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Abstract

Aims—Personal genomic testing (PGT) for common disease risk is becoming increasingly
frequent, but little is known about people's array of emotional reactions to learning their genomic
risk profiles and the psychological harms/benefits of PGT. We conducted a study of post-PGT
affect, including positive, neutral, and negative states that may arise after testing.

Methods—Two hundred twenty-eight healthy adults received PGT for common disease variants
and completed a semi-structured research interview within two weeks of disclosure. Study
participants reported how PGT results made them feel in their own words. Using an iterative
coding process, responses were organized into three broad affective categories (Negative, Neutral,
and Positive affect).

Results—Neutral affect was the most prevalent response (53.9%), followed by Positive affect
(26.9%) and Negative affect (19.2%). We found no differences by gender, race or education.

Conclusions—While <20% of participants reported negative affect in response to learning their
genomic risk profile for common disease, a majority experience either neutral or positive
emotions. These findings contribute to the growing evidence that PGT does not impose significant
psychological harms. Moreover, they point to a need to better link theories and assessments in
both emotional and cognitive processing to capitalize on PGT information for healthy behavior
change.
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Introduction

Several systematic reviews of the psychological implications for adults participating in
predictive genetic testing for rare, hereditary diseases (e.g., certain cancers,
neurodegenerative conditions) have concluded that learning one's personal risk profile can
lead to mildly elevated, short-term psychological distress that dissipates over time for most
individuals [1-4]. For these rare conditions, genotype:phenotype associations tend to be
strong. If a risk allele is highly penetrant, the associated disease almost always occurs.
Penetrance is attenuated when some individuals do not go on to develop the disease, even
though they carry the allele.

Personal genomic testing (PGT) for common diseases that are more prevalent in the general
population (e.g., diabetes, heart disease) is distinguished by identifying multiple low
penetrance genes or gene variants that only sometimes result in disease and can be
influenced by other factors (e.g., the environment). Studies to date on the psychological
implications of PGT suggest that this testing does not produce significant mental health
burdens [5-7].

Data about the absence of psychological harm surrounding predictive genetic testing more
generally, and PGT in particular, have set the stage for the proliferation of such tests in the
consumer marketplace—and often without the benefit of consultation by genetic/genomic
health care professionals [8]. However, the absence of psychological harm is a rather narrow
lens through which to view emotional responses to a phenomena as complex as learning
about genetic determinants of one's health, and might not sufficiently attend to the broader
meanings ascribed to this information in everyday life [7]. For instance, individuals could
respond more neutrally to information about their higher chance of developing a certain
disease (e.g., diabetes) if they expected this finding based on their personal or family health
history (e.g., being overweight, having a biological parent with diabetes). Moreover,
individuals could even respond positively or favorably to knowing this information, since
early identification of health risk could lead to preventive or risk-reducing treatments. For
instance, a systematic review of at-risk individuals tested for predisposition to hereditary
hemochromatosis found decreases in distress and increases in quality of life after such
testing [9-11]. More relevant to PGT for common disease risk and risk factors, a recent
study identified relief from self-blame following testing for a common obesity gene variant
[12]. This and other studies that have conveyed genetic risk for obesity using either actual
testing or hypothetical vignettes [13] note that those who are tested derived “personal”
psychological benefits from testing. Indeed, the concept of “personal utility” of genetic risk
information in a growing area of exploration [6,14]. Apart from distressing emotions, neutral
and positive affect can also have implications for processing health information [15,16].
More positive affective associations with multiple health behavior domains, including diet
and physical activity, have been linked to greater levels of engagement in these behaviors
[17-20]. Positive emotions of happiness and relief have been included in measures of the
psychological reaction to receiving genetic test results related to hereditary cancers [21].
However, the range of responses and the potential to capitalize on these as motivators of
behavior change in the context of PGT has gone largely unexamined.
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To help move the field of PGT forward, and with greater attention to a fuller range of its
psychological implications, we believe it is appropriate to take a step back and reconsider
the complete spectrum of emotional reactions that persons may experience in response to
genetic testing for common disease risk. Gaining a complete understanding of the true
nature and relative balances among positive, neutral, and negative affective responses of
individuals to PGT is necessary in determining if there are additional patient education and
counseling objectives that must be met and in fulfilling the promise of PGT as a means to
improve health. As these are predicated on the notion that information derived from PGT
can be incorporated into people's lives in impactful ways (i.e., motivating them to change
their lifestyle behaviors, undergo preventive interventions, adhere to treatments, etc.), then
affective responses may be an under-recognized opportunity to learn what matters most to
individuals when considering future health threats. We also should consider whether these
affective responses vary by important demographic factors, such as gender, race or
educational attainment.

Study Purpose

Method

In this report, we set out to characterize individuals' affective responses to their receipt of
PGT results for common disease risk. Our data were drawn from the National Human
Genome Research Institute's (NHGRI) Multiplex Initiative [22], a population-based study of
healthy adults offered genetic testing for common disease risk. All participants underwent
PGT and received their genetic test results prior to data collection. As part of a semi-
structured research interview, these individuals were afforded the opportunity to report to us,
in their own words, how they felt following the receipt of their genetic health risk profile.
Our primary hypothesis was that individuals would report a broad array of affective,
emotional outcomes to their test results that included but were not limited to negative affect.
Moreover, we expected that negative affect, when reported by participants, would constitute
a minority of responses. Finally, we also assessed whether responses varied by gender, race
or education.

Study Design

Participants

The NHGRI Multiplex Initiative has previously been described in detail elsewhere [23,24].
Briefly, the multiplex genetic susceptibility test used in this study included 15 genetic
variants associated with increases in risk for 8 common chronic health conditions (diabetes,
heart disease, high cholesterol, high blood pressure, lung cancer, colon cancer, skin cancer,
and osteoporosis) [25].

Participants in the Multiplex Initiative were selected from a large health maintenance
organization. Selection criteria included being enrolled in the plan for at least 2 years, being
age 25-40 years, and not having the health conditions assayed through the multiplex test. A
random sample of the members meeting these criteria was drawn, oversampling for male
gender, African American race, and lower educational status (based on census tract
information associated with current address; “lower” being < high school). Study
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recruitment occurred from February, 2007 to May, 2008 [23]. All procedures were approved
by the Institutional Review Boards at the NHGRI and the Henry Ford Health System. Data
for the present analysis are based on the 228 patient participants who agreed to the multiplex
test, completed a baseline telephone assessment, and a post-disclosure follow-up telephone
call to complete a semi-structured research interview with a research educator within 2
weeks after receiving their results by mail.

Post-disclosure Call

As described elsewhere [26], the post-disclosure call was scripted and data collection
assessments were conducted via a semi-structured research interview along with discussion
of test results. Calls were recorded for quality assurance by a study manager. Study
materials included contact information for a medical geneticist or genetic counselor, but no
participants requested this. Development and implementation of the mailed feedback and
education call relied on best practices in clear public health communication and health
literacy [26-28]. The call focused on ensuring that participants had an accurate
understanding of the meaning of the test results. A mixed-methods interview was embedded
in this call. Importantly, the call did not include discussion of the psychological implications
of test results, as would be typical within the context of genetic counseling [29]. Research
educators were instructed not to probe for further clarification in order to keep the interview
highly structured across participants.

Data and Measures

Baseline data—Sociodemographic information was collected at baseline and prior to the
provision of a DNA sample for analysis. This included participant age, gender, race/
ethnicity, marital status, and educational status. Educational status was indexed by the
highest grade or year in school completed, later trichotomized as < high school, some
college/vocational school, and = college degree.

Genetic risk profile—A complete description of the multiplex test feedback protocol is
described elsewhere [26]. Briefly, participants received a folder by mail containing their
results, as well as three supplementary one-page enclosures describing important caveats
about the results and behavioral strategies to reduce disease risk, and preparing them for the
research educator follow-up telephone call (Figure 1). Feedback was provided about health
conditions (vs. genes and risk genes) due to greater familiarity with diseases.

Patient-reported outcomes—A trained research educator attempted to contact
participants by telephone within 10 days of receipt of mailed multiplex test results. Data for
the current analysis are drawn from participants' responses to the open-ended question probe
eliciting information about emotional reactions to learning their PGT results: “People can
have different reactions to genetic test results. In your own words, how did you feel about
getting your test results?” All responses were recorded verbatim and all interviews were
audio recorded for quality control purposes.
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Data Analysis

We first generated frequencies and descriptive statistics to determine participants'
sociodemographic and genomic risk profile information. All semi-structured interview data
were read, content coded, and analyzed by a team of experts (including C.B. and C.M.M.)
using a study-specific coding scheme based on Grounded Theory [30,31]. These data were
analyzed in two phases. In the first phase of data analysis, the coding scheme initially
applied emotion-focused adjectives and other affect terms commonly encountered in scales
of emotion, such as those included in the Positive and Negative Affect Schedule (PANAS)
[32] (e.g., nervous, determined). Next, the team expanded its initial coding scheme as
needed based on the frequency of participant responses falling outside of these parameters,
adding additional affect codes and other codes that were nonspecific to affect (i.e.,
cognitions). This process ultimately resulted in 27 discrete codes, with an additional code
used to capture more general comments that were neither affective nor cognitive in nature.
Two independent coders (including C.M.B.) then applied this coding scheme to the available
study data: inter-coder reliability across the 27 codes was high (Cohen's Kappa = 0.83) [33].
Discrepancies were resolved by consensus. Each response was assigned one or more codes
depending on verbalization and context—all codes were applied equally. The frequency of
each code was then computed, representing the number of times each code was applied to
the dataset. These frequencies were then summed to provide an overall count of the total
number of coded responses, and each code's percentage of the overall total was computed
(individual code frequency/total code frequency).

In the second phase of data analysis, 2 additional independent coders (S.C.O., K.P.T.) sorted
these 27 codes along a thematic continuum of affect ranging from negative to positive
emotions, resulting in 3 broad thematic categories (Neutral [e.g., “Indifferent”], Positive
[e.g., “Relieved”], and Negative [e.g., “Afraid”]). Four of these codes captured responses
that were not affective, but rather, reflected responses to the education session itself. These
were not considered further in this analysis, leaving 23 remaining codes. The team next
applied Q-sort methodology (see Lilienfeld [34] for review) with 12 genetic health research
assistants who rank-ordered each of the 23 codes into the 3 categories, based on their
perceptions of the code's thematic likelihood of membership (from most to least likely).
Codes were assigned to one of the three categories as determined by absolute majority of >
51% endorsement. (The “next most likely’ membership ranks were used in the event of ties
and to help resolve discrepant responses by consensus.) The results of our Q-sort, and
sample responses offered by participants across the 23 codes, are presented in Table 1. Full
consensus by overall majority of our 12 coders was reached for thematically categorizing all
but one of the 23 codes. With respect to Negative affect and emotion, 10 codes were applied,
seven were applied as Neutral, and six codes were applied to Positive affect and emotion.

The number of codes assigned to each category was then tallied, followed by computing
each code's within-category percentage (individual code frequency/total code frequency for
category). Each thematic category's relative frequency was then computed, followed by its
relative percentage of the overall total (total code frequency for category/total code
frequency). Finally, we performed t-tests to determine whether there are significant
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differences in the overall frequency of responses within each of the four categories by
gender, race (White/non-White) and education (< college/= college).

Results

Sociodemographics

Participants who sought multiplex testing were, on average, 34 years old and just over half
(57%) were female (Table 2). Sixty-two percent were non-Hispanic white and 27% were
African American. Just over half (52%) were college educated. A majority of our
participants were in a partnered relationship. Participants carried at least 1 variant associated
with increased risk for 6 (M = 5.9, SD = 0.9) of the 8 health conditions; they carried an
average of 9.2 risk alleles (SD = 1.7) out of the possible 15.

Frequencies of Responses Generated

Responses generated by the 228 participants produced a total of 351 codes across 23
categories. Each participant's response received a mean of 1.88 codes (range 1-3). For
example, “I guess not super concerned because | kind of figured | would get some sort of
cancer and the diabetes and all that...so | kind of figured I'd have something...” generated
one code (Not Surprised), while “I was eager to get them because | was curious what the
results would be - I kind of figured | would be predisposed to many of the things that were
tested. Skin cancer surprised me.” generated 3 codes (Nervous, Surprised, and Curious).

Reported Responses to Test Results

Coded frequencies within each category are presented in Figure 2. We present these data
along a continuum from Neutral to Positive to Negative affect responses. Our participants
displayed a full range of emotional responses following the receipt of their test results.
Along this continuum, responses in the Neutral category were, by far, the most common,
capturing over half of all responses (53.9%). Neutral responses were followed by responses
in the Positive category, capturing just over a quarter of responses (26.9%). Reponses
capturing Negative affect were least common, representing only 19.2% of all responses
coded.

When we examined the most frequently coded responses within each category and across all
categories, the most commonly encountered responses were “Not Surprised” (14.2%) and
“Surprised” (10.8%) within the Neutral emotion category. In the Positive category,
“Interesting” (9.1%) was the most frequent. “Nervous” (6.5%) was the most frequent
response within the Negative emotion category.

Group Differences in Affective Responses

We examined differences in the overall frequency of Positive, Neutral, and Negative
responses by gender, race and education. We found no significant group differences within
any of the three response categories. In addition, there were no significant differences in the
overall frequency of responses across these groups.
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Discussion

Last year, the Food and Drug Administration (FDA) ordered the largest provider of direct-
to-consumer genetic testing, 23andMe, to discontinue marketing of its health-related PGT.
Concerns cited include that consumers may not adequately understand test results and as a
consequence, might respond to test results in ways that would be counter to medical advice
[35]. However, Green and Farahany [36] noted that while more systematic research is
needed regarding the outcomes of consumer genomic testing, the growing number of studies
to date do not point to significant harm as a result of this testing. Our findings contribute to
this growing body of evidence that PGT for common disease risk does not pose significant
psychological harms to participants, nor did these responses vary in a way to suggest that
certain groups, such as those with less formal education, would be more likely to report
these responses. Indeed, our work points to a need to better link theories and assessments in
emotional and cognitive processing to capitalize on the range of responses individuals have
to PGT information during patient education and counseling encounters. This could include
several potential measurement methodologies, including existing scales, continued use of
open-ended prompts such as the one used here, and more direct measurement of the
affective experience. This future research agenda would benefit from a robust opportunity to
offer PGT to individuals and carefully assess their understanding and application of this
information to their health [36].

Future work should seek to consider the impact of positive affective experiences on the
processing of genomic risk information. For instance, “Interesting” held the most responses
in the Positive category. A growing body of literature [15,37,38] now suggests that positive
affect can improve individuals' information processing and the quality of their health
decision making. Interventions aimed at capturing positive affect and engagement associated
with the receipt of PGT could enhance the processing of health information incorporated
into interventions and produce greater behavior change and salience.

Affect varies not only in valence (positive/neutral/negative) but also strength [39-41]. While
our method was most appropriate for capturing affective valence, many responses within the
Neutral category, such as “OK,” “Indifferent,” and “Just Information” speak to an affective
response that is not particularly strong. Further, even when asked for an emotional response,
many participants did not report an affective reaction at all. Hay and colleagues [42]
provided an early theoretical synthesis designed to anticipate the direction of psychological
and behavioral research in PGT. They underscored the importance of affective engagement
with genomic risk information. They postulated both positive and negative affective
responses to genomic risk information, and state that engagement (or in other words, the
strength of the affective response) is crucial in how individuals ultimately will apply this
information to their health. Future work should measure a range of affective valence and
strength as one way to capture levels of engagement with this health information. This work
should also include development of novel measures that capture responses to PGT outside of
the domain of distress and negative affect [43-46]. Our work can serve as a first step in this
work by providing domains for item development and further measurement refinement.
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Finally, given the most frequent response was “Not Surprised” followed by “Surprised,” one
must consider the implications of information that either confirms or disconfirms the
individual's expectations and the mental schema they hold regarding their health risks. Such
findings are likely to increase in frequency in the era of whole genome and whole exome
sequencing that takes the field beyond targeted testing in high-risk samples [47-50]. Limited
research on patient perspectives of this approach has been done on this topic to date.
Participants in one cohort expressed strong intentions for learning their sequence results,
generally speaking, with the motivation of applying these to disease prevention [51]. In a
more recent study of patients receiving diagnostic exome sequencing, 93.5% of these opted
to learn incidental deleterious findings [52]. These studies suggest that, regardless of
guidelines, many patients would seek to learn their sequence and interpretation to the degree
possible using the literature to date. Therefore, patients' responses to deleterious findings in
the absence of a significant family history of disease [53] should be the focus of research
moving forward.

The participants in this study were part of a large, diverse, population-based study of healthy
adults. Despite this, there are several limitations. While the initial sampling frame for this
study began with oversampling for male, African-American and less educated participants,
groups who have been less represented in genomic research to date, those who sought
testing were more likely to be female, White and college educated. Therefore, while we
found no group differences in the present analysis, the responses captured by the present
work may not generalize to the population at large. Also, our data were generated from
response to a single open-ended question. Employment of longer qualitative interviews with
successive probes could have yielded additional data and provided more insight into the
affective responses of these participants.

Despite these limitations, the present findings contribute to our understanding of the range
of affective responses that healthy adults have to PGT. As PGT continues to reach greater
segments of general public, it is critical to understand how patients might respond to this
information, with or without the benefit of a health care practitioner. Our results suggest that
when drawing from a large, diverse population of young, healthy adults, those who elect to
be tested report a range of affective responses. Future research should seek to better
understand these responses and determine how to capitalize on them to enhance public
health. This research should include the development of measures that better capture the
range of responses that we have identified in our study. Item development could follow this
work, as well as scale development and validation in samples receiving PGT in diverse
settings.
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Table 2

O'Neill et al.
Participant Sociodemographic Characteristics (N = 228)

Variable % Mean (SD)
Demogr aphics
Age (years) 34.89 (4.17)
Gender (% female) 56.58%
Race/ethnicity

Non-Hispanic white 62.28%

African American 27.63%

Other 10.09%
Education

< High school 10.53%

Some college 37.72%

> College 51.75%
Partnered 67.11%

Carry at least one genetic variant associated with increased risk

Diabetes 98.25%
Osteoporosis 98.25%
Heart disease 97.37%
High cholesterol 85.53%
Hypertension 33.77%
Lung cancer 58.77%
Colon cancer 93.42%
Skin cancer 19.74%
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