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Abstract

Objective: Previous research has not objectively assessed patients’ comprehension of their 

pharmacogenomic test results. In this study we assessed understanding of patients who had 

undergone cytochrome P450 2C19 (CYP2C19) pharmacogenomic testing.

Methods: 31 semi-structured interviews with patients who underwent CYP2C19 testing after 

cardiac catheterization and had been sent a brochure, letter, and wallet card explaining their 

results. Answers to Likert and binary questions were summarized with descriptive statistics. 

Qualitative data were analyzed using a grounded theory approach, with particular focus on 

categorization.

Results: No participants knew the name of the gene tested or their metabolizer status. Seven 

participants (23%) knew whether the testing identified any medications that would have lower 

effectiveness or increased adverse effects for them at standard doses (“Adequate Understanding”). 

Four participants (13%) read their results from the letter or wallet card they received but had 

no independent understanding (“Reliant on Written Materials”). Ten participants remembered 

receiving the written materials (32%).
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Conclusion: A majority of participants who had undergone CYP2C19 PGx testing did not 

understand their results at even a minimal level and would be unable to communicate them to 

future providers.

Practice implications: Further research is necessary to improve patient understanding of PGx 

testing and their results, potentially through improving patient-provider communication.
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1. Introduction

Studies suggest that a majority of patients in some populations have pharmacogenomic 

(PGx) variants that could impact the metabolism of commonly prescribed medications. 

[1,2] Widespread efforts, including by a multi-site academic consortium, have identified 

promising ways to implement PGx testing in routine care, and multiple commercial 

companies offer PGx testing to patients. [3,4] These efforts raise the possibility that PGx 

will become the first type of genetic testing to be widely used in clinical medicine. Important 

barriers include developing and implementing ways to store results in the electronic health 

record as discrete data, to provide effective clinical decision support, and to increase 

understanding of providers and pharmacists. [5–8] Any successful implementation must also 

include steps to educate patients about their pharmacogenomics test results, to help them 

participate actively in their care and, when needed, alert providers about previous testing and 

results. [9]

Studies have found that a majority of patients who received PGx testing say that they 

feel that they understand their results, although some report feeling unsure about them. 

[10–13] However, these studies have only assessed patients feelings or beliefs about 

their understanding, not whether they actually did understand them. These studies did 

not measure whether patients who have actionable PGx results knew that there were 

certain medicines they should avoid or take at non-standard doses. The single example 

of an objective measurement of lay understanding of PGx is the Minnesota Assessment 

of Pharmacogenomic Literacy (MAPL) test, which consists of 13 true/false questions 

regarding genetics, basic pharmacology, the role of genetics on medicine, and the benefits 

and limitations of PGx.[14] While this instrument assesses understanding of PGx as a field 

of medicine, it does not measure understanding of a specific PGx test results, and there are 

no published reports of it being administered to patients who have undergone PGx testing.

The current study grew out of a university-funded project to implement CYP2C19 testing 

for patients undergoing cardiac catheterization at a partner healthcare system. Clopidogrel, 

an antiplatelet medication often prescribed to patients receiving cardiac stents, is a “pro-

drug,” i.e., inactive and metabolized into the active form by the CYP2C19 enzyme. 

Individuals whose CYP2C19 genotype makes them “Poor metabolizers” or “Intermediate 

metabolizers” produce a reduced amount of the active drug, which results in a higher 

risk of major cardiovascular events. [15] The Clinical Pharmacogenetics Implementation 

Consortium (CPIC) guidelines recommend that these patients should be switched to other 
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platelet inhibitors that are not metabolized by CYP2C19. [15] Individuals whose CYP2C19 
genotype makes them a “Rapid metabolizer” or “Ultra-rapid metabolizer” produce an 

increased amount of the active drug, which does not affect the effectiveness or side 

effect profile of clopidogrel but reduces the effectiveness of other medicines that are 

metabolized by CYP2C19. [15–17] The implementation project at our partner healthcare 

system educated clinicians, worked with payers to cover testing, and updated the electronic 

health record system to record PGx results and provide alerts to providers through clinical 

decision support.

As part of the same project, a group of clinicians and experts in PGx, health communication, 

and bioethics developed written materials to be sent to patients to explain their CYP2C19 
test results, including a tri-fold brochure, a letter, and a wallet card (examples provided 

in Appendix). The brochure provides a non-technical explanation of CYP2C19 and 

metabolizer status and explains the clinical relevance and importance of sharing the results 

with future providers. The letter reports the individual patient’s PGx results, including their 

CYP2C19 metabolizer status and a list of medicines predicted to be affected based on 

current CPIC guideline recommendations. The letter also informs patients that their provider 

has already received the result, instructs them to talk to a provider before making any 

medication changes, and encourages them to tell future healthcare providers about their test 

results. The wallet card lists the patient’s CYP2C19 allele and metabolizer status as well as 

medications that can be impacted.

After this system was implemented, we designed and carried out the first study to assess 

patient understanding of their pharmacogenomic results. We conducted a telephone survey 

and interview with patients who underwent CYP2C19 testing in order to answer the 

following five research questions:

RQ1.. Do participants know what PGx is and that they had PGx testing?

RQ2.. How well do participants understand their results?

RQ3.. How did participants learn their results?

RQ4.. Did participants receive and save the written materials? What were their opinions of 

the materials?

RQ5.. What are participants’ opinions of PGx testing?

2. Methods

2.1. Population and sampling

Between October 2020 and December 2021, 404 patients at [Redacted for Blind Review] 

underwent PGx testing and were mailed the written materials 14–136 days after testing 

(mean = 66 days, SD = 28 days). For this study, individuals were assigned a unique 

randomized number and classified by their metabolizer status. Patients were invited in 

order of their assigned number, with a goal of enrolling 20% Normal metabolizers and 

80% not-Normal metabolizers (Poor, Intermediate, Rapid, and Ultra-rapid). The study team 
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mailed introductory letters to the study between 1.5 and 15 months (average 8 months) after 

the patients had been sent the written materials. The letter described the study as examining 

participants’ attitudes regarding the care they had received, without disclosing the focus 

on PGx testing. Patients were called about a week later to assess interest and eligibility. 

Candidates were eligible if they were at least 18 years old, able to provide verbal consent, 

and expressed the ability to engage in a 30-minute phone interview in English. Interviews 

were conducted between October 2021 and April 2022, at which point thematic saturation 

had been achieved. The study was approved by the Institutional Review Board (IRB) of 

Indiana University.

2.2. Data collection and measures

Participants were interviewed via telephone using a structured interview script containing 

open-ended, Likert, and binary questions. The full interview guide is available by request 

from the corresponding author. In order to identify whether participants were aware of 

implications of their PGx testing for choice of their anti-platelet medicines, participants 

were first asked about medicines that they take or have taken that “thin the blood,” such as 

clopidogrel, prasugrel, and ticagrelor. If participants said they had taken one of these, they 

were asked why they had been prescribed it, whether it had been stopped, and, if so, why.

Participants were then asked whether they were familiar with the term “pharmacogenomics.” 

If they said they were, they were asked to explain what they thought it meant (open-ended), 

and then whether they thought that it referred to a genetic test, whether their healthcare 

provider had been given their PGx results, and whether the results had been put in their 

electronic health record. Participants who did not know the term “pharmacogenomics” were 

told that PGx is a blood test to check which medicines work best for them.

All patients then were asked whether they remembered having PGx testing. Participants who 

recalled having PGx testing were asked what the testing found (open-ended). Follow-up 

questions included whether the testing showed that there were any medicines that might not 

work as well for them or have serious side effects, the name of the gene tested, and what 

metabolizer status they were found to have. They were asked how they learned about the 

results. Participants who did not know that they had PGx testing were informed that they had 

undergone this testing.

All participants were then asked whether they remembered receiving the written materials 

that were sent to them by mail. If participants remembered receiving the materials, they were 

asked Likert questions about acceptability and usability of the materials, and whether they 

had kept them, to gauge potential for future use. All participants were asked seven Likert 

questions about the importance of their PGx test results for their future healthcare and about 

provider access to the results. The interview ended with demographic questions, including a 

three-item health literacy measure, [18] to allow assessment of impact of health literacy on 

understanding of PGx results.

During the interview, interviewers entered participant responses into a REDcap database. 

For open-ended questions, the interviewer entered a summary of the response. An attempt 

was made to audio record all interviews, though six of 31 interviews were not recorded, 
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due to patients refusing consent for recording or technical failure. Participants for whom 

recordings were not obtained are indicated in the results section.

2.3. Analysis

Likert style and binary questions were summarized with descriptive statistics. Patient 

agreement with the statements about usability and acceptability of the written materials 

were coded as 1–4 (Strongly Agree=4, Agree=3, Disagree=2, and Strongly Disagree=1), and 

means and standard deviations were calculated.

Qualitative data were analyzed using a grounded theory approach, with a particular focus 

placed on categorization. [19] Consensual validation among the study team was used to 

place participants into particular categories. A coding scheme was created using abductive 

analysis, [20] in which an active dialogue between data and theory was fostered. This 

resulted in the creation of three formal categories with robust inclusion and exclusion 

criteria, by which we describe participants’ understanding of their PGx results: Adequate 

Understanding, Reliant on Written Materials, and Inadequate Understanding. (These 

categories are described in more detail in the Results section.) After the completion of 

all interviews, two members of the research team (PHS, TAD) independently reviewed each 

participant’s answers. Cases of disagreement among the reviewers were resolved through 

consultation and consensus.

3. Results

3.1. Recruitment and demographics

One hundred and twenty patients were sent a letter introducing the study, and 31 

participated. Forty-one patients were unreachable using their provided contact information, 

11 refused eligibility assessment, five were not eligible, and 32 declined to participate, with 

the most common reason being that they were too busy. Of the 31 patients who participated, 

five were Normal metabolizers and 26 were not Normal metabolizers, with 18 being Poor or 

Intermediate metabolizers and 8 being Rapid or Ultra-rapid metabolizers. The average age 

was 65.7 years, and 61% of the participants were male. Eighty seven percent of participants 

received a high school diploma or GED, and 74% had completed trade school or some 

college or had received their Bachelor’s degree. For more information about our sample’s 

demographics, see Table 1.

3.2. Knowledge of pharmacogenomics and awareness of being tested (Research 
Question 1)

Four participants (13%) recognized the term “pharmacogenomics” and were able to give a 

general definition (see Tables 2 and 3). A definition was considered acceptable if it included 

that PGx is a test whose goal is to determine whether certain medicines would work for 

the participant. Definitions did not need to specify that it was a genetic or “blood” test. 

Ten participants (32%) knew that they had undergone pharmacogenomic testing (Table 2). 

In follow-up questions to these ten participants, nine correctly answered “yes” when asked 

whether it is a genetic test, ten correctly answered “yes” when asked whether the results 
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had been given to their healthcare provider, and nine correctly answered “yes” when asked 

whether the results were placed in their electronic health record.

3.3. Understanding of pharmacogenomic results (Research Question 2)

No participants knew the name of the gene that had been tested or could name their 

metabolizer status. The team classified participants into one of three categories based on the 

criteria established in the flow chart below (Fig. 1).

Seven participants (23%) were categorized as having “Adequate Understanding” according 

to these criteria. All seven were not Normal metabolizers, and two correctly named at least 

one medicine that had altered recommendations based on their PGx results. Four participants 

(13%) who did not have Adequate Understanding were classified as “Reliant on Written 
Materials,” since they read their results from the letter or wallet card they had received and 

showed no independent recall or understanding of their results (Table 2).

The remaining 20 participants (65%) were categorized as having “Inadequate 
Understanding.” Of the participants who had Inadequate Understanding, only two 

participants (2/20, 10%) provided a correct definition of “pharmacogenomics,” and only one 

(5%) knew that she had been tested. One participant with Inadequate Understanding who 

was a Normal Metabolizer incorrectly stated that the test showed that she “didn’t metabolize 

Plavix correctly.” Participants with each level of understanding had a variety of metabolizer 

statuses.

Participants who had Adequate Understanding or were Reliant on Written Materials 

described PGx as a “genetic” or “DNA” test that was related to medications (Table 3). 

Some participants were able to identify specific drugs they could not take due to their PGx 

results, or were able to describe how their metabolizer status would impact their response to 

some medications. Two participants with Adequate Understanding exhibited important areas 

of misunderstanding: while they were able to identify that their PGx results indicated they 

could not take certain drugs, they named specific drugs that are not actually impacted by 

their metabolizer statuses (Table 3, IDs #2 and #14).

3.4. How participants learned their results (Research Question 3)

Of the seven participants with Adequate Understanding, four learned their results from a 

healthcare provider and three from the written materials. One of these three participants (ID 

#216) expressed irritation that he learned that he was tested and about the results through the 

written materials: “It was all out of the blue. What do you mean my DNA says I should be 

taking this drug and not this kind of drug?” Of the four participants who were Reliant on 

Written Materials, all four learned of their PGx results from the written materials Table 4.

3.5. Receipt, use, and opinions of written materials (Research Question 4)

Ten participants (32%) remembered receiving at least some of the written materials. 

These ten participants provided high ratings for the acceptability and usability of these 

written materials (Table 5). Of the seven participants with Adequate Understanding, five 

remembered receiving at least some of the materials, and all five had saved them. Of the ten 
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participants who reported saving written materials, three were unsure where they were. Only 

one of the 20 participants who had Inadequate Understanding remembered receiving written 

information.

3.6. Opinions about PGx testing (Research Question 5)

Near the end of the interview, after participants were given a definition of PGx and told 

that they had had PGx testing, participants expressed a belief in the benefit of PGx testing, 

confidence that providers would have access to their results, and belief that knowing their 

own PGx results would have a positive impact on their healthcare (See Table 6). A minority 

expressed concerns: Twelve of 31 participants (39%) agreed or strongly agreed with the 

statement “I am worried that my PGx test results in the electronic health record could be 

accessed by the wrong people in the future.”

4. Discussion

This paper is the first to report patients’ objective understanding of their PGx test results. 

We found that only a minority of participants knew what PGx is, knew that they had this 

kind of testing, or understood their results at even a minimal level. Most participants did not 

remember receiving the written materials that explained the testing and their results. Those 

who did remember gave the materials high ratings for usability and acceptability, and some 

participants relied on the letter or wallet card to answer questions about their results. Once 

participants were told what PGx is and that they had undergone PGx testing, a majority 

believed that it would improve their healthcare if they and their providers were aware of 

the results. This study demonstrates significant problems in patient understanding of PGx 

and PGx test results and emphasizes the importance of developing and implementing tools 

to educate patients and to help them alert their providers about the existence of PGx test 

results.

4.1. Patient understanding

The small percentage of our participants who recognized the term “pharmacogenomics” or 

knew they had this testing when it was described to them suggests that only a minority 

could tell a future provider that they had undergone this sort of testing. Many providers 

may not know about previous PGx testing, since systems to alert providers are still 

being developed and implemented. [5,6] Also, since patients often receive healthcare from 

multiple healthcare systems, their providers may not have access to electronic health records 

containing the previous results. If providers do not know about previous PGx results, they 

may repeat the same tests or, more importantly, may prescribe medications predicted to have 

reduced efficacy or a high risk of adverse effects for their patients.

Even among the participants who recalled having PGx testing, none knew the name 

of the gene that had been tested or their metabolizer status. Participants met Adequate 

Understanding criteria as long as they knew whether the testing identified medicines that 

affected their recommended medications or dosing. At this level of understanding, a patient 

could at least tell a future provider that they had undergone testing whose results affected 

medication recommendations, which in turn could lead a provider to look up the results 
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and respond appropriately. It is worrisome that just seven of the 26 participants who 

were not Normal metabolizers had this level of knowledge, and just two could correctly 

identify at least one medicine predicted to be affected. This indicates a significant lack 

of understanding about PGx test results that again can lead to significant and unnecessary 

dangers.

Four participants located the written materials they had been sent and read the results 

from them (“Reliant on Written Materials”), which is another potentially effective way for 

patients to alert providers about their PGx results. One advantage of written materials is that 

they provide a large amount of information, including the name of the gene tested, alleles 

identified, metabolizer status, and some of the affected medicines. Scholars advocating a 

view of the “extended mind” have emphasized the importance of systems for encoding and 

retrieving information beyond the brain, including written documentation. [21] At the same 

time, just four participants referred to their letter or card in this way, and just two explicitly 

stated they would show it to a healthcare provider.

Our participants’ understanding was poor even though 87% had at least a high school 

diploma or GED, 74% had completed at least some college or trade school or had a 

Bachelor’s degree, and they had a mean score for health literacy of 2.07 on a 9 point 

scale (with a lower score indicating higher health literacy). In addition, the providers in the 

cardiology clinic where the testing occurred are familiar with CYP2C19 PGx testing and 

agreed to the implementation project, and patients were sent written materials about the 

results. Our participants’ lack of understanding may partly stem from the limited consent 

process before the testing. They had given merely verbal consent to testing, often after 

a very short conversation, and possibly during an acute health event requiring cardiac 

catheterization.

Problems with patient understanding have been documented widely, including in various 

areas of clinical care [22–24] and informed consent for research participation. [25,26] 

Within genetics, studies have shown that patients often fail to understand key test results. For 

instance, one study found that patients who were provided with results of genetic testing for 

hypertrophic cardiomyopathy often misunderstood the risk of themselves or their children 

developing the condition. [27] Another study documented misunderstanding of test results 

among participants who had or were at risk for developing Huntington’s disease, breast 

cancer, or Alpha-1 antitrypsin deficiency. [28] One might anticipate that PGx test results 

would be easier to understand, since they primarily involve specific medicines that should be 

avoided rather than disease risk, but our study does not support this hypothesis.

The percentage of participants who met the criteria for Adequate Understanding of PGx 

results in our study was significantly lower than the percentage self-reporting understanding 

in earlier studies. [10–13] It is possible that the patients in the previous studies were 

expressing over-confidence bias, which has been found widely, including regarding 

understanding of health information. [29] The potential disconnect between self-reported 

(subjective) and objective levels of understanding emphasizes the importance of directly 

measuring each in studies of PGx implementation.
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4.2. Learning results from providers and written materials

Participants who were able to report their results in some way (Adequate Understanding 

or Reliant on Written Materials), learned of their results either from their healthcare 

provider or the written materials. These methods of communication failed to adequately 

inform the majority of our participants, indicating that these methods need to be improved 

or supplemented. While studies show that patients like to receive genetic results from 

their healthcare providers, [11,30–34] previous studies have found that providers face 

significant difficulties in conveying genetic test results to their patients. [35] Beyond 

improving clinician understanding of PGx, [36–38] it may be important to provide training 

on conveying PGx results to patients. Communication techniques might be helpful, such as 

the “teach-back” method (i.e., asking a patient to explain their results in their own words). 

[39].

It is unclear why only a minority of participants in our study remembered receiving the 

written materials they were sent. It is possible, but unlikely, that there was some problem 

with the mailing system, which was contracted to a highly regarded private company. It is 

also possible that participants did not open the materials or opened them but subsequently 

forgot about them. It is unlikely that many of our participants could not understand the 

written materials, since the letter was written at an eighth-grade level and 87% of our 

patients had graduated from high school.

Some participants who remembered receiving the materials reported not knowing where 

they were, so would not be able to rely on them to remind themselves or inform 

future providers about the results. While studies show that written materials can improve 

patient understanding, [40–43] minimal work has been done to evaluate whether patients 

save materials for future use and reference. One study found that 42 of 44 participants 

(95.5%) kept leaflets with information about medicines for future use, a significantly higher 

percentage than in our study. [44] The leaflets in that previous study, though, were provided 

by pharmacists along with verbal counseling during the process of filling a prescription. 

Information that is sent electronically, such as through a patient portal of an electronic health 

record patient, might be more easily accessed by patients in the future. It should be noted, 

however, that many patients face significant barriers to using health informatics technology 

such as patient portals. [45].

4.3. Opinions of PGx

It is notable that once participants were given a definition of PGx and told that they had 

undergone this testing, the vast majority agreed with statements about its importance to their 

healthcare and disagreed with statements downplaying its importance (Table 5). This finding 

is consistent with previous studies that have shown that laypeople who receive education 

about PGx are supportive of its importance and potential benefit. [46–48] There is a great 

opportunity to inform patients about PGx testing and their results in ways that can help them 

engage actively in directing and supporting their care.
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4.4. Limitations

Our study has several limitations. First, the study was conducted at a single healthcare 

center, based on PGx testing of a single gene, with patients receiving one set of written 

materials to explain those results. Second, the study population had a mean age over 65 

years old often had PGx testing while or shortly after undergoing an urgent or even emergent 

procedure (e.g., stent placement) that may have taken place after a major health event (e.g., 

myocardial infarction). It is uncertain if a younger population undergoing PGx testing in 

a different clinical setting would exhibit a similar lack of understanding. Third, judgments 

about adequacy of patient understanding were made based on an interpretation of qualitative 

data, introducing potential uncertainty. Fourth, the small sample size limits the ability to 

interpret and generalize from the quantitative data.

5. Conclusion

Our study identified significant limitations in patient understanding of PGx testing and 

PGx results. A majority of participants lacked understanding and awareness of their PGx 

results, despite being provided with written materials that explained PGx and these results. 

These limitations in understanding may increase the danger of a future provider prescribing 

medications that are ineffective or dangerous for the patient.

5.1. Practice implications

Implementation of PGx testing in clinical practice must effectively support the ability of 

patients to understand their results and share information with their providers. Potential 

approaches include explaining PGx to patients more clearly at the time of testing, possibly 

with a general information brochure about PGx, and potentially following up with a call 

from clinic staff to review results and alert the patient to watch for the arrival of written 

materials explaining those results. Other approaches could involve messaging through the 

patient portal of the electronic health record and educating providers to help them better 

explain PGx and the results to patients.
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Fig. 1. 
Classifying Levels of PGx Understanding.
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Table 1

Demographics of Participants.

Age (years)

Mean (range) 65.7 (44–88)

Sex

Male 19 (61%)

Female 12 (39%)

Race

White 25 (81%)

Black 5 (16%)

Native Hawaiian or Pacific Islander 1 (3%)

Education

Less than high school graduate 4 (13%)

High school graduate or GED 4 (13%)

Trade/technical school or some college 12 (39%)

Bachelor’s degree or higher 11 (35%)

Income

Are comfortable 16 (52%)

Have just enough to make ends meet 10 (32%)

Do not have enough to make ends meet 5 (16%)

Health Literacy a

Average (range) 2.07 (0–9)

a
scores range from 0 to 12: higher score indicates lower health literacy
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Table 3

Descriptions of PGx and Testing Results by Participants with Adequate Understanding or Reliant on Written 
Materials.

ID # and 
Metab Status

Descriptions of Pharmacogenomics Testing Description of their Results, and Areas of Misunderstanding (if 
any)

Adequate Understanding

#14 Rapid “It tests your blood to see how sensitive you are to 
medicines.”

“They did it to me and the test found that I’m less sensitive to pain 
meds and Plavix – so I need higher doses because of my decreased 
sensitivity.”
Area of misunderstanding: Rapid metabolizers are less sensitive to 
some antidepressants, but not to clopidogrel or pain medications.

#623 Intermed “That’s when they do genetic testing to find the 
right medications for you”

Participant Response: Mutant gene affects their metabolizing of 
clopidogrel

#159 Intermed Participant was not familiar with the term. “It looks like this DNA test told her that I couldn’t have that medicine. 
My doctor wanted to change Brilinta to something else but my body 
affected that”

#60 Intermed Participant was not familiar with the term. “That must’ve been why the doctor told me about [and switched] the 
clopidogrel. He called me up and said, ‘We discovered your system 
doesn’t absorb all the clopidogrel, only half. So, we’re switching you 
over to aspirin.’”

#2 Poor (No 
recording 
available)

Participant was not familiar with the term. 
After PGx testing was described to them, they 
remarked that the doctor had conducted a test that 
determined she could not take Brilinta.

Participant response: Cannot metabolize Brilinta.
Area of misunderstanding: Poor metabolizers cannot metabolize 
clopidogrel, but CYP2C19 phenotypes do not impact the metabolism 
of ticagrelor (Brilinta).

#216 Intermed After having PGx testing described to them, 
participant states: ”I think I’ve had that done. I got 
a notice about DNA testing that was done about 
my drugs.”

Participant Response: Recalled receiving a letter that said that “due to 
my genetics, something would be better for me” and added, at a later 
point, “I didn’t fully understand other than which medicines would 
work best for my genetic make-up. That’s all I got out of it.”

#653 Poor “They did a DNA test [...] it’s about certain 
medications that may not work well for me.”

“My body doesn’t absorb medicines like it should, absorbs it poorly.”
Area of misunderstanding: CYP2C19 phenotypes affect drug 
metabolism, not drug absorption.

Reliant on Written Materials

#107 Rapid Participant was not familiar with the term. Patient initially did not recall having PGx testing or having received 
written materials. After the interviewer mentioned the wallet card, the 
participant checked their wallet and retrieved the card, and read that 
he is a “rapid metabolizer” and added that: “I have no idea what it 
means.”

#108 * 
Intermed (No 
Recording 
Available)

Participant could not define the term but thought 
that she had this sort of testing since it was “a 
genetic thing.” Later in the interview, participant 
found the brochure to confirm she had PGx 
testing.

Participant was only able to report their results by reading them off of 
written materials. They were unable to describe these results in further 
detail. Participant was able to identify that she was an Intermediate 
metabolizer through written materials.

#188 Normal Participant was not familiar with the term. Reads results off card, indicates that no medications are affected.

#229 Intermed Participant read off information from the brochure 
to describe PGx, but stated: “I’m not sure of the 
importance [...] not sure how it affects my daily 
life.”

Read results off card, states that the results show: “Something to do 
with my genes does not metabolize my medicine.”
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Table 4

How Participants Learned About Their Results.

ID # and Metab status How Did Participant 
Learn About Results?

Comments about value, clarity, and use of written materials

Adequate Understanding

#14 Rapid Written materials “I didn’t know anything about the test until I got the letter”

#623 Intermed Provider “I probably just tossed [the letter] aside”

#159 Intermed Provider Does not recall receiving written materials

#60 Intermed Provider “I read the card, I realized what it was, and I shoved it my wallet”

#653 Poor Written materials “Prior to receiving the letter, I didn’t know that I had gotten tested”

#2 * (No Recording 
Available) Poor

Provider Does not recall receiving written materials

#216 Intermed Written materials Participant was unable to describe a use for the written materials; “If I kept that letter, 
I have no idea where it is.”

Reliant on Written Materials

#107 Rapid Written materials After reading off metabolizer status: “I have no idea what it means”

#108 * Intermed (No 
Recording Available)

Written materials Participant states that they would use the written materials when talking with their 
doctor.

#188 Normal Written materials Card “told me my metabolizer status and that no medications were affected.” 
Keeps the care in her wallet. “If I were in an accident and unconscious/unable to 
communicate, it would be good to have it on me. Otherwise, I can just remember and 
verbalize the information if needed.”

#229 Intermed Written materials Participant was unable to describe a use for the written materials.
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Table 5

Acceptability and Usability of Written Materials.

Statement Agreement Score (1–4 scale)

Brochure Letter Card

You read the [brochure / letter / card] carefully. 2.75 (n = 4) 3.33 (n = 3) 3.14 (n = 7)

You found the [brochure / letter / card] helpful. 2.75 (n = 4) 3.5 (n = 4) 3 (n = 7)

Other people who are getting pharmacogenomic testing should get a [brochure / letter / card] like 
this.

3.75 (n = 4) 3.5 (n = 4) 3.57 (n = 7)

The [brochure / letter / card] made sense to you. 2.67 (n = 3) 3.2 (n = 5) 3 (n = 8)

The [brochure / letter / card] contained information you found was important. 3 (n = 3) 3.4 (n = 5) 3.43 (n = 7)

The [brochure / letter / card] will help you talk to your healthcare providers in the future. 3 (n = 3) 3 (n = 4) 3.4 (n = 5)

The [brochure / letter / card] contained too much information. (Reverse Coding)* 2.33 (n = 3) 2.2 (n = 5) 1.86 (n = 7)

The [brochure / letter / card] contained information that you already knew. (Reverse Coding)* 1.33 (n = 3) 1.8 (n = 5) 2 (n = 6)

The [brochure / letter / card] was confusing. (Reverse Coding)* 1.67 (n = 3) 1.75 (n = 4) 1.83 (n = 6)

*
Higher scores indicate a positive reception of written materials. Lower scores for reverse coded questions indicate positive reception of written 

materials.
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Table 6

Participant Perception of Future Use of PGx Results.

Question Strongly Agree Agree Neither 
Agree or 
Disagree

Disagree Strongly 
disagree

It is important for you to tell your future healthcare providers 
that you had PGx testing done.

14 (45%) 16 (52%) 0 1 (3%) 0

Your PGx testing does not apply to your future healthcare. 1 (3%) 8 (26%) 0 11 (36%) 9 (29%)

Your healthcare providers know your results without you 
telling them anything.

9 (29%) 13 (42%) 0 3 (10%) 3 (10%)

Other healthcare providers can see your PGx test results in the 
electronic health record.

7 (23%) 20 (65%) 0 1 (3%) 2 (7%)

Making PGx test results available to my healthcare providers 
in the future will help them make better decisions about 
prescribing medications for me.

15 (48%) 15 (48%) 0 1 (3%) 0

I am worried that my PGx test results in the electronic health 
record could be accessed by the wrong people in the future.

4 (13%) 8 (26%) 0 13 (42%) 6 (19%)

Letting me know the results of my PGx testing would help me 
improve my healthcare in the future.

14 (45%) 14 (45%) 2 (7%) 1 (3%) 0
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