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Abstract
Objective
To examine the effectiveness of genetic testing in a realworld setting and to assess its impact on clinician
treatment decisions.
Method:
This was a naturalistic, unblinded, prospective analysis of psychiatric patients and clinicians who utilized a
commercially available genetic test (between April and October of 2013), which incorporates 10 genes
related to pharmacokinetics and pharmacodynamics of psychiatric medications. Each patient’s genetic results
were provided to participating clinicians, who completed a baseline survey including patient medications,
history, and severity of illness. Clinicians were prompted to complete surveys within 1 week of receiving the
genetic results and again 3 months later. Patients likewise completed assessments of depression, anxiety,
medication side effects, and quality of life at baseline, 1 month, and 3 months.
Results:
Data from 685 patients were collected. Approximately 70% and 29% of patients had primary diagnoses of
either a mood or anxiety disorder, respectively. Clinicianreported data, as measured by the Clinical Global
Impressions–Improvement scale, indicated that 87% of patients showed clinically measurable improvement
(rated as very much improved, much improved, or minimally improved), with 62% demonstrating clinically
significant improvement. When analysis was restricted to the 69% of individuals with ≥ 2 prior treatment
failures, 91% showed clinically measurable improvement. Patients also reported significant decreases in
depression (P < .001), anxiety (P < .001), and medication side effects (P < .001) and increases in quality of
life (P < .001).
Conclusions
These results suggest that a substantial proportion of individuals receiving pharmacogenetic testing showed
clinically significant improvements on multiple measures of symptoms, adverse effects, and quality of life
over 3 months. In the absence of a treatmentasusual comparator, the proportion of improvement attributable
to the test cannot be estimated.
Trial Registration:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4560190/?report=printable
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Clinical Points
■ New evidence for the use of genetic testing to improve psychiatric patient care is emerging.
■ Clinicians who utilize genetic testing overwhelmingly find it influenced their medication
decisions and/or their confidence in those decisions.
■ Future randomized control trials are needed to confirm the utility of genetic testing to improve
care for psychiatric patients.
Approximately 30% of US adults have a mental illness,1 and almost half will develop one within their
lifetime.2 Global costs for mental health conditions are projected to be over $6 trillion by 2030.3 In addition
to depression (the most common psychiatric disorder), approximately 16% of the population had an anxiety
disorder in 2009,4 accounting for more than 16% of annual health care costs in the United States.5 Only 50%
of patients with depression or anxiety will respond to firstline therapies,6,7 resulting in poor quality of life
and significant impairment in functioning.8 Additionally, patients classified with treatmentresistant
depression have higher medical expenditures9 and inferior overall health.10 Moreover, the presence of
anxietyrelated disorders in patients with depression has additive effects on indirect costs, impacting overall
function, quality of life, and absenteeism.11
A trialanderror approach to prescribing has traditionally been utilized in psychiatry,12 contributing to the
high costs of treatment and poor outcomes.13 Insight into a patient’s genetic background may help clinicians
identify appropriate treatment options by predicting the likelihood of drug response or adverse events.14 A
number of studies have demonstrated the cost effectiveness of pharmacogenetic testing within psychiatry.15–
20
In addition, a recent report indicated that genetic testing increased medication adherence and decreased
outpatient costs among psychiatric patients.21
The present study collected data from both patients and clinicians who utilized a commercially available
genetic test, analyzing 10 genes involved in treatment response and side effect risk. The specific aims of the
study were to determine the effectiveness of the test based on both clinicianrated and patientrated measures,
and to assess its influence on clinician treatment decisions.

METHOD
Design and Procedures
This study was a 3month naturalistic unblinded trial (ClinicalTrials.gov identifier: NCT01507155).
Recruitment targeted clinicians and patients who utilized a genetic test, the Genecept Assay (Genomind,
King of Prussia, Pennsylvania), by directing them to an online portal containing information about the study.
Deoxyribonucleic acid (DNA) sample collection occurred as part of the patient’s standard treatment,
regardless of study participation. Patients and clinicians consented online using a secure portal; study staff
were available by phone to support the consent process. Patient subjects were asked to complete 4
questionnaires at 3 time points: baseline (saliva collection), 1 month, and 3 months. Clinician subjects also
completed online questionnaires at 3 time points: at baseline, at the receipt of the patient’s genetic test results,
and approximately 3 months later. Subjects could opt out of the study at any time. All study procedures were
approved by an independent institutional review board (Chesapeake Research Review, Inc, Columbia,
Maryland).
Participants
Subjects included clinicians who ordered the Genecept Assay and the psychiatric patients for whom the test
was ordered between April and October of 2013. Clinicians and patients could participate independently of
each other, and all participants were compensated for their time.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4560190/?report=printable
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Clinicians were required to have a valid national provider identifier number, to have the ability to submit a
signed electronic informed consent document, and to have ordered the assay for a patient indicated as having
a psychiatric condition. Clinicians practiced in both private and group practices across the United States.
Patients were eligible if they were over 18 years of age, had the ability to complete the electronic informed
consent, and had a psychiatric diagnosis. Although clinicians were instructed to enroll patients with a
primary diagnosis of depression and/or anxiety, patients with other diagnoses were not excluded. Patients
were excluded from the study if they had an inability to complete surveys online and/or were younger than
18 years old at the time of DNA collection.
PatientReported Measures
Four patient scales were used to measure outcomes: the Quick Inventory of Depressive Symptoms (QIDS
SR[16]),22 the Quality of Life Enjoyment and Satisfaction Questionnaire Short Form (QLESQSF),23 the
Zung SelfRated Anxiety Scale (SAS),24 and the Udvalg for Kliniske Undersøgelser Side Effect Rating
Scale (UKU).25 Patients also completed a demographic questionnaire at baseline and a satisfaction
questionnaire at 3 months.
ClinicianReported Outcomes
Baseline. Clinicians completed the Clinical Global Impressions—Severity of Illness (CGIS) scale for

disease severity.26 The CGIS ranks the patient from 1 or “normal/not at all ill” to 7 or “extremely ill.”26 The
clinical global impression scales are wellestablished tools that are applicable to all psychiatric disorders.26
Clinicians also identified the patients’ medication regimen, presenting symptoms, diagnoses, and previous
number of failed medication trials. Clinicians described their hypothetical plans for medication changes
before receiving the patient’s genetic data. This information was used to assess if medication changes were
influenced by the genetic test results.
Results received. Clinicians completed a form indicating the treatment plan after review of the genetic test

results. This form assessed the influence of the assay on the clinicians’ medication choice and confidence in
medication choice, as well as the effect on the clinicians’ diagnostic impression.
Month 3. Clinicians completed the Clinical Global Impressions—Improvement (CGII) scale. This scale is

also a 7point scale, wherein 1 indicates “very much improved” and 7 indicates “very much worse.”26
Clinicians also reported any changes to the patients’ medication regimen, symptoms, and diagnosis that
occurred since the previous time point.
Genetic Analysis

Genetic variations were analyzed using TaqMan single nucleotide polymorphism (SNP) genotyping assays
(Life Technologies, Grand Island, New York). The Genecept Assay tests for variations in 3 cytochrome
P450 genes, 2D6 (CYP2D6), 2C19 (CYP2C19), and 3A4 (CYP3A4), as well as in serotonin transporter
protein (SLC6A4), serotonin receptor subtype 2C (5HT2C), dopamine 2 receptor (DRD2), Ltype voltage
gated calcium channel (CACNA1C), ankyrin g (ANK3), catecholOmethyltransferase (COMT), and
methylenetetrahydrofolate reductase (MTHFR). In total, 22 SNPs, as well as the copy number of CYP2D6,
were assessed. These genes have been previously linked to psychiatric presentation, treatment efficacy,
and/or risk for adverse reactions.13,18,27–31 A detailed summary of the results and clinical interpretations
based on peerreviewed literature was available to clinicians to view on a secure Internet portal. The cost of
testing was charged to the patients or their insurance.
Congruence Between Genetic Results and Medication Change
A set of rules was applied to assess whether or not the changes made by the clinician were congruent with
assay results. Changes were deemed congruent if the clinicians specifically indicated that the assay
influenced their treatment decisions and if they made a change supported by the genetic report. In general, a
medication change was considered congruent if the clinician removed a medication with an indicated risk,
initiated a nonrisk medication, did not initiate a medication with an associated risk, or initiated an indicated
therapy.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4560190/?report=printable
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Statistical Analysis
Patientreported data were analyzed via repeatedmeasures analysis of variance (ANOVA) models, with
Tukey post hoc tests performed where appropriate. In addition, Pearson correlations were computed between
CGIS and patient scales at baseline and CGII and patient scales at 3 months.

RESULTS
Subject Characteristics
The data collection process is summarized in Figure 1. Following attrition, 42 clinicians completed
assessments regarding 625 patients. A total of 197 patients also completed assessments, and, of these, 137
had corresponding clinician assessments. In total, data for all time points were collected on 685 unique
patients. Demographic information captured at baseline is presented in Table 1. The majority of patients had
a primary mood disorder (70.0%) including 42.6% with major depression and 17.2% with bipolar disorder.
Patients with primary anxiety disorder represented 28.9% of the population. The remaining patients’
diagnoses included attentiondeficit disorder or attentiondeficit/hyperactivity disorder, schizophrenia or
schizoaffective disorder, cognitive disorder, substancerelated disorder, developmental disorders, and
personality disorder. In addition, only 34% of patients had a single psychiatric diagnosis, while 66% had at
least 1 comorbid psychiatric condition, including 40% of patients with comorbid mood and anxiety disorders
(Supplemental Figure 1).
The majority of patients were women (65.9%), and the mean age was 40.5 years. Most patients were white
(88%), 3% were black, and 7% were Hispanic. Only 36% indicated that they smoked cigarettes. Over half of
participants were married (51%), 63% were employed, and 42% indicated at least a Bachelor’s degree. The
gene frequencies were in line with expected population values (data not shown). Finally, 69% of patients had
≥ 2 previous failed treatment trials (Figure 2), with a mean number of 3.3, indicating a treatmentresistant
population. This analysis was also restricted by diagnosis, demonstrating that patients with a mood disorder
had on average more failed treatment trials compared to patients with anxiety or other diagnosis (4.1, 2.2,
and 2.4, respectively, Supplemental Figure 2).
ClinicianReported Measures
CGIS. At baseline, 86% of patients were described as being at least “mildly ill” (≥ 3). The mean CGIS

score was 3.6, which falls in the range of moderately ill. No single gene variant was associated with CGIS
score (data not shown). Further, significant correlations were observed between CGIS scores and baseline
scores on all 4 patient scales (QIDSSR[16]: r = 0.49, QLESQSF: r = –0.41, UKU: r = 0.35, and SAS: r
= 0.32; all P values < .0001).
Medication changes. Surveyed clinicians reported that the assay frequently influenced what medication

decisions they made as well as the confidence in those decisions (Supplemental Figure 3). Clinicians
indicated that the results influenced their medication decisions for 93% of patients and their confidence in
those decisions for 94% of patients. Additionally, clinicians made a change to the medication regimen
congruent with the assay report for 94% of patients. SSRIs were the most frequently discontinued class of
medication (8% of patients with a risk variant of SLC6A4 had an SSRI discontinued compared to only 2% of
patients without that variant). lmethylfolate was the most frequently added therapy (44% of patients with a
variant in the MTHFR had lmethylfolate added compared to only 4% of patients without a variant). As most
of the clinicians made a change that aligned with the results, there were not enough instances in which
clinicians did not make a congruent change for comparison.
CGII. The CGII data from month 3 are presented in Figure 3. Eightyseven percent of patients were judged

to show measurable clinical improvement (1, 2, or 3), and 62% demonstrated significant clinical
improvement deemed as “very much improved” or “much improved” (1 or 2). A separate analysis excluded
patients who were not ill or only borderline mentally ill at baseline (1 or 2 on the CGIS). Ninety percent of
these patients (n = 537) showed measurable clinical improvement, and 63% were much improved or very
much improved. In addition, response rates were comparable for patients regardless of number of failed
treatment trials. Statistically significant correlations were seen between CGII and month 3 scores of all

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4560190/?report=printable
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patient scales (QIDSSR[16]: r = 0.41, QLESQSF: r = −0.39, UKU: r = 0.36, and SAS: r = 0.23; all P
values < .01).
PatientReported Scales
QIDSSR(16): depression. The QIDSSR(16) data are presented in Figure 4A. At baseline, the mean

QIDSSR(16) score was 11.6, indicating mild to moderate depression. The score decreased to 8.9 by month
1 and to 7.8 by month 3, indicating milder depression. ANOVA verified that the severity of depressive
symptoms fell over time (F2,590 = 91.41, P < .001). Tukey post hoc tests revealed that all 3 time points
significantly differed from each other (P values < .05). When analysis was restricted to patients with a
primary mood disorder, the baseline mean for these patients was 11.9 and decreased to 9.6 at month 1 and
7.9 at month 3 (F2,320 = 47.57, P < .001). Tukey post hoc tests again revealed that all 3 time points
significantly differed from each other (P values < .05). In addition, 38% of these patients achieved remission
(score < 5), and 39% showed a treatment response (≥ 50% reduction in score), indicating clinical efficacy for
77% of patients with a mood disorder.
QLESQSF: quality of life. The QLESQSF data are presented in Figure 4B. The mean QLESQSF

score for all patients increased from 44.7 at baseline to 48.5 at month 1 and 50.0 at month 3 (F2,590 = 52.92,
P < .001). Tukey post hoc tests again revealed that all 3 time points significantly differed from each other (P
values < .05).
UKU: side effects. The UKU data are presented in Figure 4C. The total mean UKU score for all patients

decreased from 26.4 at baseline to 21.2 at month 1 and 19.2 at month 3 (F2,590 = 49.20, P < .001). Tukey
post hoc tests again revealed that all 3 time points significantly differed from each other (P values < .05).
When diagnoses were analyzed separately, patients with a mood disorder had the highest mean total UKU
score at baseline (28.68), followed by other and anxiety diagnoses (22.35 and 20.95, respectively). A student
T test showed that patients with a mood disorder or with an anxiety disorder had statistically significant
decreases in total UKU score from baseline compared to month 3 (P < .001 and P = .009, respectively,
Supplemental Figure 4).
SAS: anxiety scale. The SAS data are presented in Figure 4D. At baseline, the mean anxiety score for all

patients was 37.9 and decreased to 36.4 at month 1 and 35.9 at month 3 (F2,590 = 11.4, P < .001). Tukey
post hoc tests revealed that the SAS score significantly decreased from baseline to month 1 (P < .05) but did
not significantly change from month 1 to month 3 (P > .05). When the analysis was restricted to patients with
a primary anxiety disorder, the mean at baseline was 36.5 and decreased to 35.8 at month 1 and 34.1 at
month 3. An ANOVA on this group was marginally significant (F2,128 = 3.22, P = .052), in part due to the
much lower number of subjects.

DISCUSSION
The clinician and patientrated data suggest that patients receiving pharmacogenetic testing were likely to
improve in the 3month period following receipt of test results. In all, 87% of the patients were judged by
their clinicians as improved after testing. Notably, the percentage of patients reported to improve was similar
regardless of the number of previous failed medication trials. The observed improvement was seen across
diagnoses, treatment status, and baseline severity. The patient data demonstrated statistically significant
decreases in depression and anxiety symptoms and medication side effects and a significant increase in
quality of life. While these data show overall patient improvement following pharmacogenetic testing, it
cannot be attributed to a specific benefit of testing in the absence of an untested comparison group.
At baseline, this population demonstrated relative treatment resistance and a significant side effect burden, as
well as a high percent of comorbidities; in general, individuals with treatment resistance demonstrate poorer
placebo or placebolike response in randomized trials.33 Identifying effective treatment becomes more
difficult and less likely with each additional failed treatment trial, history of medication side effects, and
comorbid diagnoses.34–36 The presentation of patients with these characteristics most likely contributed to
the clinicians’ decision to use genetic testing to identify more effective treatments for these challenging
patients.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4560190/?report=printable
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Patients reported significant reductions in depression and anxiety. Corresponding with previous literature, the
mean QIDSSR(16) score at baseline was in the mildtomoderate depression range,37,38 and the
remission/response rates also aligned with prior reports.38,39 The present study demonstrated patients with
anxiety to have lower than previously reported SAS scores at baseline.40 Future work will need to focus on
a population of patients who better meet the criteria for anxiety disorders to better ascertain the effect of
genetic testing. Additionally, it is well known that psychotropic medication side effects play a large role in
medication adherence.36 In the present study, patients reported a decrease in the total number of side effects
following genetic testing.41 As there was no control group, we cannot determine if this reduction was a
direct result of the assay. However, this observation is consistent with our previously reported finding of an
increase in medication adherence and lower overall health care costs in patients whose therapies were
informed by testing.21 Finally, the mean QLESQSF score at the conclusion of the study was similar to a
population of control subjects,42 indicating good quality of life after treatment.
Following testing, 89% of patients indicated that they understood their results “somewhat” or “completely.”
Appropriate patient education has been shown to be an important factor in increased adherence, with patients
demonstrating increased likelihood to remain on medications if they perceive a logical reason for the
selection.43,44 Along with increasing patient education, testing may help to provide a biological rationale for
treatment, aiding in the patients’ positive beliefs and expectations of treatment, which could also increase
patient adherence, leading to improved treatment outcomes.43,44
Recent studies have provided support for the utility of genetic testing in psychiatry, demonstrating
improvements in depression after the use of genetic testing.45,46 In concordance with previous data, these
data demonstrate that patients traditionally less likely to respond to treatments show improved treatment
outcomes, an improvement in depressive and anxiety symptoms and quality of life, as well as fewer side
effects following genetic testing.
As the current research was a naturalistic study with no control group or blinding, it is challenging to
estimate the specific effectiveness of genetic testing as distinct from placebolike effect. The patient
population was predominately white, welleducated, and nonsmokers, which may impact generalizability.
Although the population was moderately ill at baseline, there is no a priori reason to suspect that assay
guided treatment would be any less effective in a more severely ill population, but that awaits empirical
confirmation. In addition, patient and clinician subjects selfselected to utilize the assay, creating a possible
risk of bias toward positive outcomes (ie, expectancy effects). Another limitation may be the reliability of the
selfreport methodology; however, significant correlations between patient and clinician scales indicate
reliability of these measures.
Future studies are needed to estimate the magnitude of clinical utility of genetic testing in the general
psychiatric population as compared to treatment as usual. To minimize risk of confounding and placebolike
effects, randomized controlled designs will be needed. Nonetheless, the present results add to a growing
body of literature suggesting the utility of pharmacogenetic testing incorporating pharmacokinetic and
pharmacodynamic variants to guide treatment of at least a subset of psychiatric patients.
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Figures and Tables
Figure 1.

Consort Diagrama
a

These data are generated from clinician and patient participants who were able to participate together or independently.

Abbreviations: CGII = Clinical Global Impressions–Improvement scale, CGIS = Clinical Global Impressions–Severity of
Illness scale, DNA = deoxyribonucleic acid, QIDSSR(16) = Quick Inventory of Depressive Symptoms, QLESQSF =
Quality of Life Enjoyment and Satisfaction Questionnaire–Short Form, SAS = Zung SelfRated Anxiety Scale, UKU =
Udvalg for Kliniske Undersøgelser Side Effect Rating Scale.

Table 1
a
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Patient Demographic Informationa
Demographic

Patients

Gender
Women

412 (65.9)

Men

213 (34.1)

Age, mean, y

40.5

Ethnicity
White

305 (88)

Hispanic

25 (7)

Black

10 (3)

Current smoker

36 (14)

Marital status
Married

177 (51)

Divorced/separated

53 (15)

Single

118 (34)

Widowed

1 (< 1)

Education
≥ College degree

145 (42)

Some college

140 (40)

High school diploma

50 (14)

< High school diploma

6 (4)

Employment status
Fulltime

182 (52)

Parttime

39 (11)

Unemployed/disability/leave of absence

83 (24)

Student

33 (10)

Retired

12 (3)

Annual income
> $75,000

62 (18)

$25,000–75,000

152 (44)

< $25,000

135 (38)

No. of failed treatment trials, median (interquartile range)

3 (1–5)

aData are presented as n (%) unless otherwise specified.

Figure 2.
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Number of Previous Treatment Trialsa
a

Data labels show percent of patients.

Figure 3.

CGII Distribution at 3 Monthsa
a

Data labels show percent of patients.

Abbreviation: CGII = Clinical Global Impressions–Improvement scale.

Figure 4.
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SelfReported Patient Scales

Abbreviations: QIDSSR(16) = Quick Inventory of Depressive Symptoms, QLESQSF = Quality of Life
Enjoyment and Satisfaction Questionnaire–Short Form, SAS = Zung SelfRated Anxiety Scale, UKU =
Udvalg for Kliniske Undersøgelser Side Effect Rating Scale.
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