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Abstract

Background: The use of genetically-informed personalized risk information for behavioral disorders, namely smok-
ing and smoking-related behaviors, is a promising yet understudied area. The Genetics and Smoking Risk Profile, or
RiskProfile, leverages genetic and environmental information to communicate one’s risk for smoking-related diseases.
Although prior studies have examined attitudes toward genetic results, little research has investigated these percep-
tions through a lens of in-vivo testing; that is, user-centered design feedback in response to personalized genetic
results being returned contemporaneously. This qualitative study engaged current smokers in usability testing of the
RiskProfile within the context of concurrently receiving this personalized, genetically-informed smoking cessation
intervention.

Methods: Eighty-nine participants who were current smokers responded to open-ended interview questions on
perceptions of smoking-related genetic information and the content and format of the RiskProfile intervention that
they had received moments before. Data were analyzed via the conventional content analysis approach in which
themes were allowed to emerge throughout the analysis.

Results: Participants were able to reference and offer design input on specific elements of the RiskProfile. Overall,
current smokers perceived the RiskProfile to have high potential utility. Constructive feedback that current smokers
offered about the tool centered around suggested improvements to optimize its usability and technical content.

Conclusions: The detailed and constructive feedback from participants highlights that in-vivo feedback offers a
useful design approach that addresses concerns of rigor and relevance when returning genetic results. This unique
method demonstrated perceived utility and constructive design feedback for the RiskProfile among current smokers
and can play an important role in optimizing the design and implementation of personalized genetic risk interven-
tions moving forward.
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Background

Despite numerous strides in the precision medicine ini-

tiative [1], there remains a lack of widespread use of

genetic information in clinical and community settings
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conditions [4], and dosing for specific drugs such as the
anticoagulant warfarin [5, 6]. Yet, relatively less attention
has been paid to the prospect of utilizing genetic infor-
mation to communicate personalized risk and promote
health behavior changes, such as use of evidence-based
pharmacotherapy and quitting or reducing smoking [2]
[e.g., 7-9, 10-12]. Genetic information has the potential
to guide prevention and treatment efforts across disor-
ders [9, 13], especially when considered in tandem with
environmental or lifestyle information [14].

There is noted public interest in genetic testing for psy-
chiatric disorders, including disorders of addiction. That
interest varies based on context (e.g., having symptoms of
a disorder, having a family member with a diagnosis, age,
entertainment value, skepticism) and perceived poten-
tial impact and value of the genetic results [15, 16—18].
To meet this demand, numerous studies have assessed
stakeholders’ perceptions about the hypothetical use of
genetic information in healthcare [19-26, 27] as well as
the consequences of returning actual genetic information
to patients and consumers [10, 12-17, 27-31]. This work
spans multiple settings, designs, types of genetic informa-
tion (e.g., direct-to-consumer testing, medical genomic
sequencing panel results), and ways of presenting genetic
information (e.g., active versus passive). Collectively, this
work has noted many barriers and facilitators toward
implementing genetic information into healthcare. Press-
ing barriers include disagreement over who is respon-
sible for discussing genomic information with patients
and consumers and, relatedly, the insufficient supply of
genetic counselors to meet the growing demand for per-
sonal access to genomic information [8, 22, 24, 32-36,
37]. There are also concerns over inadequate opportuni-
ties for education and training about genetics as a whole
[22, 25, 26, 34] as well as fears of insurance discrimina-
tion [19, 15]. Implementation facilitators include the rela-
tive lack of evidence for adverse patient and consumer
reactions to receiving genetic information [7, 16, 30].
Gains in knowledge, self-efficacy, and overall engagement
with their results have also been noted among patients
and consumers [28—30] in addition to positive behavior
changes such as disclosing results with another person or
lifestyle changes [12, 17, 31, 38].

To facilitate optimal implementation of genomics in
behavioral health, a working group was recently estab-
lished to continue bridging this gap between genetic
information and behavioral health [39, 40]. There is
now a growing body of work on the impact of genetic
information about smoking and smoking-related disor-
ders (e.g., nicotine addiction, lung cancer). These stud-
ies have informed current smokers’ perceptions about
hypothetical and actual genetic results [41, 42, 43]
and have assessed behavior change, decision making,

Page 2 of 11

motivation, and other related outcomes subsequent to
return of personalized genetic results [7, 44—46, 11, 12,
17, 18, 47]. Despite these studies providing a wealth of
important findings, no known studies have solicited
user-centered design feedback of a genetic risk com-
munication tool concurrent with the return of smoking-
related genetic results. That is, studies have not examined
the “in-vivo” perceptions of current smokers when they
are, in the moment, engaging with personalized geneti-
cally-informed interventions. As such, there remains a
scientific gap involving user-centered design feedback
on personalized genetic risk tools using methods that
maximize personal and contextual relevance and mini-
mize recall bias. To maximize the rigor and relevance of
this evidence, user-centered research methods may help
researchers and clinicians gain a better understanding of
an innovation as individuals concurrently engage with
the innovation.

A key scientific gap is on perspectives from current
smokers in the context of receiving personalized genetic
information. Methods from the fields of implementa-
tion science and design thinking can aid in establishing
the consistent use of genetic information for behavioral
disorders in real-world, contextually-relevant scenarios
by uncovering innovation-, individual-, organization-,
and system-level barriers to integration and use of
this evidence [48, 49]. An important next step that will
build upon past research is to ensure that the tools
used to communicate genetic information for behavio-
ral health are designed in a way that respond to known
implementation barriers and facilitate the use of genetic
information to positively impact patient empowerment,
self-efficacy, and behavior change [50, 51].

Study aims

The aim of the current study was to qualitatively ana-
lyze participants’ “in vivo” perceptions and feedback on a
genetically-informed smoking risk tool within the context
of concurrently receiving this personalized tool as part
of a proof-of-concept intervention study [52]. Following
genetic testing via 23andMe, current smokers received
a personalized, genetically-informed smoking cessation
intervention. The intervention included the smoking risk
tool, hereafter referred to as the Genetics and Smoking
Risk Profile, or RiskProfile. The RiskProfile was previ-
ously developed and initially validated [53] and then sub-
sequently demonstrated utility in motivating progress
toward smoking cessation, including significant pre-post
reductions in cigarette smoking [52]. The current study
applied in-vivo methods to qualitatively investigate and
further inform the design of the RiskProfile, an approach
that builds upon prior return of smoking-related genetic
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results studies and may be easily incorporated into future
studies.

Methods

Genetics and smoking risk profile (RiskProfile)

The RiskProfile was created in an iterative manner
whereby its design was optimized using separate sam-
ples of participants (see 53 for more details). It consisted
of a tri-fold brochure that first presented a visually-
appealing introductory outer panel that primed par-
ticipants to expect information about their genetics and
smoking-related outcomes (see Additional file 1: Fig. 1:
How genes and smoking impact my risk; reproducced
with permission from 35). The inner flap provided an
overview of the 23 human chromosomes with chromo-
some 15 highlighted as it was specifically examined in
the study. The larger inner panel provided personalized
results that revealed the genetic variants for specific sin-
gle nucleotide polymorphisms. These genetic results
were combined with phenotypic information (i.e., num-
ber of cigarettes per day at baseline) into an algorithm
that determined the individual’s risk for developing each
of the three smoking-related disorders (lung cancer, lung
diseases such as chronic obstructive pulmonary disease
(COPD), and difficulty quitting smoking) (see https://osf.
io/tmwyn/ for an overview of the algorithm). The large,
inner panel also provided actionable information about
the benefits of healthy behavior changes. The back panel
referred the individual to resources to help with smoking
cessation and included Quitline-, text-, and app-based
tools, as well as potential medications to discuss with
their physician. See Additional file 1: Overview of the
RiskProfile’s contents.

Discussion of the RiskProfile with participants was
scripted and (1) gave an overview of genetics in lay terms,
(2) emphasized the importance of genes and environ-
ment in smoking-related behaviors and diseases, (3)
encouraged cessation, or reduction of smoking if full ces-
sation was not possible, and (4) acknowledged the early
stage in which this research was being conducted, noting
that new genetic markers for smoking-related diseases
are still being discovered and that feedback on the Risk-
Profile would be valuable for improving future research
and practice.

Study protocol

Study context

As part of the genetically-informed smoking cessa-
tion intervention, participants had been recruited into a
three-visit feasibility study to demonstrate proof of con-
cept for the RiskProfile [52]. Participants were recruited
into the study using a variety of both active and pas-
sive methods, including existing institutional registries,
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posted flyers, and online ads (see 53 for more details).
Participants aged 21 or older who were current smok-
ers of tobacco from the [greater St. Louis, MO] region
were eligible for the study. In Visit 1, participants pro-
vided informed consent, answered baseline questions
about their current smoking and perceptions of using
genetic results, and provided DNA via saliva sample to
be sent to 23andMe. Participants consented to being
interviewed and audio recorded during visits, giving
their saliva as part of the 23andMe process, and allowing
study staff to analyze their raw genetic data to generate
the RiskProfile. The consent form also included informa-
tion about how participants’ biological samples would be
treated, as well as privacy, risks, and benefits of the study
(full informed consent form is available at https://osf.io/
tmwyn/). The research team utilized the raw data from
the 23andMe genetic reports and self-reported ancestry
information to create the RiskProfile (see above). Specifi-
cally, we selected clinically valid genetic markers in the
CHRNAS5 gene region that have been identified in mul-
tiple genome-wide association study as having robust
associations with nicotine dependence, smoking-related
lung cancer and other lung diseases, and difficulty quit-
ting smoking. Participants were then invited to Visit 2 to
assess their current smoking and to receive and discuss
the results of their RiskProfile. Participants also provided
feedback about their “in-vivo” reactions to the tool and
its potential utility for promoting smoking cessation; this
served as the basis for the current study. Importantly for
Visit 2, because all participants were current smokers, the
RiskProfile by design never communicated a message of
“low risk’, despite the participants’ genetic risk results.
Further, all participants were given a consistent, strong
recommendation to quit smoking and referral to freely
accessible smoking cessation resources. Visit 3 was a
phone-based, brief follow-up assessment to assess poten-
tial change in current smoking one month following the
intervention. Analyses for that visit are outside the scope
of the current qualitative study (see 52).

Current study

The present study was conducted as part of Visit 2 in the
three-visit intervention study. Using a standardized ver-
bal script (see https://osf.io/tmwyn/), a trained research
team member presented each component of the Risk-
Profile (e.g., the concept of genetics, their risk) to partici-
pants, provided guidance on how to interpret the results,
and offered multiple opportunities to ask questions. After
the tool was delivered, the presenter left the room and a
trained interviewer asked semi-structured, open-ended
interview questions about the RiskProfile tool: (1) When
you first signed up for this study, what did you most want
to learn in regard to your smoking behaviors? (2) How


https://osf.io/tmwyn/
https://osf.io/tmwyn/
https://osf.io/tmwyn/
https://osf.io/tmwyn/
https://osf.io/tmwyn/

Page 4 of 11

(2021) 14:139

Bourdon et al. BMC Med Genomics

6¢-0¢ pabo
‘9ID—,D11SeIURY S IR} OS U3S A, BUIYIAISAS YUIYY |,
69-09 pabp ‘o|pwia{—,uosiad
oY123ds e 104 159G 90 P|NOM Pl UoIessad bul
Sjows yaiym uioduid 03 Aem e sem 21343 JI ||9AN,

67-0C

Pabb ‘3jpjy—,1eY1 MO||O} 1,UBD | “YN1S PUE ‘SIDdIeW

2Uab pue ‘SEUOSOWOIYD dY1dads [ 7] Inoge bul
-3{|e1 10U 81,N0A 181 05 11q 3|11 B UMOP 1l Buiquing,

6t-0% pabo
‘3|Dy—,BUIyIAUE JO 3UIY3 LUBD | MOUS L,UOP | ‘ON,
61—0 Pabp ‘dpyy— 2w 1sutebe 1eyl asn Aew
saluedwod aduerINSUL pue dlignd ay3 031 1IN0 196
Kew [uolreudiojul 211auab Aw] 1ey st Jedy Ajuo Ay,

69-09 pabp ‘3jpwia4—,dois 03 Bulkiy [*°] yum
ybnoiyy Buimo||o) 10U pue uoleWIOUI 94l BumLD,

6/-0/ Pabv ‘djpyy— 11 yum 2.6e A|pa
-}Jeayajoym | ‘ON ¢} INOge SuIadU0d Aue aAeY | 0Q,

6v—0r

pabp ‘3puia4—A3In1 pjod unb [**] 01 Buikiy asn(

JO peaisu| ‘Buminb pue spie pappe enxa [] 10}

BUI00| INOGE SNOLISS 240U D3| B 3 WY1 dARY

puUY "9UI0DIU 10 Sa12IeBD BuiAeID 31,4341 18y}
uoseal e s| 2191 azijeas sdoad djay pjnod 1 NuIY3 |,

6¢-0¢ pabo

‘9ID—,NOA JO JUOJJ Ul 24941 IN0 1 SInd [3/40IgSIY

93] pue a1e NOA YIS 1B MOY INOGE [BlUSP Ul 97 UBD

oym J|asAw buipnpul ‘sidoad Jo 10] e mouy | [*]
‘Apsauoy ‘adey unoA ul 11 bumnd Ag nydjay asnlsyy,

6t—0t p2bp
‘9| —,iS1BSA 9SBU] ||B JDAO SW J0J pIeY 0S U3

S Aym 01 aJoul BulyIsWos 2J3Y1 S| 10 uloggnis
pue pidnis bulag aw 11 S| MOUY O} paiuem Ajjeal |,

69-09 pabo ‘ajpjy—,mous Apeaije Lupip | 1ey)

SW |91 PINOD [3140Igysly Y1) BUIYIDWOS Sem a1y}
JI pue ‘YN Aw 03 paiejas [bupjous] moy ssanb |,

|001 2Y1
4o 5109dse SNOLeA INOGER SUIRLIOP |[B Ul PaIaJO

|001 SY3 01 9peW 37 P|NOD 1eY] SIUSW
-an01dW| pazijeuosiad 210w puUNoIe PaISIUdD)

pasueyUd 3q PN |00}
943 JO JUSIUOD pue HunIeulIo) 3yl 1ey) skem paioN

|001 3Y3 BulisIA31 10U J0j 9ou43424d B PAJON
1USWUIA0H 9y pue ‘salu
-edwod adueINsuUl ‘D puUREZ Bulpn|pul ‘salnied

PlIY1 AQ pasnsiw Buiag uoileulIojuUl D119Udb JO U84
SUOSseal JO A191IeA B JOJ ||B 18 PazI|iin

10U 10 PaZI|IIN-ISpUn 3¢ 01 |001 dY3 10§ |el1U10d
|003 a3 buisn

1N0Qe SUJ9DU0D AU 9ABY 10U PIP A4 1841 PRION

sabueyd aA1sajl| pue s1dwa11e UoIessad
Buows 10j BueAOW SeM [001 SY1 eyl PSION

SU PUB Y3[eay UMO J19Y3 INOGe o
-BJNP3 S [[9M SB BUIOWS JO SYSII Y3 INOe o}

-ewojul [njasn apiroid padjay (003 aY3 1ey3 puno4

Mows A3y Aym

pue ‘(153191U Pa31e[31-5219USb e J0U) SISpIOSIP

pa1eja-bupows 1oy ysii 1inb 01 moy se yans ‘bul
-{OWS INOge UOI1eULIOjUl D41D3dSs uleb 01 paiuep)

SI9pI0SIp paiefal-buryouws buidoansp 1oy s

pazi[enpIAIpUI Ul 152491Ul [eUOSIad pue bupjows
Jo sbujuuidispun d3ausb ay3 Ul 353191Ul Peo.g

- NBIlelsEETENNM NI NIEINED)

ssaujnybuluesw pue 1oedudl anoidw|

InoAe| pue ‘sjieyap [es1uyda} ‘uobiel snoidu|

3IYOIPIsI 343 JO

SI-Se9ARST  SSaURAIDRYR a1 Bulaoidull oy suolsabbng

Koenld
uolezI|in Jo e

SUISDUOD ON  3JL0I4 S1Y 243 BUISN INOGR SUIDUOD [2IUS10d

Buneanopy

Bunesnpa pue Huiwioju| IIYOIASIY DY JO AU|IIN PAAIDDID

Bulxa3s-uoeWIOU|

Buows Jo s3112uab 3y Ul 1s2193U1 Buong 3ILOIYSIY dY} BUIAIDIDI 1O} SUORAIION

3j0np

Bulueapy

away| ujewoq

3|YOIPASIY DY} UO 3¥Deqpas) Jo MIIAIBAQ | d]qeL



Bourdon et al. BMC Med Genomics (2021) 14:139

might a tool like this genetics and smoking risk profile be
helpful in guiding smoking cessation attempts? (3) What
are some of your concerns with using a tool like this pro-
file to guide smoking cessation attempts? (4) How could
this genetics and smoking risk profile be improved to help
motivate smoking cessation attempts? Participants were
also asked to share any final thoughts about the con-
tent or format of the RiskProfile, and interviewers were
trained to prompt participants as necessary throughout
the interview. Participants were monetarily compensated
$25 for this visit.

Analyses

Transcription of in-vivo responses followed a verbatim
approach whereby responses were written exactly as they
were said by participants except that filler words (e.g.,
“um,” “like;”) were filtered out to aid in analysis [54]. A co-
author (AD) on the paper conducted the transcriptions.
Qualitative analysis followed a conventional content
analysis approach where themes were allowed to emerge
from the data [55]. The order for analysis included cre-
ating open codes, collapsing codes into categories, and
then conceptually ordering the categories into themes
in an inductive manner (see Additional file 1: Table 2:
Breakdown of initial codes, categories, and themes across
questions). Microsoft Excel was used to analyze and
count the codes, categories, and themes [56, 57], and
multiple codes per response were allowed (see Additional
file 1: Text 1: Details about coding with Microsoft Excel).
Researchers engaged in constant comparison whereby
codes and categories were checked throughout data
analysis to ensure their continued relevance and appro-
priateness. This is necessary because later responses can
inform earlier codes and vice-versa [54]. Relevant quotes
were identified as necessary.

Each question was analyzed by two raters (JLB and AD)
who regularly met to discuss similarities and differences
in their analyses. Analyses often aligned except for spe-
cific codes used (e.g., semantic differences) or the struc-
turing of themes (e.g., one person may have summarized
positive and negative feedback as one theme and the
other may have divided it into two themes). All coding
discrepancies were discussed and resolved collaboratively
by both raters to achieve consensus for each question
before continuing the analysis.

Results

Results are presented as five domains; relevant themes
accompany each one and all are summarized in Table 1.
The domains were structured around the original ques-
tions asked to participants, although responses from
multiple questions comprise each domain.
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Sample demographics

The sample consisted of 89 participants (mean
age=47 vyears; female=51%; White/Caucasian=>56%;
Black/African American=36%; another ancestry=_8%;
Hispanic or Latinx=2%). All participants consented
to being audio recorded for transcription except for
two. Summaries of those participants’ responses were
recorded via written record.

Domain 1: motivations for receiving the RiskProfile
Motivations for receiving the RiskProfile centered upon
two different themes of smoking—strong interest in the
genetics of smoking and information-seeking for broader
health reasons.

Strong interest in the genetics of smoking

Most participants were motivated by their interest in the
genetic component of the study, and some were engaged
on a personal level in which they deeply reflected and
drew substantial meaning from the information being
presented to them. For example, one participant wanted
to know “if I had any genetic factors involved [in smok-
ing-related outcomes]” while another simply wanted to
know if there was “a genetic variant that caused you to
be more addicted to the tobacco or ... made it harder to
quit”

Interestingly, even participants who were not well-
versed in the genetics of smoking were often familiar
with the influential role that genetics plays in smoking
and related behaviors. For example, one participant
noted “I wanted to [...] just see more about how the
addictive gene affects our family and me personally” Oth-
ers discussed genetics in a deterministic manner, imply-
ing that they either thought or hoped that it explained
their smoking behaviors more than their environment
(e.g., lifestyle or behavioral factors). As one participant
stated, “So I guess I was interested in the genetic aspect
of it to see if there were factors working against me that I
may not have a lot of control over”

Information-seeking for broader health

There was a subset of participants who participated
in the study to gain very specific types of information
about their health. For example, some participants were
interested in their overall risks for disease and smoking-
related illnesses and how this could impact their health.
Some participants even hoped for a formal diagnosis or
prognosis from this study. Others wanted information to
support their efforts to quit smoking (e.g., cessation med-
ications). As one participant noted, “I wanted to learn
how hard it would be to quit and what would be the best
way to quit”
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Domain 2: perceived utility of the RiskProfile

Participants focused on two key themes of the RiskPro-
file’s utility—how it can inform and educate or potentially
motivate behavior change.

Informing and educating

Participants commented on how useful it is for individu-
als who smoke to know their genetic risk because that
can inform future health and behavior decisions. As
one participant said, “I wasn’t sure how high of a risk I
was [for smoking-related outcomes], but to see I was in
the higher risk category—that was pretty eye opening.
And if I ever have children too, it would be good to have
some kind of knowledge to help make an environment
that they wouldn’t want to smoke [in]” The RiskProfile
can also help inform individuals about why they smoke
and/or struggle with craving nicotine. Although most
participants were already aware of the harms of smok-
ing, several were of the mindset that more information
and education, particularly when presented in a unique
and more personalized way, was useful. One participant
stated, “I think it’s just one more bullet in the chamber,
one more weapon in your belt, however you want to put
it”

Motivating behavior change

Several participants commented on the various ways that
the RiskProfile can help participants focus on their health
and the long-term goal of quitting because of its motiva-
tional impact. For example, one participant stated that
the tool was “Just more motivation. It tells you how criti-
cal it is to [...] attempt to quit” As one participant noted,
“I think [...] it will help [others] change their lifestyle and
I would like to think that it’s going to help me change my
lifestyle”

Domain 3: potential concerns about using the RiskProfile
Participants expressed a range of potential concerns
about using the RiskProfile. These included having no
concerns, concerns about under-utilizing the tool, and
privacy concerns.

No concerns

It is worth noting that the majority of participants did not
have any concerns about the genetic smoking risk tool.
Participants generally remarked on how they did not find
anything concerning with the smoking risk profile tool
and mentioned that it could be helpful to use. For exam-
ple, one participant commented “No, no concerns. I love
the idea”
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Lack of utilization

Many participants were concerned about the RiskPro-
file being under-utilized by themselves and others mov-
ing forward. Some of these concerns involved personal
agency following receipt of the tool, for example, includ-
ing acknowledgment of now facing the difficulty of
cigarette reduction or cessation and fear of such efforts
failing. A couple of participants also noted the concern
that the tool might not be used after the visit, possibly
because it is simply not useful enough for individuals
who already know the risks of smoking. For example, one
participated noted, “I know the hazards [of smoking] and
[...] at a certain point [...] we just don’t care because a lot
of [us] figure, Tve lived my time?” Additional concerns
were about potential unanticipated consequences of the
RiskProfile and whether the tool could be enabling for
individuals with a low genetic risk for smoking-related
outcomes. As one participant said, “I don’t so much
have any concerns besides [someone] being at geneti-
cally lower risk and thinking that they have a free pass to
smoke now because they’re at low risk”

Privacy

Many participants expressed concerns about the privacy
of their information, but not about the information in
the RiskProfile itself. These concerns were mitigated by
participants’ trust that the research team associated with
this project were upholding the highest possible privacy
standards, but such standards were not assumed to be
upheld by third parties. Participants expressed broad
concerns about the safety of their genetic information,
third party tracking, distribution, and use of their genetic
information (e.g., insurance companies).

Domain 4: suggestions for improving the effectiveness

of the RiskProfile

Participants provided a range of feedback about the Risk-
Profile, including leaving it as-is, improving the tool’s
content, and improving the tool’s impact.

Leave it as-is

Although several participants noted areas of improve-
ment for the RiskProfile, most had no suggestions and/or
voiced approval. As one participant said, “I think that it
did what it was designed to do. I don’t know how it could
be improved”

Improve jargon, technical details, and layout

Some participants commented on the formatting, layout,
information, and content of the RiskProfile. Although
these comments were quite diverse, they did provide
concrete suggestions to improve the tool in order to bet-
ter motivate cessation attempts. Feedback on key areas
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of improvement included simplifying the layout, adding
more information about the genetic information that
went into making the profile risk score, and improv-
ing the language because the tool was not intuitive and
required explanation. Some participants also suggested
to include risk for family members. Finally, participants
recommended periodic updates to the tool as new infor-
mation (e.g., relevant genetic markers, risk percentages,
cessation aids) are made available.

Improve impact and meaningfulness

There were several responses that provided insight
beyond the format or content of the tool itself. Many par-
ticipants offered improvements that would help make the
RiskProfile more impactful and meaningful, thus poten-
tially improving motivation to attempt smoking cessa-
tion. Some suggestions included expanding what went
into the risk profile score, such as asking more informa-
tion about behaviors, environment, markers, and family
history. Other suggestions included ways to make the
experience more personalized, such as offering infor-
mation about personalized smoking cessation. Other
suggestions of how to maximize the impact and mean-
ing included increasing the perceived severity of disease
risk such as more sensationally displaying the potential
consequences of continued smoking (e.g., that individu-
als with COPD often use oxygen tanks) and arranging
follow-up professional outreach with a healthcare profes-
sional. A few participants also discussed ways to improve
the reach of the study, such as more advertisement and
targeting younger adults. This feedback highlights the
importance of reaching and engaging the right audience
with highly personalized and actionable content, all of
which is perceived to be essential to more widespread
implementation of this tool.

Domain 5: general positive feedback

There was much generalized positive feedback offered
by participants that cut across all of the other four
domains. Participants seemed happy about the experi-
ence as a whole, from the in-person aspect of the study to
the personally engaging information that the RiskProfile
provided. Many noted that the tool was helpful and moti-
vating and that the information presented was unavoid-
able and eye-opening. Additional positive feedback about
the RiskProfile centered around the fact that the informa-
tion was relevant and credible, the tool itself would be
useful for young people (e.g., prevention), and the layout
was appropriate. Notably, one participant specifically
liked that even though it was a personalized tool, there
was no identifying information on the tool itself. As they
said, “I mean you're handing me a paper that doesn’t have
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my name on it so even if I dropped it, nobody’s going to
know it was me”

Discussion

The current study qualitatively analyzed in-vivo
responses about a personalized, genetically-informed
Genetics and Smoking Risk Profile (RiskProfile). As a
whole, participants expressed favorable views of the Risk-
Profile, providing detailed information about specific
components of the tool that would not have been avail-
able without the in-vivo design. Results across five inter-
connected domains provide a richer understanding of
current smokers’ motivations to participate, the specific
perceived benefits and potential utility of the RiskProfile,
and the concerns and suggested opportunities to improve
this tool. To date, few studies have studied how to trans-
late responses to personalized genetic susceptibility
information into evidence-based interventions designed
to communicate disease risk and motivate behavior
change [15, 58, 59]. Thus, the current study expands past
research in at least two ways: the use an in-vivo study
design to concurrently study the genetically-informed
tool as it is being delivered to participants; and the abil-
ity to apply this rich, highly-specified in-vivo design feed-
back to improve the content and format of the RiskProfile
moving forward.

Relative advantage of the concurrent in-vivo design
The in-vivo approach used in the current study extends
prior research that examined participants’ attitudes about
receiving and using both hypothetical [19, 23, 41, 42, 60,
27, 47] and personalized [7, 10-18, 28-38, 47, 2] genetic
information for various purposes by analyzing partici-
pants’ feedback about the RiskProfile concurrently with
its delivery. This study capitalized on the opportunity to
engage participants using qualitative and user-centered
design methods to gain a deep understanding of their
motivations, perceived utility, concerns, recommended
improvements, and positive aspects of the RiskProfile.
This was done from the context in which participants
received the personalized genetic risk tool. This approach
yielded detailed, contextually-relevant, and timely feed-
back. Thus, such deep, in-vivo analyses appear advanta-
geous in gaining an understanding of the potential utility
of personalized genetically-informed tools. Accordingly,
the information provided by participants will influence
future iterations of this work in ways that would not have
been possible without the current design. Future studies
that utilize personalized genetic information may be able
to optimize the design of genetically-informed tools by
implementing a similar methodology.

Although current smokers will likely benefit from
behavioral interventions that are more closely aligned
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with their participatory design input, this in-vivo method
carries important advantages for researchers as well.
For instance, this type of in-depth, contextually-relevant
qualitative feedback design may be particularly sen-
sitive to detecting plausible mechanisms of behavior
change that warrant additional investigation in future
research. Potential behavior change mechanisms that
were discussed by participants across domains included
health-related cognitions (e.g., perceived risk of disease,
perceived benefits of smoking cessation, perceived value
of cessation aids) and engagement factors (e.g., personal
relevance, comprehension, sharing of results) [61, 62]. To
date, most studies that communicated genetic suscepti-
bility information to participants have had little impact
on behavior change, including smoking cessation [45,
12, 17, 28, 63]. However, there are notable exceptions
[46, 52] as well as a more recent meta-analysis to suggest
that genetic risk feedback may motivate behavior change
among at-risk individuals [31]. These findings highlight
the need for additional research focused on the potential
mechanistic effects of genetically-informed behavioral
interventions and the thoughtful design of these inter-
ventions to activate identified behavioral targets.

Ability to quickly apply in-vivo results

Due to the current study’s design, there are three key
take-aways that were only made apparent due to the in-
vivo design of the study and which can immediately be
applied to next steps in this research trajectory (see Chal-
lenges and Future Studies below). While these take-aways
are specific to the RiskProfile, they offer insights for other
teams who are currently working on returning genet-
ically-informed information to participants. First, the
overarching positive feedback demonstrated broad sup-
port among current smokers for the RiskProfile, a novel
genetically- and environmentally-informed risk score
that cannot be obtained through any direct to consumer
or other third-party genetic testing services. However,
the information provided by the RiskProfile may not be
sufficiently motivating for all levels of smokers. Reflect-
ing upon some participants’ responses about prevention
opportunities and “targeting youth,” it is possible that this
risk profile would have value for prevention programs
or early smoking cessation efforts among new smok-
ers. For the tool to be maximally beneficial among adult
(and presumably longer-term) smokers, concerns raised
in the current study need to be addressed. These include
expanding the parameters of the risk profile (i.e., genetic
and environmental information), addressing privacy con-
cerns, consulting with a smoking cessation expert and
genetic counselor, and receiving feedback about partici-
pants’ experiences with the RiskProfile after more time
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has passed and they can reflect more deeply about the
tool.

Second, the genetic and environmental components
that comprised the risk score in the RiskProfile need to
be expanded. This addresses feedback from across all five
domains. Many participants wanted specific information
about risk to family members, education about risk to
self and family, enhanced post-visit utility, and improved
meaningfulness of the tool. In the future, the risk score
algorithm and tailored intervention components could be
supplemented with information about family history of
smoking, smoking triggers, household and partner smok-
ing, and other related factors. Including a more well-
rounded risk score may make the tool more motivating
and comprehensible to participants. It may also natu-
rally create more dialogue between the researchers and
participants.

Finally, there is a tension between the intensity and
amount of information in the RiskProfile, and this relates
to the modality in which the information is delivered.
For instance, participants who thought that the tool did
have enough information may be assuming that there will
always be a researcher to explain the report in real-time.
Conversely, those who think it has enough or too much
information may be assuming the report will ultimately
be a “stand alone” tool that needs to be very concise and
easy to grasp without additional support or explanation
from health professionals. Balancing this tension will be
critical as the RiskProfile is expanded and updated in the
future.

Challenges and future studies

There will be challenges moving this research forward.
A key one will be overcoming concerns with genetic
testing, including ownership and use of the data [19,
15, 64]. These concerns were echoed via privacy con-
cerns in the current study, although they were tempered
by the trust in the research team, which may general-
ize more broadly to healthcare professionals. Also, as
documented in the larger proof of concept study [52],
it is encouraging that participants ultimately expressed
no decision regret in association with their participa-
tion by the end of the study. There is also the barrier of
genetic literacy and expectations about what the Risk-
Profile, or future iterations of it, can offer to participants.
Despite careful wording and the use of scripts during
the visit, some participants still expected to learn infor-
mation that went beyond the scope of this study. Setting
clear and reasonable expectations of participant benefit,
while also acknowledging the range of perceptions of
potential benefit, reflect another important tension to
balance in future in-vivo research [64]. Relatedly, rein-
forcing the educational component of the tool will clarify
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participants’ expectations, as education is an oft-cited
barrier to the translation (e.g., implementation, uptake)
of genetic information among multiple stakeholder
groups [21, 26, 34, 64, 65].

There are three main layers of examination and valida-
tion that will drive future directions of this research. First,
immediate improvements can be made to the tool based
on the current in-vivo feedback, and acceptability and
feasibility should be iteratively assessed via in-vivo feed-
back with qualitative and quantitative metrics in future
versions of the RiskProfile. Second, efficacy and effective-
ness testing are needed to demonstrate clinical utility of
the RiskProfile as measured by the tool’s impact on smok-
ing cessation and other risk-reducing behaviors. Results
from this study also suggest the need for dedicated test-
ing of mechanisms, including cognitive (e.g., perceived
risks and benefits, perceived value of cessation aids) and
engagement-related (e.g., personal relevance) factors,
that may uncover essential intervention targets for future
research. Finally, as the focus of this study was on individ-
uals in the community who smoke, it is unknown to what
extent this type of tool would or should impact the smok-
ing cessation care that healthcare professionals provide.
It is plausible that patient-specific genetic and clinical
risk information could facilitate patient-centered discus-
sions and highlight the urgency and potential benefits of
smoking cessation for healthcare professionals; however,
to change their clinical practice, healthcare profession-
als must be convinced that this tool provides unique and
useful insight. If found to be clinically useful, a future
step would be to integrate the RiskProfile into community
health agencies or clinical settings with healthcare prac-
titioners delivering the tool to participants. Alternatively,
an online version of the RiskProfile could be implemented
in the future, such that individuals could access their
personalized results and interpretation of those results,
without the need to attend in-person counseling.

Limitations

This study is not without limitations. First, as a qualita-
tive study, we prioritized saliency of expressed responses
to construct thematic content rather than quantitative
metrics that often provide more summative evaluations.
Relatedly, although we encouraged honest critiques
of the usability and usefulness of the tool, it is possible
that participants were reluctant to share more harshly
negative feedback. Second, the potential confounding
effects of the study staff were not examined (i.e., effects
of who explained the genetic information, who admin-
istered the questionnaires during the visit, who coded
the data). Third, it should be noted that organizational
and clinical guidelines do not yet support the return of
genomic information to participants for clinical reasons.
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Therefore, the current study was not designed to inform
clinical decisions and participants were encouraged
to speak with their physician about smoking cessation
efforts. For instance, given the large consumer interest
in reduced risk nicotine options, such as nicotine vap-
ing products, some participants may have desired clinical
recommendations about these alternatives with respect
to their specific genetically-informed risks. Although we
were unable to include such recommendations in this
study, examining the utility of lower risk nicotine prod-
ucts in relation to genetic risk, particularly among indi-
viduals with high genetic risk, is an important area of
scientific inquiry moving forward. Finally, 23andMe uses
genotyping technology that comprises mostly European
populations. This is a limitation in the field of genetics for
genotyping and sequencing and has been discussed else-
where (23andme.com/ancestry-composition-guide; 66).

Conclusions

The current study presents an in-vivo approach to assess-
ing participants’ attitudes and perceived utility about
receiving personalized genetic information from a novel
Genetics and Smoking Risk Profile (RiskProfile). Through
detailed in-vivo, user-centered design feedback, we
identified five inter-connected domains—the motiva-
tions, perceived utility, potential concerns, suggestions
for improvement, and positive aspects of the RiskProfile.
The RiskProfile was largely well received by participating
current smokers and, with modifications that align with
end-user feedback described herein, may hold promise as
a useful smoking cessation tool in the future. This study
highlights the advantages of using an in-vivo design to
optimize the design of genetically-informed interven-
tion tools and to maximize the rigor and relevance of
end-user feedback when returning genetic information to
participants.
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