts are overwhelmingly
white, resulting in insufficient power to identify complex
genetic interactions and polygenic risk scores for racial/
ethnic minorities, including for psychiatric conditions
[48]. Concurrently, distrust in the medical community
has been recognized as a barrier to accessing genomic
medicine among African American, Latino, and Indige-
nous populations [61, 62]. For translational genomic ef-
forts in psychiatry to materialize, it will be necessary to
increase cohort diversity in genomic research and to ad-
dress the barriers. Given that experience with psychiatric
genetic counseling to date has been predominantly with
white adults [39], it will also be necessary to engage with
teenagers and families across racial/ethnic groups to en-
sure that methods of engagement and supports are tai-
lored to their sociocultural needs [33].

Our findings that participants with higher intolerance
of uncertainty expressed more support for knowing the
information but also more concerns about having it are
consistent with earlier research and calls for caution.
Studies indicate that stakeholders in health care are un-
comfortable with genomic uncertainty. Health-care pro-
fessionals express uneasiness about returning inconclu-
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sive genetic results [40, 63], and patients express fear,
anxiety and frustration when genetic results are inconclu-
sive [64]. Similarly, a study of 14- to 25-year-olds with
family histories of Huntington disease (n = 8) found that
many experience the uncertainty before testing to be a
greater barrier to moving forward with their life than
learning about negative or positive results [65]. Although
studies indicate that teenagers are less ambiguity-averse
than adults [66], our findings highlight the need for indi-
vidual assessment: at least some teenagers in our study
expressed higher intolerance of uncertainty, which was
associated with greater concerns about having informa-
tion about psychiatric genetics. It will be important to en-
sure that teenagers (and their parents) are informed about
this risk and offered measures to mediate the challenge.

Future research can help in closing these gaps. It could
explore areas of contention in the triangle of parents,
teenagers and clinicians involved in precision psychiatry
and identify teenagers’ needs and preferences regarding
the best enablers of empowerment (e.g., genetic counsel-
ors, teachers). Similarly, exploring the long-term impact
of psychiatric genomic interventions (e.g., genetic coun-
seling [24]) on risk-reducing behaviors among adoles-
cents, especially those from families with psychiatric dis-
orders, would be invaluable given that studies with adults
found limited impact of genomic data on actual behaviors
[67]. Research should also explore the challenges experi-
enced by potential enablers of empowerment (e.g., teach-
ers) and identify measures to address these concerns to
ensure that teenagers across racial and ethnic groups can
be part of the conversation.

Limitations

This study has several limitations. First, due to IRB
concerns, we did not collect data about participants’ fam-
ily histories of psychiatric conditions or their previous
experiences with psychiatric genetics, precluding analy-
ses of the effect of these factors on participants’ responses.
Nor did we assess knowledge of psychiatric genetics, as
such knowledge is unlikely among this age-group. Addi-
tionally, participants were recruited through TSR’s Inter-
net-based “Kids and Family” panel. Although this self-
selected panel may have introduced some bias, the sample
was selected to assure national representation as de-
scribed above. Finally, given the hypothetical nature of
the survey, it is impossible to know whether adolescents’
expressed interest and responses will translate into actual
behavioral changes if they receive information about
their personal psychiatric genetic risks. Further research
can address these issues.
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Conclusion

Although precision psychiatry is only in its infancy,
prevention should be a major component of this effort.
Notwithstanding common perceptions of adolescents as
unpredictable, impulsive risk-takers, involving teenagers
in these discussions will be key.

Our study of teenagers from the general population is
afirststep in this direction. We found high interestamong
this age-group in information about genetic and environ-
mental factors contributing to psychiatric disorders and
expressed willingness to make a range of behavioral
changes to reduce their risks for such conditions. Al-
though our findings only indicate teenagers’ stated inter-
est and intentions to change behaviors, they highlight the
need for identifying the measures that can empower teen-
agers to act on their psychiatric risk factors.

As teenagers’ autonomy and competence are increas-
ingly recognized in health-related settings [45, 46] the
newly emerging health-care model of precision psychia-
try should lead the way. This model, which if implement-
ed correctly, requires a non-reductive biological explana-
tion of psychiatric conditions, is more responsive to the
socioenvironmental and lifestyle factors that affect teen-
agers’ (and adults’) mental health outcomes, and can pro-
vide empowering tools to mitigate genetic risks. Engage-
ment and research with this age-group are urgently need-
ed to allow adolescents, especially those with family
histories of psychiatric conditions, to optimize their men-
tal health trajectory, including by reaping of the benefits
of precision psychiatry.
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