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 Racial and ethnic disparities in 
prevalence, morbidity, and mortal-
ity of cardiovascular disease (CVD) 
continue.1 Among ethnic minorities, 
African Americans, tend to carry the 
highest rates of CVD and CVD-re-
lated risk factors.2 Since the discov-
ery of the human genome, research-
ers have been striving to understand 
the clinical translation of genom-
ics to risk of poor CVD outcomes. 
Pharmacogenomics (PGx) involves 
the study of the human genome 
with regard to pharmacokinetics and 
pharmacodynamics. The integra-

tion of PGx with clinical practice 
for CVD will allow for the applica-
tion of personalized medicine, and 
hopefully, improved medication 
efficacy with lowered side effects.3 
 The evidence supporting PGx in 
the medical management of CVD 
has grown substantially over the 
past decade.4 A well-known example 
is the association between guanine 
nucleotide-binding proteins beta-3 
subunit (GNB3) TT genotype and 
an improved therapeutic effect of 
fixed-dose isosorbide dinitrate and 
hydralazine in clinical outcomes 
among African Americans with ad-
vanced heart failure.5 Additionally, 
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ated with an academic medical center in 
Chicago. 
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ers included physicians, physician extend-
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people of African descent are more 
likely to carry distinct genetic vari-
ants that affect the metabolism of 
the anticoagulant warfarin, leading 
to clinically significant differences 
in therapeutic dosing compared 
with other ethnicities.6 Given the 
documented ethnic contributions to 
CVD, PGx promises to help clini-
cians and researchers better under-
stand outcomes in diverse popula-
tions. To date, genomics research 
participants have disproportionally 

practice, with lack of provider knowl-
edge about genetics being one of the 
most commonly cited barriers.9,10

 Given the perceived barrier of 
knowledge about genetics testing, the 
implementation of an educational 
program for both CVD clinical pro-
viders and community leaders of ge-
netically diverse populations should 
improve the overall understanding 
of pharmacogenomics and augment 
the recruitment of underrepresented 
groups in pharmacogenomics re-
search. To date, little is known about 
the feasibility or acceptability of 
implementing genomics educational 
tools for underrepresented groups. 
In this study, a novel educational 
platform was developed that used 
participatory genomic testing (PGT) 
to increase baseline knowledge and 
awareness of pharmacogenomic con-
cepts in a federally qualified health 
center (FQHC) setting. PGT has been 
shown to improve understanding of 
genomics concepts in academic set-
tings.11,12 Our primary objective was 
to determine if adaptation of a PGT 
intervention to an underrepresented 
community was feasible and accept-
able. A secondary goal of this project 
was to preliminarily assess the effect 
of the intervention on knowledge and 
attitudes toward PGx concepts. The 
outcomes of this study will advise 
best practices on implementation, en-
gagement, and recruitment of diverse 
participants in larger research studies. 

Methods 

Setting 
 Mile Square Health Center is 
a network of 11 FQHCs affiliated 

with the University of Illinois Hos-
pital and Health Sciences System 
and has a rich history of provid-
ing comprehensive health care ser-
vices to underserved communities 
since 1967. Mile Square clinics are 
situated in neighborhoods with 
disproportionate morbidity and 
mortality associated with chronic 
conditions. The clinics serve a pre-
dominately African American popu-
lation (74%). We targeted providers 
from five of the primary care Mile 
Square clinics: Near West, Back of 
the Yards, Cicero, Englewood, and 
South Shore. Recruitment began 
in May 2018 and the course inter-
vention occurred on July 13, 2018.

Participants
 Our goal was to recruit 20 pro-
viders and 10 community member 
participants. Because this was a pilot 
feasibility study, our goal sample size 
was based on practical considerations 
including participant availability and 
predicted workflow in the clinical 
setting. Our multidisciplinary work 
group determined that this sample 
size would be sufficient to detect clin-
ically meaningful outcomes to further 
guide future work. Our reach includ-
ed 103 providers and 132 commu-
nity members who represented more 
than 30 community partner organi-
zations (total N=103 + 132=235). 
 Participants were recruited using 
flyers, and direct invitations through 
electronic communication (via email) 
or direct communication (via phone, 
presentations at provider meetings 
and community board meetings, and 
announcements at center events). 
Recruiters designated pre-specified 
times for face-to-face interactions 

The integration of 
pharmacogenomics with 

clinical practice for 
CVD will allow for the 

application of personalized 
medicine, and hopefully, 

improved medication 
efficacy with lowered side 

effects.3

included people of European de-
scent. Therefore, it is imperative that 
people of diverse backgrounds be 
identified for participation in PGx 
research so that the available data 
are reflective of the populations as 
a whole. Furthermore, PGx studies 
must be conducted in ways that just-
ly represent these underrepresented 
populations.7,8 Several issues limit 
the integration of PGx into clinical 
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with clinic providers at each of the 
clinics in addition to direct phone 
calls to each of the providers not 
available for face-to-face interac-
tions. Recruited community stake-
holders included individuals who 
responded with interest to the com-
munity members’ recruitment emails, 
and those informed about the study 
during community events and com-
munity board meetings. Participants 
were offered optional genomic test-
ing through 23andMe. Community 
members received a $60 cash incen-
tive for participation. The recruitment 
phase of this study lasted four weeks. 
 The eligibility criteria used for 
health care providers included, be-
ing: aged ≥18 years, employed as a 
health care provider at a Mile Square 
Health Center in Chicago, IL and 
employed with one of the following 
employment titles: physician, phy-

sician extender, nurse, medical as-
sistant, community health worker 
or patient navigator. The eligibility 
criteria applied for community stake-
holders included, being: aged ≥18 
years and either identified as a com-
munity leader from a community 
served by Mile Square Health Clin-
ics in Chicago, IL or identified as a 
member of the Mile Square Health 
Center FQHC Community Board. 
 All procedures were in accor-
dance with the ethical standards of 
the responsible committee on human 
experimentation (institutional and 
national) and with the Helsinki Dec-
laration of 1975, as revised in 2000. 
Informed consent was obtained 
from all participants included in the 
study. The University of Pittsburgh 
ceded review to the internal review 
board of the University of Illinois at 
Chicago who approved this study.

Educational Platform
 The Test2LearnTM program (www.
test2learn.org) is a validated pharma-
cogenomics curriculum developed 
in 2014. The program has improved 
PGX knowledge, confidence in un-
derstanding test results, and empathy 
for patients in academic settings.12 In 
addition to the Test2Learn platform, 
other programs have emerged that 
strive to enhance learner’s knowl-
edge of and comfort with PGx con-
cepts.13-16 We adapted the program 
to the needs of FQHC providers by 
emphasizing health aspects unique 
to the underserved community, 
with a special emphasis on heart dis-
ease. We developed a separate edu-
cational process for providers and 
community members to enhance 
the applicability of the materials.
 Most of the educational videos 
and online materials were adapted 

Baseline Assessment 
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Figure 1. Overview of study design
The educational intervention consisted of online modules, online educational materials, optional participatory genomics testing, and a 2-hour live course. The yellow box 
represents our baseline and post-course assessments that were compared with t-tests or chi squared analyses.
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from previously existing educational 
content designed at the University 
of Pittsburgh School of Pharmacy.12 
Course objectives were based on a 
formal review process and integra-
tion of PGx competencies and cur-
riculum standards, then adapted to 
the needs of primary care providers. 
This process of curriculum develop-
ment has been used previously for 
teaching pharmacy, family medi-
cine, and internal medicine trainees 
(unpublished data). For providers, 
the online modules included ethics, 
basic genetics, pharmacogenomics, 
and personalized medicine. Commu-
nity members had online access to the 
ethics video but did not receive the 
provider-level educational materials.
 Online content also included ac-
cess to personal genomics test results 
for all participants who had opted 
into PGT. Both community mem-
bers and providers were eligible to 
participate in genomics testing. Per-
sonal results were available only to 
the participant. Course instructors 
were blinded to whether learners 
underwent testing. Both commu-
nity members and providers had the 
ability to review their results on the 
Test2Learn website. Alternatively, 
provider and community participants 
could access an anonymous test da-
taset from the Harvard Personal Ge-
nome Project in high-fidelity learn-
ing exercises within the platform.
 The PGT education ended with 
a two-hour, face-to-face, live course 
with in-depth, interactive, case-
based discussions. The live course 
was led by project members includ-
ing a genomics expert, a pharmacist, 
and a cardiologist. For the provider 
group, the live course included an 

overview of the concepts that had 
been covered in the online educa-
tional modules in addition to a dis-
cussion of unique issues impacting 
the use of PGx in diverse settings. 
The live course for community 
members included a basic introduc-
tion to genetics, PGx, and personal-
ized medicine as well as a discussion 
of involvement of racially diverse 
communities in cardiovascular phar-
macogenomics research (Figure 1).

Feasibility Measures
 We assessed five feasibility out-
come measures and criteria for suc-
cess, including: 1) training motiva-
tion (session attendance, follow-up 
completion); 2) user experience (re-
tention rates, reasons for dropout); 
3) website deployment (website fi-
delity); 4) ease of PGT participation 
(participant ratings pre-and post-
intervention); and 5) assessment 
of participation (duration of live 
course, feedback). These components 
were assessed via open-ended survey 
responses. We also determined bar-
riers to participant recruitment.

Survey Instruments
 Questions were developed to 
capture the following content ar-
eas: knowledge; skills; attitudes and 
concerns of PGx; perception of edu-
cational intervention; and research 
engagement. Many of the questions 
were adapted from prior validated 
assessments of the Test2Learn ma-
terials.12 We measured demographic 
characteristics categorically. Provider 
questions included age, gender iden-
tity, professional background, and 
credentials as well as training specific 
to genetics. Community members re-

sponded to questions regarding age, 
race, gender identity, income, occu-
pation, and level of education (con-
tact the corresponding author for the 
complete set of questions). The post-
intervention suruveys included the 
same items for knowledge, attitudes, 
and perceptions of PGx concepts, 
but also asked about participant per-
ceptions of the intervention itself. 
 We asked providers 14 knowledge 
questions, most of which were simi-
lar to those asked of the community 
but with added questions reflecting 
the greater level of detail of the PGx 
education for providers. One of the 
provider knowledge questions was 
eliminated from the analysis because 
of lack of clarity. We asked seven 
knowledge questions of the com-
munity member participants. These 
knowledge questions were measured 
using binary “True” or “False re-
sponses, for example, “Humans are 
over 99% identical at the DNA level.” 
 Provider attitudes/perceptions re-
garding pharmacogenomics and pre-
cision medicine included questions 
to understand the utility of testing, 
knowledge and capacity to interpret 
results, efficacy to educate patients 
about risks and benefits, beliefs 
about provider testing, and prior use 
of genetic testing. Similarly, commu-
nity members were asked to respond 
to their providers’ level of under-
standing, perceptions, and ability 
to educate patients about testing. 
 Because our study goal was to de-
termine feasibility and acceptability, 
these response options will be refined 
after this initial pilot phase. All items 
were reviewed for reading level, avoid-
ance of jargon, avoidance of double-
barreled questions, and item length. 
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Contact the corresponding author 
for a a full listing of knowledge, at-
titudes and perceptions questions.

Statistical Analysis
 We preliminarily explored dif-
ferences in provider and commu-
nity knowledge, perceptions, and 
attitudes toward PGx at baseline and 
after the course. Evaluation of the 
pre- and post-assessments occurred 
after all survey responses had been 
returned for analysis. Questions with 
five or more answer choices were 
treated as continuous variables.17 We 
used t tests or Wilcoxon rank-sum to 
compare means. Variables with non-
normally distributed responses were 
dichotomized into high versus low 
using a median cutoff. We also di-

chotomized Likert questions with less 
than five answer choices into high vs 
low (or “useful” vs “not useful”). The 
true-or-false questions and dichoto-
mized answer choices were treated as 
categorical variables and compared 
with either chi-squared or Fisher’s 
exact tests. Statistical analyses were 
performed using Stata version 15.0. 

results 

Baseline Characteristics 
 We successfully recruited 20 pro-
viders and 10 community members 
for participation in the live course. Of 
the participating providers, 14 (70%) 
providers submitted their baseline 
assessments and 11 (55%) complet-

ed the post-course assessment. Of 
the community members, there were 
eight (80%) community members 
who submitted their baseline assess-
ments and seven (70%) who sub-
mitted the post-course assessment. 
 Participant demographic char-
acteristics are as follows. Providers 
(n=14) included physicians, physician 
extenders, community health work-
ers, and patient navigators/advocates. 
Community participants (n=10) in-
cluded patients and board members. 
Participants comprised diverse racial 
and ethnic backgrounds including 
African American (35.7%), Latinx/
Hispanic (42.9%), European Ameri-
can (14.3%), and Asian American 
(7.1%). Community members were 
representative of local community-
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Figure 2. Knowledge increased from baseline
We found that cardiovascular pharmacogenomics knowledge increased with the educational intervention. Proportion of knowledge questions answered correctly appears 
along the vertical axis. Community members are represented by white dots and providers by black dots. The dashed line marks 60% of questions answered correctly.
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based organizations and all self-iden-
tified as African American or Black.

Feasibility of Educational 
Intervention and Methodology
 We had 100% live course atten-
dance. All participants were highly 
motivated, especially the community 
members. We found that during the 
live courses, participants were en-
gaged. They interacted with course 
instructors positively and voiced in-
terest in the material. Community 
members engaged in the PGT ses-
sion were receptive to sharing infor-
mation about the benefits of genetic 
testing and personalized medicine 
with their clients, friends, and fam-
ily. Community participants also 
expressed the desire to participate in 
joint training sessions and dialogue 
along with health care providers.
 User experience was generally 
positive as evidenced by survey re-

sponses regarding perceptions of 
the intervention. Retention rates 
were high as evidenced by full par-
ticipation in live courses and more 
participants submitting post-inter-
vention surveys after completion 
of the course materials. Suspected 
reasons for not returning surveys 
were inconvenience of paper surveys 
and lack of time for completion.
 Website deployment went 
smoothly. There were no reported 
systems failures by participants. 
Three participants reported difficulty 
logging in to the website, but after 
troubleshooting, this was found to 
be secondary to user error (forgotten 
password) rather than website fidelity. 
 PGT participation was generally 
favorable as determined by baseline 
and post-intervention survey results 
as described in subsequent sections. 
Feedback regarding the course mate-
rials, burden of the intervention, and 

barriers to participation were gleaned 
via face-to-face conversations and 
open-ended survey responses. As an 
additional measure of recruitment 
feasibility, we determined an enroll-
ment ratio of 30 out of the poten-
tial 235 (13%) Mile Square pro-
vider and community population.
 

Knowledge of PGx

Providers
 Mean baseline knowledge for 
providers was 7.86 questions cor-
rect out of 13, which increased to 
8.64 questions post-intervention 
(P=.21). With the exception of two 
participants, all respondents who 
provided both baseline and post-
intervention data had scores that 
showed an increase in knowledge 
or stayed the same. Three partici-
pants’ scores remained unchanged, 

Table 1. Comparing means from baseline with post-intervention

Community Provider

Baseline Post P Baseline Post P

Self-rate knowledge
   PGx 1.75 3.0 .0036a 2.88 3.33 .089
   Basic genetics 2.88 3.43 .048 a 3.13 3.83 .064
   Precision medicine 1.88 3.57 .0015 a 2.14 3.18 .0034 a

   AA ancestry and PGx 3.13 3.86 .045 a 2.0 3.27 .0005 a

Attitudes
   PGx in the clinical setting 3.0 2.86 .67 3.42 3.45 .46
   DTC testing in the clinical setting 3.38 2.83 .90 2.93 3.09 .34
   PCPs should have PGx knowledge 4.38 4.57 .29 4.21 4.36 .30
   PCPs should counsel based on PGx knowledge 4.38 4.57 .24 3.93 4.18 .22
   PGx will be routinely used in the future 4.25 4.29 .46 4.14 4.45 .13
   Knowing my genetic info will change my behavior 4.38 4.57 .24 4.14 4.0 .67
   DTC companies provide accurate results 3.63 3.86 .24 2.79 3.27 .096
   Lay people are capable of interpreting their results 2.75 2.86 .41 2.29 2.45 .32

AA, African American; DTC, direct to consumer; PGx = pharmacogenomics.
a. statistically significant.
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and the remaining providers had 
an increase in scores (Figure 2).
  Providers’ self-described knowl-
edge increased in the areas of per-
sonalized medicine and the contri-
bution of African American ancestry 
to PGx (Table 1). There were no 
differences in whether a provider 
would refer a patient for PGx test-
ing. Interest in referral was high 
(12/14, 86%) at baseline and stayed 
high post-intervention (9/11, 83%). 

Community 
 Mean baseline knowledge for 
community members was 3.63 and 
increased to 5.42 questions correct 
out of 7 after intervention. Com-
munity members’ self-described 
knowledge of PGx concepts, basic 
genetics, precision medicine, and the 
contribution of African American 
ancestry to PGx increased (Table 1). 

Attitudes toward PGx 

Providers
 When asked which testing provid-
ers had ordered in the prior year, one 
participant replied that he or she had 
ordered multiple gene panels. An-
other participant responded as hav-
ing ordered testing technologies of 
an unknown type. None of the other 
providers had ordered testing within 
the preceding year. At baseline, four 
of the providers had used genetic ser-
vices to manage patients: PGx and 
diagnostic testing being used rarely 
(less than five times in a year), cancer 
risk testing being used rarely by three 
providers, and cancer risk testing be-
ing used frequently by one provider 
(more than 10 times in a year). Ten 
out of 11 providers (90.9%) said 

that the course motivated them to 
seek additional PGx training. The 
top two preferred learning meth-
ods that providers identified were 
online and in-person continuing 
medical education. The providers’ 
biggest concerns for their own per-
sonal genomic testing were regarding 
data security and the potential im-
pact PGx results could have on eli-
gibility for health or life insurance. 
Otherwise, the provider attitudes 
and perceptions regarding PGx and 
precision medicine did not change 
from baseline to post-intervention. 

Community 
 Most community member par-
ticipants had not been offered ge-
nomics testing, except for one who 
had undergone PGx testing and an-
other three who had genetic cancer 
risk testing. Community members 
felt that prenatal carrier testing be-
came more useful for understand-
ing and managing personal health 
after educational intervention com-
pared with baseline (1-sided Fisher’s 
exact=.007). After intervention, 
community members agreed more 
strongly that they would feel com-
fortable having a primary care phy-
sician explain the process of PGx 
testing. The community’s biggest 
concerns for genomic testing were 
regarding data security and the po-
tential impact PGx results could 
have on health insurance eligibility. 

dIscussIon 

 We have determined that a PGx 
educational program tailored for 
an underrepresented community is 

feasible and acceptable. Our educa-
tional intervention has the potential 
to increase awareness and promotion 
of PGx and genomics research con-
cepts in diverse settings. In this post-
genomic era, the availability of com-
mercial genomics testing has created 
a unique opportunity for patients 
to access unprecedented amounts of 
health-related data. We have found 
that members of traditionally un-
derserved communities are eager 
to learn more about their personal 
risk and PGx data. This community 

Our educational 
intervention has the 
potential to increase 

awareness and promotion 
of PGx and genomics 

research concepts in diverse 
settings.

desire has the potential to outpace 
primary care providers’ ability to 
counsel patients. To best accom-
modate this growing need, health 
care providers must gain a founda-
tion of knowledge regarding basic 
genomics and PGx concepts.10,18

 To our knowledge, this is the 
first study to incorporate PGT in 
a FQHC. Others have recognized 
the importance of fostering a com-
munity-based approach to genomic 
research and education.19,20 Collab-
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orative research relationships with 
underserved populations should be 
a fundamental tenet in future ge-
nomics research. Concerns about 
the potential for the scientific com-
munity to misuse genetic informa-
tion has historically been a bar-
rier for many African Americans 
to participate in genetic research.7 
 However, education efforts that 
emphasize the value of such infor-
mation for improving the health of 
African Americans could overcome 
many of these barriers.8 We found 
that confidence in interpreting re-
sults increased with our educational 
intervention. We also showed that 
confidence in the accuracy of test-
ing with direct to consumer tests did 
not change from baseline. Notably, 
all of our participants opted to un-
dergo the optional personal testing.
 Providers had a baseline inter-
est in PGx and precision medicine. 
Similar to providers, community 
members described interest in PGx 
concepts. Also, like providers, the 
community’s biggest concerns for 
genomic testing were regarding data 
security and the potential impact 
PGx results could have on health 
insurance eligibility. After interven-
tion, community members agreed 
more strongly that they would feel 
comfortable having a primary care 
physician explain the process of PGx 
testing; however, providers’ level of 
comfort did not significantly in-
crease. The desire to pursue precision 
medicine likely exceeds the current 
level of comfort providers have in 
discussing these important concepts.
 Our findings are also promising 
in demonstrating that, by engaging 
communities, we can increase the 

interest in participation in future re-
search projects. Community-based 
participatory research experts have 
shown that through genuine col-
laborative efforts, academicians can 
gain the trust of the communities 
with which they want to work.8,21 

To date, genetic consortia have been 
the primary source of information 
on the contribution of genetics to 
CVD risk. As more cohorts that 
include racial/ethnic minorities 
join these collaborative efforts, the 
prevalence of risk alleles in minority 
cohorts can be determined, as well 
as their relationship with incident 
CVD risks.22 Finally, if the goals 
of personalized medicine are real-
ized, these genomic findings may be 
combined with phenotypic informa-
tion to provide precise characteriza-
tions of individual risk for CVDs.
 There are some limitations to our 
study. Despite recruiting efforts, the 
number of provider and community 
member participants who enrolled 
and completed both assessments, 
was small. We could not account for 
missing data and are underpowered 
to detect pre-post changes in some 
meaningful effect sizes. In addition, 
we relied on convenience sampling, 
rather than random sampling. Par-
ticipant responses may be subject to 
self-selection bias. Our results may 
not be applicable to patient popu-
lations in other locations that do 
not share a similar socioeconomic 
and ethnic/racial makeup as the un-
derserved communities of Chicago 
represented in this study. Neverthe-
less, for a pilot study, we had an ad-
equate sample to achieve our goal 
of determining feasibility. There 
is no benchmark for intervention 

adherence as measured by survey 
completion rates.17 We successfully 
recruited all 30 participants to com-
plete the live course intervention, 
of which 24/30 (80%) submitted 
either their baseline and/or post-in-
tervention survey data. Additionally, 
a single PGT program was utilized 
for PGx education, which does not 
allow for direct comparison of oth-
er currently available modalities. It 
should be noted that these factors 
could limit the scope of the major-
ity opinion, educational value, and 
assessment results among partici-
pants included in this study. Nev-
ertheless, the findings herein should 
be viewed as hypothesis generating 
and will help guide future research.

conclusIon 

 In studies where racial and eth-
nic minorities are recruited, some 
findings may be compromised by 
small sample sizes.23 Historical issues 
of misuse and abuse of disenfran-
chised communities for the benefit 
of science have likely contributed 
to medical mistrust, which has then 
led to low rates of research participa-
tion.24,25 This pilot study has provid-
ed a critical opportunity to under-
stand the acceptance of the African 
American community regarding ge-
nomics research. 
 We have created a cardiovascular 
PGx educational program tailored 
for an underrepresented population. 
By educating providers and com-
munity members of the benefits of 
precision medicine in a culturally 
sensitive way, we hope to enhance 
trust in the medical system and en-



Ethnicity & Disease, Volume 30, Supplement 1, 2020 175

Teaching Pharmacogenomics Concepts - Johnson et al

courage future research participa-
tion.26-28 We plan to replicate the 
program at another FQHC site to 
bolster data collection. Future as-
sessment of the fidelity of our in-
tervention will require evaluation of 
community member engagement via 
social network analysis and moni-
toring referrals via the electronic 
medical record. Through implemen-
tation of successful educational in-
terventions, we eventually hope to 
counteract historical discrimination 
and underrepresentation in medical 
research. With greater involvement 
of racially diverse communities in 
cardiovascular pharmacogenom-
ics research, the field will more ac-
curately reflect at-risk populations.
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