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Abstract
Actionable drug–gene pairs relevant to depression treatment include CYP2D6 
and CYP2C19 with specific antidepressants. While clinical use of pharmacoge-
netic testing is growing, little is known about pharmacogenetic testing for de-
pression treatment in managed care. We determined the incidence of single-gene 
CYP2D6 and CYP2C19 testing following a new depression episode among US 
managed care patients, and described characteristics and antidepressant use of 
patients receiving tests. We used paid medical and pharmacy claims for patients 
from commercial health plans in the US. For adult patients with a new depres-
sion episode from January 1, 2013 to June 30, 2018, we identified covered claims 
for single-gene CYP2D6 and CYP2C19 pharmacogenetic tests and antidepressant 
fills. Fewer than 1% (n = 1795) of the depressed cohort (n = 438,534) received a 
single-gene CYP2D6 or CYP2C19 test through their insurance within 365 days 
of their earliest depression episode. The percentage of patients who received a 
test nearly tripled from 0.2% in 2013 to 0.5% in 2014 before plateauing at 0.4% 
from 2014 to 2017. Among the patients who received a single-gene CYP2D6 or 
CYP2C19 test and filled an antidepressant within 365 days of their depression di-
agnosis, up to 30% may have had their initial antidepressant informed by the test 
result. Our findings describe the use of antidepressants before and after pharma-
cogenetic testing, which is clinically relevant as pharmacogenomic testing be-
comes more common in clinical practice. Our study also emphasizes the need 
for procedure and billing codes that capture multiple-gene panel tests to be more 
widely implemented in administrative databases.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Major depressive disorder is common and many patients do not respond to 
first-line treatment. Examples of actionable drug–gene pairs relevant to antide-
pressants include CYP2D6 and CYP2C19, yet little is known about the extent of 
pharmacogenetic testing for depression treatment in managed care.
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INTRODUCTION

Major depressive disorder (MDD) affects over 260 million 
individuals worldwide, with an estimated lifetime preva-
lence of 16% in the US.1,2 Treatment of MDD is challeng-
ing; a comparative effectiveness review showed that 37% of 
patients with acute-phase MDD did not achieve response 
within 6–12 weeks, and 53% did not achieve remission, 
following first-line treatment with a second-generation 
antidepressant.3 In this current era of genomic medicine, 
there has been increased interest in the extent to which 
drug response and adverse effects are governed by genetic 
variation (i.e., pharmacogenetics).4,5

Genetic variants are thought to explain up to 42% of 
the variability in antidepressant drug response.6 CYP2D6 
and CYP2C19 are key drug metabolizing enzyme genes 
that play a role in antidepressant pharmacology. CYP2D6 
and CYP2C19 variants have been associated with al-
tered metabolism and plasma exposure of certain se-
lective serotonin reuptake inhibitors (SSRIs), serotonin 
and norepinephrine reuptake inhibitors (SNRIs), and 
tricyclic antidepressants (TCAs).7–10 As a result, the 
Clinical Pharmacogenetics Implementation Consortium 
(CPIC) and the Dutch Pharmacogenetics Working Group 
(DPWG) have published evidence-based dosing guidelines 
for several antidepressants.7–10 In addition, over 10 anti-
depressants have pharmacogenetic information related to 
CYP2D6 or CYP2C19 in US Food and Drug Administration 
(FDA) labeling.11–13

The annual proportion of patients taking an antide-
pressant with published CYP2D6- or CYP2C19-based 
pharmacogenetic guidelines is high, ranging from 45% to 
84%, in the adult primary care setting.13 In some clinical 
studies, the use of pharmacogenetic-guided treatment in 
depression has been associated with increased treatment 

efficacy (i.e., symptom remission and treatment response) 
and increased medication tolerability.14–20 However, other 
findings are inconsistent, with some trials not finding 
sustained responses or significant improvements in pri-
mary outcomes.17,21 Regardless, the International Society 
of Psychiatric Genetics issued a genetic testing statement 
which included: “pharmacogenetic testing should be 
viewed as a decision-support tool to assist in thoughtful 
implementation of good clinical care” and “genetic infor-
mation for CYP2C19 and CYP2D6 would likely be most 
beneficial for individuals who have experienced an inade-
quate response or adverse reaction to a previous antidepres-
sant…trial.”22,23 At the same time, clinicians and patients 
are becoming increasingly familiar with pharmacogenetic 
testing, particularly for mental health disorders.24–26

While clinical use of pharmacogenetic testing is grow-
ing, little is known about how many patients receive 
single-gene pharmacogenetic testing related to depres-
sion treatment through their insurance. The objectives of 
this study were to determine the incidence of single-gene 
CYP2D6 and CYP2C19 testing following a new depression 
episode among a cohort from a US managed care popu-
lation, and to describe the characteristics and antidepres-
sant fills of patients who received testing.

METHODS

Data source

IQVIA PharMetrics® Plus for Academics was used for this 
retrospective cohort study. PharMetrics Plus for Academics 
is a health plan claims database that includes longitudinal 
paid medical and pharmacy claims for over 100 million 
unique enrollees across the US. The University of Colorado 

WHAT QUESTION DID THIS STUDY ADDRESS?
This study sought to address the incidence of single-gene pharmacogenetic test-
ing following a depression episode among a managed care population, and the 
characteristics of antidepressant use before and after testing is received.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Single-gene CYP2D6 or CYP2C19 testing through insurance was rare. However, 
among patients who received a single-gene CYP2D6 or CYP2C19 test and filled 
an antidepressant after their depression diagnosis, up to 30% may have had their 
initial antidepressant informed by the test result.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
As precision medicine research in the mental health field continues to evolve, 
these findings illustrate how real-world insurance claims data can be leveraged to 
answer important questions about the clinical utility of pharmacogenetic testing 
in depression.
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Skaggs School of Pharmacy and Pharmaceutical Sciences 
holds a license for a depression extract that includes all 
patients from PharMetrics Plus for Academics with a di-
agnosis code indicating depression, or a procedure code 
or medication fill indicating depression treatment from 
January 1, 2013 through June 30, 2018. Available informa-
tion for these patients includes service types and dates, di-
agnoses, procedures, medications filled, and demographics 
such as year of birth, gender, region of residence, and type 
of insurance. Race/ethnicity information is not available. 
The data are nationally representative in terms of age and 
gender distributions of patients in the US commercially in-
sured population.27 This study was approved as exempt by 
the Colorado Multiple Institutional Review Board.

Study population

We identified a cohort of adult (age ≥ 18 years) patients 
with a new depression episode based on criteria specified 
by the National Committee for Quality Assurance's Health 
Plan and Employer Data and Information Set: (1) ICD-9 or 
ICD-10 diagnosis code indicating MDD (single or recur-
rent episode), depression not otherwise specified, or dys-
thymia; (2) no depression diagnoses during the 120 days 
prior to the depression episode; and (3) no antidepressant 
fills during the 90 days prior to the depression episode.28,29 
Diagnoses could have been recorded during any inpatient, 
emergency department, or outpatient visit and were not 
restricted to any specialty or to primary care. Diagnosis 
codes indicating MDD in partial or full remission were not 
included in our definition of a new episode because they 
may indicate the current depression diagnosis is related to 
a recent episode. For patients with more than one depres-
sion episode meeting inclusion criteria, only the earliest 
episode was included in analyses. We further required pa-
tients to have continuous health plan enrollment and con-
tinuous medication benefits during the 4 months prior to 
the new depression episode and the 12 months following 
the new depression episode. This depressed cohort served 
as the denominator for our incidence calculations.

We then identified the sub-cohort of patients from the 
depressed cohort who received a single-gene CYP2D6 
and/or CYP2C19 pharmacogenetic test through their in-
surance following their index depression episode. We 
used Current Procedural Terminology (CPT) procedure 
codes to determine whether patients received a single-
gene CYP2D6 (CPT code 81226) and/or CYP2C19 (CPT 
code 81225) pharmacogenetic test within 365 days of their 
index depression episode. We did not require a patient to 
have a depression-related diagnosis on the same claim as 
the pharmacogenetic test. This sub-cohort served as the 
numerator for incidence calculations.

Measures

Receipt of antidepressants

We determined whether patients filled an antidepressant 
within 365 days of their index depression episode using the 
Generic Product Identifier (GPI) code and date the medi-
cation was filled. The earliest antidepressant filled on or 
after the new depression episode was considered the initi-
ating antidepressant. Classes of antidepressants included 
SSRI (GPI code 5816*); SNRI (GPI code 5818*); TCA (GPI 
code 5820*); monoamine oxidase inhibitors (MAOI; GPI 
code 5810*); tetracyclic antidepressants (GPI code 5803*); 
and newer-generation antidepressants such as bupropion, 
nefazodone, and trazodone (GPI codes 5830*, 5812*). 
We also identified fills of specific antidepressants with 
CPIC guidelines indicating a drug–gene interaction with 
CYP2D6 or CYP2C19 (see Table 3).

Pharmacogenetic-informed 
antidepressant initiation

For patients with at least one antidepressant fill and a 
single-gene CYP2D6 and/or CYP2C19 pharmacogenetic 
test following their index depression episode, we inferred 
whether the antidepressant was initiated after availability 
of the earliest single-gene CYP2D6 and/or CYP2C19 test 
result, to be used as a proxy for pharmacogenetic-informed 
antidepressant initiation. Based on typical external labo-
ratory turnaround times of 1–3 weeks, we assumed test 
results would be available 14 days after receipt of the 
single-gene CYP2D6 or CYP2C19 test.30 Therefore, antide-
pressants filled prior to the date of the earliest single-gene 
CYP2D6 and/or CYP2C19 test plus 14 days were consid-
ered to have been initiated prior to the test results being 
available and not informed by the pharmacogenetic test 
results; antidepressants filled after the earliest single-gene 
CYP2D6 and/or CYP2C19 test plus 14 days were consid-
ered initiated after the availability of the test results and 
could have been informed by the pharmacogenetic test 
results.

Antidepressant switching

To examine potential antidepressant switching after a 
pharmacogenetic test, we identified and compared classes 
and specific antidepressants filled prior to and following 
presumed receipt of single-gene CYP2D6 and CYP2C19 
test results. We considered the following specific anti-
depressant medications with CPIC guidelines indicat-
ing a potential drug–gene interaction: SSRIs paroxetine, 
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fluvoxamine, citalopram, escitalopram, and sertraline; 
and TCAs amitriptyline, clomipramine, doxepin, nortrip-
tyline, and desipramine.

Patient characteristics

We calculated age in years using year of birth and the 
index depression episode date. Gender, region of resi-
dence (East, Midwest, South, West), and insurance type 
(commercial, Medicare Risk and Medicaid adminis-
tered through private carriers [i.e., Managed Medicare/
Medicaid], or other/unknown) were also available.

Statistical analysis

We characterized the patients in the depression cohort 
using descriptive statistics such as counts and percent-
ages for categorical variables, and means, medians, and 
ranges for continuous variables. We calculated the annual 
incidence of CYP2D6 and CYP2C19 testing among the de-
pression cohort to observe time trends. Annual incidence 
was calculated as the total number of patients receiving a 
CYP2D6 or CYP2C19 test in that year divided by the total 
number of patients with a new depression episode in that 
year. SAS version 9.4 was used for data management and 
statistical calculations.31

RESULTS

Patient characteristics

We identified almost half a million adults (n = 438,534) 
with a new depression episode from 2013 to 2017. The 
percentage of patients in the depression cohort who 

received a CYP2D6 or CYP2C19 test nearly tripled from 
approximately 0.2% in 2013 to almost 0.5% in 2014, be-
fore attaining a general plateau around 0.4% from 2014 to 
2017 (Figure 1). Among the entire depression cohort dur-
ing the study period, fewer than 1% (n = 1795) received 
a single-gene CYP2D6 or CYP2C19 test through their 
insurance within 365 days of their earliest depression 
episode (Table 1). More patients received a CYP2C19 test 
(n = 1726, 0.39%) than a CYP2D6 test (n = 1536, 0.35%). 
The majority of those who received at least one of these 
tests (n = 1795) received both (n = 1467, 81.7%). Nearly 
half of the depression cohort (n = 210,129) filled an anti-
depressant within 365 days of their earliest depression epi-
sode; 59% of patients who received a single-gene CYP2D6 
or CYP2C19 test filled an antidepressant within 365 days 
of their earliest depression episode. The majority of pa-
tients (63%) receiving a single-gene CYP2D6 or CYP2C19 
test had Managed Medicaid/Medicare at the time of their 
depression episode; among the entire depression cohort, 
37% had Managed Medicaid/Medicare.

Receipt of antidepressants

For patients who received a single-gene CYP2D6 or 
CYP2C19 test through their insurance and filled an anti-
depressant (n  =  1059), the average time to first antide-
pressant fill was 80 days (Table 2). The mean days to first 
antidepressant fill was 165 days for patients who received 
their single-gene CYP2D6 or CYP2C19 test before filling 
their first antidepressant, in contrast to a mean of 43 days 
to first antidepressant fill for patients who received their 
single-gene CYP2D6 or CYP2C19 test after filling their first 
antidepressant (results not reported in Table  2). Nearly 
half (49%) the patients who filled an antidepressant and re-
ceived a single-gene CYP2D6 or CYP2C19 test initiated an 
antidepressant with a CPIC guideline. The most commonly 

F I G U R E  1   Annual incidence of 
single-gene CYP2C19 and CYP2D6 tests; 
denominators include all patients with 
an index depression diagnosis within 
each year and numerators include all 
patients with a single-gene CYP2C19 or 
CYP2D6 test within 365 days of their index 
depression episode
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filled class of antidepressants was SSRIs (53%), followed by 
newer-generation antidepressants (21%) and SNRIs (14%).

Among the patients who received a single-gene 
CYP2D6 or CYP2C19 test and filled an antidepressant 
within 365 days of their depression diagnosis, 30% may 
have had their initial antidepressant informed by the test 
result because they did not fill their initial antidepressant 
until after the earliest single-gene CYP2D6 or CYP2C19 
test results were presumed to have been available (i.e., 
date of CYP2D6 or CYP2C19 test +14 days). More than 
half (57%) filled their antidepressant prior to the pharma-
cogenetic test and 13% filled their antidepressant within 
0–14 days following the pharmacogenetic test (Table 2).

Antidepressant switching at the class level

Figure  2 presents potential switching between classes 
of antidepressants following receipt of the single-gene 
pharmacogenetic tests for patients who filled their ini-
tial antidepressant prior to their single-gene CYP2D6 or 
CYP2C19 test (n  =  741). In general, 58% (n  =  432) of 

patients who filled an antidepressant before their single-
gene CYP2D6 or CYP2C19 test filled the same class of an-
tidepressant after their single-gene CYP2D6 or CYP2C19 
test. About half of the patients who received a single-gene 
CYP2D6 or CYP2C19 test and filled an SSRI, SNRI, or 
newer-generation antidepressant prior to the test filled 
the same class of antidepressant after the test (52%, 50%, 
and 51%, respectively). One-third of the patients who 
received a test and initiated on a TCA or tetracyclic an-
tidepressant filled the same class of antidepressant after 
the test (33% and 36%, respectively). However, some 
movement was seen between classes of antidepressants: 
14% of patients initiated on an SSRI switched to an SNRI 
after the single-gene CYP2D6 or CYP2C19 test; 15% of 
patients initiated on an SNRI switched to a TCA after the 
single-gene CYP2D6 or CYP2C19 test; almost 30% of pa-
tients initiated on a tetracyclic antidepressant switched 
to an SSRI after the single-gene CYP2D6 or CYP2C19 
test; and almost 30% of patients initiated on a newer-
generation antidepressant switched to an SSRI after the 
single-gene CYP2D6 or CYP2C19 test. Regardless of the 
initial class of antidepressant, 30–46% of patients did not 

T A B L E  1   Characteristics of the depressed cohort (N = 438,534) and sub-cohort who received a single-gene CYP2D6 or CYP2C19 test 
within 365 days of their index depression episode (n = 1795)

Characteristic
Depression cohort  
(n = 438,534)

Received a single-gene CYP2D6 or 
CYP2C19 test within 365 days (n = 1795)

Age (years)

Mean (SD), median 43.2 (15.8), 43 42.2 (14.3), 41

Min–max 18–84 18–83

18–44, n (%) 158,884 (36.2) 664 (37.0)

45–64, n (%) 173,353 (39.5) 759 (42.3)

65+, n (%) 106,297 (24.3) 372 (20.7)

Women, n (%) 291,772 (66.5) 1159 (64.6)

Region, n (%)

East 78,980 (18.0) 139 (7.7)

Midwest 141,898 (32.4) 585 (32.6)

South 84,476 (19.0) 540 (30.1)

West 134,183 (30.6) 531 (29.6)

Insurance type, n (%)

Commercial 265,696 (60.6) 638 (35.4)

Managed Medicare/Medicaid 164,588 (37.5) 1134 (63.2)

Other/unknown 8250 (1.9) 23 (1.3)

Depression treatment within 365 days

Filled an antidepressant, n (%) 210,129 (47.9) 1059 (59.0)

Filled another psychotropic, n (%) 118,466 (27.0) 959 (53.4)

Anxiolytic 90,094 (20.5) 750 (41.8)

Antipsychotic/mood stabilizer 27,417 (6.2) 389 (21.7)

Stimulant 19,719 (4.5) 143 (8.0)
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fill any antidepressants after the single-gene CYP2D6 or 
CYP2C19 test.

Of the patients who initiated an antidepressant prior to 
their single-gene CYP2D6 or CYP2C19 test and did not fill any 

antidepressant after the single-gene CYP2D6 or CYP2C19 test 
(n = 247), 32% filled some other type of psychotropic medica-
tion: 23% filled an anxiolytic, 9% filled a mood stabilizer, and 5% 
filled a stimulant (results not presented here in a table or figure).

T A B L E  2   Depression treatment within 365 days after an index depression episode among patients who received a single-gene CYP2D6 
or CYP2C19 test (n = 1795)

Depression treatment characteristic
Received a single-gene CYP2D6 or CYP2C19 test within 
365 days of index depression diagnosis (n = 1795)

Filled an antidepressant, n (%) 1059 (59.0)

Days to earliest fill, mean (SD), median 80.1 (100.6), 29

Filled an antidepressant with a CPIC guideline indicating a potential 
drug–gene interaction with CYP2D6 or CYP2C19, n (%)a

519 (49.0)

Class of index AD fill, n (%)

SSRIs 567 (53.5)

SNRIs 153 (14.5)

Tricyclic ADs 69 (6.5)

Tetracyclic ADs 45 (4.2)

MAOIs 1 (0.09)

Newer-generation ADs 224 (21.1)

Timing of antidepressant fill relative to pharmacogenetic test, n (%)

Prior to receipt of the pharmacogenetic test 601 (56.8)

Within 0–14 days after the pharmacogenetic test 140 (13.2)

>14 days after the pharmacogenetic test 318 (30.0)

Abbreviations: AD, antidepressant; CPIC, Clinical Pharmacogenetics Implementation Consortium; MAOI, monoamine oxidase inhibitor; SNRI, serotonin and 
norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor.
aAntidepressants with a CPIC guideline indicating a drug–gene interaction with CYP2D6 or CYP2C19 include amitriptyline, clomipramine, doxepin, 
imipramine, trimipramine, nortriptyline, desipramine, trimipramine, protriptyline, paroxetine, and fluvoxamine, citalopram, escitalopram, sertraline.

F I G U R E  2   Class of antidepressants filled prior to and following the earliest receipt of a single-gene CYP2D6 or CYP2C19 test. Note one 
patient who filled a monoamine oxidase inhibitor (MAOI) prior to their single-gene CYP2D6 or CYP2C19 test and filled no antidepressant 
after their test is not represented in the figure. AD, antidepressant; PGx, pharmacogenetic test; NewGen, newer-generation antidepressant; 
SNRI, serotonin and norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor; Tetra, tetracyclic antidepressant; TCA, 
tricyclic antidepressant
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Antidepressant switching at the 
medication level

In addition to examining potential changes between anti-
depressant classes, we also examined potential switching 
or discontinuation of specific antidepressants with CPIC 
guidelines related to CYP2D6 and CYP2C19 (Table  3). 
Switching/discontinuation was defined as at least one fill 
of the specific medication prior to the single-gene CYP2D6 
or CYP2C19 test and no fills of the same medication after 
the test. Regardless of the initial medication, at least 60% 
of patients did not fill the same medication after their 
single-gene CYP2D6 or CYP2C19 test. Among patients 
who received a single-gene CYP2D6 test (n  =  921), 67% 
of those who filled paroxetine prior to the test did not 
fill paroxetine again after the test. Among patients who 
received a single-gene CYP2C19 test (n  =  1026), 66% of 
those who filled escitalopram prior to the test did not fill 
escitalopram again after the test, and 61% of those who 

filled citalopram prior to the test did not fill citalopram 
again after the test.

DISCUSSION

Using a large database of paid medical and pharmacy 
claims in the US, we identified a cohort of adult de-
pressed patients and determined whether they received 
single-gene CYP2D6 and CYP2C19 pharmacogenetic tests 
through insurance within 1 year after their index depres-
sion episode. Single-gene testing for these drug metabo-
lizing enzyme genes with the potential to interact with 
certain antidepressants was not common, seen in fewer 
than 1% of the nearly half a million adults with a new epi-
sode of depression. While low, prevalence of CYP2D6 or 
CYP2C19 testing nearly tripled from 2013 to 2014, before 
attaining a plateau from 2014 to 2017. Among patients 
who received one of these single-gene pharmacogenetic 

Antidepressant 
medication

Filled antidepressant 
prior to test

Switched or discontinued 
after the testa

N (%) N (%)

Single-gene CYP2D6 (N = 921)

SSRIs

Paroxetine 46 (5.0) 31 (67.4)

Fluvoxamine 5 (0.5) 4 (80.0)

TCAsb

Amitriptyline 36 (3.9) 27 (75)

Clomipramine 1 (0.1) 1 (100)

Doxepin 16 (1.7) 13 (81.3)

Nortriptyline 20 (2.2) 12 (60)

Desipramine 1 (0.1) 0 (0)

Single-gene CYP2C19 (N = 1026)

SSRIs

Citalopram 125 (12.8) 76 (60.8)

Escitalopram 98 (9.6) 65 (66.3)

Sertraline 162 (15.8) 105 (64.8)

TCAsb

Amitriptyline 40 (3.9) 29 (72.5)

Clomipramine 2 (0.2) 2 (100)

Doxepin 14 (1.4) 11 (78.6)

Abbreviations: CPIC, Clinical Pharmacogenetics Implementation Consortium; SNRI, serotonin 
and norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic 
antidepressant.
aSwitch or discontinue defined as a patient filling the medication at least once prior to their single-
gene CYP2D6 or CYP2C19 test and not filling the same medication following the singe-gene CYP2D6 
or CYP2C19 test; percentage is calculated as the number who switched or discontinued divided by the 
number of patients who filled that medication prior to the test.
bImipramine is a TCA with CPIC guidelines indicating a drug–gene interaction with CYP2D6 or CYP2C19 
but no patients filled imipramine prior to their singe-gene CYP2D6 or CYP2C19 test.

T A B L E  3   Medication switching 
or discontinuing after a single-gene 
CYP2D6 or CYP2C19 test among patients 
who filled an antidepressant prior to 
the CYP2D6 (n = 921) or CYP2C19 test 
(n = 1026)
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tests through their insurance, over half (59%) filled an an-
tidepressant during the 1 year following their depression 
episode.

The low rates of single-gene CYP2D6 and CYP2C19 
testing through insurance in this depressed cohort is likely 
due to a range of factors, including limited insurance 
coverage and reimbursement of pharmacogenetic test-
ing during the time period evaluated in this study.32–34 In 
2012, Hresko et al33 identified 27 pharmacogenomic tests 
and their corresponding drug indication(s) covered by 
the top 12 US insurers (including Aetna, Cigna, Humana, 
UnitedHealth, and Kaiser Foundation Group). While 
these 27 tests did include CYP2D6 and CYP2C19, none of 
the coverage was for an antidepressant drug indication. 
A similar but more recent study reported private health 
insurance coverage for 34 common gene–drug-indication 
groups – no coverage was reported for any gene–drug-
indication groups including CYP2D6 or CYP2C19 for an 
indication of depression.34 However, the insurance cov-
erage landscape has changed in recent years. In October 
2019, UnitedHealthcare issued coverage rationale indi-
cating the use of pharmacogenetic multigene panel test-
ing to guide therapy decisions is “proven and medically 
necessary for antidepressants and antipsychotics medica-
tion” when a patient has a diagnosis of MDD or general-
ized anxiety disorder, fails at least one prior medication 
to treat their condition, and the multigene panel includes 
no more than 15 relevant genes.35

From our sub-cohort of patients who filled an antide-
pressant and received a single-gene CYP2D6 or CYP2C19 
test, 57% filled their antidepressant before the pharmaco-
genetic test and 13% filled the initial antidepressant after 
the test but before the results were likely to have been 
available. These results suggest their clinicians did not 
use pharmacogenetic testing to guide initial depression 
treatment but rather waited until the patients had tried at 
least one antidepressant. The fact that nearly one-third of 
the patients who initiated an antidepressant prior to their 
single-gene CYP2D6 or CYP2C19 test then filled some 
other type of psychotropic medication rather than another 
antidepressant after the test may be an indication that 
those patients had more severe or complex depression. 
We are unaware of any observational studies that inform 
the real-world timing of pharmacogenetic testing for de-
pression treatment in practice. However, our findings are 
consistent with the International Society of Psychiatric 
Genetics testing statement that “genetic information for 
CYP2C19 and CYP2D6 would likely be most beneficial for 
individuals who have experienced an inadequate response 
or adverse reaction to a previous antidepressant,” and with 
the UnitedHealthcare coverage requirement that patients 
fail at least one prior mediation to treat their depression 
before receiving a pharmacogenetic test.22,35

We also detected switching or discontinuation at the 
medication level among patients who received a single-
gene CYP2D6 or CYP2C19 test and had filled at least one 
prior antidepressant. Regardless of the initial antidepres-
sant filled, at least 60% of patients did not fill the same 
medication after their single-gene CYP2D6 or CYP2C19 
test. Given the limitations of our data, we could not iden-
tify whether a patient was on a medication compatible 
with their genotype/predicted phenotype or whether the 
result of the single-gene CYP2D6 or CYP2C19 test guided 
the treatment choice. However, published clinical trials 
comparing a pharmacogenomic-guided depression treat-
ment group to standard care (i.e., not guided by pharma-
cogenomic test results), such as the GUIDED trial, found 
the proportion of patients in the intervention group (i.e., 
pharmacogenomic-guided treatment) taking a medica-
tion compatible with their genotype/predicted pheno-
type increased significantly from 80% at baseline to 92% 
at 8 weeks, while the control group (treatment as usual) 
stayed relatively stable with 76% taking a medication com-
patible with their genotype/predicted phenotype through-
out the study.16

It is important to acknowledge our study did not cap-
ture all patients who received pharmacogenetic testing 
so we likely underestimated the incidence of single-gene 
CYP2D6 or CYP2C19 testing. In addition to those who pay 
out-of-pocket, patients are increasingly using direct-to-
consumer genetic testing or receiving multiple-gene panel 
tests, which have become more common in recent years 
and are not captured in our insurance claims data.36–39 
When using insurance claims data for secondary research 
we are dependent on certain codes being available in 
the data. Pharmacogenetic testing is captured using the 
CPT coding system, which until recently did not include 
specific codes to capture panel testing. While procedure 
codes now exist for multiple-gene panel testing,40 there 
were none recorded in the depression extract from which 
our study cohort was drawn. We also could not identify 
patients who received a single-gene CYP2D6 or CYP2C19 
test and had it coded using a general CPT code (e.g., 
81479, Unlisted molecular pathology procedure). Patients 
in our depressed cohort could have received CYP2D6 or 
CYP2C19 tests that were not available in our claims data 
source, resulting in misclassifying those patients as hav-
ing not received a test; therefore, comparisons between 
patients labeled as receiving testing and those labeled as 
not receiving testing were not appropriate.

We could also not determine the timing of testing in 
relation to medication prescribing (e.g., testing performed 
before or at the same time a pharmacogenetically-relevant 
medication was prescribed) because we only know the 
date the medication was filled. We were also not able to 
capture antidepressants filled outside of insurance (i.e., 
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self-pay). Finally, the PharMetrics Plus for Academics is 
a Health Plan Claims database nationally representative 
in terms of age and gender distributions of patients in the 
US commercially insured population, but we cannot gen-
eralize our findings to populations outside US managed 
health care systems.

This is the first study we are aware of that has examined 
demographic and antidepressant treatment characteris-
tics of depressed patients who have received single-gene 
CYP2D6 or CYP2C19 tests covered by their insurance. 
While we were only able to consider single-gene pharma-
cogenetic tests, we were able to include a large cohort of 
patients with a depression episode and evaluate those who 
received a test that could have been used to inform their 
depression treatment. Our findings describe the use of 
antidepressants before and after pharmacogenetic testing, 
which is clinically relevant as pharmacogenomic testing 
becomes more common in clinical practice. Our study 
also emphasizes the need for procedure and billing codes 
that capture multiple-gene panel tests to be more widely 
implemented in administrative databases. As precision 
medicine research in the mental health field continues 
to evolve, insurance claims are a source of real-world 
data that can be leveraged to answer important questions 
about the clinical utility of pharmacogenetic testing in 
depression.
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