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Abstract
Previous findings suggest that medically underserved patients are prescribed 
medications with pharmacogenetic (PGx) guidelines at a high frequency. Thus, 
underserved patients may especially benefit from PGx testing, but little evi-
dence exists regarding the effect of testing in this population. This pilot study 
aimed to generate key feasibility data and explore clinical outcomes of PGx 
implementation in underserved populations. Black and Latino patients were 
recruited from an outpatient clinic and underwent PGx testing. Feasibility 
measures included enrollment metrics and actionable genotype frequencies. 
The primary clinical outcome was patient medication treatment satisfaction 
6 months after testing. Implementation outcomes included the number of 
healthcare provider encounters and medication changes within the 6-month 
follow-up. Effectiveness outcomes included medication adherence, patient-
perceived test value, and time spent discussing medications with providers. 
Ninety-nine patients completed the study. Proton-pump inhibitors were the 
most frequent PGx drug class prescribed at baseline (61%) followed by non-
steroidal anti-inflammatory drugs (36%). Patients with an actionable genotype 
constituted 96% of the population, whereas 28% had an actionable genotype 
related to their PGx drug. Patient treatment satisfaction significantly increased 
over the 6 months after PGx testing. In addition, medication adherence and 
the number of provider encounters significantly increased over the study pe-
riod. In a pilot study, preemptive PGx testing was feasible in primary care 
clinics, improved patient treatment satisfaction and adherence, and increased 
the number of provider encounters in medically underserved patients. Future 
clinical trials are warranted to assess the long-term effects of PGx testing in a 
larger diverse patient population.
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INTRODUCTION

The concept of clinical pharmacogenetic (PGx) testing was 
introduced in the early 1990s; yet, it is still primarily limited 
to large academic medical centers, minimizing the num-
ber of patients with access to this important component 
of precision medicine.1,2 In addition, European or Asian 
ancestral groups have been the most extensively studied 
in genetic association analyses; meanwhile, patients of 
African descent have a higher frequency of genetic vari-
ants that could influence their drug response compared to 
those of European descent.3,4 Therefore, clinical PGx im-
plementation may exacerbate health disparities because 
its patterns are based on discovery work conducted mostly 
in European or Asian ancestral populations.

Although genotype-guided drug therapy recommen-
dations have been gaining more support, mainly due to 
increasing evidence regarding clinical utility and improve-
ment of technologies, optimal timing for completing testing 
has not reached consensus. Preemptive panel-based PGx 
testing allows for genotype information, for potentially doz-
ens or hundreds of pharmacogenes, to be readily available 
in the patient's medical record prior to drug prescribing – 
greatly increasing clinical utility.5,6 The benefits of preemp-
tive PGx testing panels are that (1) the risk of adverse events 
and the prediction of effectiveness across multiple drugs 
can be addressed with a single test, (2) the genotype can 
be used and reused over the patient's lifetime, (3) reaching 
therapeutic effectiveness can potentially be achieved faster 
because results are already available for use, and (4) the 

incremental cost of multiple PGx tests can be prevented.6,7 
Therefore, with the necessary tools and guidance to sup-
port a preemptive model, implementation of pharmacog-
enomics can be more fully realized.2,8

Drugs with PGx guidelines or recommendations avail-
able (referred to as PGx drugs) are often off-patent and less 
expensive than newer counterparts.9 We have previously 
found that medically underserved patients are prescribed 
PGx medications at a higher frequency and have fewer en-
counters with healthcare providers compared to patients 
with better access to health care.10 Thus, medically under-
served patients may especially benefit from minimizing the 
currently used trial-and-error process of drug selection and 
using a more personalized prescribing approach. In 2020, 
Medicare coverage included PGx testing for patients who 
were either already on a PGx drug or were being considered 
for a treatment with gene-drug interactions, but it did not 
include preemptive PGx testing.11 As for private insurance 
companies, coverage of PGx tests has been shown to vary 
widely, and the number of gene-drug indication groups cov-
ered remains suboptimal across the board with only about 
20% of gene-drug indication groups covered on average.12 
The lack of complete information available as well as the 
suboptimal coverage found indicate a lack of transparency 
regarding PGx coverage and represent a financial burden on 
patients that would benefit from testing.12 With some third-
party reimbursement patterns still not favoring PGx testing 
(especially when done preemptively), disparities in drug 
prescribing may continue to increase for patients unable to 
afford PGx testing costs out-of-pocket.13 Moreover, racial 
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differences contribute to this disparity with underserved 
Black patients having significantly fewer healthcare pro-
vider visits and being prescribed PGx drugs more frequently 
than underserved non-Black patients.10 Therefore, there is 
a crucial need to inform the clinical implementation of pre-
emptive PGx testing in medically underserved populations 
to assure equitable distribution of this innovative healthcare 
technology. The objective of this pilot study was to develop 
key feasibility data for the clinical implementation of pre-
emptive PGx testing within the University of Florida Health 
System (UF Health), and to generate important data to sup-
port future larger trials of clinical implementation of PGx in 
underserved populations.

METHODS

Study design

This was a pragmatic, clinical pilot study of patients self-
identifying as Black or Latino. Participants received clini-
cal PGx testing as part of the study, with results placed 
in their medical records, and underwent assessments 
measuring both implementation and effectiveness out-
comes at baseline, 3 months, and 6 months after testing. 
This study was approved by the University of Florida (UF) 
Institutional Review Board and was registered at Clini​
calTr​ials.​gov (NCT04630093).

Patient population

Patients were recruited between May 2021 and November 
2021 from UF Health clinics within medically under-
served areas serving a large number of low-income, Black, 
and Latino patients. Patients were eligible if they (1) were 
18 years of age or older, (2) self-identified as Black or Latino, 
(3) had active prescriptions for at least three medications 
documented within their medical records (including at 
least 1 drug/drug class that could be informed by the UF 
PGx test panel described below), and (4) had a medication 
change within the past 6 months that was associated with 
a healthcare provider encounter. Patients were excluded if 
they already had a test result in their electronic health re-
cords (EHRs) for any of the following genes included on the 
UF PGx test panel: CYP2C19, CYP2D6, CYP3A5, SLCO1B1, 
CYP2C9, CYP2C, CYP4F2, and VKORC1.

Study procedures

Clinic schedules were screened by study staff to identify 
eligible patients. Study staff alerted the clinic team to 

eligible patients and requested that the provider inquire 
about the patient's interest in study participation and/or 
provide the patient with an approved flyer with study staff 
contact information for patients to use. Patients indicating 
interest were then approached by study staff either during 
the clinic visit or via phone call after the clinic visit if in-
person contact was not possible. All participants provided 
written informed consent prior to their participation in 
this research.

Upon enrollment, a DNA sample was obtained from 
each patient via buccal brush/swab. At baseline, and at 
3-month and 6-month timepoints, subjects completed sur-
veys regarding their demographics, socioeconomic status, 
medical history, and medication satisfaction. In addition 
to these measures, data regarding medical encounters and 
medication prescribing were collected from the patient's 
EHR. The surveys were either administered verbally by 
study staff or were completed electronically by the partic-
ipants on a tablet available for the study.

PGx testing

PGx testing was completed using the UF PGx panel 
(Table 1) which is available for clinical use at UF Health, 
and is completed by the CAP/CLIA-certified UF Health 
Pathology Laboratories' (UF Path Labs) Molecular 
Diagnostic Laboratory. The cost of the PGx testing was 
covered by the study. Once results were entered into 
the patient's EHR as discrete data fields through a labo-
ratory data interface, Clinical Decision Support (CDS) 
Best Practice Advisories (BPAs) already built into the UF 
Health EHR system alerted providers if a PGx interaction 
(a drug being prescribed to a patient with a genetic vari-
ant that may affect response to that drug) might occur. In 
addition, a PGx clinical consult note was completed by 
a pharmacist within the UF Health Precision Medicine 
Program with test result interpretations and therapeutic 

T A B L E  1   Genes and variants included in the UF PGx panel.

Gene Variants

CYP2C19 *2, *3, *4, *6, *8, *10, *17

CYP2C9 *2, *3, *5, *6, *8, *11

CYP2D6 *10, *2, *17, *41, *3, *4, *6, *9, *8, 
*7, *29, CYP2D6 copy number

CYP3A5 *3, *6, *7

CYP4F2 *3

CYP2C cluster rs12777823

SLCO1B1 *5

VKORC1 1639G>A

Abbreviations: PGx, pharmacogenetic; UF, University of Florida.

http://clinicaltrials.gov
http://clinicaltrials.gov
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recommendations. The consult note was forwarded to the 
patient's primary care provider(s), and all prescribing de-
cisions were made at the discretion of the patient's health-
care provider.

Outcomes measured

As feasibility outcomes, the percent of patients agreeing 
to participate, from the total number approached, was 
recorded. In addition, the percent of patients with an ac-
tionable genotype as well as the percent of patients with 
an actionable genotype related to the PGx drug they were 
prescribed were also calculated. An actionable genotype 
was defined as a genotype that would lead to an institu-
tionally approved CDS alert prompting a prescriber to alter 
dosing or medication selection. The alerts were based on 
Clinical Pharmacogenetic Implementation Consortium 
(CPIC) guidelines where prescribing changes are recom-
mended for genotypes affecting response to treatment.14 
In addition, genotype turnaround time was calculated as 
(1) brain-to-brain turnaround time (time between when 
the UF PGx panel was ordered and when the genotype 
was entered into the EHR), (2) laboratory turnaround time 
(time between the sample being received by the UF Path 
Labs and the genotype being entered into the EHR), and 
(3) sample turnaround time (time between the DNA sam-
ple collection and the genotype result entered into Epic). 
The primary effectiveness outcome measured was the 
change in patient treatment satisfaction between baseline 
and 6 months after PGx testing. This was measured via the 
Treatment Satisfaction Questionnaire for Medication ver-
sion 1.4 (TSQM).15 Global satisfaction as well as scores from 
each individual domain (effectiveness, side effects, and 
convenience) were analyzed. The TSQM domain scores 
range from 0 to 100 with higher scores representing higher 
satisfaction for each domain. Other effectiveness outcomes 
measured via questionnaires included medication adher-
ence, perceived value of the test, and time spent discuss-
ing medications with healthcare providers. Questionnaires 
were administered at baseline, at 3 months, and 6 months 
after PGx test results were entered in the EHR. Secondary 
implementation outcomes included the number of encoun-
ters with a healthcare provider as well as the number of 
medication changes within the 6-month follow-up period 
and within the 6-month window prior to the baseline study 
visit, which were all collected from the EHRs.

Statistical analyses

Patient baseline characteristics were computed as 
means and standard deviations for continuous variables 

and counts and percentages for categorical variables. 
Continuous outcome variables were compared in the 
same patients among baseline, 3-month, and 6-month 
visits using the paired Wilcoxon signed-rank test. Binary 
outcome variables were compared between different visits 
using the McNemar's test. A p value ≤ 0.05 was considered 
statistically significant. To assess the magnitude of TSQM 
score changes between visits, effect sizes based on Cohen's 
d were calculated.16 All analyses were conducted using R 
version 4.2.1.

RESULTS

Baseline patient characteristics

During the 6 months study period, 207 patients were ap-
proached, and 100 patients (48.3%) consented to be en-
rolled in the study. Ninety-nine patients completed the 
study, with an average age of 54.4 (±14.8) years (Table 2). 
Women constituted 78.8% of the population, and 86.9% of 
patients self-identified as Black. Most participants (62.6%) 
were not employed and over half (53.5%) did not possess 
a college degree. When asked about how comfortable they 
were understanding medical terminology and concepts, 
12.1% were uncomfortable, 35.3% of patients felt neutral, 
and 52.6% were comfortable. As for insurance, 59.6% of 
patients were on Medicaid/Medicare/Medicare plus pri-
vate or supplemental insurance, 37.4% had private insur-
ance, and 3% were self-paid.

At baseline, the most frequent health conditions were 
hypertension (25% of patients), followed by arthritis/
chronic pain at 15%, and gastroesophageal reflux disease/
ulcers, diabetes, and depression each at 14% of patients 
(Figure  1a). The PGx drug classes used most frequently 
were proton-pump inhibitors (PPIs) being prescribed in 
61%, followed by nonsteroidal anti-inflammatory drugs in 
36% of patients (Figure 1b).

PGx test results and turnaround time

There were 96 patients with an actionable genotype for 
at least one of the genes included on the UF PGx panel 
(listed above). Of those, 28 had an actionable genotype 
related to the PGx drug they were prescribed (counts per 
drug/gene pair listed in Table S1). The turnaround time 
between the UF PGx panel being ordered and the gen-
otype being entered into the EHR averaged 6.6 (±2.7) 
days. The time between the sample being received by 
the UF Path Labs and the genotype result being entered 
into the EHR averaged 5.9 (±2.6) days. Finally, the 
time between the DNA sample being collected and the 
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genotype result being entered into the EHR averaged 
7.3 (±2.7) days, as DNA can be collected at enrollment 
while awaiting a pharmacist to sign the PGx test order 
in the EHR.

Patient treatment satisfaction

We observed a significant increase in global treatment 
satisfaction scores between baseline and 3 months after 
PGx testing (59.9 ± 16.9 vs 62.2 ± 17.6, p = 0.023) which 
persisted through 6 months after PGx testing (59.9 ± 16.9 
vs. 64.4 ± 13.6, p = 0.001; Figure  2). This increased satis-
faction seemed to have been driven by significantly in-
creased satisfaction within the effectiveness domain after 
both 3 months (59.6 ± 14.4 vs. 62.5 ± 15.7, p = 0.008) and 
6 months (59.6 ± 14.4 vs. 63.3 ± 11.7, p = 0.003; Figure  2). 
The effect size, based on Cohen's d, for the mean differ-
ences in the TSQM global satisfaction was small between 
baseline and 3 months (0.13) and ranged from small to 
moderate between baseline and 6 months (0.29; Table S2). 
Similarly, the effect size for the mean differences in the 
TSQM effectiveness domain was small between baseline 
and 3 months (0.19) and ranged from small to moderate 
between baseline and 6 months (0.28; Table  S1). Scores 
within the side effects and convenience domains also in-
creased over time, but these differences were not statisti-
cally significant (Figure 2).

Adherence

Overall, the majority of patients reported not having 
difficulty staying adherent to their treatment plan, and 
that behavior did not change during the study period. 
However, when specifically asked if patients took their 
prescribed medication the day before the interviews, 
there was a significant increase in the proportion of 

T A B L E  2   Patient characteristics.

Patient demographics and socioeconomic 
measures N = 99

Age, years 54.4 (±14.8)

Female 78 (78.8)

Race

Black/non-Latino 85 (85.9)

Black/Latino 1 (1.0)

White/Latino 10 (10.10)

Other or Mixed Descent/non-Latinoa 2 (2.0)

Other or Mixed Descent/Latinob 1 (1.0)

Employment

Full time 32 (32.3)

Part time 1 (1.0)

Disabled 34 (34.3)

Seeking work 6 (6.1)

Retired 19 (19.2)

Homemaker 1 (1.0)

Student 2 (2.0)

Unknown 3 (3.0)

Health literacy

Extremely uncomfortable 2 (2.0)

Very uncomfortable 2 (2.0)

Somewhat uncomfortable 8 (8.1)

Neutral 35 (35.3)

Somewhat comfortable 20 (20.2)

Very comfortable 26 (26.3)

Extremely comfortable 6 (6.1)

Income

<$25,000 28 (28.2)

$25,001–50,000 20 (20.2)

$50,001–75,0000 3 (3.0)

$75,001–100,000 3 (3.0)

$100,001–150,000 1 (1.0)

>$150,000 0 (0.0)

Do not know 35 (35.4)

Refuse to answer 9 (9.1)

Education

Less than high school (9th grade) 3 (3.0)

Some high school 14 (14.1)

High school/GED 36 (36.4)

Some college or specialized training/technical 
school

35 (35.4)

Bachelor's degree 8 (8.1)

Master's degree 2 (2.0)

Doctoral degree 1 (1.0)

Patient demographics and socioeconomic 
measures N = 99

Insurance

Medicaid/Medicare/Medicare plus private or 
supplemental insurance

59 (59.6)

Private 37 (37.4)

Self-pay 3 (3.0)

Note: Values are expressed as mean (±SD) or N (%).
Abbreviation: GED, Government Education Development.
aAsian/White/American Indian/Black (n = 1), Black/White (n = 1).
bHaitian Puerto Rican/Dominican (n = 1).

T A B L E  2   (Continued)
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patients who answered “yes” at 6 months after PGx test-
ing compared to baseline (p = 0.006; Figure  3). When 
asked if patients sometimes forget to take any of their 
prescribed pills, there was a trending numerical in-
crease in the proportion of patients who answered “no” 
at the 3-months visit and at the 6-months visit com-
pared to baseline, however, this increase was not statis-
tically significant (Figure 3). When asked about average 
adherence over a 2-week period, during travel, or when 

health conditions were controlled, behaviors did not 
seem to change between the study visits.

Perceived value

The patient-estimated average time spent with a provider 
discussing medications at their previous clinic visit was 
11.5 (±10.7) min at baseline, 12.9 (±11.8) min at 3 months, 

F I G U R E  1   Frequency of patients 
by (a) health conditions at baseline 
and (b) PGx panel drug(s)/drug 
classes at baseline. COPD, chronic 
obstructive pulmonary disease; GERD, 
gastroesophageal reflux disease; HIV, 
human immunodeficiency virus; NSAIDs, 
non-steroidal anti-inflammatory drugs; 
PGx, pharmacogenetic; PPIs, proton pump 
inhibitors; SSRIs, selective serotonin 
reuptake inhibitors; TCAs, tricyclic 
antidepressants; TIA, transient ischemic 
attack.

F I G U R E  2   Score changes in TSQM 
global satisfaction, effectiveness, side 
effects, and convenience domains from 
baseline to 3 months and 6 months 
after PGx testing. *p ≤ 0.05 for baseline 
versus 3 months visit scores and baseline 
versus 6 months visit scores. PGx, 
pharmacogenetic; TSQM, Treatment 
Satisfaction Questionnaire for Medication.
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and 12.2 (±8.6) min at 6 months post-PGx testing, with no 
significant differences observed compared to baseline. 
When asked about what value (in dollars) they would as-
sign to a preemptive PGx test, 21% of patients estimated 
it to be above $200. When asked about how much they 
would be willing to pay for a preemptive PGx test, 8% esti-
mated it to be above $200. This trend did not seem to im-
prove over the 6-month study period, as the distribution of 
the answers were similar among all visits (Figure 4).

Secondary effectiveness outcomes

During the study period, 16 (2.4%) out of 664 total medica-
tions were changed. Of those, 10 (6.2%) were PGx medica-
tions out of a total of 161 PGx medications prescribed. The 
number of total healthcare provider encounters within the 
6 months immediately prior to the baseline visit were sig-
nificantly lower than within the 6 months after PGx test-
ing (Figure 5). There were no significant differences in the 

number of hospitalizations and urgent care visits between 
the 6 months prior to, and the 6 months after, PGx testing.

DISCUSSION

A major goal of this pilot study was to evaluate the fea-
sibility and clinical outcomes of clinically implementing 
preemptive PGx testing in underserved patient popula-
tions within the primary care setting. We found that the 
vast majority of our patients (96%) had an actionable 
genotype for at least one pharmacogene, and 28% of pa-
tients had an actionable genotype for the PGx drug that 
they were prescribed. We also found that global patient 
treatment satisfaction improved 3 months after PGx test-
ing and persisted for at least 6 months, mostly driven by 
increased satisfaction with treatment effectiveness. This 
was paralleled by an increase in the number of provider 
encounters/visits as well as an improvement in medica-
tion adherence at 6 months. To our knowledge, this is the 

F I G U R E  3   Adherence questionnaire responses for baseline, 3-month, and 6-month visits. *p ≤ 0.05 for baseline versus 3 months visit 
responses and baseline versus 6 months visit responses.
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first study to report implementation data of preemptive 
PGx testing in medically underserved patients.

The percent of patients with at least one actionable gen-
otype (96%) in our medically underserved population is 
similar to previous findings in other patient populations.17 
Moreover, 28% of our population had an actionable gen-
otype related to a PGx drug they were already taking at 
baseline. Our study was a 6-month pilot study represent-
ing only a small percentage of the patients' total lifetime 
drug exposure. Previous reports have shown that 40% of 
patients with actionable genotypes had evidence of life-
time exposure to the specific PGx drug related to that gen-
otype.17 This suggests that preemptive testing may benefit 

a substantial proportion of the population, particularly if 
they are already prescribed a PGx drug. Despite 28% of 
patients having an actionable genotype for the medica-
tion they were on, only 10 PGx medication changes were 
observed during the study period. Having an actionable 
genotype does not necessarily mean that patients were on 
an inappropriate drug or drug dose. In addition, because 
medication changes are at the discretion of the provider, 
they could refuse to follow the PGx recommendation for 
many reasons, such as lack of awareness of the impact 
of PGx, clinical factors outweighing the PGx recommen-
dation, or the patient being responsive or stable on their 
current medication. However, these decisions could 

F I G U R E  4   Perceived value of the 
preemptive PGx test. (a) The estimated 
value (in dollars) of the test as per patients 
at baseline, 3 months, and 6 months. (b) 
The amount (in dollars) the patients 
are willing to pay for the test. PGx, 
pharmacogenetic.
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confound outcomes, such as patient treatment satisfac-
tion or adherence, if they lead to a suboptimal treatment. 
In addition, the most common PGx drugs in our popula-
tion were PPIs (61%) despite only 14% of patients having 
a diagnosis of gastroesophageal reflux disease. Because 
PPIs and other drugs covered by the PGx panel can also 
be obtained over the counter, our findings emphasize that 
exposure to PGx drugs may be higher than anticipated 
and future studies including these drug classes are war-
ranted. The test turnaround time in this study was around 
1 week, which would be challenging in clinical situations 
in which patients require immediate therapy. However, 
in the setting of preemptive testing where results are not 
needed urgently, this turnaround time is reasonable to en-
able future therapy recommendations and suggests that 
utilizing PGx testing in clinical practice would be feasible 
even if institutions were not able to receive results in a 
very short timeframe.

Known barriers to PGx implementation include lim-
ited evidence of cost-effectiveness, availability of support 
tools for PGx integration, and acceptance of PGx testing 
among providers and patients.18,19 Substantial progress 
has been made in educating healthcare professionals 
about the value of PGx testing, but the same is not true 

with patients, especially among medically underserved 
populations.18–20 Patient and provider satisfaction with 
PGx implementation has been evaluated in the past, but 
the main focus has been about the program structure and 
its services rather than therapeutic outcomes after PGx 
testing.21 One previous study reported a positive impact 
of PGx testing on patient experiences with their medica-
tions in a primary care setting, as measured by the Beliefs 
about Medicines Questionnaire (BMQ).22 The study was 
conducted in an academic health center with the major-
ity of patients self-identifying as White, and the PGx tests 
were single-gene based tests tailored to the medications 
each patient was on. In contrast, our patients were re-
cruited from clinics in underserved areas and the majority 
self-identified as Black, and our PGx test was a multi-gene 
panel. Our primary outcome of measure in this study was 
the TSQM score, which is different from the BMQ because 
TSQM domains cover more specific aspects of therapeutic 
outcomes by including effectiveness, side effects, and con-
venience, whereas the BMQ measures patients' perceived 
overall necessity for medications and concerns with ad-
verse effects.

Our results suggest that preemptive PGx testing might 
potentially improve medication adherence within an un-
derserved patient population. Approximately 30%–50% 
of all US patients do not take their medications as pre-
scribed, costing between 100 and 300 billion dollars each 
year in direct costs (such as poor clinical outcomes, un-
necessary healthcare costs, and therapy intensification) 
and indirect costs (such as caregiver burden and loss of 
work productivity).23 Evidence shows that medication 
nonadherence is even greater in low-income underserved 
populations, which may lead to a higher rate of poor 
treatment outcomes, further increasing costs.24 This was 
shown to be more pronounced in Black and Hispanic pa-
tients, widening existing racial/ethnic disparities in the 
healthcare system.25 Other studies have previously shown 
that PGx testing has the potential to improve medication 
adherence and clinical outcomes in chronic therapies, but 
these either did not include a majority of low-income or 
underserved populations or did not assess race in their 
analysis.26,27

Although enrolled patients were already taking at least 
one PGx drug at baseline, only a minority of our patients 
valued the PGx test above $200, which approaches actual 
costs of PGx testing. That did not improve over the study 
period. Interestingly, perceived value of the test was always 
higher than the amount the patients were willing to pay for 
it. Cost is one of the major barriers of implementing PGx 
in the clinic, and medically underserved or low socioeco-
nomic status patients are often vulnerable to limited health 
care access due to cost.28 Approximately half of the pop-
ulation were low-income patients, which could explain a 

F I G U R E  5   Number of provider encounters, visits, and 
hospitalizations within the past 6 months before baseline and 
within the 6 months-study period. *p value < 0.05 compared to 
baseline.
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lower willingness to pay for the test, given they likely have 
other financial priorities. Perceived value may also be low 
overall due to the fact that the benefits of a preemptive test 
are less obvious than those from a single test informing a 
current drug. Therefore, targeting low-cost preemptive 
testing will be critical to improve this patient population's 
acceptance of PGx testing and their willingness to pay for 
it. This is especially true because a preemptive test would 
prevent incremental costs of multiple single-gene tests and 
would inform more genes, potentially leading to broader 
clinical utility. In addition, we observed an increase in the 
total number of healthcare provider encounters within the 
6 months after PGx testing. There is no evidence linking 
PGx testing with an increase in provider encounters, but 
this population may especially benefit from seeing their 
providers more often to reduce the trial-and-error process 
and optimize drug therapy because we have previously 
found that medically underserved patients are prescribed 
PGx medications at a higher frequency and have fewer 
encounters with healthcare providers.10 In addition, there 
may be potential for improving and standardizing coun-
seling for PGx as patients' understanding of the benefits 
of PGx testing remains low in the general population.29 
Previous reports have shown that patients are often dis-
appointed when providers do not know how to interpret 
and implement their PGx results, which also highlights the 
need to educate healthcare professionals.29

Our study has some limitations. First, all patients un-
derwent PGx testing at enrollment, which did not allow the 
inclusion of a usual care comparator group. Paired statis-
tical methods were used to account for the differences in 
the measurements before and after the test, but compar-
ing changes in satisfaction to a usual care reference group 
would provide more robust and reliable results. In addi-
tion, the TSQM score was developed and validated for one 
medication at a time rather than an entire medication reg-
imen. Although the questions in the tool were minimally 
adapted to include multiple medications, interpretation 
of the results must be made with caution in the context of 
aggregate treatment satisfaction. Additionally, because of 
our small sample size, the number of medication changes 
was not large enough to evaluate associations between PGx 
medication changes and outcomes, such as treatment sat-
isfaction, adherence, and perceived value over the study 
period. Finally, this study recruited patients from two UF 
Health clinics serving underserved populations, thus the 
results may not necessarily be generalizable to other health 
systems serving different patient populations.

In conclusion, our findings indicate that clinical im-
plementation of PGx may be feasible in outpatient clinics 
serving medically underserved patients. Moreover, treat-
ment satisfaction, medication adherence, and number of 
provider visits may improve after receiving a preemptive 

genetic panel test in medically underserved patient popu-
lations. However, additional research including other un-
derserved patient populations should assess the long-term 
effects of preemptive PGx testing on future prescribing as 
well as clinical outcomes.
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