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Abstract

Background: Pharmacogenetic (PGx) testing could identify actionable drug–gene inter-
actions, reducing the risks of inappropriate prescribing of certain medications in some
patients. An area of growing public health concern is rising global rates of depression
and antidepressant use over the last two decades. Prior research has elucidated perspec-
tives of healthcare providers who prescribe antidepressants regarding the clinical utility
of genetic information, including PGx testing, but there is a gap in understanding how
individual perspectives and systemic contextual factors may combine to influence PGx
testing adoption. Objective: The objective of this study was to elucidate combinations of
individual and contextual conditions associated with willingness to adopt PGx testing for
Cytochrome P450 Subfamily IID, Polypeptide 6 (CYP2D6) and Subfamily IIC, Polypeptide
19 (CYP2C19) among antidepressant prescribers. Methods: We conducted a cross-sectional,
mixed-methods study using structured questionnaires and semi-structured interviews
with healthcare providers who prescribe antidepressants within their scope of practice
across four healthcare systems in the United States. We collected data on implementation
science concepts from the Theoretical Domains Framework, the Consolidated Framework
for Implementation Research (CFIR), and the Implementation Outcomes Framework. Coin-
cidence analysis (CNA), a case-based, Boolean logic-based method that identifies minimally
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sufficient combinations of conditions that lead to a particular outcome, was used to iden-
tify combinations of conditions for PGx test adoption among antidepressant prescribers.
Interviews were also conducted with 10 patients who received pharmacogenetic testing
within these healthcare systems to contextualize findings with patient perspectives. Re-
sults: Prescribers adopted PGx testing when they believed it would be beneficial to patients
and were not deterred by cost-related concerns; the combination of these conditions led to
PGx adoption in the most highly supported CNA model. Patient perspectives were also
consistent with the selected model, with data suggesting they may have greater willingness
to tolerate costs when they perceived or experienced benefits from testing. Conclusions: In-
sights from this study may be used by health system administrators and public health
policymakers to inform future PGx implementation strategies that enhance uptake and
awareness of existing evidence for clinical benefits of PGx testing and mitigate cost-related
barriers to adoption.

Keywords: adoption; antidepressants; coincidence analysis (CNA); diffusion of innovation;
genetic testing; implementation science; pharmacogenetics; psychiatry; serotonin and
norepinephrine reuptake inhibitors

1. Introduction
Pharmacogene variants—genes that are involved in drug metabolism, transport, absorp-

tion, and/or excretion—influence variability in how patients respond to medications such
as antidepressants, which represents a growing public health issue as increasing numbers
of individuals are prescribed these drugs in the United States and globally [1–3]. Research
suggests that PGx testing interventions conducted through primary care could help pre-
scribers better meet patients’ needs by improving the process of identifying, tailoring, and
adjusting treatment plans for depression and other mental health conditions [4]. Studies on
patient perspectives also suggest that many find PGx testing helpful and valuable for their
healthcare, while also highlighting potential risks and concerns [5–8].

Pharmacogenetic (PGx) testing can inform the process of prescribing certain drugs
with known genetic interactions, especially among patients who may have a higher risk of
adverse events, for example, patients whose genetic backgrounds are underrepresented
among participants in phase I and II clinical trials demonstrating drug safety and effi-
cacy [9–11]. One multi-site study of ~7000 patients seen in hospitals, community health
centers, and community pharmacies across seven European countries demonstrated a
significant reduction in adverse drug reactions (ADRs) with the intervention of preemptive
testing for known clinically actionable PGx variants using a 12-gene panel [12]. Given the
abundance of these genes’ involvement in the pharmacokinetics (PK) of many drugs on
the market, this strategic selection enhances their relevance to other clinical domains. In
psychiatry, clinical PGx testing implemented to prevent ADRs to psychiatric medication
has been shown to be cost-effective, reduce overall deaths, and improve patient quality of
life [13].

Despite the increasingly robust evidence base for the demonstrated benefits of targeted
PGx testing in psychiatry and other clinical domains for specific drug combinations, condi-
tions, and patient genomic backgrounds [14–18], its adoption in routine clinical care has
been slow or nonexistent, depending on the health system, prescriber, and context [19,20].
As such, additional research is needed to elucidate patient and prescriber perspectives on
PGx testing, in combination with systemic or contextual factors that may interact with indi-
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vidual views and attitudes, to reveal the specific combination(s) of factors that contribute
to the likelihood that clinical providers will adopt PGx testing in practice.

The overall objective of this study is to elucidate such combinations of factors using
coincidence analysis (CNA) to generate models showing plausible pathways to the adoption
of PGx testing for two cytochrome P450 genes (CYP2D6 [MIM: 124030] and CYP2C19
[MIM: 124020]) involved in the PK of commonly prescribed antidepressants [21]. Table 1
lists drugs with FDA-approved labels annotated by ClinPGx to contain clinically actionable
PGx information on CYP2D6 or 2C19, and the respective regulatory agencies in Europe,
Canada, or Switzerland that have approved drug labels consistent with those in the US.
Restricting our focus to actionable gene–drug pairs helps isolate implementation issues
related to the use of this information, rather than conflating adoption with uncertainty
surrounding less established PGx applications in other therapeutic areas.

Table 1. US Food and Drug Administration (FDA)-approved drug labels containing information
about clinically actionable PGx interactions with antidepressants, consolidated from the ClinPGx table
of drug label annotations (https://www.clinpgx.org/labelAnnotations; accessed on 11 June 2026).
Additional regulatory agencies shown as sources of approved drug labels with actionable information
about antidepressants include the European Medicines Agency (EMA), Health Canada/Santé Canada
(HCSC), and Swissmedic.

Regulatory Agencies Genes Drugs

FDA
CYP2C19 citalopramHCSC

Swissmedic

FDA CYP2D6 dextromethorphan hydrobromide
combined with bupropion hydrochloride

FDA CYP2D6 fluoxetine

FDA CYP2D6
fluoxetine
olanzapine

FDA
CYP2D6 fluvoxamineHCSC

Swissmedic

EMA
CYP2D6 vortioxetineFDA

Swissmedic
Note: The FDA-approved labels included in this table contain clinically actionable pharmacogenomic information
about gene–drug interactions that may inform prescribing decisions when genotype results are available. Inclusion
in this table does not imply a recommendation for PGx testing.

Prescriber-specific perspectives can influence the likelihood that PGx testing will be
adopted [22,23] in practice, which suggests that interventions should be tailored to specific
factors that are found to influence prescriber decisions to order PGx tests. Furthermore,
contextual factors that are inconsistent across health systems and clinical domains, such
as payer coverage and clinical guidelines for PGx testing, lead to variability in adoption
trends [24]. Our study design and analytic approach enabled us to explore combinations of
both individual-level factors and contextual conditions that must be considered together
when evaluating tailored clinical pharmacogenetic implementation efforts.

2. Materials and Methods
Data for this cross-sectional, mixed-methods case study came from structured ques-

tionnaires and semi-structured interviews with 29 prescribers of antidepressants from four
different healthcare systems in the United States (May–December 2022) and interviews
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with a convenience sample of 10 patients who received PGx testing within these health-
care systems and were available for interviews (August 2023–2024). The four participating
health systems were purposively selected based on their participation in NHGRI-supported
genomic medicine implementation networks (IGNITE and/or eMERGE) and to ensure the
inclusion of providers who have and have not adopted PGx testing in a variety of different
implementation settings, as previously described in Sperber et al. [25].

We focused on antidepressant prescribing because CPIC guidance was available for
CYP2D6- and CYP2C19-related antidepressant prescribing decisions, and antidepressants
are commonly prescribed in both primary care and psychiatry, allowing for the evaluation
of PGx adoption across diverse real-world clinical settings. The distribution of providers
by specialty is demonstrated in Table 2, with 69% (20/29) practicing mostly in primary
care, 24.1% (7/29) in psychiatry, and 6.9% (2/29) in mixed internal medicine/psychiatry
roles. All but two providers worked primarily in outpatient settings; these two worked in
an inpatient setting.

The data resulting from prescriber responses were calibrated, or coded, to enable
systematic evaluation using coincidence analysis (CNA) [26]. CNA is a case-based, Boolean
logic-based configurational method used to systematically identify redundancy-free combi-
nations of conditions that are sufficient for an outcome [27]. CNA can return a null result if
no combination of minimally necessary and sufficient factors is identified.

We used qualitative data from prescriber interviews to calibrate factors for use in CNA
results, drawing on a previously published qualitative analysis of the prescriber interview
data [4]. The structured prescriber questionnaire was intended to supplement qualita-
tive interviews and support case-level calibration for CNA, while interviews provided
clarification and deeper exploration of survey responses. Patient participants included a
convenience sample from two clinical sites in our study with opposite levels of readiness
and support for system-wide PGx implementation. All interviews were conducted and
recorded with Microsoft Teams.

Table 2. Characteristics of healthcare systems, clinical practice settings, level of institutional stage of
PGx adoption, and individual/prescriber-level training in PGx testing, degree type, clinical area of
specialty, and PGx testing adoption status.

System-level (Institutional) Factors

Study Site Id 1 2 3 4 Total

Distribution of Study Participants (N, % Total)
Patients Interviewed 5 (50%) 0 (0%) 0 (0%) 5 (50%) 10
Prescribers Included 4 (13.8%) 8 (27.6%) 5 (17.2%) 12 (41.4%) 29

Healthcare Setting
Regional system reaching
rural areas X X 2

Urban academic medical
center X X 2

NIH Clinical Genomics Network (Member or Affiliate)
eMERGE X X 2
IGNITE X X X 3

Program Stage (Institutional Level)
Exploration X 1
Preparation X 1
Implementation (preemptive) X 1
Expansion (preemptive and
reactive) X 1
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Table 2. Cont.

Individual-level (Prescriber) Factors

STUDY SITE ID 1 2 3 4 Total

Practice Setting (N, % Total)
Inpatient 1 (50%) 0 (0%) 1 (50%) 0 (0%) 2
Outpatient 3 (11.1%) 8 (29.7%) 4 (14.8%) 12 (44.4%) 27

Prescriber Degree Type (N, % Total)
MD 4 (16.7%) 6 (25.0%) 5 (20.8%) 9 (37.5%) 24
PA or NP 0 (0%) 1 (25.0%) 0 (0%) 3 (75.0%) 4
PharmD 0 (0%) 1 (100%) 0 (0%) 0 (0%) 1

PGx Exposure (N, % Total)
Received Training
(Med School/Residency/CME) 2 (10%) 7 (35.0%) 3 (15.0%) 8 (40.0%) 20

No Training Reported 2 (22.2%) 1 (11.1%) 2 (22.2%) 4 (44.4%) 9

PGx Adoption (N, % Total)
Adopters 2 (12.5%) 1 (6.25%) 3 (18.8%) 7 (43.8%) 16
Non-Adopters 2 (15.4%) 7 (53.9%) 2 (15.4%) 2 (15.4%) 13

Detailed descriptions of qualitative interviews with medication prescribers were
provided in a prior publication [4] and served as the source material for factor value
coding and model pathway analyses using CNA in this study. Analysis of the interview
data revealed substantial repetition of themes across interviews, with few novel concepts
emerging in later interviews. Analysts used NVivo14 v14.23.3 qualitative data analysis
software and a priori implementation science concepts from the Theoretical Domains
Framework [28], the Consolidated Framework for Implementation Research (CFIR) [29,30],
and the Implementation Outcomes Framework [31] to code interview data for factors that
may potentially influence adoption [32].

To review the coded data, we used the framework matrix tool in NVivo in which the
rows consisted of cases (i.e., prescribers), the columns consisted of factors, and the cells
summarized coded quotes about each factor at the case level. We also accessed full case
transcripts within NVivo for more in-depth queries of qualitative data. To prepare the
qualitative data matrix for use in CNA, two analysts worked together to assign numerical
values representing qualitative differences in the factors for each case (a process known as
calibration), which are defined in Table 3.

Calibration occurred in two phases that each involved discussions among two or three
team members. In the first phase, values were encoded for neutral statements that were
neither clearly positive nor negative; in the second phase, these were consolidated into
fewer factor values, such that one numerical value represented the presence of each factor.
For example, the concept coded as “benefits” was defined as prescribers’ beliefs about
positive consequences and relative advantages of PGx; this was calibrated in the initial
phase as “1” for negative statements only, “2” for mixed positive and negative statements,
and “3” for positive statements only. In the final calibration, this was recoded as “0” for no
benefits perceived and “1” for at least some perceived benefits.

This two-phase calibration process enabled nuanced conceptual considerations that
were refined over time and reduced both data imbalances that occur when there are too few
cases with each factor value and data fragmentation that occurs when multiple possible
configurations are not represented in the data. Data fragmentation was further reduced
by excluding two factors (i.e., provider knowledge and primary care setting), which were
the least reliable data (knowledge) and relevant for implementation science (primary care),
respectively. This left eight factors that were included in our final analysis, in addition to the
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outcome. PGx testing adoption (the outcome of interest) was calibrated as “1” if prescribers
reported taking at least one of the three following actions within the past six months of their
practice: (1) offering to order PGx test(s) for a patient; (2) using the results of a genetic test
automatically generated by their clinical institution; or (3) referring patient(s) to a specialist
to order a PGx test. A six-month timeframe was selected to balance opportunities for PGx
use with recall accuracy. A shorter timeframe could misclassify clinicians who had adopted
PGx testing but had not recently encountered an appropriate clinical scenario, whereas a
longer timeframe could increase recall bias and capture practices that no longer reflected
current use. All other prescribers interviewed were assigned a “0” to indicate non-adoption
as the implementation outcome.

Table 3. Factors with abbreviated titles as reported in the model outputs, with definitions for each
factor and numerical coding scheme, as well as final calibrations for inclusion in the CNA matrix.

Factor (Abbreviation) Description Initial Coding Final Calibration

Benefits
Beliefs about positive

consequences and relative
advantages of PGx

1 = negative effects
2 = mixed (positive and
negative)
3 = only positive

0 = no benefits perceived
(absence of positive)
1 = at least some perceived
benefits (presence of positive
beliefs)

Ability

Skills, procedural knowledge, or
confidence about how to use

pharmacogenetic testing in daily
practice

Calibrated separately for each
of 3 concepts as 1 = none
2 = moderate
3 = high

0 = low ability
(did not have any skills,
procedural knowledge, or
confidence)
1 = some ability present
(had any skills, procedural
knowledge, or confidence)

Evidence strength and
quality

(Evidence)

Belief about the state of the
evidence regarding use of

pharmacogenetics in mental
health

1 = negative (evidence favors
not offering PGx testing)
2 = neutral
3 = positive (evidence is in
favor of PGx testing)

0 = neutral or negative beliefs
(evidence insufficient to support
genetic testing for prescribing)
1 = positive beliefs about
evidence

Cost barrier Reported cost barrier at the time
of PGx testing

1 = yes
2 = no

0 = neutral or cost was not
reported as a barrier at the time
of testing
1 = cost reported as a barrier at
the time of testing

Institutional support
(Support)

Presence of institutional or
organizational support for PGx
testing (e.g., financial subsidies,
training, clinical PGx research)

1 = low
2 = moderate
3 = high

0 = no support
1 = at least some support

Acceptability (Accept)
Belief that pharmacogenetic

testing is agreeable, palatable, or
satisfactory

1 = disagree
2 = neutral
3 = agree

0 = disagree or neutral
1 = agree PGx is acceptable

Appropriateness
(Approp)

Perceived fit of pharmacogenetic
testing for setting or problem

1 = disagree
2 = neutral
3 = agree

0 = disagree or neutral
1 = agree (PGx is or may be
appropriate)

Feasibility
(Feas)

Belief that PGx testing can be
successfully used or carried out
within a given agency or setting

1 = disagree
2 = neutral
3 = agree

0 = disagree/neutral
1 = agree
(pharmacogenetic testing is
clearly feasible)

CNA models were generated using the cna R package (version 4.0.3) [26], with the
fully calibrated case matrix (Table 4). The frscore [33] package (version 0.4.1) in R was used
to automatically generate and compare CNA models across various parameter thresholds.
Our final CNA used antecedent-adjusted consistency and antecedent-adjusted coverage to
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account for imbalances in the data, thresholds of fit.range = c (0.95, 0.75) and granularity
= 0.05, with a maximum number of models set to 400 to ensure all models were used by
frscore to calculate fit-robustness. Frscore uses nested (hierarchical) relationships among
models to compute quantitative fit-robustness scores, thereby aiding the identification of
robust candidate models, which help with model selection when multiple models fit the
data (i.e., model ambiguity), which is common with CNA [34].

Table 4. CNA case matrix with fully calibrated data, which was used to run the final analy-
sis. Cases (rows) are sorted by outcome, to facilitate visual comparisons of factor values for
adopters (outcome = “1”) with those of non-adopters (outcome = “0”). For each factor, “1” = present;
“0” = absent. Case matrix is sorted by outcome, so all adopter cases are highlighted in gray.

Outcome Support Ability Cost Barrier Benefits Evidence Appropriateness Acceptability Feasibility

0 1 0 1 0 0 0 0 1

0 0 0 1 1 1 1 1 0

0 1 1 1 0 0 0 0 1

0 1 0 1 1 1 1 0 0

0 0 0 1 1 0 1 1 1

0 0 0 1 1 0 1 1 0

0 0 1 1 0 0 0 0 1

0 0 0 1 1 1 1 1 1

0 0 0 0 0 1 0 0 1

0 1 0 1 0 0 0 0 1

0 1 1 0 1 0 0 0 1

0 1 1 0 0 0 0 0 1

0 1 1 1 1 1 1 1 1

1 0 1 0 1 1 1 1 1

1 1 0 0 1 0 1 1 0

1 0 0 0 1 1 1 1 1

1 1 1 0 1 1 1 1 1

1 1 1 0 1 1 1 1 1

1 1 1 0 1 1 1 1 1

1 1 0 0 1 0 1 1 1

1 1 1 0 1 1 1 1 1

1 1 1 0 1 1 1 1 1

1 1 1 0 1 1 1 1 1

1 1 1 0 1 1 1 1 1

1 1 1 0 1 1 1 1 1

1 1 1 0 1 1 1 1 1

1 1 0 0 1 1 1 0 1

1 1 1 0 1 0 1 0 1

1 1 1 0 1 1 1 1 1

Throughout the model review and selection process, analysts queried the qualitative
dataset to help interpret the models and ensure they were substantiated by the underlying
observations. Due to the largely exploratory and qualitative nature of our approach,
qualitative data analysts with deep knowledge and familiarity with provider interviews
selected their preferred model using quotes to help elucidate the most plausible model.

When selecting among the most robust models, the CNA analysts prioritized low
complexity and balanced performance across multiple measures of model fit rather than
selecting the most robust model. Specifically, we reviewed several fit measures that range
from 0 (low fit) to 1 (perfect fit). These fit measures include consistency (i.e., the degree
to which a certain combination of causal conditions reliably predicts the presence of a
specific outcome) and coverage (i.e., how well a given solution accounts for cases with the
outcome), as well as variants of consistency and coverage that account for imbalances in
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the prevalence of the conditions. These consistency and coverage measures were treated
as the primary fit measures with other fit measures used alongside consistency, coverage,
complexity, and relative fit-robustness to compare and select among the models.

We also conducted qualitative analysis of interviews with patients to assess whether
their responses would provide additional support for the selected model. Patient partici-
pants were eligible if they had been prescribed antidepressant medication and had received
PGx testing. The patient interview guide was designed to elicit a broad array of information,
including whether and how cost factored into their decisions to have testing and their
views about perceived benefits of PGx testing. Data were analyzed using directed content
analysis, in which data were coded by concepts queried via the interview guide [35]. The
coded content was then reviewed to identify themes and evaluate convergence with the
prescriber data.

3. Results
3.1. CNA Model Selection

The results of running CNA with frscore on our data produced 378 scored model
types. The top ten most robust models are included in Table 5. Model 7 was selected by
the qualitative analysts based on their knowledge of the interviews. This model was also
the most well supported when considering all measures of model fit, combining strong
consistency and coverage, superior contrapositive performance, and comparatively high
faithfulness with low complexity.

Table 5. Top 10 most robust CNA models with performance metrics shown for each model. AA-Con
and AA-Cov are the antecedent-adjusted consistency and coverage, respectively. C-Con and c-Cov
are the contra-positive consistency and coverage, respectively. Fit-robustness score is normalized.

Model Consistency
AA-Con|c-Con

Coverage
AA-Cov|c-Cov Faithfulness Complexity Fit-Robustness Score

APPROP <-> OUTCOME 0.786 0.538 1.0 1.0 0.667 1 1.0

cost_barrier <-> OUTCOME 0.864 0.769 1.0 1.0 0.667 1 0.935

ACCEPT <-> OUTCOME 0.752 0.615 0.787 0.80 0.50 1 0.731

cost_barrier * EVIDENCE <->
OUTCOME 0.918 0.923 0.823 0.80 0.667 2 0.666

BENEFITS <-> OUTCOME 0.767 0.462 1.0 1.0 0.667 1 0.547

SUPPORT * ACCEPT <->
OUTCOME 0.907 0.923 0.787 0.750 0.571 2 0.50

cost_barrier * BENEFITS <->
OUTCOME 0.944 0.923 1.0 1.000 0.80 2 0.352

ABILITY * APPROP <->
OUTCOME 0.907 0.923 0.787 0.750 0.667 2 0.337

APPROP * FEAS <->
OUTCOME 0.845 0.769 0.902 0.909 0.60 2 0.337

SUPPORT * cost_barrier *
EVIDENCE <-> OUTCOME 1.0 1.000 0.783 0.722 0.778 3 0.328

In CNA notation, * denotes AND, and <-> denotes a configurational relation meeting the minimal specified
sufficiency and necessity fit criteria for the outcome. Uppercase factor names indicate the presence of the condition,
and absence is denoted by lower-case letters. Because very few cases lacked feasibility, only the presence of
feasibility was allowed to enter the model as a causal condition. Absence of feasibility was excluded as a candidate
antecedent for adoption to reduce the risk that it would be used to describe a small pocket of cases rather than
identify a credible causal condition.

Perceived benefits of PGx testing, combined with a lack of concern about costs, did a
better job of distinguishing between adopters and non-adopters than the model with cost
concerns alone. This model had the highest standardized consistency score (0.929) among
the top ten most robust models and a standardized coverage of 1.0 as well as high scores on
other models of fit (Table 5). Based on our selected model (Table 5; highlighted in gray), the
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presence of perceived benefits of testing almost always led to adoption if costs did not pose
a barrier (Figure 1). This model indicates that perceived benefits of PGx testing together
with cost not being a barrier were minimally sufficient (when combined) for antidepressant
prescribers to adopt PGx testing in practice.

Figure 1. Visual depiction of factor values supported by CNA and qualitative evidence as necessary
and sufficient for adoption of PGx testing for prescribing antidepressant medications. The combina-
tion of perceived benefits and cost not a barrier to testing lead to clinical adoption of PGx testing in
this selected model.

3.2. Qualitative Evidence Supporting Model Selection

Among the 29 clinical prescribers interviewed, 23 (79%) perceived benefits of PGx
testing, including all 16 adopters (55%) and seven non-adopters (24%). These prescribers
considered PGx testing to be more advantageous than the trial-and-error standard of care,
indicating the following benefits:

• Less suffering for patients when it takes less time to achieve a therapeutic benefit;
• More objective information to select best-fit medications for individuals;
• Positive consequences consisted of engaging patients with medication selection;
• Improved access to mental health medications through primary care.

All 16 adopters indicated that out-of-pocket cost did not present a barrier for them to
offer the test to their patients. Thirteen of the 16 PGx adopters (81%) said that they offer
testing to patients regardless of the cost; patients then decide whether they would want to
pay for it, if not already covered.

The other three adopters (19%) expressed concerns about costs of PGx testing in
general yet opted for the test(s), explaining that their health system or an active clinical
research project would cover the costs—so cost-related concerns were alleviated. However,
they explained that cost would affect their decision to offer PGx testing to patients if it
were not covered. In one of these cases, an outpatient primary care prescriber in a health
system that did not have institutional support had adopted PGx testing during a study on
the clinical effectiveness of PGx testing when it was offered at no cost to patients. When
asked whether they would consider cost in their practice without the funded program, they
said, “I would. . . if it weren’t covered by insurance, lab tests can be expensive. . .If it’s not
covered by insurance, my patients probably aren’t going to get it done.”

The other two adopters who may have seen cost as a barrier in the absence of institu-
tional support (such as health system subsidies for testing) were also outpatient primary
care prescribers, with one noting the following:

“Yes, cost is always an issue. . .When [the health system] stopped offering [a
health system covered test], I wasn’t sure if I ordered a panel if the person’s
insurance will pay for it or if they will pay out-of-pocket. I actually partnered
with a pharmacist to figure out if Medicare would pay for those tests. . .they were
just going to submit it to Medicare and see if Medicare would cover it, but if they
don’t the system was going to write it off for them. . .I would want to make sure
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it’s being covered by insurance and the patient will not have to pay at least a
substantial amount out-of-pocket”.

This example showcases the lengths one prescriber would be willing to go to offer
testing for a patient, presumably because they perceive it as beneficial, while ensuring
that the costs are not a burden to their patient. The other prescriber from this same health
system with subsidized PGx testing indicated that while they viewed pharmacogenetic
testing as beneficial, they had concerns about discussing cost with patients and the overall
impact of these costs in the absence of subsidies. Specifically, they expressed concern that
a new patient might not return if they were to receive “a big bill” after their first visit,
explaining that their clinical practice consists of “up front” communication with patients
about how prescribing involves trial and error.

In contrast to adopters, non-adopters expressed divergent views about the benefits
of testing. None of the 13 non-adopters indicated that they would offer it to patients,
regardless of cost concerns. Six of the 13 non-adopters (46%) saw no benefits and also
shared concerns about cost. For example, one non-adopter said, “It’s not going to give us
information on how it’s going to make the patient feel,” and “I have not offered it to patients
because of the cost.” Non-adopters also expressed doubts about whether testing would
improve patients’ experiences or outcomes and shared concerns that it could potentially
lead to misunderstanding by patients. For example, one said, “I feel like the results that
I’ve seen are kind of nebulous, and it –sort of tells me, ‘Oh, this person’s a little bit higher
metabolizer; this is a slower metabolizer.’ And then, I’m still going to start with a few
medicines that I know and have a lot of clinical experience with. . .I don’t, I mean, really
appreciate how that is helpful. . .”. Another prescriber (coded as a non-adopter of PGx
testing) said, “I think that the misunderstanding is greater than the potential for benefit
and so I just don’t bother.”

In contrast, six other non-adopters, all primary care, explicitly expressed concerns
about potential out-of-pocket costs to patients and/or lack of reimbursement to the health
system associated with testing, which prevented them from considering it further—even
though they believed PGx testing might be beneficial. One of these prescribers said that
while they did not offer PGx testing to their patients as part of their regular prescribing
practice, they would use it when subsidized by patients’ health plans. They said, “I don’t
think [we should do this] at this point because of [the lack of] coverage across the board.”

The remaining non-adopter viewed testing as beneficial in general but not for their
pediatric population: “I’ve found that it has some limitations for us in pediatrics because
kids only have indications for certain medications, and oftentimes with the tests that we’ve
used in the past, sometimes, the preferred medication is not one that has indications for
children. So, it really has been somewhat limited in terms of how helpful it’s been in
pediatrics so far.”

3.3. Patient Perspectives on Costs and Benefits

We interviewed 10 patients in total. Five patients had received genetic testing from the
health system that had the lowest amount of institutional support and five had received it
from the health system that had the highest (see Table 2 for the distribution of participants
by site). Because the patient interviews were conducted to provide contextual insight
into the relevance of the selected CNA model to patient experiences with PGx testing,
recruitment ceased after 10 interviews when sufficient information had been obtained for
this purpose.

Patients’ willingness to pay an out-of-pocket cost for PGx testing depended in large
part on the extent to which they could anticipate receiving a personally beneficial result.
All ten patients described similar specific benefits as those expressed by prescribers of
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antidepressants. Specifically, five of the patients reported benefits like reducing “suffering”.
Four of the patients described how genetic testing offered reliable information, which is
grounded in scientific data. One patient said that they appreciated the interaction with their
clinician about the results, specifically the time spent engaging with them to understand
the implications for their medication management.

Two of the patients who regarded the results as directly impactful to them said that
they would pay for the test. One described their perception of value:

“. . .my mom had a number of problems with arthritis, pain medications, with
high blood pressure, and with statins. And it just seemed like a lot of times with
the high blood pressure meds., they put her on one med. It wouldn’t work, so
then they’d keep her on that med. and add another med. And it just seemed such
a trial and error. And it was so frustrating to me because then you were kind of
worrying is it some side effects from other ones happening when her potassium
was going low. And just all these different things.

And so, I had made a vow to myself that before I started a med, I wanted to find
out if it was good for my body or not. And is there a way to do that? Well, because
I was in my parent’s . . . chart because I was their liaison and I had permission to
go in their chart, I saw that you were offering . . . genetic testing. And the price
that they had on there—I had talked to another friend who had some genetic
testing that was very expensive through California, so I was very excited. . . I was
so happy to hear it was $40. To me, that was nothing to find out this information.”

The remaining eight patients suggested that their willingness to pay would depend on
perceived need for the test, for example, if they knew that the information was necessary to
see an improvement in their health. One patient who lived on a fixed income and did not
have any changes to their medications based on results said, “I mean if it was something
without the testing that was going to interfere with my health, or there was something like
that, then yes I would pay whatever it would cost—well, not whatever, but within means
what it would cost me out of pocket to have it done.”

Another described how they regarded testing as beneficial for patients in general: “If
the results were being used and done correctly, I really think that it could help a lot of
people to know if they’re on the right med, or if they shouldn’t be on it, or if they should
be on something else. I really think it could be beneficial.” On the other hand, this same
patient did not experience a value for themselves: “[I] thought it was very interesting, but
overall, it didn’t really change anything. I’m still on the same med. I’m still doing the same
thing. So, as far as that goes, it didn’t make a difference for that. So, it being interesting,
yeah, possibly worth it. But not really making any changes to my meds or anything, I don’t
know if I would go as far as paying for it.”

It is notable that while this patient understood that the test would provide more
information about the fit of their medication, they did not have a discussion with their
ordering physician after receiving the results and described lacking interpretation. As they
said, “I know he read it because he was like, ‘Oh, I see your test got back.’ And that was the
end of it. And I probably should have said, ‘Well, I read this, this, this.’ But I just kind of
wish it [the report] would have been like, ‘It says this, but we still think you’re on the right
medication. We’ll just monitor and make sure. . .’”. This anecdote illustrates how patients
may judge the value of a clinical PGx test according to the likelihood that it will impact
their treatment and outcomes.
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4. Discussion
Overall, our results underscore the need for system-wide strategies to address (1) pre-

scribers’ willingness to discuss out-of-pocket costs with patients when not covered by an
institution or health plan, (2) prescribers’ perceived benefits of PGx testing, and (3) patient
education about the benefits (and limitations) of testing, as results do not always change
the care they are provided. For a subset of clinical prescribers, future implementation
strategies to motivate adoption of PGx testing may need to focus on changing beliefs about
the benefits of testing or building skills for discussing costs with patients.

Given that the US Food and Drug Administration (FDA) has approved drug labels that
contain clinically actionable pharmacogenetic information for certain drugs, there should
be a concerted effort to increase the use of this information in practice [36]. ClinPGx [37] ag-
gregates and publishes information on regulatory agency-approved drug labels that contain
clinically actionable pharmacogenetic information. Among these, there are FDA-approved
drug labels related to CYP2D6 and/or CYP2C19 for eight different antidepressants (Table 1).

Whereas many other studies have focused on the need to address cost concerns or en-
hance education and training of physicians to bolster prescriber use of PGx testing [38–42],
our results suggest that both prescribers’ willingness to discuss testing costs with patients
and their professional assessment of the benefits of testing to improve medication manage-
ment and patient outcomes were needed for adoption of PGx testing. From these findings,
we can infer that physician education about the benefits of PGx testing and training alone
may not suffice to enhance adoption of PGx testing without tandem efforts to address
prescribers’ concerns about costs to patients and health systems.

Previous findings suggest that prescriber willingness and comfort in having a con-
versation with patients about PGx testing may support adoption [4]. Notably, prescriber
interviews revealed that some are concerned about the broader impacts and potential
burden of testing costs on patients, including the strength and continuity of their patient–
provider relationship. We found that some prescribers were concerned about a patient
not returning to their clinical practice if faced with a large medical bill on the first visit.
This provides further support for the need to consider the broader context of healthcare
systems and the fiscal environments in which they operate when investigating and mitigat-
ing barriers to PGx implementation. Patient perspectives corroborated the importance of
considering costs and benefits of testing, consistent with factors that appeared to make the
difference for prescribers who adopted it in practice.

Given that about 95% of patients are likely to have some genetic variant that could
expose them to a higher risk of an adverse drug event or the potential for lower efficacy
of certain drugs (if prescribed) than the general population, it is critical to understand
how we might increase adoption of PGx testing beyond the context of clinical psychiatry.
While we collected data from prescribers who work in health systems with different levels
of support for PGx testing, it is also important to understand how the broader fiscal and
reimbursement infrastructure and socio-political environment in which healthcare systems
are implemented might impact adoption. Some studies have identified cost as a barrier
in healthcare settings with public payer systems, as in Quebec [43], Switzerland [44], and
Australia [45]. However, most research on barriers to implementation of pharmacogenetic
testing in countries with strong national healthcare systems do not cite individual patient
costs as a major barrier [41–48].

One study [47] piloted a strategy to determine whether PGx tests would be covered by
partnering with pharmacists, which could also be a potential pathway to adoption, either
in partnership with prescribing physicians, or as an alternative approach to delivering
clinically actionable information directly to patients, who could use this to self-advocate
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for more precision-oriented medication evaluation and increase prescriber awareness of
its utility.

Our results suggest that prescribers would be more likely to adopt PGx testing in
clinical or institutional environments where the practice is broadly supported, through
coverage of tests by the health system or translational research grants, or through the
culture and practices of a genomics-enabled learning health system (gLHS) [49].

If healthcare system administrators, leaders in academic medical centers, and local
clinical prescribers had assurances that PGx tests would be covered by insurance companies,
this would establish a solid foundation for future educational and implementation efforts,
as cost considerations would no longer be a hindrance to adoption. One interesting case will
be the state of California, in which the state legislature formally codified pharmacogenetic
testing as a Medi-Cal benefit, effective 1 July 2024 [50]. It is yet to be determined whether
and, if so, to what extent such public health insurance coverage policies influence clinical
practice, trends in reimbursement, and patient outcomes over time.

4.1. Study Limitations

Our cross-sectional study design provided a point-in-time assessment and could
not capture how adoption processes evolved over time. The study included prescribers
from four purposively selected health systems, which may limit transferability to other
settings. Although institutional support was included as a factor in the analysis, other
unmeasured differences across sites and implementation contexts may have influenced
adoption. Many factors were based on self-reported perceptions and experiences and may
be subject to recall or social desirability bias. In addition, adoption was determined from
prescribers’ self-reported behaviors because prescribing or order data were not available
for independent verification.

Despite our confidence, based on qualitative data, that the selected CNA model
represents the most salient pathway to adoption, there was substantial model ambiguity.
Several alternative models demonstrated comparable fit, suggesting that additional factors
may influence adoption.

The classification of adoption was not straightforward. Prescribers at one site that had
a centrally funded initiative to subsidize PGx testing were more likely to use test results that
were accessible in the patients’ records. It may be the case that prescribers in health systems
or clinical settings with subsidized PGx testing programs would no longer be considered
PGx testing adopters if they had been surveyed or interviewed after these programs ended,
or in another system.

Because the study was designed to generate explanatory insights rather than represen-
tative estimates, both the provider and patient samples should be interpreted within the
context of their intended analytic purposes. Our results are intended to provide insights
relevant to implementation strategies for antidepressant prescribers, not to report represen-
tative estimates of provider attitudes within participating health systems. Additionally, the
sample size for prescriber surveys and interviews is small relative to the size of the health
systems in which they are employed, and our results should not be interpreted as asserting
claims about system-level trends. Patient data were used to provide contextual insight
into patient experiences with PGx testing across healthcare systems with differing levels
of support for PGx implementation. Because patient interviews were not conducted at all
study sites, they could not be used to corroborate provider findings within individual study
sites. Furthermore, patient interviews were conducted with individuals who had already
received PGx testing, and their perspectives may therefore differ from those of patients
who declined testing or have no prior experience with PGx testing. Finally, patient perspec-
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tives were not linked to specific prescribers or prescribing decisions, limiting our ability to
evaluate the relationship between patient experiences and prescriber adoption behaviors.

This study was situated in the United States, which does not have a single-payer
healthcare system, and where individual patients are often responsible for covering the
costs of expensive medical treatment and tests not covered by private insurance companies.
To address this limitation, we recruited prescribers of antidepressants who had adopted
genetic testing from clinical and healthcare settings with a range of institutional support
for the tests. This introduced variability in the system-wide, institutional conditions
surrounding PGx testing, including how prescribers perceived the burden of costs and/or
likelihood of reimbursement. We accounted for this variability by including “institutional
support” for PGx testing as a factor in our analysis and demonstrated that models including
this factor have lower consistency and coverage than models without it, including our final
selected model. We concede that having institutional support contributed to removing cost
barriers in some prescriber settings but found that support alone was insufficient to drive
PGx adoption.

4.2. Future Directions

Future studies aiming to characterize patient perspectives and preferences should
take into consideration how different patient populations, such as Veterans, may have
unique concerns and/or may be more likely than other patient populations to make certain
health-related decisions [51].

Strengthening the evidence base and increasing awareness of the benefits of PGx test-
ing may facilitate broader adoption among prescribers. Educational efforts that highlight
both the potential cost savings associated with PGx testing and its ability to reduce the
time required to identify optimal medications and dosages may further support clinical up-
take. Future implementation efforts should also examine how clinical, organizational, and
policy-level supports, including test coverage by health systems or translational research
programs, as well as the culture and practices of genomics-enabled learning health systems
(gLHSs), can be leveraged to promote adoption of PGx testing [52]. Additional factors to be
evaluated might include how “medical necessity” is determined for the purpose of clinical
implementation and eligibility for testing, and the role that clinical practice guidelines will
play in terms of which tests are covered and for whom.

Comparing adoption in different contexts may offer further insights into trends we
observed by investigating how organization-supported reimbursement practices, insurance
coverage policies, and the availability of research funding to support PGx testing in a clinical
setting can motivate more widespread adoption. The recent inclusion of pharmacogenetic
testing as a Medi-Cal benefit in California provides an opportunity to examine whether, and
to what extent, public insurance coverage policies influence clinical practice, reimbursement
trends, and patient outcomes over time [50].

5. Conclusions
Our multi-site study evaluating prescribers of antidepressants is the first of its kind

to use CNA to identify combinations of factors that may motivate clinical adoption of
pharmacogenetic (PGx) testing in a variety of healthcare systems and clinical scenarios. We
demonstrate that PGx tests were deemed by prescribers in the study to be beneficial and
they are not concerned about cost as a barrier at the time of testing. The model with this
combination of factors was best supported by both quantitative and qualitative data.

Our findings show that even when prescribers consider PGx testing to be potentially
beneficial to their patients, contextual factors such as cost concerns are still a major barrier.
This finding underscores the importance of healthcare and fiscal policies that promote
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equity in access to high-quality medical care, including precision medicine through genomic
technology. Prescriber education about pharmacogenetics may be beneficial for enhancing
the uptake of PGx testing in clinical practice, but there is also a need to bolster the evidence
base demonstrating the utility of these tests so that prescribers understand the range of
clinical scenarios and domains in which PGx testing can be beneficial to their patients.

Finally, creating health policies and healthcare systems with reimbursement strategies
that support PGx testing can enhance the adoption of important public health genetics
practice, so prescribers need no longer worry about the cost burden of a potentially ben-
eficial clinical test. As Medicare reimbursement for PGx testing has become increasingly
available under certain local coverage determinations when medical necessity and other
requirements are met, ongoing educational efforts and EHR infrastructure could further
support the implementation of PGx testing to prevent misperceptions about costs.
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