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Abstract
Introduction: Early adopters play a critical role in the diffusion
of medical innovations by spreading awareness, increasing
acceptability, and driving demand. Understanding the role of
race in the context of other characteristics of potential early
adopters can shed light on disparities seen in the early im-
plementation of genomic medicine. We aimed to understand
the association between self-identified race and individual
experience with genetic testing outside of the research con-
text.Methods:We assessed factors associated with the odds of
having ever received genetic testing prior to enrollment in a
genomic sequencing study among 674 self-identified white
and 407 self-identified African, African American, or Afro-
Caribbean (“Black”) individuals. Results: Controlling for indi-
vidual determinants of healthcare use (demographics, per-
sonality traits, knowledge and attitudes, and health status),
identifying as Black was associated with lower odds of prior

genetic testing (OR = 0.43, 95% CI [0.27–0.68], p < 0.001). In
contrast, self-identified race was not associated with the use of
non-genetic clinical screening tests (e.g., echocardiogram,
colonoscopy). Black and white individuals were similar on self-
reported personality traits tied to early adoption but differed by
sociodemographic and resource facilitators of early adoption.
Conclusion: Persistent racial disparities among early adopters
may represent especially-entrenched disparities in access to
and knowledge of genomic technologies in clinical settings.
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Introduction

Genetic medicine has the potential to transform in-
dividual lives and improve public health through pre-
vention, early diagnosis, and targeted treatment. The field
is rapidly advancing; indeed, about ten new genetic tests
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enter the market daily (though coverage and reim-
bursement vary) [1]. Yet many people who meet estab-
lished clinical criteria and stand to benefit do not receive
genetic testing. Underutilization is especially pronounced
among minoritized groups, including Black or African
Americans. In the USA, patients who are racialized as
Black have lower rates of referral for genetic evaluation,
genetic counseling, testing, and definitive diagnosis
compared to non-Hispanic white patients. Such in-
equalities have been reported across applications in-
cluding prenatal genetic screening, rare disease diagnosis,
and identification of hereditary cancer syndromes [2–4].
Racial inequalities in genetic testing may contribute to
and exacerbate health disparities [5, 6]. Black patients
who do enroll in research studies or navigate access to
clinical genetic testing can provide insight into how in-
novations in genetic medicine may diffuse in minoritized
communities and reveal potential targets for interven-
tions aimed at reducing disparities.

Innovators and early adopters are individuals who
embrace new technologies before the majority of the
population because of their excitement and view that the
advantages of innovation outweigh its costs [7]. First
characterized by Everett Rogers in his 1962 book Dif-
fusion of Innovations, early adopters play a critical role in
the early stages of technology adoption and often in-
fluence the diffusion and success of innovations because
they take on some early risks and set trends that influence
more widespread adoption [8, 9]. Groups who adopt
innovations later rely on the judgments and experiences
of early adopters, as well as social pressure to adopt. Much
of the healthcare innovation diffusion literature has fo-
cused on clinician behavior change [10, 11], but inno-
vation diffusion cannot happen without adoption by
payers, health systems, clinicians, and patients [7]. Pa-
tients as early adopters in genomic research and medicine
are important because of their role in shaping clinical
implementation and their influence on other people in
their social networks. Additional focus on research
participant and patient innovation adoption is important.

Across technology sectors and studies, the propensity
for early adoption has been explained by personality,
behavioral, sociodemographic, and resource factors [10].
The first two categories (personality and behaviors) in-
clude intrinsic traits such as optimism, resilience, and risk
tolerance that make some people more eager to try newer,
potentially beneficial technologies. Factors in the final
two categories (individual sociodemographics and re-
sources) have greater dependence on extrinsic structural
or relational dynamics and include educational attain-
ment, income, experience, and knowledgeable social

networks that enable access to information and inno-
vation [10, 12]. Some studies have found that early
adopters are more likely to identify as white, but there is
limited research on the role of racial identity in healthcare
technology adoption in the context of other factors. One
survey study showed similar openness to hypothetical
non-medical technology innovation among Black and
white veterans but lower openness to medical innovation
among Black veterans when controlling for health status
and other demographic factors [13].

Participants in genomic medicine research have been
characterized as early adopters because of their in-
volvement in testing novel clinical services, and they
exhibit many of the qualities typical of early adopters [14].
Genetic testing is not new; however, it is still underu-
tilized in many clinically indicated settings, and patient
awareness of its appropriate use lags. Genomic research
participants score highly on personality traits associated
with early adopters: extraversion, optimism, resilience,
and risk tolerance [15, 16]. They have also been pre-
dominantly white, highly educated, and high-income
earners [15, 16]. We expect that genomic research par-
ticipants would be similar to early adopters of genomic
medicine outside the research context because of their
openness to and interest in genomicmedicine innovation.

Individuals may exhibit some characteristics of early
adopters (e.g., optimism and risk tolerance) and not others
(e.g., social networks enabling exposure to new technol-
ogy), which would influence their position along the in-
novation adoption spectrum. In genomic medicine studies
that specifically recruit non-white participants, the inter-
section of self-identified race with research participation
complicates the picture of the typical early adopter. Most
studies have found small or negligible differences in
personality traits by racial group [17, 18]. Similar to other
social and behavioral traits that are partially determined by
genetics, personality traits associated with early adoption
are likely to vary more within racial groups than across
groups [19, 20]. On the other hand, sociodemographic and
resource factors vary substantially across socially defined
racial groups in the USA. Because of highly entrenched
inequalities driven by historical bias and long-standing
racial inequity, minoritized groups experience substantial
disadvantages in income, education, access to healthcare,
and opportunities to engage with privileged social net-
works necessary for accessing innovative interventions
relative to majority groups [21]. Research on participants’
attitudes, characteristics, and past experiences can give
insights into the potential role of race and non-racial
factors in genomic medicine use among those at the
forefront of technology adoption.
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The purpose of this study was to determine the po-
tential association between self-identified race and prior
genetic testing among individuals in a large, longitudinal
exome sequencing study. We hypothesized that even
among genomic research participants, identifying as
Black would still be associated with a lower likelihood of
being early adopters of genetic testing outside of the
research context. The basis of our hypothesis is that
despite the stability and predicted similarity along early
adopter personality traits, Black participants face barriers
to early adoption of medical innovation due to socio-
demographic and resource factors. Though genomic
medicine is not new, it is not fully routinized and is
susceptible to lingering effects of incomplete technology
diffusion. We, therefore, further hypothesized that racial
inequalities in relatively innovative genetic testing would
be greater than racial inequalities in more established
healthcare screening (e.g., colonoscopy), demonstrating a
specific racial inequality in innovation diffusion distinct
from overall healthcare disparities.

Materials and Methods

Population
We analyzed baseline survey data from 674 self-identified

white and 407 self-identified African, African American, or Afro-
Caribbean individuals in ClinSeq® – a longitudinal cohort study
designed to investigate the implementation of large-scale clinical
exome sequencing for clinical research, including scientific po-
tential, consent for secondary uses, and reporting of research
results to individuals [22]. The study was open to older adults
(median age 60) in the greater Washington, DC area. The first
round of recruitment enrolled 1,001 individuals in 2007–2013, of
whom 85% self-identified as non-Hispanic white. The first round
of recruitment included a focus on cardiovascular health, with a
target of 25% of participants meeting diagnostic criteria for
coronary artery disease. To increase the racial diversity of the
sample, a second round of targeted recruitment in 2012–2017
enrolled 467 individuals who self-identified as African, African
American, or Afro-Caribbean (hereafter “Black”). Cardiovas-
cular disease phenotypes were not targeted in the second cohort,
resulting in a much lower prevalence of coronary artery disease in
the second cohort. The study protocol, recruitment, surveys,
cohort makeup, and differences across the cohorts have been
described in more detail elsewhere [14, 16, 22]. Individuals
completed a baseline survey including questions about person-
ality traits, attitudes, knowledge, and healthcare use (as well as
other measures not discussed in this paper). Individuals without
available baseline survey data (n = 338) or who reported their
race as other than white or African, African American, or Afro-
Caribbean (n = 49) were excluded from this analysis. All pro-
cedures, including recruitment, the consent process, data col-
lection, and data management were conducted following federal
regulations and under the oversight of the National Human

Genome Research Institute intramural IRB. Written informed
consent was obtained from all individuals as required by the IRB.
De-identified data were provided for this analysis.

Dependent and Independent Variables
Measures were scored as described in prior ClinSeq® publi-

cations. If an individual had missing data on one or more items
within a multi-item measure, the measure was determined based
on the mean of the remaining items.

The binary outcome measure – prior genetic testing – was
solicited with the following question: “Have you ever received a
genetic test result? (Yes/No),” without restricting the purpose of
genetic testing (e.g., diagnostic, predictive, reproductive, ancestry).
The use of non-genetic clinical screening tests was assessed by
asking individuals how recently they had undergone 16 different
clinical tests (eye examination, echocardiogram, colonoscopy,
etc.). Response options were never or N/A, >10 years ago, past
10 years, past 5 years, past 2 years, past year. Scores across the 16
items were averaged (possible range of 0–5).

We identified potential individual-level drivers of healthcare use
based on studies of early adopters, prior studies of genetic medicine
use, and the Andersen Behavioral Model of Health Services Use [23].
We expected prior genetic testing and non-genetic clinical screening
would be associated with basic demographic factors (self-reported
white race, older age, and female gender), social advantage (higher
educational attainment and higher household income), personality
characteristics (greater neuroticism, lower information avoidance,
lower tolerance of uncertainty, and greater self-affirmations),
knowledge factors (higher subjective numeracy and greater knowl-
edge of genetics), beliefs about genetics (more positive attitudes about
genetic test results, greater perceived value of genetics, intentions to
learn test results when offered), and health status (worse perceived
overall health, coronary artery disease diagnosis, and greater perceived
risk of hereditary disease).

Educational attainment was scored as high school or below,
some colleges or technical schools, college graduate, or post-
graduate. Annual household income was dichotomized above or
below $100,000. The Big Five personality traits (extraversion,
agreeableness, conscientiousness, neuroticism, and openness):
mean of 8–10 items scored from 1 to 5 [16]. Information
avoidance: mean of six items scored from 1 to 7 [24]. Tolerance for
uncertainty: mean of seven items scored from 1 to 5 – higher scores
represented less tolerance for uncertainty [16]. Spontaneous self-
affirmation: mean of two items scored from 1 to 5 [24]. Subjective
numeracy: mean of three items scored from 1 to 6 [25]. Three
knowledge of genetics subscales based on ten total items: benefits
of sequencing scored from 0 to 10, limitations of sequencing scored
from 0 to 10, and hereditary concepts scored from 0 to 8 [26].

Variables related to attitudes and beliefs about genetics included
perceived value of genetics (mean of three items scored from 1 to 5)
[27]; attitudes toward genetic testing for preventable or treatable
conditions, non-preventable or non-treatable conditions, and repro-
ductive screening (mean of six items for each measure) [28]; and
intentions to learn personal test results related to preventable or
treatable conditions, non-preventable or non-treatable conditions, and
reproductive screening (a single item for each, scored from 1 to 7) [28].

Personal health status included self-perceived global health using the
PROMIS score, averaging ten items scored from 1 to 5 [29], cardio-
vascular disease diagnosis (yes/no), and perceived risk of hereditary
disease compared to others (mean of three items scored from1 to 7) [30].
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Statistical Analysis
Analysis was completed using Stata (v17.0). Race-specific

sample differences were tested with the median test (median
ties split) for ordinal variables and Pearson’s χ2 for categorical
variables.

The association between identifying as Black and prior genetic
testing was assessed using logistic regression, and the association
between identifying as Black and greater use of non-genetic clinical
screening was assessed using linear regression. Considering the
Institute of Medicine’s 2002 definition of racial disparity as a
difference in care attributable to anything other than patient
preferences and health status [31], model 1 and model 3 do not
control for factors related to socioeconomic status and education.
Model 2 and model 4 control for these additional factors. Predicted
probabilities of prior genetic testing were generated from the
logistic regression models using the Stata margins command with
the option pwcompare to perform pairwise comparisons of pre-
dicted probabilities between Black and white participants. We
report p values based on two-tailed tests to allow for the possibility
of detecting differences in the opposite direction of our primary
hypotheses and to maintain a conservative test for significance at
p < 0.05.

We ruled out missing higher-order variables or interaction
terms. We theorized that the following variables might operate
as moderators of the association of race and healthcare use:
income, educational attainment, and perceived global health.
However, in simplified logistic regressions that included race,
one potential moderator, and the interaction of race and the
moderator, none of the interaction terms was significantly
associated with non-genetic clinical screening. Additionally, the
specification test “linktest” showed that there were no statis-
tically predicted higher-order variables or interaction terms
missing in any of the models.

We assessed potential problems of multicollinearity through
bivariate correlations and mean variance inflation factors (VIFs)
for each of themodels. Themean VIF for the most restrictedmodel
was 1.62 (all other models had a lower mean VIF). The highest
correlation values were among the measures of intentions to learn
genetic results (r = 0.67–0.71). These three variables also had the
highest single variable VIFs, 2.49–2.94, below the standard cutoff
of VIF >10. We retained all three intention variables because they
did not result in problematic VIF values and because they are
theoretically distinct and relevant to the health behaviors being
modeled.

Results

Preliminary Analyses
Study population characteristics by race have been

previously reported and are shown here in Table 1. Due to
analytical decisions made for each paper, there are minor
differences in sample sizes and reported study population
characteristics that do not significantly influence re-
sults. As reported previously [14], white individuals
were significantly more likely to have sociodemo-
graphic and knowledge characteristics we predicted to

be associated with preventive medicine use and early
adoption of prior genetic testing. Nearly 90% of white
individuals had at least a college degree compared to
66% of Black individuals (χ2(3) = 90.74, p < 0.001). 78%
of white individuals had annual household incomes
over $100,000 compared to 38% of Black individuals
(χ2(4) = 183.56, p < 0.001). White individuals had
higher subjective numeracy scores (median score 5.33
vs. 5 on a scale from 1 to 7, χ2(2) = 32.20, p < 0.001).
White individuals also scored higher on all three
knowledge of genetics scores (p < 0.001 for knowledge
of sequencing limitations and knowledge of hereditary
concepts, and p = 0.007 for knowledge of sequencing
benefits).

Black individuals scored comparably to or higher than
white individuals on personality traits and attitudes
predictive of early adoption [14, 32, 33]. Black individuals
reported more self-affirmation (p < 0.001), more positive
views of the value of genetic information (p < 0.001), and
more positive attitudes toward genetic testing for non-
preventable or non-treatable conditions (p = 0.002).
There were no significant differences by race for extra-
version, openness, information avoidance, or tolerance of
uncertainty. Both Black and white individuals had pos-
itive attitudes toward genetics and reported strong in-
tentions to learn about their genetic test results, with
median scores ranging from 6.33 to 7 on a scale from 1 to
7 for each attitude or intention variable. White indi-
viduals reported a higher perceived risk of genetic disease
(p = 0.026).

Importantly, the first cohort of mostly white par-
ticipants was enriched for patients with coronary artery
disease (CAD) compared to the later cohort of Black
participants. Individuals who had coronary artery
disease considered their risk for genetic disease to be
elevated (median score 5 on a scale from 1 to 7,
compared to median score 4 in people without CAD,
χ2(1) = 35.70, p < 0.001). When we controlled for CAD
there was no racial difference in the perceived risk of
genetic disease. We controlled for CAD in all regression
analyses.

Main Analysis 1: Identifying as Black Was Associated
with Lower Odds of Prior Genetic Testing
Logistic regression results are reported in Table 2

and Figure 1. Eleven percent of Black individuals re-
ported ever having had a prior genetic test compared to
21% of white individuals (χ2(1) = 18.43, p < 0.001).
Controlling for personality, attitudinal, and health-
related factors (but not controlling for household
income, educational attainment, subjective numeracy,
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Table 1. Study population characteristics by self-identified race

Total (n = 1,081) White (n = 674) Black (n = 407) χ2 p value

Demographics
Age (n = 1,081), years 60 (55–65) 62 (58–66) 57 (52–62) χ2(1) = 59.25 <0.001
Gender (n = 1,081), n (%) χ2(1) = 83.19 <0.001

Male 459 (42.46) 358 (53.12) 101 (24.82)
Female 622 (57.54) 316 (46.88) 306 (75.18)

Educational attainment (n = 1,053), n (%) χ2(3) = 90.74 <0.001
High school degree or below 49 (4.65) 18 (2.76) 31 (7.71)
Some college/technical 164 (15.57) 58 (8.91) 106 (26.37)
College graduate 296 (28.11) 178 (27.34) 118 (29.35)
Post-graduate 544 (51.66) 397 (60.98) 147 (36.57)

Household income (n = 1,031), n (%) χ2(4) = 183.56 <0.001
<$25,000 40 (3.88) 7 (1.10) 33 (8.38)
$25,000–$49,000 80 (7.76) 27 (4.24) 53 (13.45)
$50,000–$74,999 112 (10.86) 34 (5.34) 78 (19.80)
$75,000–$100,000 153 (14.84) 72 (11.30) 81 (20.56)
>$100,000 646 (62.66) 497 (78.02) 149 (37.82)

Personality traits and knowledge (range)
Big Five: extraversion (1–5) (n = 1,030) 3.50 (3.00–4.13) 3.50 (2.88–4.13) 3.63 (3.13–4.13) χ2(1) = 3.28 0.070
Big Five: agreeableness (1–5) (n = 1,028) 4.22 (3.78–4.56) 4.11 (3.67–4.44) 4.33 (4.00–4.67) χ2(1) = 27.62 <0.001
Big Five: conscientiousness (1–5) (n = 1,027) 4.11 (3.67–4.56) 4.11 (3.67–4.56) 4.33 (3.78–4.67) χ2(1) = 13.26 <0.001
Big Five: neuroticism (1–5) (n = 1,026) 2.25 (1.75–2.75) 2.38 (1.88–2.88) 2.13 (1.75–2.63) χ2(1) = 19.00 <0.001
Big Five: openness (1–5) (n = 1,026) 3.90 (3.50–4.30) 3.90 (3.50–4.30) 3.90 (3.50–4.30) χ2(1) = 0.07 0.794
Information avoidance (1–7) (n = 1,066) 1.82 (1.00–2.67) 1.83 (1.00–2.80) 1.67 (1.00–2.50) χ2(1) = 2.12 0.145
Tolerance for uncertainty (1–5) (n = 1,059) 2.57 (2.00–3.14) 2.57 (2.00–3.14) 2.57 (2.14–3.14) χ2(1) = 0.04 0.840
Self-affirmations (1–5) (n = 1,057) 4.00 (3.00–4.00) 3.50 (3.00–4.00) 4.00 (3.50–5.00) χ2(1) = 70.29 <0.001
Subjective numeracy (1–7) (n = 1,069) 5.33 (4.67–6.00) 5.33 (4.67–6.00) 5.00 (4.33–5.67) χ2(1) = 32.20 <0.001
Knowledge of genetics

Sequencing limitations subscale (0–10)
(n = 1,073)

6.00 (4.00–9.00) 7.00 (5.00–9.00) 5.00 (3.00–7.00) χ2(1) = 76.56 <0.001

Sequencing benefits subscale (0–10)
(n = 1,070)

5.00 (4.00–7.00) 5.00 (4.00–8.00) 5.00 (4.00–7.00) χ2(1) = 7.19 0.007

Heredity concepts subscale (0–10)
(n = 1,069)

2.00 (1.00–4.00) 3.00 (1.00–5.00) 2.00 (1.00–3.00) χ2(1) = 16.95 <0.001

Attitudes toward genetics (range)
Perceived value of genetic information (1–5)

(n = 1,064)
4.00 (3.67–5.00) 4.00 (3.33–4.67) 4.33 (4.00–5.00) χ2(1) = 48.02 <0.001

Attitudes toward genetic testing (1–7)
(n = 1,074)
Preventable/treatable (1–7) (n = 1,066) 7.00 (6.83–7.00) 7.00 (6.83–7.00) 7.00 (6.83–7.00) χ2(1) = 0.60 0.439
Non-preventable/non-treatable (1–7) (n = 1,065) 6.50 (5.17–7.00) 6.33 (5.00–7.00) 6.83 (5.50–7.00) χ2(1) = 9.94 0.002
Reproductive utility (1–7) (n = 1,069) 7.00 (6.50–7.00) 7.00 (6.50–7.00) 7.00 (6.67–7.00) χ2(1) = 1.07 0.301

Intentions to learn genetic results (1–7)
(n = 1,065)
Preventable/treatable (1–7) (n = 1,059) 7.00 (6.00–7.00) 7.00 (6.00–7.00) 7.00 (6.00–7.00) χ2(1) = 6.51 0.011
Non-preventable/non-treatable (1–7) (n = 1,056) 7.00 (6.00–7.00) 7.00 (6.00–7.00) 7.00 (6.00–7.00) χ2(1) = 1.82 0.177
Reproductive utility (1–7) (n = 1,059) 7.00 (6.00–7.00) 7.00 (6.00–7.00) 7.00 (6.00–7.00) χ2(1) = 5.26 0.022

Health and healthcare utilization (range)
Perceived global health (1–5) (n = 1,065) 4.10 (3.60–4.40) 4.10 (3.70–4.50) 4.00 (3.60–4.30) χ2(1) = 22.65 <0.001
Has coronary artery disease (n = 1,081), n (%) 126 (12.58) 128 (18.99) 8 (1.97) χ2(1) = 66.88 <0.001
Perceived comparative risk (1–7) (n = 1,057) 4.00 (3.67–5.00) 4.33 (3.67–5.00) 4.00 (3.33–5.00) χ2(1) = 4.98 0.026
Non-genetic clinical screening (0–5) (n = 1,072) 2.63 (2.19–3.10) 2.69 (2.25–3.13) 2.56 (2.00–3.00) χ2(1) = 9.09 0.003
Had a prior genetic test (n = 1,057), n (%) 183 (17.31) 140 (21.18) 43 (10.86) χ2(1) = 18.43 <0.001

Values are median (IQ) or n (%). A portion of these analyses were previously reported. Due to analytical decisions made for each
paper, there are minor differences in sample sizes and reported study population characteristics that do not significantly influence
results.
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and knowledge of genetics), identifying as Black was
associated with lower odds of prior genetic testing
(model 1, OR = 0.43, 95% CI = [0.27–0.68], p < 0.001).
Holding all other variables at their means, the pre-
dicted probability of prior testing was 11 percentage
points lower for Black participants compared to white
participants (95% CI = 0.06–0.17).

Controlling for household income, educational at-
tainment, subjective numeracy, and knowledge of ge-
netics, the racial disparity in genetic testing use persisted
(model 2, OR = 0.57, 95% CI = [0.35–0.94], p = 0.028).
Holding all other variables at their means, the predicted
probability of prior testing was seven percentage points
lower for Black participants compared to white partici-
pants (95% CI = 0.01–0.13).

Main Analysis 2: Identifying as Black Was Not
Associated with Lower Use of Non-Genetic Clinical
Screening Tests
Linear regression results are reported in Table 3 and

Figure 2. Without controlling for other factors, Black in-
dividuals reported lower use of non-genetic clinical
screening (median score 2.56) compared to white indi-
viduals (median score 2.69) (χ2(1) = 9.09, p = 0.003).
However, there was no significant association between race
and non-genetic screening when controlling for age, gender,
personality traits, and health status (model 3). Adding
genetics-specific factors (attitudes, intentions, and knowl-
edge) and contributors to disparities (educational attain-
ment, income, and subjective numeracy), there was still no
association between race and non-genetic screening (model
4). Only when removing coronary artery disease status from
the model (data not shown) did identifying as Black appear
to be associated with a 0.10-point reduction in healthcare
screening score (β = −0.10, 95% CI = [−0.21 to 0.00], p =
0.045). Therefore, in this population, lower rates of non-
genetic screening by Black individuals may be due to dif-
ferences in coronary artery disease prevalence in the first
and second rounds of participant recruitment rather than
an independent effect of race or racial disparities.

Discussion

We found that identifying as Black was associated with
lower odds of genetic testing but not with lower use of
non-genetic clinical screening. Furthermore, self-
identified Black and non-Hispanic white participants
were found to be similar along personality factors but
differ along sociodemographic and resource factors.
These findings are important and novel for two reasons.

First, they highlight a specific racial inequality in genomic
medicine even among people with otherwise similar
preventive medicine use. Second, they suggest that per-
sonality and behavioral characteristics are insufficient for
early adoption if sociodemographic and resource factors
limit opportunities to use comparatively novel inter-
ventions. We found that, where differences existed, Black
participants scored higher on personality traits and at-
titudes associated with early adoption. Having especially
strong personality traits of early adopters may be essential
for overcoming barriers to research participation.

Multiple factors could contribute to inequalities in the
early adoption of genomic medicine compared to the use
of more established interventions. Access to any relatively
novel medical intervention is subject to greater variation
in clinician behavior, patient awareness, and insurance
coverage compared to access to well-established inter-
ventions [34] – all of which are likely to have an amplified
impact on patients facing even minor barriers to care.
Black patients are less likely to have stable medical homes
with primary care providers to serve as liaisons and
provide information about novel interventions [35].
Genomics-specific factors including incomplete family
history leading to unknown testing eligibility, clinician or
patient concerns over the costs of testing and downstream
care, racial bias in identifying the features of genetic
disorders, lower expected utility because of poorer rep-
resentation in genetic databases, and patient concerns
over stigmatization, discrimination, or other misuses of
information may all contribute to racial inequalities in
genetic testing [36, 37].

The specific racial inequality in genetic testing we
observed among potential early adopters indicates en-
trenched disparities and provides renewed motivation to
improve equitable access to genomic medicine. Extensive
research has investigated specific barriers to equitable
access to genomic medicine, providing valuable insights
into potential intervention targets. For instance, evidence
of the influence of out-of-pocket costs and lack of access
to family cascade testing indicates a need for compre-
hensive coverage for genetic testing, genetic counseling,
and downstream care [38]. Improved racial bias training
is needed for students and practicing clinicians [39].
Additionally, maintaining a commitment to include di-
verse populations in genetics research (including prag-
matic implementation studies) is essential to building a
knowledge base that supports equitable sharing of the
benefits of genetic medicine – especially as the field moves
toward greater reliance on retrospective clinical data
that is poorly representative. Our study highlights an
ongoing need to address disparities. Future studies should
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examine the impact of expanding insurance coverage of
genetic testing and downstream care, improving provider
education and workforce development, and diversifying
genomics databases. We can thus work toward rectifying
the racial disparities in genomic medicine and fostering a
more equitable healthcare landscape.

We used self-identified race as a proxy for sociological
variables, including the structural and individual effects
of racism. We recognize that there is a wide range of lived
experience and ancestry within both racially defined
cohorts, and we are wary of racial essentialism. Just as
race as a proxy for genetic ancestry obfuscates genetic
causes of phenotypic variation or disease mechanisms,

race as a proxy for racism risks racial determinism, and
obfuscates the specific effects of racism that vary across
settings and individuals. As the 2023 National Academies
Report on Population Descriptors in Genetics and
Genomics Research states, “many elements of racial
thinking, including essentialism and biological deter-
minism, have influencedmodern thinking around human
genetics, to the marginalization of some peoples and the
benefit of others” [40]. Racial and cultural essentialism,
even when race is construed as a social construct, can be
problematic. Compared to clinicians who see racial
disparities as a product of differences under social con-
ditions, clinicians who believe cultural differences (e.g.,

Table 2. Logistic regression results for prior genetic testing

Model 1 Model 2

odds ratio (95% CI) p value odds ratio (95% CI) p value

Race: Black 0.43 (0.27, 0.68) <0.001 0.57 (0.35, 0.94) 0.028
Age 1.00 (0.97, 1.03) 0.836 1.01 (0.97, 1.04) 0.756
Gender: male 0.74 (0.50, 1.11) 0.145 0.70 (0.46, 1.06) 0.091
Educational attainment (scale) --- --- 1.27 (0.98, 1.65) 0.073
Income >$100,000 --- --- 1.66 (1.05, 2.62) 0.029
Big Five: extraversion 1.03 (0.80, 1.32) 0.817 1.01 (0.79, 1.30) 0.929
Big Five: agreeableness 0.93 (0.64, 1.37) 0.722 0.98 (0.67, 1.45) 0.934
Big Five: conscientiousness 1.05 (0.75, 1.48) 0.760 1.07 (0.76, 1.51) 0.690
Big Five: neuroticism 0.95 (0.69, 1.32) 0.774 0.92 (0.66, 1.28) 0.623
Big Five: openness 1.15 (0.82, 1.61) 0.416 1.02 (0.71, 1.46) 0.893
Information avoidance 0.88 (0.71, 1.09) 0.256 0.90 (0.72, 1.12) 0.350
Tolerance for uncertainty 0.97 (0.76, 1.24) 0.805 1.01 (0.78, 1.30) 0.938
Self-affirmations 1.17 (0.93, 1.46) 0.187 1.19 (0.94, 1.51) 0.155
Subjective numeracy --- --- 0.87 (0.70, 1.08) 0.200
Knowledge of genetics

Sequencing limitations --- --- 1.03 (0.95, 1.12) 0.420
Sequencing benefits --- --- 0.98 (0.80, 1.06) 0.636
Heredity concepts --- --- 1.16 (1.05, 1.27) 0.003

Perceived value of genetics 0.81 (0.64, 1.03) 0.089 0.89 (0.69, 1.14) 0.352
Attitudes toward testing

Preventable/treatable 1.05 (0.70, 1.58) 0.805 1.01 (0.67, 1.53) 0.951
Non-preventable/non-treatable 0.91 (0.76, 1.10) 0.352 0.94 (0.77, 1.14) 0.523
Reproductive utility 1.19 (0.88, 1.61) 0.249 1.19 (0.88, 1.62) 0.259

Intentions to learn genetic results
Preventable/treatable 1.09 (0.86, 1.38) 0.471 1.06 (0.84, 1.34) 0.605
Non-preventable/non-treatable 1.08 (0.87, 1.34) 0.470 1.12 (0.89, 1.38) 0.365
Reproductive utility 0.90 (0.71, 1.15) 0.419 0.89 (0.70, 1.13) 0.339

Perceived global health 0.70 (0.55, 1.12) 0.190 0.70 (0.48, 1.03) 0.070
Has coronary artery disease 1.13 (0.66, 1.92) 0.655 1.20 (0.69, 2.01) 0.520
Perceived comparative risk 1.08 (0.94, 1.23) 0.289 1.05 (0.92, 1.22) 0.413
Constant 0.14 (0.00, 10.7) 0.378 0.07 (0.00, 6.30) 0.249
Pseudo R2 0.0387 0.0683
Log likelihood −413.73 −400.99
N 908 908
bic 977.3 992.7
aic 871.5 858.0
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beliefs about health or the value of diet or exercise) drive
racial disparities in health outcomes are more likely to use
perceived race in their medical decision-making [41]. We
join the call for researchers and entities tasked with
collecting demographic data to adopt measures of social
disadvantage, structural racism, and experienced racism
[42, 43].

Limitations
The participants in this study may not be generalizable

to the broader population. As noted, ClinSeq® partici-
pants had characteristics associated with better access to
genetic testing compared to the general US public. For

example, nearly 90% of white and 66% of Black partic-
ipants had a college degree, compared to 34% of white
and 22% of Black people over age 25 in the US [44].
Similarly, 78% of white and 38% of Black ClinSeq®

participants had annual household incomes over
$100,000, compared to 37% of white and 20% of Black
householders in the US [45]. Recruitment in and around
Bethesda, MD in the DC suburbs, in close geographical
proximity to the NIH campus where this study was
conducted, could contribute to the atypical characteristics
of these participants. Even greater barriers to accessing
clinical genetic testing likely exist for non-research par-
ticipants and the US population outside of this region.

Fig. 1. Logistic regression results for associations with prior genetic testing. The figure displays odds ratios and
95% confidence intervals (error bars) from two logistic regression models examining the associations between
individual-level characteristics and prior genetic testing among research participants. Model 1 does not control
for income, education, and knowledge variables, while model 2 does. Odds ratios greater than 1 indicate positive
associations, and odds ratios less than 1 indicate negative associations.
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However, we were specifically interested here in research
participants as potential early adopters and how their
unusual characteristics may position them in the tech-
nology diffusion process. By nature of their enrollment, we
can assume that participants in our study were unusually
motivated and interested in genetic testing. We expect that
they have a greater interest in and utilization of non-
research genetic testing compared to the general pop-
ulation. Nevertheless, the racial inequality we observed in
prior genetic testing is nearly identical to a recent na-
tionally representative sample, which found that Black
respondents were half as likely to have prior genetic testing
when controlling for other demographic factors [46].

Because the prior testing was self-reported, theremay be
underreporting of prior testing if participants were not
aware that clinical tests included genetic testing or did not
remember it as genetic testing. For example, patientsmight
not know if prenatal screening was genetic or non-genetic,
or whether a tumor biopsy included genetic testing.

The first round of ClinSeq enrollment (all of the non-
Hispanic white participants in the study) was completed in
2007–2013, and the second round of recruitment of Black
and African American participants was completed in
2012–2017. Access to, awareness of, and acceptance of ge-
netic testing likely increased during that time, meaning that
participants enrolled at later stages should have been more

Table 3. Linear regression results for non-genetic clinical screening

Model 3 Model 4

β (95% CI) p value β (95% CI) p value

Race: Black −0.06 (−0.16, 0.05) 0.286 −0.05 (−0.16, 0.06) 0.391
Age 0.03 (0.03, 0.04) <0.001 0.03 (0.02, 0.04) <0.001
Gender: male −0.38 (−0.47, −0.29) <0.001 −0.42 (−0.51, −0.32) <0.001
Educational attainment --- --- 0.04 (−0.02, 0.09) 0.182
Income >$100,000 --- --- 0.09 (−0.01, 0.19) 0.068
Big Five: extraversion 0.06 (−0.00, 0.12) 0.057 0.05 (−0.01, 0.11) 0.113
Big Five: agreeableness −0.01 (−0.10, 0.08) 0.818 −0.02 (−0.11, 0.07) 0.651
Big Five: conscientiousness 0.08 (−0.00, 0.16) 0.052 0.07 (−0.01, 0.15) 0.068
Big Five: neuroticism 0.05 (−0.03, 0.13) 0.221 0.04 (−0.04, 0.12) 0.306
Big Five: openness −0.04 (−0.12, 0.04) 0.327 −0.04 (−0.12, 0.04) 0.294
Information avoidance 0.01 (−0.03, 0.05) 0.550 0.03 (−0.02, 0.08) 0.267
Tolerance for uncertainty −0.01 (−0.07, 0.05) 0.758 −0.01 (−0.07, 0.04) 0.614
Self-affirmations −0.01 (−0.06, 0.05) 0.805 −0.02 (−0.07, 0.03) 0.490
Subjective numeracy --- --- 0.02 (−0.02, 0.07) 0.324
Knowledge of genetics

Sequencing limitations --- --- −0.01 (−0.03, 0.01) 0.407
Sequencing benefits --- --- −0.01 (−0.03, 0.01) 0.192
Heredity concepts --- --- −0.01 (−0.04, 0.01) 0.282

Perceived value of genetics --- --- 0.07 (0.02, 0.13) 0.013
Attitudes toward testing

Preventable/treatable --- --- −0.05 (−0.13, 0.04) 0.308
Non-preventable --- --- 0.02 (−0.03, 0.06) 0.476
Reproductive utility --- --- −0.02 (−0.08, 0.05) 0.605

Intentions to learn results
Preventable/treatable --- --- 0.00 (−0.05, 0.06) 0.863
Non-preventable --- --- 0.02 (−0.03, 0.06) 0.536
Reproductive utility --- --- 0.02 (−0.04, 0.08) 0.486

Perceived global health −0.03 (−0.11, 0.06) 0.561 −0.03 (−0.12, 0.06) 0.544
Cardiovascular disease 0.36 (0.23, 0.49) <0.001 0.32 (0.19, 0.46) <0.001
Perceived comparative risk --- --- 0.05 (0.02, 0.08) 0.002
Constant 0.48 (−0.35, 1.32) 0.254 0.13 (−0.88, 1.13) 0.807
Adjusted R2 0.159 0.181
Log likelihood −870.54 −850.86
N 918 918
bic 1,836.6 1,892.7
aic 1,769.1 1,757.7
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likely to have prior genetic testing. However, we saw the
opposite – the Black and African American participants
enrolled in the later round were less likely to have prior
testing. If the participants had all been enrolled at the same
time, we would expect to see an even larger difference.
Whether research participants enrolled as recently as 2017
are early adopters of genomic technology could be ques-
tioned. But genomic medicine is not yet become routine in
most clinical contexts, and we still consider participants in
genome sequencing to be at the forefront of innovation.

An additional important difference between the two
cohorts was the targeted enrollment of patients with cor-
onary artery disease in the first, mostly white cohort only.
Patients with diagnosed diseases may have more regular

contact with the healthcare system, giving them more
opportunities to get genetic testing or other healthcare
screening. On the other hand, they could be more burdened
with managing their coronary artery disease and avoid
unrelated preventive screening. Either way, we considered it
critical to control for coronary artery disease status in our
regressions and it proved to be an important factor in non-
genetic screening – people with coronary artery disease were
more likely to report greater use of non-genetic screening.

We were not able to differentiate the purposes of prior
genetic testing in our sample, which limits what we can
say about potential early adopters of genetic medicine or
non-medical genetic testing. Participants were asked
whether they had any prior genetic testing, and the

Fig. 2. Linear regression results for associations with non-
genetic clinical screening. The figure displays regression coef-
ficients and 95% confidence intervals (error bars) from two
linear regression models examining the associations between
individual-level characteristics and non-genetic clinical

screening among research participants. Model 3 does not
control for income, education, knowledge, and genetics-specific
variables, while model 4 does. Coefficients greater than 0 in-
dicate positive associations, and coefficients less than 0 indicate
negative associations.
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context or purpose was not specified. Testing could have
been ordered in any context (direct-to-consumer, ordered
by a primary care clinician, or ordered by a genetics
specialist), and for any purpose (e.g., ancestry, parentage,
pharmacogenomics, risk prediction, reproductive plan-
ning, or disease diagnosis). Others found that Black,
Hispanic, and non-Hispanic white respondents were
equally likely to report direct-to-consumer testing for
ancestry, but Black and Hispanic patients were less likely
to report clinical testing or direct-to-consumer testing for
health reasons [47]. In our study, we would expect to see
even greater racial disparities if the reason for prior
testing had been restricted to clinical testing only.
Therefore, our findings may be conservative.

Conclusions
Research participants exhibit the intrinsic characteristics

of early adopters, making them key players in the diffusion
of medical innovations. We report that self-identified Black
and non-Hispanic white participants are very similar along
intrinsic personality factors but differ along sociodemo-
graphic and resource factors. These potential leaders in
innovation are inhibited by access and resource constraints.
Relying on the natural diffusion of genomic medicine runs
the risk of leaving many people out. Research studies en-
rolling populations who are diverse along cultural, socio-
demographic, educational, and other characteristics can
thus provide a window into potential early adopters whose
access to new technology may be otherwise limited.
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