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Abstract

Newer data platforms offer increased opportunity to share multidimensional health data with

research participants, but the preferences of participants for which data to receive and how

is evolving. Our objective is to describe the preferences and expectations of participants for

the return of individual research results within Project Baseline Health Study (PBHS). The

PBHS is an ongoing, multicenter, longitudinal cohort study with data from four initial enroll-

ment sites. PBHS participants are recruited from the general population along with groups

enriched for heart disease and cancer disease risk. Cross-sectional data on return of results

were collected in 2017–2018 from an (1) in-person enrollment survey (n = 1,890), (2) bench-

mark online survey (n = 1,059), and (3) participant interviews (n = 21). The main outcomes

included (1) preferences for type of information to be added next to returned results, (2) par-

ticipant plans for sharing returned results with a non-study clinician, and (3) choice to opt-

out of receiving genetic results. Results were compared by sociodemographic characteris-

tics. Enrollment and benchmark survey respondents were 57.1% and 53.5% female, and

60.0% and 66.2% white, respectively. Participants preferred the following data types be

added to returned results in the future: genetics (29.9%), heart imaging, (16.4%), study

watch (15.8%), and microbiome (13.3%). Older adults (OR 0.60, 95% CI: 0.41–0.87) were
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less likely to want their genetic results returned next. Forty percent of participants reported

that they would not share all returned results with their non–study clinicians. Black (OR 0.64,

95% CI 0.43–0.95) and Asian (OR 0.47, 95% CI 0.30–0.73) participants were less likely,

and older participants more likely (OR 1.45–1.61), to plan to share all results with their clini-

cian than their counterparts. At enrollment, 5.8% of participants opted out of receiving their

genetics results. The study showed that substantial heterogeneity existed in participant’s

preferences and expectations for return of results, and variations were related to sociode-

mographic characteristics.

Introduction

The availability of broad health data generated through research, electronic health records,

biobanks, and wearable devices has changed the health landscape in important ways [1,2]. By

transforming our understanding of the constituents of health, these endeavors have paved the

way for harnessing big data and developing a richer understanding of the transition from

health to disease [3,4]. Central to these initiatives are longitudinal studies that allow for the col-

lection and analysis of large volumes of data from participants. In addition to the logistical

challenges inherent to such studies, their success is dependent upon the willingness of partici-

pants to engage in research, follow up for a predefined period, and derive a sense of value from

their participation [5]. The motives for participant engagement, such as altruism or the desire

to gain actionable health information, have emerged as important issues requiring characteri-

zation [6].

In recent years, calls for a more participant-centric research approach have included sup-

port for the belief that participants have a right to their health data and that investigators have

an obligation to return research results to participants [7–10]. Prior work on returning single

data types, such as imaging and genetic data, has shown promising but mixed results, with the

opportunity to create value intermixed with cautionary notes of potential harms [11–15].

However, there remains a lack of clarity regarding the optimal mechanics of returning research

results, with imaging and genetics paving the way while other data types remain in more

nascent stages. Nevertheless, the enthusiasm for returning research results continues to grow,

while several questions remain unanswered surrounding what to return, when, and how [16–

18].

The Project Baseline Health Study (PBHS) is a multicenter, prospective, longitudinal cohort

study that aims to characterize the multidimensional nature of health and disease by collecting

and analyzing deep and diverse types of participant data, including imaging, digital device,

and molecular data (projectbaseline.com/). The return of multiple types of individual research

results has been an important value within PBHS since its inception in 2017. The objective of

the current study is to describe the baseline preferences and expectations of participants on the

return of individual research results within the PBHS. As one of the first studies to return mul-

tiple domains of participant data to several thousand participants, these findings can inform

efforts to return individual research results in a way that creates value for participation.

Methods

Project baseline health study design

The PBHS is an ongoing, prospective, longitudinal cohort study across multiple sites; the ini-

tial sites were Stanford, Duke (two sites, one in Durham [Duke-Durham] and one in
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Kannapolis [Duke-Kannapolis]), and the California Health and Longevity Institute (CHLI) in

the United States. The PBHS is a research partnership between Verily Life Sciences, Google,

and the participating sites. The study was approved by the Western Institutional Review Board

(WIRB) and local IRBs as required, and participants signed a consent form in order to partici-

pate in the study. The WIRB was the IRB for the study overall.

Research data collected from participants includes, but is not limited to, clinical and demo-

graphic characteristics, genetics, molecular, biochemical, imaging, behavioral, psychological,

and physiological (e.g., a sleep sensor and study watch) data. Potential participants are identi-

fied through advertising, care provider recommendation, or community outreach activities.

The goal is to recruit a population similar to the U.S. general census (standard cohort) with

certain subcohorts enriched for the following disease risk areas: breast/ovarian cancer, lung

cancer, and atherosclerotic cardiovascular disease. These enriched groups have an approxi-

mately 60% higher relative risk of disease compared to participants of the same age and sex,

and were selected for enrichment because these are the leading causes of death in the U.S. and

globally [19]. Participants have a two-day enrollment visit followed by annual visits for at least

four years.

At enrollment, participants review and sign a consent form that indicates that participants

will receive results from certain tests conducted as part of the PBHS. Participants are notified

that the PBHS is a research study and not clinical care, and that it is not possible to fully opt-

out of receiving some returned results. The consent form indicates that participants will have

the option to decide whether they would like to receive genetic results. The return of research

results policies and procedures were informed by a PBHS Return of Results Committee, which

comprised clinicians, researchers, and participant advocates across the participating sites and

external groups.

Data collection

Data for the current study were collected from three sources: (1) enrollment in-person survey,

(2) benchmark online survey, and (3) participant interviews. The enrollment in-person survey

was administered during the participant’s first two-day visit. Data were collected by trained

study staff for all participants enrolled between 3/30/17 and 11/30/18 on a case report form.

The benchmark online survey was made available to participants one to 11 months post-

enrollment through a digital app or website; data collected from 3/29/18 to 11/30/18 were

included in this analysis. During the period between these two surveys, most participants

received traditional clinical lab results (e.g., complete blood count) from the study, and some

participants received results from imaging and onsite testing that were deemed to be critical or

time sensitive (e.g., stress echocardiography results suggesting ischemia, or chest x-ray with

large pulmonary nodule). Semi-structured interviews were conducted from 10/20/17 to 12/7/

17 among a convenience sample of participants across sites before participants received any

results. These interviews were conducted by the same study team member for approximately

one hour with each study participant, and the interviews were later transcribed and analyzed

independently by two other study team members.

Outcomes

We examined three main outcomes: (1) preferences for type of result to be added next to the

portfolio of returned results (benchmark survey), (2) participant plans for sharing returned

results with a non-study clinician (benchmark survey), (3) choice to opt-out of receiving

genetic results (enrollment survey). The survey items for the main outcomes were as follows:

(1) Which of the following results would you be most interested in getting back next?
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(response options: genetics, microbiome, vital signs, physical assessment, cognitive assess-

ments, heart imaging, eye imaging, sleep sensor data, study watch activity data), (2) Does the

participant wish to opt out of genetic return of results? (response options: Yes or No), and (3)

Which results from your site visits would you be likely to share with a doctor or nurse if you

got them back? (response options: all results, results I do not understand, abnormal results,

results my doctor or nurse is interested in having, results that are relevant for an existing health

condition, I do not plan to share results with a doctor or nurse, I do not have access to a doctor

or nurse).

Other outcomes in the benchmark survey included participant preferences regarding how

results should be returned (i.e., phone call, email, mail or text), the benefits anticipated from

receiving results (i.e., have ownership of my data, improve my health, identify my risks for dis-

ease, learn new or interesting things about my health, others, and I do not want my results or

do not care about these benefits), and how participants feel about receiving results (i.e., excited

to learn more about my health, nervous about the possibility of receiving an abnormal results,

indifferent about getting my results backs, curious about the results, other, and none). All sur-

vey items are included in the Supplement.

The responses to all survey questions were mutually exclusive (i.e., participants could only

select one answer) aside from the outcome question on sharing results, which allowed multiple

answer selections.

The semi-structured interviews included questions on expectations and preferences for the

return of research results, including their expectations on what they would receive and how it

would be returned.

Data analysis

Descriptive statistics are presented for survey responses, stratified by sociodemographic and

clinical covariates: sex, age, study site, cohort (enriched or standard), self-reported race (white,

black, Asian, or other) and ethnicity (Hispanic or non-Hispanic), income, and education level.

For the three main outcomes, multivariable logistic regression models adjusted for these a pri-
ori selected sociodemographic and clinical covariates, based on the researcher’s knowledge

and prior literature, are presented as odds ratios with 95% confidence intervals [7–15]. All

quantitative analyses were conducted on Python (v2.7.1); a nominal p-value (i.e., unadjusted

for multiple comparisons) of<0.05 was considered statistically significant.

Transcribed interview data were analyzed using an inductive thematic analysis approach

[20]. Two authors (Sayeed, Wong) independently examined each transcript to identify and cat-

egorize relevant themes according to their frequency of appearance in the transcripts. The

codebook was modified through an iterative process to account for newly emerging and unan-

ticipated themes, consolidate themes, and revise code definitions. Content identified from the

transcripts was sorted into different content sheets by themes and subthemes using Google

Sheets, and coding disagreements were resolved via consensus. Illustrative quotes are pre-

sented to complement the quantitative results. Given the exploratory nature of this study, we

did not apply adjustment for multiple comparisons.

Results

The baseline enrollment survey included 1,890 participants, representing all those enrolled in

the study at the time of analysis. The majority were female (57.1%), white (60.0%), and

reported a yearly income over $50,000 (Table 1). Approximately one quarter (24.5%) had

attended college and 26.2% had an advanced degree. Similar distributions were seen in the

benchmark survey (N = 1,059, response rate 56.0%). In the subset who were interviewed
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(N = 21), 76% were white, 62% were advanced degree holders, and 52% were men. The overall

study participants were similar to the general U.S. population with the exceptions of higher

income and education distributions (Table 1).

Table 1. Project baseline health study participant demographics.

Enrollment In-Person Survey Benchmark Online Survey Participant Interviews General US Population

(N = 1,890) (N = 1,059) (N = 21) (%)

n(%) n(%) n(%)

Sex

Female 1,079 (57.1) 567 (53.5) 10 (48) (54.8)a

Male 811 (42.9) 492 (46.5) 11 (52) (45.2) a

Age

18–39 years 625 (33.1) 382 (36.1) 9 (43) (32.2) a

40–59 years 673 (35.6) 377 (35.6.) 7 (33) (31.4) a

60+ years 592 (31.3) 300 (28.3) 5 (24) (36.4) a

Study Site

Duke-Durham 403 (21.3) 165 (15.6) 5 (24) N/A

Duke-Kannapolis 420 (22.2) 257 (24.3) 3 (14) N/A

Stanford 700 (37.0) 419 (39.6) 6 (29) N/A

CHLI 367 (19.4) 218 (20.6) 7 (33) N/A

Study Cohort

Enriched cohortc 714 (37.8) 386 (36.4) 4 (19) N/A

Standard cohort 1176 (62.2) 673 (63.6) 17 (81) N/A

Race

White 1134 (60.0) 701 (66.2) 16 (76) (80.4) a

Black 355 (18.8) 135 (12.7) 2 (10) (11.0)a

Asian 186 (9.8) 102 (9.6) 1 (5) (5.2) a

Other 215 (11.4) 121 (11.4) 2 (10) (3.3) a

Ethnicity

Hispanic 239 (12.6) 144 (13.6) 1 (5) (12.1) a

Non-Hispanic 1651 (87.4) 915 (86.4) 20 (95) (87.9) a

Annual Income

<$25,000 147 (7.8) 73 (6.9) 0 (0.0) (20.2) b

$25,000–50,000 196 (10.4) 119 (11.2) 1 (5) (21.6) b

$50,000–100,000 375 (19.8) 240 (22.7) 5 (24) (29.0) b

$100,000–200,000 371 (19.6) 277 (26.2) 8 (38) (21.5) b

>$200,000k 248 (13.1) 177 (16.7) 5 (24) (7.7) b

Declined to indicate 553 (29.3) 173 (16.3) 2 (10) N/A

Highest Education

High school or less 130 (6.9) 61 (5.8) 1 (5) (39.9) b

Some college 349 (18.5) 215 (20.3) 2 (10) (28.6) b

College degree 463 (24.5) 324 (30.6) 5 (24) (20.0) b

Advanced degree 496 (26.2) 345 32.6) 13 (62) (11.4) b

Declined to indicate 452 (23.9) 114 (10.8) 0 (0.0) N/A

a NHIS 2017.
b US Census 2017.
c Enriched cohorts include participants at higher risk of breast/ovarian cancer, lung cancer, and atherosclerotic cardiovascular disease. Of the 714 participants, 50.8%

were at higher risk for atherosclerotic cardiovascular disease, 41.5% for breast/ovarian cancer risk, and 21.7% for lung cancer risk.

https://doi.org/10.1371/journal.pone.0254153.t001
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Return of results preferences

When selecting among options of data types that participants preferred to receive after having

received initial medical testing results, genetics (29.9%), heart imaging (16.4%), study watch

(15.8%), and microbiome (13.3%) were the most common selections (Table 2). Participants

Table 2. Participant preferences on individual research results to return next (N = 1,059).

Genetics next (n = 317) Heart next (n = 174) Watch next (n = 167) Microbiome next (n = 141)

n (%) ORb (95% CI) n (%) ORb(95% CI) n (%) ORb (95% CI) n (%) OR (95% CI)

Sex

Female 176 (31.0) Ref 99 (17.4) Ref 83 (14.6) Ref 73 (12.9) Ref

Male 141 (28.7) 0.94 (0.71, 1.25) 75 (15.2) 0.79 (0.56, 1.11) 84 (17.0) 1.18 (0.83, 1.67) 68 (13.8) 0.96 (0.66, 1.40)

Age

18–39 136 (35.6)�� Ref 57 (14.9) Ref 62 (16.2) Ref 54 (14.1) Ref

40–59 112 (29.7)�� 0.82 (0.59, 1.13) 64 (17.0) 1.13 (0.75, 1.71) 58 (15.4) 0.84 (0.56, 1.28) 53 (14.1) 0.98 (0.63, 1.52)

60+ years 69 (23.0)�� 0.60 (0.41, 0.87) 53 (17.7) 1.26 (0.80, 1.99) 47 (15.7) 0.76 (0.48, 1.20) 34 (11.3) 0.69 (0.41, 1.15)

Study site

Durham 48 (29.1) 1.19 (0.78, 1.81) 32 (19.4) 1.62 (0.98, 2.66) 30 (18.2)� 1.37 (0.82, 2.26) 18 (10.9)�� 0.52 (0.29, 0.94)

Kannapolis 72 (28.0) 1.15 (0.78, 1.69) 44 (17.1) 1.28 (0.80, 2.04) 51 (19.8)� 1.59 (1.01, 2.51) 20 (7.8)�� 0.41 (0.23, 0.72)

Stanford 119 (28.4) Ref 37 (17.0) Ref 62 (14.8)� Ref 75 (17.9)�� Ref

CHLI 78 (35.8) 1.39 (0.96, 2.00) 61 (14.6) 1.19 (0.75, 1.90) 24 (14.8)� 0.73 (0.44, 1.23) 28 (12.8)�� 0.60 (0.36, 0.98)

Study cohort

Enriched cohorta 125 (32.4) 1.31 (0.98, 1.76) 54 (14.0) 0.72 (0.49, 1.05) 63 (16.3) 1.06 (0.74, 1.54) 34 (8.8)��� 0.50 (0.32, 0.77)

Standard cohort 192 (28.5) Ref 120 (17.8) Ref 104 (15.5) Ref 107 (15.9)��� Ref

Race

White 209 (29.8)� Ref 116 (16.5) Ref 115 (16.4)� Ref 99 (14.1) Ref

Black 30 (22.2)� 0.66 (0.42, 1.05) 18 (13.3) 0.73 (0.42, 1.30) 20 (14.8)� 0.79 (0.46, 1.36) 20 (14.8) 1.28 (0.72, 2.26)

Asian 30 (29.4)� 0.93 (0.57, 1.51) 13 (12.7) 0.83 (0.43, 1.59) 22 (21.6)� 1.44 (0.83, 2.50) 11 (10.8) 0.49 (0.24, 0.98)

Other 48 (39.7)� 1.18 (0.75, 1.87) 27 (22.3) 1.46 (0.85, 2.52) 10 (8.2)� 0.56 (0.27, 1.17) 11 (9.1) 0.44 (0.21, 0.90)

Ethnicity

Hispanic 61 (42.3)��� 1.52 (0.99, 2.34) 28 (19.4) 1.13 (0.66, 1.93) 13 (9.0)� 0.66 (0.34, 1.28) 21 (14.6) 1.22 (0.68, 2.20)

Non-Hispanic 256 (28.0)��� Ref 146 (16.0) Ref 154 (16.8)� Ref 120 (13.1) Ref

Annual income

<$25,000 17 (23.3) 0.65 (0.32, 1.31) 13 (17.8) 1.49 (0.65, 3.45) 8 (11.0) 0.58 (0.23, 1.49) 7 (9.6) 0.93 (0.35, 2.44)

$25k-50k 41 (34.5) 0.92 (0.53, 1.58) 20 (16.8) 1.11 (0.54, 2.28) 13 (10.9) 0.61 (0.28, 1.32) 15 (12.6) 1.11 (0.53, 2.32)

$50k-100k 78 (32.5) 0.93 (0.59, 1.45) 29 (12.1) 0.83 (0.44, 1.56) 42 (17.5) 1.00 (0.57, 1.78) 31 (12.9) 0.95 (0.53, 1.70)

$100k-200k 77 (27.8) 0.78 (0.51, 1.18) 58 (20.9) 1.82 (1.06, 3.13) 48 (17.3) 1.11 (0.65, 1.87) 34 (12.3) 0.67 (0.39, 1.14)

>$200,000 59 (33.3) Ref 22 (12.4) Ref 27 (15.3) Ref 34 (19.2) Ref

Declined 45 (26.0) 0.83 (0.43, 1.61) 32 (18.5) 1.40 (0.62, 3.16) 29 (16.8) 1.14 (0.51, 2.54) 20 (11.6) 1.09 (0.47, 2.52)

Highest education

�High school 17 (27.9) 0.80 (0.41, 1.55) 8 (13.1) 0.86 (0.36, 2.05) 6 (9.8) 0.93 (0.35, 2.44) 6 (9.8)� 0.59 (0.23, 1.56)

Some college 64 (29.8) 0.88 (0.58, 1.33) 43 (20.0) 1.51 (0.91, 2.50) 36 (16.7) 1.49 (0.88, 2.52) 18 (8.4)� 0.49 (0.27, 0.91)

College degree 102 (31.5) 0.98 (0.69, 1.37) 52 (16.0) 1.18 (0.77, 1.83) 60 (18.5) 1.56 (1.01, 2.40) 45 (13.9)� 0.71 (0.46, 1.10)

Advanced degree 105 (30.4) Ref 50 (14.5) Ref 47 (13.6) Ref 61 (17.7)� Ref

Declined 29 (25.4) 0.75 (0.36, 1.56) 21 (18.4) 1.21 (0.51, 2.84) 18 (15.8) 1.17 (0.49, 2.82) 11 (9.6)� 0.37 (0.14, 1.00)

Unadjusted analyses

�p<0.05

��p<0.01

���p<0.001. Bold text indicates significant adjusted results. The top 4 answer choices (i.e., genetics, heart, watch, microbiome) are displayed.
a Enriched cohorts include participants at higher risk of breast/ovarian cancer, lung cancer, and atherosclerotic cardiovascular disease.
b Multivariable models control for all covariates listed in table.

https://doi.org/10.1371/journal.pone.0254153.t002
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over 60 years old (OR 0.60, 95% CI: 0.41–0.87) were less likely to want their genetic results

returned next, while Hispanic participants (OR 1.55, 95% CI:1.01–2.39) were more likely than

white participants to prefer their genetic data. Preferences differed by study site: participants at

the Duke-Kannapolis site were more likely to want their study watch data next, while Stanford

site participants had a strong preference for microbiome data compared to other sites. The

majority of participants indicated that they would prefer to receive their results via phone

(55.6%), followed by email (27.4%), text (13.9%), and mail (2.1%).

Return of results expectations

When asked to describe how they felt about the possibility of receiving results back from their

site visits, 54.9% of study participants said they were “excited to learn more about [their]

health,” and 36.4% said they were “curious about the results.” Among survey respondents,

7.4% said they were “nervous” about receiving their results.

The most commonly selected expected benefits of receiving results were: “learning new things

about my health” (72.5%), “improving my health” (72.0%), and “identifying my risks for disease”

(70.1%). Fewer participants anticipated the benefit of having ownership of their data (38.1%).

With regard to the structured interview results (N = 21), while some participants desired

and expected to receive all data related to their health returned to them, including in raw form,

others expected only results that were actionable (Table 3). Other key themes from the

Table 3. Qualitative participant expectations on the return of individual research results from structured inter-

views (N = 21).

Actionability • Desire to feel empowered to act on results: “Really, the whole thing is to
empower me as an individual. That’s what I want. I want to be empowered to
make decisions. Right? I know I have some bad habits, but I don’t know how
bad.”
• Results as a catalyst for behavior change: “Knowing about your own
health gives you the opportunity to make simple lifestyle changes or choices. . ..

The sleep study changed my consistency about getting enough sleep”
• No expectations for clinical recommendations: “I expected to see the data
with norms. Then if I saw something that was outside of the norm, I could
decide to follow up with my medical practitioner. I wasn’t looking for any sort
of recommendations, unless there was something that was egregiously wrong.”

Benchmarking of health data • Comparisons to others like me: “I’m in my early 60s and so there are
transitions in people’s physical health that they go through at different phases
in their life. I’d like to see how my health trajectory looks compared to the
other people in this age group.”
• Tracking of personal health trends over time: “Since it sounds like most of
the tests will be repeated every year, it would be interesting to see if there’s any
changes, or progression year-over-year.”
• Preparation for aging: “I’m so curious about aging, and how my measures
would be changing over the five years that I’ll be studied here. What are the
effects of aging on my body right now that might be reflected in any of these
tests?”

Heterogeneity of expectations for

return of results

• Desire no results: “I think it would be a huge logistical nightmare for you
guys to find a way to deliver the test results without causing all sorts of extra
labor, worry, fear and skew people’s behavior. If you’re really trying to look at
how health happens in the transition between baseline and disease, then you
kind of just have to be a fly on the wall.”
• Desire all results: “I want all of it, whatever I can get my hands on.”
• Desire raw data: “I have several friends that work in genetics who say ‘If you
get genome data send that to us and we can help you figure yourself out.’ It’ll
be really cool to have access to the raw data for a genome profile.“
• Desire layman results: The results would be more in layman’s terms. Not
just, ‘Everything’s normal,’ but more information about how to either
maintain [normal], or if it’s not optimal, how to make it optimal.”

https://doi.org/10.1371/journal.pone.0254153.t003
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structured interviews were expectations for results to be presented in a way that made them

actionable and empowered participants to change their behavior. Participants also expressed

that a motivator for their study participation was the desire to be able to track their health

data, for example: “Since it sounds like most of the tests will be repeated every year, it would be
interesting to see if there’s any changes, or progression year-over-year.”

Sharing returned results

In the benchmark survey (n = 1059), 40% of participants (n = 426) reported not wanting to

share all returned results with their own (i.e., non-study) clinicians (Table 4). Black (OR 0.64,

Table 4. Participant preferences on sharing returned individual research results (n = 1,059)a.

Share all results (n = 633) Share abnormal resultsb (n = 291) Share results relevant to existing

medical conditionsb (n = 210)

Share results I don’t

understandb (n = 168)

n (%) ORd (95% CI) n (%) ORd (95% CI) n (%) ORd (95% CI) n (%) OR (95% CI)

Sex

Female 341 (60.1) Ref 154 (68.1) Ref 114 (50.4) Ref 90 (39.8) Ref

Male 292 (59.3) 1.00 (0.77, 1.29) 137 (68.5) 0.92 (0.57, 1.48) 96 (48.0) 0.89 (0.58, 1.35) 78 (39.0) 0.91 (0.59, 1.39)

Age

18–39 years 191 (50.0)��� Ref 140 (73.3) Ref 83 (43.5) Ref 89 (46.6) � Ref

40–59 years 247 (65.5)��� 1.61 (1.18, 2.20) 83 (63.8) 0.59 (0.34, 1.03) 73 (56.2) 1.64 (1.00, 2.67) 44 (33.8) � 0.52 (0.32, 0.87)

60+ years 195 (65.0)��� 1.45 (1.03, 2.05) 68 (64.8) 0.64 (0.34, 1.19) 54 (51.4) 1.20 (0.70, 2.07) 35 (33.3)� 0.57 (0.32, 0.99)

Study site

Duke-Durham 99 (60.0) �� 1.27 (0.85, 1.87) 51 (77.3)��� 1.29 (0.60, 2.79) 32 (48.5) 0.87 (0.47, 1.61) 27 (40.9) 1.12 (0.60, 2.09)

Duke-Kannapolis 176 (68.5)�� 1.59 (1.11, 2.28) 36 (44.4)��� 0.36 (0.19, 0.69) 34 (42.0) 0.77 (0.42, 1.43) 26 (32.1) 0.83 (0.44, 1.56)

Stanford 236 (56.3)�� Ref 143 (78.1)��� Ref 96 (52.5) Ref 71 (38.8) Ref

CHLI 122 (56.0)�� 1.06 (0.74, 1.49) 61 (63.5)��� 0.48 (0.26, 0.88) 48 (50.0) 0.91 (0.53, 1.55) 44 (45.8) 1.30 (0.76, 2.23)

Study cohort

Enriched cohortc 236 (61.1) 1.06 (0.80, 1.40) 94 (62.7) 0.85 (0.52, 1.39) 69 (46.0) 0.86 (0.55, 1.33) 55 (36.7) 0.86 (0.55, 1.35)

Standard cohort 397 (59.0) Ref 197 (71.4) Ref 141 (51.1) Ref 113 (40.9) Ref

Race

White 449 (64.1)�� Ref 178 (70.6)� Ref 133 (52.8)� Ref 105 (41.7) Ref

Black 73 (54.1)�� 0.64 (0.43, 0.95) 33 (53.2)� 0.51 (0.25, 1.01) 24 (38.7)� 0.58 (0.31, 1.10) 26 (41.9) 1.24 (0.65, 2.37)

Asian 43 (42.2)�� 0.47 (0.30, 0.73) 45 (76.3)� 0.76 (0.36, 1.61) 34 (57.6)� 1.17 (0.62, 2.19) 20 (33.9) 0.64 (0.33, 1.24)

Other 68 (56.2)�� 1.01 (0.64, 1.57) 35 (66.0)� 0.81 (0.38, 1.73) 19 (35.8)� 0.56 (0.28, 1.10) 17 (32.1) 0.45 (0.22, 0.92)

Ethnicity

Hispanic 74 (51.4)� 0.70 (0.46, 1.07) 47 (67.1) 0.93 (0.46, 1.86) 28 (40.0) 0.74 (0.40, 1.37) 33 (47.1) 1.65 (0.88, 3.10)

Non-Hispanic 559 (61.1)� Ref 244 (68.5) Ref 182 (51.1) Ref 135 (37.9) Ref

Annual income

<$25,000 45 (61.6) 0.68 (0.36, 1.29) 12 (42.9)��� 0.84 (0.25, 2.77) 13 (46.4) 1.06 (0.35, 3.21) 6 (21.4) 0.30 (0.09, 1.02)

$25,000–50,000 65 (54.6) 0.56 (0.33, 0.95) 35 (64.8)��� 0.95 (0.36, 2.47) 27 (50.0) 1.25 (0.53, 2.97) 22 (40.7) 0.59 (0.24, 1.42)

$50,000–100,000 140 (58.3) 0.63 (0.41, 0.98) 69 (69.0)��� 1.04 (0.46, 2.35) 49 (49.0) 0.92 (0.45, 1.90) 37 (37.0) 0.64 (0.31, 1.35)

$100,000–200,000 162(58.5) 0.67 (0.45, 1.01) 93 (80.9)��� 1.90 (0.85, 4.21) 55 (47.8) 0.74 (0.38, 1.45) 50 (43.5) 0.89 (0.45, 1.76)

>$200,000 118 (66.7) Ref 43 (72.9)��� Ref 35 (59.3) Ref 24 (40.7) Ref

Declined 103 (59.5) 0.60 (0.32, 1.12) 39 (55.7)��� 0.55 (0.19, 1.60) 31 (44.3) 1.11 (0.41, 3.01) 29 (41.4) 0.82 (0.30, 2.24)

�High school 35 (57.4) 0.87 (0.47, 1.61) 9 (34.6)��� 0.24 (0.08, 0.69) 13 (50.0) 0.98 (0.37, 2.63) 9 (34.6) 1.20 (0.42, 3.39)

Some college 134 (62.3) 1.12 (0.76, 1.67) 45 (55.6)��� 0.60 (0.30, 1.22) 31 (38.3) 0.61 (0.32, 1.15) 31 (38.3) 1.15 (0.60, 2.22)

College degree 191 (59.0) 1.02 (0.73, 1.41) 98 (73.7)��� 0.82 (0.45, 1.50) 70 (52.6) 0.99 (0.60, 1.64) 54 (40.6) 1.10 (0.60, 1.69)

Advanced degree 204 (59.1) Ref 110 (78.0)��� Ref 78 (55.3) Ref 56 (39.7) Ref

Declined 69 (60.5) 1.33 (0.68, 2.59) 29 (64.4)��� 1.13 (0.39, 3.31) 18 (40.0) 0.53 (0.19, 1.45) 18 (40.0) 0.87 (0.32, 2.40)

https://doi.org/10.1371/journal.pone.0254153.t004
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95% CI:0.43–0.95) and Asian (OR 0.47, 95% CI:0.30–0.73) participants were less likely to want

to share all their results when compared to white participants. Compared with younger partici-

pants 18–39 years old, those in the 40–59 years (OR 1.59, 95% CI:1.16–2.17) and over 60 years

(OR 1.45, 95% CI: 1.03–2.04) age groups were more likely to report wanting to share all their

results.

Of the 426 participants not wanting to share all results, 27.4% said they would share abnor-

mal results, 19.8% said they would share results relevant to existing medical conditions, and

15.9% would share results they do not understand (Table 4). Compared to participants with

advanced degrees, those with a high school diploma or less were less likely to report wanting to

share abnormal results (OR 0.24, 95% CI: 0.08–0.69). Younger participants were more likely to

report wanting to share results they did not understand than their older counterparts. Differ-

ences were noted by study site; participants at Duke-Kannapolis were more likely to report

wanting to share all results and less likely to share abnormal results.

Interviewed participants stated that they did not expect clinical recommendations with

their returned results, though they did express a desire to see their data benchmarked against

normative data to inform whether they should see their own non-study clinician: “I expected to
see the data with norms. Then if I saw something that was outside of the norm, I could decide to
follow up with my medical practitioner. I wasn’t looking for any sort of recommendations, unless
there was something that was egregiously wrong” (Table 3).

Genetics opt-out

At enrollment, 5.5% of participants opted-out of receiving their genetics results (Table 5). Par-

ticipants at the Duke-Durham (OR 8.62, 95% CI:4.44–16.73) and CHLI (OR 2.29, 95% CI:

1.06–4.96) sites or those with a high school education or less (OR 3.37, 95% CI:1.44–7.91) were

more likely to opt out of receiving their genetic results.

Discussion

In a diverse sample of participants within the Project Baseline Health Study across four U.S.

sites, individuals were excited and curious about receiving individual research results across

various types of data streams. The majority of participants elected to receive their genetics

results, while perhaps surprisingly, over a third said that they would not share all their results

with their own clinicians. Participant expectations were heterogeneous, with younger partici-

pants preferring to receive their genetic results returned next while other participant prefer-

ences differed by sociodemographic characteristics.

Most participants in the PBHS were excited and curious to learn more about their health

through the return of research results, mirroring previously described eagerness and curiosity

about returned research results [21–23]. A growing literature recognizes that returning results

serves a two-fold purpose: participants’ enthusiasm for returned results can help maintain

their engagement for meeting the scientific goals of a study, while researchers can fulfill the

increasingly accepted ethical obligation to share participants’ personal health data with them.

Though the processes for returning individual results are in nascent stages of development, the

scientific community has begun convening groups to outline recommendations and frame-

works to guide the field, such as the proposed criteria of validity and actionability for deciding

what to return [24,25]. Our qualitative results support the need for continued development of

processes to return research results and highlights the importance of asking participants about

their preferences and expectations early in the study protocol. Determining what is actionable

and how to share data to facilitate appropriate action will require further work, especially

PLOS ONE Return of research results

PLOS ONE | https://doi.org/10.1371/journal.pone.0254153 July 29, 2021 9 / 16

https://doi.org/10.1371/journal.pone.0254153


when considering non-standard of care research tests for which there is no precedent consen-

sus [24].

While participants were enthusiastic about receiving research results, 40% of survey respon-

dents reported not planning to share all of their results with their non-study clinicians. Partici-

pants in the PBHS are voluntarily consenting to share their personal health data for research

Table 5. Participants choices on opting out from the return of individual genetics research results (N = 1,890).

Opted-Out of Genetics Results Return n (%) OR (95% CI)

Overall 104 (5.5) N/A

Sex

Female 63 (5.8) Ref

Male 41 (5.1) 0.84 (0.54, 1.30)

Age

18–39 years 30 (4.8) Ref

40–59 years 48 (7.1) 1.21 (0.73, 2.01)

60+ years 26 (4.4) 1.10 (0.60, 1.99)

Study Site

Duke-Durham 65 (16.1) 8.62 (4.44, 16.73)

Duke-Kannapolis 10 (2.4) 1.05 (0.44, 2.54)

Stanford 13 (1.9) Ref

CHLI 16 (4.4) 2.29 (1.06, 4.96)

Study Cohort

Enriched cohorta 49 (6.9) 1.24 (0.79, 1.94)

Standard cohort 55 (4.7) Ref

Race

White 50 (4.4) Ref

Black 37 (10.4) 1.22 (0.72, 2.07)

Asian 9 (4.8) 1.32 (0.59, 2.92)

Other 8 (3.7) 0.74 (0.31, 1.76)

Ethnicity

Hispanic 9 (3.8) 1.07 (0.46, 2.47)

Non-Hispanic 95 (5.8) Ref

Annual Income

<$25,000 9 (6.1) 0.36 (0.12, 1.08)

$25,000–50,000 20 (10.2) 0.91 (0.37, 2.28)

$50,000–100,000 18 (4.8) 0.48 (0.20, 1.15)

$100,000–200,000 14 (3.8) 0.62 (0.27, 1.44)

>$200,000 11 (4.4) Ref

Declined to indicate 32 (5.8) 0.35 (0.09, 1.34)

Highest Education

High school or less 16 (13.3) 3.37 (1.44, 7.91)

Some college 25 (7.2) 1.79 (0.88, 3.64)

College degree 13 (2.8) 0.77 (0.37, 1.60)

Advanced degree 21 (4.2) Ref

Declined to indicate 29 (6.4) 2.39 (0.64, 8.89)

Bold text indicates significant adjusted results.
a Enriched cohorts include participants at higher risk of breast/ovarian cancer, lung cancer, and atherosclerotic

cardiovascular disease.

https://doi.org/10.1371/journal.pone.0254153.t005
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purposes, so their choice to not share all of their returned data with clinicians was surprising.

Lower enthusiasm for sharing results with clinicians among black, Asian, and lower income

participants may reflect differing levels of trust in healthcare and research, and suggests a need

to monitor the impact of returning results on long-standing and continued health inequities,

many of which have been exacerbated during the COVID-19 pandemic [26,27]. Moreover,

prior work has hinted at mixed readiness among clinicians to receive research results; con-

cerns include inadequate physician time for processing large quantities of research informa-

tion [28–31]. Some participants stated they would only share abnormal results or results

relevant to existing medical conditions, which could reduce the burden placed upon clinician

time. Other strategies include co-designing processes with clinicians to understand how to

incorporate returned research results into clinical workflows, such as within electronic medical

records or by utilizing other team members (e.g., genetics counselors) [32,33].

The diversity of participant preferences and expectations will be a key challenge to return-

ing research results in large clinical studies [34]. Participants in this survey differed not only in

how much data they wanted returned, but also in the types of data they wanted to access. The

heterogeneity of participant expectations on receiving results is similar to the diversity of

patient preferences seen in clinical care, including differences seen by race and ethnicity [35–

37]. Technology and data science advances can support individualizing how data are returned

to participants, such as allowing participants to toggle result reports on and off or to select

preferences on how their results are returned [11,38].

While participant preferences should be considered, there may be situations in which not

returning results would be ethically inappropriate (e.g., a life-threatening finding with treat-

ment options) where the duty to warn may come into conflict with participant wishes. The

line is poorly defined between research participant autonomy to receive what they deem desir-

able, and the responsibility of researchers to highlight for participants the implications of clini-

cally important results. Delineating what should be responsibly returned is even more difficult

for results derived from non-standard data types, such as wearable device data or metabolomic

results, where the limits of normalcy, or even the evidence for any sort of benefit, are ill-

defined. Additionally, characterizing the ethical issues and complexities surrounding sharing

potentially life-threatening results with relatives will also require further work [39]. In all cases,

the importance of clearly explaining to participants the implications of choosing whether to

receive individual research results cannot be overstated.

The results of this study should be interpreted in the context of several limitations. While

the PBHS sample for this analysis included a diverse group of participants from multiple U.S.

sites, the preferences and expectations of participants who chose to join this study may not be

representative of research participants in different studies or other segments of the general

population. While our study population was well matched to the overall U.S. population in

most regards, differences were seen in income and educational levels, particularly among the

interviewed subsample with higher proportions of white and highly educated individuals.

Examining preferences by participant characteristics, including race and ethnicity, is critical

given the historic and persistent racial and ethnic disparities in the quality and access to health

care in the United States [40]. Despite these notable differences, interviewees in-depth insights

provide richness to the quantitative results. Finally, the preferences and expectations described

in this study were collected before participants had received results in most cases; participants’

perspectives and planned actions, such as sharing results with their clinicians, may change as

results are returned in the study.

The novelty of the PBHS includes the commitment to asking participants directly what

research results they would like to see returned and returning individual research results as a

core element of the research endeavor. These early findings on the participants’ preferences
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and expectations for receiving research results will help the PBHS investigators refine the pro-

cess. These data may also inform the broader research community in discussions about poli-

cies and practices that will promote a culture of partnership between researchers and study

participants. The need for such partnerships will be accelerated as learning health systems

align science, data, and clinical care [41], and biobanks accumulate and test a wider array of

samples [42].

In the midst of growing rhetoric to free data, the diversity of participant perspectives and

the nascent stage of returning research results at scale underscores the challenges ahead. These

findings among a national cohort of participants in the PBHS provide an empirical basis for

how research data can and should be returned in ways that may add impact and value to

healthcare and research participation. While general trends in preferences exist as a function

of age, race, ethnicity, sex, and geography, an important realization is that there is no substitute

for asking people about their preferences.
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