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AB S TRA C T

Objective: Evaluate the clinical utility of combinatorial pharmacogenomic test-

ing for informing medication selection among older adults who have experi-

enced antidepressant medication failure for major depressive disorder (MDD).

Design: Post hoc analysis of data from a blinded, randomized controlled trial

comparing two active treatment arms. Setting: Psychiatry specialty and pri-

mary care clinics across 60 U.S. community and academic sites.

Participants: Adults age 65 years or older at baseline (n = 206), diagnosed

with MDD and inadequate response to at least one medication on the combina-

torial pharmacogenomic test report during the current depressive episode.

Intervention: Combinatorial pharmacogenomic testing to inform medication

selection (guided-care), compared with treatment as usual (TAU).

Outcomes: Mean percent symptom improvement, response rate, and remis-

sion rateat week 8, measured using the 17-item Hamilton Depression
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Rating Scale; medication switching; and comorbidity moderator analysis.

Results: At week 8, symptom improvement was not significantly different for

guided-care than for TAU (Δ = 8.1%, t = 1.64, df = 187; p = 0.102); however,

guided-care showed significantly improved response (Δ = 13.6%, t = 2.16,

df = 187; p = 0.032) and remission (Δ = 12.7%, t = 2.49, df = 189; p = 0.014) rel-

ative to TAU. By week 8, more than twice as many patients in guided-care

than in TAU were on medications predicted to have no gene-drug interactions

(x2 = 19.3, df = 2; p <0.001). Outcomes in the guided-care arm showed consis-

tent improvement through the end of the open-design 24-week trial, indicating

durability of the effect. Differences in outcomes between arms were not signifi-

cantly impacted by comorbidities. Conclusions: Combinatorial pharmacoge-

nomic test-informed medication selection improved outcomes over TAU

among older adults with depression. (Am J Geriatr Psychiatry 2020; 28:933

−945)

OBJECTIVE

G eriatric depression, which affects approxi-
mately 5% of older adults (age ≥65 years) in the

United States,1,2 places substantial burdens on func-
tion, quality of life, and healthcare resources. In 2017,
2.2% of U.S. men and 3.5% of women age 65 years or
older had experienced a major depressive episode in
the past year, according to the U.S. Substance Abuse
and Mental Health Services Administration.3

Although major depressive disorder (MDD) episodes
are less prevalent in older adults than in younger age
groups,1 up to 15% of community-dwelling people
in this age category experience clinically significant
depressive symptoms, with higher rates of MDD
and depressive symptomatology among those in
medical settings.1 Depression among older adults
is linked with longer length of illness, more fre-
quent MDD recurrences, and a greater risk of
comorbidities.4,5 In this population, depression is
the psychiatric illness most closely associated with
suicide,6 the rate of which climbed to a high of
17.2 per 100,000 individuals in 2018.7 A broad
range of clinical and social factors adds complexity
to its presentation and medical management.
Therefore, diagnosis and treatment of geriatric
depression warrant special focus.

Decades of investigation into the etiology of geriat-
ric depression have implicated a likely reciprocal rela-
tionship among several age-related comorbidities,8

including cerebrovascular disease,9 neuroinflamma-
tion,10 and cognitive decline and dementia.11 These

mechanisms underlie a number of coexisting condi-
tions that can both mask and accentuate depressive
symptoms, including obesity, diabetes, cardiovascu-
lar disease, and sleep disorders.5 Social, psychological
and other environmental factors also contribute
meaningfully to geriatric depression; for example, the
median prevalence of depression among older adults
living in long-term care facilities, estimated at 10%,12

is higher than that seen in community settings. A
diagnosis of geriatric depression thus signifies the cul-
mination of complex causal factors, both biological
and environmental, that will differ among individual
patients.

Making prescription decisions for older adults is
similarly complicated, in large part due to increasing
polypharmacy and consequent risk for drug-drug
interactions, reduced medication adherence, and a
greater risk of adverse events, such as falls, due to
coexisting medical conditions.13 Even so, a very
recent comparison of English older-adult cohorts
assessed two decades apart (1990−1993 and 2008
−2011) showed that, despite no meaningful change in
the age-specific prevalence of depression, antidepres-
sant use has more than doubled.14 Evidence pre-
sented in several meta-analyses indicates that older
adults can respond just as well to antidepressant
medications as younger age groups.15−17 Similar to
younger populations, however, more than half of
older adults do not achieve positive outcomes to first-
line therapies of selective serotonin reuptake inhibi-
tors or serotonin-norepinephrine reuptake inhibi-
tors.18 Reduced antidepressant efficacy also is seen
among heterogeneous study populations and individ-
uals with executive dysfunction.19 Whether a specific
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prescribing regimen − augmenting existing medica-
tions or switching medications after dose optimiza-
tion − will produce better outcomes among older
adults experiencing treatment-resistant depression
remains an open question.20 As the global geriatric
population increases, the need for data-driven tools
to optimize prescribing decisions for older adults
with treatment-resistant depression grows especially
critical.

As with other age groups, combinatorial phar-
macogenomic testing holds promise for improving
precision medication selection in older patients by
identifying medications that have patient-specific
gene-drug interactions (GDIs).21−25The value of
assessing a combinatorial pharmacogenomic
approach to prescribing in this population climbs
with the risk for adverse medication reactions due
to comorbidities and increasing polypharmacy.
Several studies have examined the clinical utility
of combinatorial pharmacogenomic testing among
older adults with MDD.26−29 However, because
combinatorial pharmacogenomic tests use different
algorithms to predict GDIs, one cannot apply clini-
cal evidence supporting the utility of one test
across the spectrum of available tests. Therefore,
each combinatorial pharmacogenomic test requires
separate evaluation.30−32

The Genomics Used to Improve DEpression Deci-
sions (GUIDED) randomized controlled trial was the
largest study to date to examine the clinical utility of
combinatorial pharmacogenomics among adults with
MDD.33 In this trial, response and remission rates
improved significantly among patients for whom
medication prescribing was informed by combinato-
rial pharmacogenomic testing. Clinical symptom
improvement, the primary outcome, approached but
did not achieve statistical significance. In the
GUIDED trial, 206 (13%) patients were age 65 years
or older. We sought to perform a post hoc evaluation
of the clinical utility of combinatorial pharmacoge-
nomics in these older adults with MDD.

METHODS

Combinatorial PharmacogenomicTesting

All patients underwent testing with a combinato-
rial pharmacogenomic test (GeneSight Psychotropic,

Assurex Health, Inc., Mason, OH). The test has been
described in detail previously.34 At the time of the
GUIDED trial, the test evaluated genotypes for 59
alleles and variants across eight genes: six pharmaco-
kinetic genes involved in medication metabolism and
two pharmacodynamic genes involved in medication
response. (The pharmacokinetic genes and alleles
were: CYP1A2: -3860G>A, -2467T>delT, -739T>G,
-729C>T, -163C>A, 125C>G, 558C>A, 2116G>A,
2473G>A, 2499A>T, 3497G>A, 3533G>A, 5090C>T,
5166G>A, 5347C>T; CYP2C9: *1, *2, *3, *4, *5, *6;
CYP2C19: *1, *2, *3, *4, *5, *6, *7, *8, *17; CYP3A4: *1,
*13, *15A, *22; CYP2B6: *1, *4, *6, *9; and CYP2D6: *1,
*2, *2A, *3, *4, *5 (gene deletion), *6, *7, *8, *9, *10, *11,
*12, *14, *15, *17, *41, gene duplication. The pharma-
codynamic genes and alleles were: HTR2A: -1438 G
>A; and SLC6A4: L, S.) The genotype for each variant
or allele was factored into a weighted algorithmic
assessment for each individual medication. The
assessment included all tested genes implicated in
pharmacokinetic and/or pharmacodynamic pro-
cesses for the medication and resulted in a combined
phenotype that accounted for the collective effect of
alterations in all relevant genes. These combined phe-
notypes were applied to categorize 38 psychotropic
medications in the patient report, based on the pre-
dicted level of GDIs: “use as directed” (no GDIs);
“use with caution” (moderate GDIs); and “use with
increased caution and with more frequent monitor-
ing” (significant GDIs).35

Study Description

This was a post hoc, subgroup analysis of older-
adult patients (at least 65 years of age at baseline)
enrolled in the GUIDED trial, evaluating the same
endpoints as did the original trial. The detailed trial
design and primary analysis were published previ-
ously;33 here, we summarize methods relevant to the
current analysis. The GUIDED trial was a 24-week,
patient- and rater-blinded, randomized controlled
trial that evaluated the utility of combinatorial phar-
macogenomic testing in guiding medication selection
(guided-care) compared with treatment as usual
(TAU) for adults with MDD who had at least one
prior medication failure. The trial took place in pri-
mary care and psychiatry specialty clinics across 60
community and academic sites in the United States.
We conducted the trial in accordance with the
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principles of the Declaration of Helsinki and its
amendments and with approval from the Copernicus
Group independent review board (INC1-14-012). All
patients provided written informed consent for par-
ticipation.

Before the baseline visit, patients were random-
ized 1:1 to the guided-care or TAU arm. Unlike
conventional pharmaceutical trials, patients in
both study arms received active treatment, which
was defined as standard care determined by the
treating clinician. Adherence to the test results
was not mandated, and no medications were pro-
hibited. Combinatorial pharmacogenomic testing
was conducted for all patients prior to the base-
line visit; clinicians had access to the report at the
baseline visit for patients in the guided-care arm.
Medication selection was based on clinician judg-
ment, either with (guided-care) or without (TAU)
access to the combinatorial pharmacogenomic test
report. All medications were FDA approved.

Patients and raters in both arms were blinded to
study arm and test results. Assessments were per-
formed at baseline and at week 4, week 8, week 12,
and week 24. Clinicians for patients in the TAU arm
were blinded to test results. All blinding was main-
tained through week 8. Sites were instructed to
unblind after week 12 assessments, though unblind-
ing may have occurred before assessments were per-
formed. As a result, only data collected through week
8 were considered blinded.

Participants

Enrollment inclusion criteria were: diagnosis with
DSM-IV-TR-defined MDD, confirmed by both the
self-rated and the site-rated 16-item Quick Inventory
of Depression Symptomology (QIDS-SR16 and QIDS-
C16 scores ≥11 for diagnosis)36 at screening and at
baseline; and patient-reported inadequate response to
at least one medication included on the combinatorial
pharmacogenomic test report during the current
depressive episode. Key exclusion criteria were signif-
icant short-term suicide risk; bipolar disorder; current
delirium or neurocognitive disorder; psychotic disor-
der or psychotic symptoms during the current or a
previous depressive episode; a current substance use
disorder; or a significant unstable medical condition.
All participants were taking at least one medication
at baseline.

Statistical Analysis

We performed the analyses described herein with
patients in the GUIDED Intent-to-Treat (ITT) cohort
who were 65 years of age or older at baseline. The ITT
cohort included patients who met eligibility criteria,
were randomized to a study arm, and attended at
least one post-baseline visit.

The protocol-defined primary efficacy measure
was the 17-item Hamilton Depression Scale (HAM-
D17),37,38 administered by blinded central raters
(MedAvante-ProPhase Inc., Hamilton, NJ). Patient
outcomes were evaluated at week 8 relative to base-
line and included symptom improvement (percent
change in HAM-D17), response (≥50% decrease in
HAM-D17) and remission (HAM-D17 ≤7).39 We evalu-
ated the durability of combinatorial pharmacoge-
nomic testing utility in the guided-care arm through
week 24.

We applied a mixed model for repeated measures
(MMRM) to assess percent change in symptoms from
baseline to week 8. For separate analyses of response
and remission at week 8, we used a generalized linear
mixed model. Both models included treatment, week,
treatment-by-week interaction, baseline HAM-D17
score, and baseline HAM-D17 score-by-week interac-
tion as fixed effects. An unstructured covariance
structure was used to model the within-subject errors.
We tested the pairwise comparisons between the two
treatment arms at week 8 using a significance level of
0.05 (two-sided). Missing values were handled using
the maximum likelihood method via mixed models
for repeated measures for both symptom improve-
ment and via generalized linear mixed model for the
categorical variables of response and remission.We
used a chi-square test to analyze whether the distribu-
tion of medication GDI severity category differed
between the two study arms. Site type (academic or
community), age, gender, and race (white/non-
white) were added to the MMRM model as a second-
ary analysis.

To evaluate whether psychiatric and medical
comorbidities impacted treatment outcomes, we con-
ducted a moderator analysis, evaluating separately
the total number of psychiatric and other medical
comorbidities, number of cardiovascular comorbid-
ities, and severity of comorbidities. Cardiovascular
comorbidities included myocardial infarction, conges-
tive heart failure, peripheral vascular disease, heart
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disease, angina, and other cardiovascular comorbid-
ities. The severity of comorbidities was assessed using
the Charlson Comorbidity Index (CCI).40 The severity
of comorbid diseases was grouped into three catego-
ries: Mild, CCI score 1-2; Moderate, CCI score 3-4;
and Severe, CCI score 5-6. Response variables
included symptom improvement from baseline,
response rate, and remission rate at week 8. We used
the analysis of covariance method to analyze symp-
tom improvement and a logistic regression model to
analyze response and remission. The explanatory var-
iables for both models included treatment arm, base-
line HAM-D17, the variable of interest, and treatment
arm-by-variable of interest. Moderator analysis for
concomitant medications included number of con-
comitant medications, treatment, treatment-by-num-
ber of concomitant medications, and baseline HAM-
D17 score.

To assess the durability of the treatment effect in
the guided-care arm, we used a simple paired t test
from week 8 to week 24. Because the TAU arm was
unblinded after week 8 with both treating physicians
and patients having access to the pharmacogenomic
test reports, durability could not be evaluated for
TAU through week 24.

All analyses were performed using SAS software
(version 9.4) or JMP 14 (SAS Institute).

RESULTS

Cohort Description

At baseline, the ITT cohort included 206 older-
adult patients (TAU, n = 108; guided-care, n = 98)
(Supplementary Figure 1). Table 1 shows baseline
clinical characteristics of the cohort. In both study
arms, the median age was 68 years. The mean
baseline HAM-D17 score, 19.8 (SD: 5.0) (severe
depression), was roughly equivalent between the
study arms, with approximately one-third of
patients falling into each of the moderate, severe,
and very severe depression categories. On average,
patients across both arms had experienced three or
more failed medication trials. The characteristics of
comorbidities at baseline, including total number
of comorbidities, number of cardiovascular comor-
bidities, and severity of comorbidities, also were
similar between arms.

Outcomes

A total of 184 older-adult patients completed the
trial through week 8 (TAU, n = 98; guided-care,
n = 86). At week 8, we observed a 26.7% decrease in
HAM-D17 scores in the guided-care arm, compared
with an 18.7% decrease in the TAU arm (Fig. 1). This
difference in mean percent symptom improvement
between arms did not reach statistical significance
(Δ = 8.1%, t = 1.64, df= 187; p = 0.102). The response
rate at week 8 among patients in the guided-care arm
(29.6%) was significantly higher than that observed in
the TAU arm (16.1%) (Δ = 13.6%, t = 2.16, df=187;
p = 0.032). Remission rates at week 8 also significantly
favored combinatorial pharmacogenomics-guided
care (20.1%) over TAU (7.4%) (Δ = 12.7%, t = 2.49, df=
189; p = 0.014). We observed no significant differences
in symptom improvement, response, or remission
outcomes between academic and community sites
(Supplementary Table 1). The frequency of adverse
drug events was 10.2% (SE = 3.1%) in TAU and 7.0%
(SE = 2.7%) in guided-care; the difference between
arms was not significant (x2= 0.609, df = 1; p = 0.435)
(Supplementary Table 2).

To help understand the differences in outcomes
between TAU and guided-care, we evaluated the con-
tinuous distribution of percent change in HAM-D17
scores from baseline to week 8 (Fig. 2). The distribu-
tion of TAU shows a generally homogeneous popula-
tion, with some individuals showing modest change
in in HAM-D17 score, and some showing a larger
change. The distribution of changes in the guided-
care arm relative to TAU showed that some patients
experienced much larger improvements in HAM-D17
relative to TAU, and overall, more patients in the
guided-care arm achieved clinical response (≥50%
decrease in HAM-D17).

Predicted GDIs

We examined the distribution of predicted GDIs
for medications at baseline and week 8. This assess-
ment included patients who at baseline were taking
at least one medication included on the combinatorial
pharmacogenomic test report (Fig. 3). The analysis
compared the medication distribution between the
TAU and guided-care study arms both at baseline
and at week 8. At baseline, the distribution across
GDI categories did not differ significantly between
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arms (x2 = 1.5, df = 2; p = 0.467). By week 8, how-
ever, this distribution had shifted significantly
toward selection of medications with no predicted
GDIs in the guided-care arm (x2 = 19.3, df = 2; p
<0.001) relative to TAU, indicating that clinicians
in the guided-care arm had followed the recom-
mendation of the combinatorial pharmacogenomic
test report in medication selection. This also helps

to explain why the guided-care arm showed signif-
icantly improved outcomes.

Moderation by Comorbidities and Concomitant

Medications

Co-existing medical conditions and depressive
symptoms/MDD can influence each other reciprocally

TABLE 1. Baseline Characteristics for Older-Adult Patients in the GUIDED Trial Intent-To-Treat Cohort

Characteristic

Treatment Arm

TAU (N = 108) Guided-Care (N = 98) Total (N = 206)

Age (years)
Mean (SD) 69.1 (4.3) 69.8 (4.5) 69.4 (4.4)
Median 68.0 68.0 68.0
Min, Max 65, 85 65, 90 65, 90

Sex, n (%)
Female 79 (73.1) 71 (72.4) 150 (72.8)
Male 29 (26.9) 27 (27.6) 56 (27.2)

Ethnicity, n (%)
Hispanic or Latino 4 (3.7) 4 (4.1) 8 (3.9)
Not Hispanic or Latino 104 (96.3) 94 (95.9) 198 (96.1)

Race, n (%)
White 99 (91.7) 89 (90.8) 188 (91.3)
Black 8 (7.4) 8 (8.2) 16 (7.8)
Asian 0 1 (1.0) 1 (0.5)
Other or Multiple 1 (0.9) 0 1 (0.5)

Depression category, n (%)
None (HAM-D17 0-7) 0 1 (1.0) 1 (0.5)
Mild (HAM-D17 8-13) 7 (6.5) 11 (11.2) 18 (8.7)
Moderate (HAM-D17 14-18) 33 (30.6) 33 (33.7) 66 (32.0)
Severe (HAM-D17 19-22) 37 (34.3) 23 (23.5) 60 (29.1)
Very Severe (HAM-D17 ≥ 23) 31 (28.7) 30 (30.6) 61 (29.6)

Psychiatric comorbidities, n (%)
Generalized anxiety disorder 15 (13.9) 19 (19.4) 34 (16.5)
Panic disorders/Social phobia 7 (6.5) 12 (12.2) 19 (9.2)
Post-traumatic stress disorder 3 (2.8) 5 (5.1) 8 (3.9)

Comorbidities
Mean (SD) 10.2 (6.9) 10.0 (6.7) 10.1 (6.8)
Median 9.0 9.0 9.0
Min, Max 0.0, 45.0 1.0, 47.0 0.0, 47.0

Cardiovascular comorbidities
Mean (SD) 0.2 (0.5) 0.2 (0.5) 0.2 (0.5)
Median 0.0 0.0 0.0
Min, Max 0.0, 3.0 0.0, 2.0 0.0, 3.0

Severity of comorbidities
Mean (SD) 0.7 (1.0) 0.7 (1.0) 0.70 (1.0)
Median 0.0 0.0 0.0
Min, Max 0.0, 4.0 0.0, 4.0 0.0, 4.0

HAM-D17 score
Mean (SD) 20.2 (4.9) 19.4 (5.1) 19.8 (5.0)
Median 20.0 19.0 19.5
Min, Max 8.0, 32.0 7.0, 29.0 7.0, 32.0

Failed medication trials
Mean (SD) 3.7 (3.2) 3.3 (2.6) 3.5 (2.9)
Median 3.0 3.0 3.0
Min, Max 1.0, 23.0 1.0, 14.0 1.0, 23.0

Notes: HAM-D17: 17-item Hamilton Depression Rating Scale; SD: standard deviation; TAU: treatment as usual.
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in the older-adult population. Therefore, we per-
formed a moderator analysis to assess the potential
influence of comorbidities and concomitant medi-
cations on symptom improvement, response, and
remission outcomes. Evaluation of four variables −
all comorbidities, the subset of cardiovascular
comorbidities, the severity of comorbidities, and
concomitant medications − revealed no significant
moderation factors (Table 2), indicating that the
treatment effect in the guided-care arm was inde-
pendent of these variables.

Durability of Combinatorial Pharmacogenomics-

Guided Care Utility

To evaluate the durability of combinatorial phar-
macogenomics-guided treatment results, we evalu-
ated HAM-D17 scores in the guided-care arm at time
points extending through the end of the 24-week trial.
A total of 80 older-adult patients completed the trial
in the guided-care arm. Figure 4 shows outcomes at
weeks 4, 8, 12, and 24. Patients in the guided-care arm
showed consistent increases in percent symptom
improvement, response rate, and remission rate at

FIGURE 1. Patient outcomes at week 8 for older-adult patients in the pharmacogenomics-guided care arm (n = 86) compared with
treatment as usual (TAU) (n = 98). Outcomes were evaluated using the 17-item Hamilton Depression Rating Scale (HAM-D17). Error
bars represent standard errors (SE), as follows. For symptom improvement, TAU, SE: 3.4%; guided-care, SE: 3.6%. For response,
TAU, SE: 3.7%; guided-care, SE: 5.0%. For remission, TAU, SE: 2.6%; guided-care, SE: 4.4%.

FIGURE 2. Distribution of symptom improvement at week 8
for older-adult patients in the pharmacogenomics guided care
arm (n = 86) compared with treatment as usual (TAU) (n = 98).
Outcomes were evaluated using the 17-item Hamilton Depres-
sion Rating Scale (HAM-D17). Mean percent change in HAM-
D17 score from baseline (week 8 minus baseline) for the
guided-care arm and TAU are noted by the vertical black and
gray lines, respectively. The vertical shaded area indicates
response, defined as ≥50% decrease in HAM-D17 score from
baseline. The shaded area between curves shows the differ-
ence in response rate between TAU and guided-care.
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each time point. Symptom improvement from week 8
to week 24 was highly significant (Δ = 17.6%, t = 4.0,
df = 83; p < 0.001; 95% CI: 8.8%-26.4%). HAM-D17
scores decreased by 43.9% (SE: 3.9%) between base-
line and week 24. Additionally, 42.2% (SE: 5.6%) of
patients experienced response and 39.6% (SE: 5.5%)
of patients experienced remission at week 24. These
represent a 43% increase in the response rate and a
97% increase in the remission rate from week 8.

We also examined outcomes through the end of
week 24 for patients who were randomized to the
TAU arm (Fig. 4). From week 4 to week 8 during the
blinded period, this study arm showed little to no
improvement across all three outcomes. Unblinding
occurred after week 8 for both TAU and guided-care,
at which point the trial became open-label. After
unblinding, comparison between arms is not valid, as
providers for patients randomized to TAUwere given
access to the combinatorial pharmacogenomic test
report and patients were unblinded to study arm.
Once unblinding occurred and providers for patients
randomized to TAU had test report information,
however, improvement was seen across all three out-
comes through the week 24 time point.

CONCLUSIONS

Due to its complex etiology and the high prevalence
of medical, neurological and psychiatric co-morbid-
ities, geriatric depression often proves difficult to treat

FIGURE 3. Distribution of medication gene-drug interac-
tion (GDI) severity category at baseline and at week 8 for
older-adult patients in the pharmacogenomics guided-
care arm (n = 86) compared with treatment as usual (TAU)
(n = 98). For patients taking more than one medication on
the combinatorial pharmacogenomic test report, the most
severe GDI category is shown. A chi-square test was
used to analyze whether the distribution of medication
GDI severity category differed between the two study
arms. p-values were calculated for the comparisons of
TAU versus guided-care at baseline (x2 = 1.5, df = 2;
p = 0.467) and TAU versus guided-care at week 8 (x2 = 19.3,
df = 2; p < 0.001).

TABLE 2. Moderator Analysis Evaluating the Influence of Comorbidities and Concomitant Medications on Depression Outcomes
for Older-Adult Patients in the GUIDED Trial Intent-To-Treat Cohort. Outcomes were evaluated using the 17-item Hamil-
ton Depression Rating Scale (HAM-D17). The moderator effect reflects the result of testing a null hypothesis stating that
the variable’s effect is consistent across the treatment-as-usual and guided-care study arms. The main effect denotes the
direct effect of the variable upon outcomes of symptom improvement, response and remission.

Moderator Effect Main Effect

Variable

Symptom
Improvement
(F, p-value)a

Response
(F, p-value)b

Remission
(F, p-value)b

Symptom
Improvement
(F, p-value)a

Response
(F, p-value)b

Remission
(F, p-value)b

df for
All (Numerator,
denominator)

Number of all comorbidities 1.26 0.264 1.91 0.169 0.55 0.460 0.35 0.552 1.99 0.160 1.55 0.214 1, 179
Number of cardiovascular
comorbidities

0.36 0.549 0.56 0.456 0.00 0.978 0.67 0.414 0.00 0.982 0.40 0.527 1, 179

Severity of comorbiditiesc 0.04 0.838 0.11 0.740 0.89 0.348 1.19 0.277 0.08 0.771 0.00 0.990 1, 179
Number of concomitant
medications

0.41 0.524 0.69 0.406 0.20 0.654 0.32 0.571 0.30 0.585 0.01 0.940 1, 178

a Analysis of covariance.
b Logistic regression.
c Severity was assessed using the Charlson Comorbidity Index.
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and achieving response and remission can be challeng-
ing. Our analysis explored the clinical utility of combi-
natorial pharmacogenomic testing to aid in medication
selection for older adults who suffer with MDD.

Response (Δ = 13.6%) and remission (Δ = 12.7%) rates
at week 8 emerged significantly higher in patients who
received combinatorial pharmacogenomics-guided
care when compared with TAU. As was seen in the all-

FIGURE 4. Older-adult patient outcomes through Week 24. [A] Percent symptom improvement, [B] response rate, and [C] remission
rate were evaluated for both study arms using the 17-item Hamilton Depression Rating Scale (HAM-D17). Outcomes were measured
at week 4 (TAU n = 104; guided-care n = 91), week 8, (TAU n = 98; guided-care n = 86), week 12 (TAU crossover to guided-care open-
label n = 88; guided-care crossover to guided-care open-label n = 81), and week 24 (TAU crossover to guided-care open-label n = 71;
guided-care crossover to guided-care open-label n = 80). All blinding was maintained through week 8. Both study arms were
unblinded after week 8, at which point the trial became open-label, and providers were given access to combinatorial pharmacoge-
nomic test results for patients who were randomized to TAU. Changes in outcomes after week 8 reflect unblinding to study arm
and integration of pharmacogenomic test results for patients who were randomized to both TAU and to guided-care. Therefore,
comparison of study arms is not appropriate after week 8.
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adult age GUIDED primary analysis cohort,33 symp-
tom improvement did not differ significantly between
arms in older adults, although we observed a positive
trend toward improvement with a magnitude greater
than twice as large as seen in the full cohort (8.1% ver-
sus 3.2%).

These results are consistent with those seen in the all-
adult age GUIDED primary analysis cohort; however,
the enhanced difference between week 8 response and
remission rates in the guided-care arm relative to TAU
in the older-adult subset is particularly noteworthy. The
significant shift toward selection of medications with no
predicted GDIs in the guided-care arm at week 8 is evi-
dence that these improved outcomes are driven, at least
in part, by combinatorial pharmacogenomic test results.
Baseline comorbidities, which in this older-adult popu-
lation might be particularly likely to influence depres-
sion outcomes, appeared to have no significant effect.
Altogether, the marked improvements in response and
remission rates in the guided-care arm represent mean-
ingful change, supporting the clinical utility of the com-
binatorial pharmacogenomic test among a population
of patients who can be challenging to treat.

The lack of statistically significant symptom
improvement among older-adult patients may
result in part from the fact that there appeared to
be no difference between the two arms in the per-
cent of subjects who did not improve by week 8
(Fig. 2). The effect of the shift toward more pro-
nounced gains and increased response appears to
be somewhat offset by patients in the same arm
who experienced more modest symptom improve-
ment. This distribution shifted the mean toward
moderate improvement and may explain why a
much higher proportion of patients in the guided-
care arm experienced response and remission com-
pared with TAU. Reaching statistical significance
in this relatively small cohort subset raises the pos-
sibility that the influence of combinatorial pharma-
cogenomics-guided prescribing on response and
remission might be increased in this older-adult
population relative to the full trial cohort.

Finally, percent symptom improvement, response
rate, and remission rate in the guided-care arm
showed sustained increase through the end of the 24-
week trial among older-adult patients. The nearly
40% (SE: 5.5%) remission rate among older adults in
the guided-care study arm is substantially increased
relative to the 31.1% (SE: 2.1%) remission rate in the

full, all-age GUIDED trial cohort.33 It is possible that
some physicians shared the reports with their patients
after unblinding, and positive outcomes in patients
who were engaged in their test results might have
contributed to durability of the effect through week
24. This observation suggests the potential for longer-
term durability in improved outcomes among older-
adult patients who receive medications selected with
the aid of combinatorial pharmacogenomic testing.

Geriatric depression is clinically heterogeneous, with
a diverse range of underlying factors. Such heterogene-
ity may complicate interpretation of combinatorial
pharmacogenomic results for older adult patients.
Indeed, the low rate of remission observed in the TAU
arm signifies an even greater challenge in treating geri-
atric depression, compared with treating MDD across
the broader adult population. Increased polypharmacy
in older adults may limit options for clinicians when
prescribing psychotropic drug therapies,21 due to the
greater risk for adverse drug-drug interactions or other
adverse clinical outcomes. Any age-related decline in
pharmacokinetic system functions might increase the
phenotypic variability of genotypes measured by the
combinatorial pharmacogenomic test.41 Our results
indicate that, despite these challenges, combinatorial
pharmacogenomic testing can markedly improve
MDD outcomes in older adults.

A strength of this analysis is that it is the first of its
kind, evaluating the prospective clinical utility of
combinatorial pharmacogenomic testing in geriatric
depression. In addition, the study design, comparing
two active treatment arms, reflects a real-world sce-
nario and thus provides more robust demonstration
of the efficacy of combinatorial pharmacogenomic
testing.

Limitations inherent to the primary GUIDED trial
analysis also apply to this study.33 Limitations spe-
cific to this post hoc analysis include the relatively
smaller size of the older-adult subset of the GUIDED
trial cohort. This reduced the power of some potential
analyses, including evaluation of adverse drug
events. Second, the older-adult subset also showed
reduced ethnic diversity compared with the full
GUIDED trial cohort. Third, several variables impor-
tant in understanding geriatric depression, including
polypharmacy, cognitive status, and comorbidities at
time points other than baseline, were not included in
the primary GUIDED study design; certainly, GDIs
represent only one component of the information that
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should be considered when making prescribing deci-
sions. Although we cannot directly assess, we have
no reason to suspect that the nonpharmacogenomic
clinical information considered by physicians differed
between the study arms. Incorporating factors other
than GDIs, such as drug-drug interactions and smok-
ing, into the test’s combinatorial algorithm might pro-
duce even greater benefit, though additional clinical
testing of that hypothesis would be required. Finally,
although the standard clinical trial duration for U.S.
Food and Drug Administration approval of depres-
sion medications is eight weeks, it can take longer to
see clinical benefit in older adults. As a result, the
patient outcomes at week 8 may underestimate the
true benefit of pharmacogenomic testing in this older
population. Although here we present outcomes data
through week 24 for all older-adult patients, we
emphasize the caveats of overinterpretation. The orig-
inal GUIDED study was not designed to assess long-
term improvement with rigorous controls. New stud-
ies in the field should evaluate such perspectives with
adequate controls, since sustained remission is the
ultimate aim. Future work also should evaluate phar-
macogenomic testing in the context of different care
settings, that is, psychiatry versus primary care and
academic versus community practice.

To conclude, the improvements in clinical out-
comes in this analysis support the utility of combi-
natorial pharmacogenomic testing in personalized
medication selection for geriatric depression. As
such, it holds promise as a tool to help achieve
greater success in caring for older adults who have
depression and who have experienced previous
medication failure.

DISCLOSURE

The authors thank Michael R. Jablonski, PhD, Krystal
Brown, PhD, and Danielle Fanslow, PhD, for valuable edi-
torial contributions to the manuscript, and Brenda Rubal-
caba for graphical assistance with figures.

This study was supported by Assurex Health, Inc. (now
Myriad Neuroscience). Assurex Health provided testing in
kind.

Dr. Forester has received grant support from the
National Institute on Aging, the Spier Family Foundation,
the Rogers Family Foundation, Eli Lilly and Company,
and Biogen. He is a consultant for Eli Lilly and Company

and Biogen. Dr. Parikh has received research funding
from the Ontario Brain Institute, the Canadian Institutes
of Health Research, the James and Ethel Flinn Foundation.
He has served as a consultant for Assurex Health, Inc./
Myriad Neuroscience and has received honoraria from
Mensante Corporation, Takeda Pharmaceutical Company
Limited, and the Canadian Network for Mood and Anxiety
Treatments. Dr. Parikh holds equity in Mensante Corpora-
tion. Dr. Weisenbach has received grant support from the
Brain& Behavior Research Foundation and National Insti
tute of Mental Health. Dr. Rothschild has received grant
or research support from Allergan, Janssen Pharmaceuticals,
Inc., the National Institute of Mental Health, Takeda Phar
maceutical Company Limited, Eli Lilly and Company (medi-
cations for a National Institutes of Health-funded clinical
trial), Pfizer Inc. (medications for a National Institutes of
Health-funded clinical trial), and the Irving S. and Betty
Brudnick Endowed Chair in Psychiatry at the University of
Massachusetts Medical School. He is a consultant to
Alkermes, GlaxoSmithKline plc, Sage Therapeutics, Inc.,
and Sanofi-Aventis LLC.He receives royalties for the Roths-
child Scale for Antidepressant Tachyphylaxis (RSAT)�;
Clinical Manual for the Diagnosis and Treatment of Psy-
chotic Depression, American Psychiatric Press, 2009; The
Evidence-Based Guide to Antipsychotic Medications, Amer-
ican Psychiatric Press, 2010; The Evidence-Based Guide to
Antidepressant Medications, American Psychiatric Press,
2012, and UpToDate�. Dr. Thase has received research
support from Assurex Health, Inc., Acadia Pharmaceuticals,
the Agency for Healthcare Research and Quality, Alkermes,
AvanirPharmaceuticals, Inc., Forest Laboratories (Allergan),
Intracellular, Janssen Pharmaceuticals, Inc., the National
Institute of Mental Health, Otsuka Pharmaceuticals, Inc.,
the Patient-Centered Outcomes Research Institute, and
Takeda Pharmaceutical Company Limited. He has served as
a consultant for Acadia Pharmaceuticals, Akili Interactive
Labs, Inc., Alkermes, Allergan (Forest Laboratories, Naurex,
Inc.), AstraZeneca, Cerecor, Inc., Eli Lilly and Company,
Fabre-Kramer Pharmaceuticals, Inc., Gerson Lehrman
Group Inc., Guidepoint Global, LLC, Johnson & Johnson
(Janssen Pharmaceuticals, Inc., Ortho-McNeil Pharmaceuti-
cal), Lundbeck, MedAvante-ProPhase, Inc., Merck & Co.,
Inc., Moksha8 Pharmaceuticals, Inc., Nestl�e Health Science
(PamLab), Novartis AG, Otsuka Pharmaceuticals, Inc., Pfi-
zerInc, Shire (Takeda Pharmaceutical Company Limited),
Sunovion Pharmaceuticals Inc., and Takeda Pharmaceutical
Company Limited. He receives royalties from American
Psychiatric Association Publishing, Guilford Press, Herald
Publishing House, and W.W. Norton & Company, Inc.

Forester et al.

Am J Geriatr Psychiatry 28:9, September 2020 943

http://dx.doi.org/10.13039/100004312
http://dx.doi.org/10.13039/100005614
http://dx.doi.org/10.13039/100004312
http://dx.doi.org/10.13039/100005614
http://dx.doi.org/10.13039/100008914
http://dx.doi.org/10.13039/100005622
http://dx.doi.org/10.13039/100001109
http://dx.doi.org/10.13039/100000025
http://dx.doi.org/10.13039/100000025
http://dx.doi.org/10.13039/100007819
http://dx.doi.org/10.13039/501100009109
http://dx.doi.org/10.13039/100000025
http://dx.doi.org/10.13039/100008373
http://dx.doi.org/10.13039/100008373
http://dx.doi.org/10.13039/100004312
http://dx.doi.org/10.13039/100000002
http://dx.doi.org/10.13039/100004319
http://dx.doi.org/10.13039/100007919
http://dx.doi.org/10.13039/100007919


Dr. Dunlop has received research support from Acadia,
Assurex Health, Inc., Axsome Therapeutics, Inc., Janssen
Pharmaceuticals, Inc., and Takeda Pharmaceutical Company
Limited, and he has served as a consultant for Assurex
Health, Inc. and Aptinyx Inc. Dr. DeBattista has received
research support from Assurex Health, Inc. and Brain
Resources (Posit Science). Dr. Conway has received
research support from LivaNova PLC and Bristol-Myers
Squibb Company, the Stanley Medical Research Institute,
the National Institute of Mental Health, NeoSync, Inc., the
Taylor Family Institute for Innovative Psychiatric Research,
the August Busch IV Foundation, and The Foundation For
Barnes-Jewish Hospital. He has received speaking fees from
Bristol-Myers Squibb Company and Otsuka Pharmaceuti-
cals, Inc. He has served as a research design consultant for
LivaNova PLC. He is a part-time employee of the John
Cochran Veterans Hospital in St. Louis, MO. Dr. Shelton
has received research funding from Acadia Pharmaceuticals,
Alkermes, Allergan, Assurex Health, Inc., Avanir Pharma-
ceuticals, Inc., Cerecor, Inc., Genomind, Intra-Cellular Ther-
apies Inc., , Inc., and Takeda Pharmaceutical Company
Limited. He has served as a consultant for Acadia Pharma-
ceuticals, Allergan, Cerecor, Inc., Janssen Pharmaceutica,
Lundbeck, and Takeda Pharmaceutical Company Limited.
Dr. Macaluso has conducted clinical trials research as prin-
cipal investigator for Acadia Pharmaceuticals, Alkermes,
Allergan, Assurex Health, Inc., Eisai Co., Ltd., Lundbeck,
Janssen Pharmaceuticals, Inc., Neurim Pharmaceuticals,
Inc., Sage Therapeutics, Inc., and Suven Life Sciences Lim-
ited; all clinical trial and study were with payments made to

Kansas University Medical Cancer Research Institute, a
research institute affiliated with Kansas University School of
Medicine-Wichita. Dr. Li is an employee of Myriad Genet-
ics, Inc. and receives salary and stock options as compensa-
tion. Mr. Traxler is an employee of Myriad Genetics, Inc.
and receives salary and stock options as compensation. Dr.
Logan is an employee of Myriad Genetics, Inc., and receives
salary and stock options as compensation. Dr. Brown is an
employee of Assurex Health, Inc./Myriad Neuroscience and
receives salary and stock options as compensation. Dr.
Dechairo is an employee of Myriad Genetics, Inc., and
receives salary and stock options as compensation. Dr. Gre-
den has served as a scientific advisor for Janssen Pharma-
ceuticals, Inc., Naurex Inc. (Allergan), Cerecor, Inc.,
NeuralStem, Inc., Sage Therapeutics, Inc., and Genomind.
He received reimbursement as a speaker for Assurex Health,
Inc., in 2014 and has served as an unpaid consultant to
Assurex Health, Inc./Myriad Neuroscience. For the remain-
ing authors none were declared.

Previous presentation: This work was accepted for
presentation as a poster at the 2020 American Association
of Geriatric Psychiatry Annual Meeting, March 13−16,
2020, in San Antonio, Texas.

SUPPLEMENTARY MATERIALS

Supplementary material associated with this article
can be found, in the online version, at https://doi.
org/10.1016/j.jagp.2020.05.005.

References

1. Haigh EAP, Bogucki OE, Sigmon ST, et al: Depression among

older adults: a 20-year update on five common myths and mis-

conceptions. Am J Geriatr Psychiatry 2018; 26:107–122

2. Crystal S, Sambamoorthi U, Walkup JT, et al: Diagnosis and

treatment of depression in the elderly medicare population:

predictors, disparities, and trends. J Am Geriatr Soc 2003; 51:

1718–1728

3. Center for Behavioral Health Statistics and Quality, SAMHSA,

U.S. Department of Health and Human Services: Results from

the 2017 National Survey on Drug Use and Health: Detailed

Tables. September 14, 2018. Available at: https://www.

samhsa.gov/data/report/2017-nsduh-detailed-tables. Accessed

September 3, 2019.

4. Husain MM, Rush AJ, Sackeim HA, et al: Age-related characteris-

tics of depression: a preliminary STAR*D report. Am J Geriatr

Psychiatry 2005; 13:852–860

5. Hall CA, Reynolds-Iii CF: Late-life depression in the primary care

setting: challenges, collaborative care, and prevention. Maturitas

2014; 79:147–152

6. Conwell Y, Van Orden K, Caine ED: Suicide in older adults. Psy-

chiatr Clin North Am 2011; 34, 451-ix

7. Fatal Injury Reports, National, Regional and State, 1981 - 2018, U.

S. Centers for Disease Control and Prevention. February 20,

2020. Available at: https://webappa.cdc.gov/sasweb/ncipc/mor-

trate.html. Accessed March 23, 2020.

8. Martinez-Cengotitabengoa M, Carrascon L, O’Brien JT, et al:

Peripheral inflammatory parameters in late-life depression: a sys-

tematic review. Int J Mol Sci 2016; 17:2022–2035

9. Alexopoulos GS, Meyers BS, Young RC, et al: ’Vascular depres-

sion’ hypothesis. Arch Gen Psychiatry 1997; 54:915–922

10. Alexopoulos GS, Morimoto SS: The inflammation hypothesis in

geriatric depression. Int J Geriatr Psychiatry 2011; 26:1109–1118

11. Byers AL, Yaffe K: Depression and risk of developing dementia.

Nat Rev Neurol 2011; 7:323–331

12. Thakur M, Blazer DG: Depression in long-term care. J Am Med

Dir Assoc 2008; 9:82–87

13. Woolcott JC, Richardson KJ, Wiens MO, et al: Meta-analysis of

the impact of 9 medication classes on falls in elderly persons.

Arch Intern Med 2009; 169:1952–1960

14. Arthur A, Savva GM, Barnes LE, et al: Changing prevalence and

treatment of depression among older people over two decades.

Br J Psychiatry 2019; 216:1–6

Combinatorial Pharmacogenomic Testing Improves Outcomes for Older Adults

944 Am J Geriatr Psychiatry 28:9, September 2020

http://dx.doi.org/10.13039/501100009109
http://dx.doi.org/10.13039/100007819
https://doi.org/10.1016/j.jagp.2020.05.005
https://doi.org/10.1016/j.jagp.2020.05.005
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0001
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0001
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0001
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0002
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0002
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0002
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0002
https://www.samhsa.gov/data/report/2017-nsduh-detailed-tables
https://www.samhsa.gov/data/report/2017-nsduh-detailed-tables
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0003
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0003
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0003
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0004
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0004
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0004
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0005
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0005
https://webappa.cdc.gov/sasweb/ncipc/mortrate.html
https://webappa.cdc.gov/sasweb/ncipc/mortrate.html
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0006
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0006
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0006
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0007
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0007
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0008
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0008
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0009
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0009
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0010
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0010
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0011
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0011
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0011
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0012
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0012
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0012


15. Nelson JC, Delucchi K, Schneider LS: Efficacy of second genera-

tion antidepressants in late-life depression: a meta-analysis of the

evidence. Am J Geriatr Psychiatry 2008; 16:558–567

16. Tedeschini E, Levkovitz Y, Iovieno N, et al: Efficacy of antide-

pressants for late-life depression: a meta-analysis and meta-regres-

sion of placebo-controlled randomized trials. J Clin Psychiatry

2011; 72:1660–1668

17. Cipriani A, Furukawa TA, Salanti G, et al: Comparative efficacy

and acceptability of 21 antidepressant drugs for the acute treat-

ment of adults with major depressive disorder: a systematic

review and network meta-analysis. Lancet 2018; 391:1357–1366

18. Schatzberg A, Roose S: A double-blind, placebo-controlled study

of venlafaxine and fluoxetine in geriatric outpatients with major

depression. Am J Geriatr Psychiatry 2006; 14:361–370

19. Alexopoulos GS: Mechanisms and treatment of late-life depres-

sion. Transl Psychiatry 2019; 9:188

20. Cristancho P, Lenard E, Lenze EJ, et al: Optimizing outcomes of

treatment-resistant depression in older adults (OPTIMUM): study

design and treatment characteristics of the first 396 participants

randomized. Am J Geriatr Psychiatry 2019; 27:1138–1152

21. Chang DD, Eyreeuro HA, Abbott R, et al: Pharmacogenetic guide-

lines and decision support tools for depression treatment: appli-

cation to late-life. Pharmacogenomics 2018; 19:1269–1284

22. Arandjelovic K, Eyre HA, Lenze E, et al: The role of depression

pharmacogenetic decision support tools in shared decision mak-

ing. J Neural Transm 2019; 126:87–94

23. Abbott R, Chang DD, Eyre HA, et al: Pharmacogenetic decision

support tools: a new paradigm for late-life depression? Am J Ger-

iatr Psychiatry 2018; 26:125–133

24. Suthers GK, Polasek TM: Letter to the editor: reply to Bousman

et al. Pharmacogenomics 2019; 20:1061–1062

25. Marshe VS, Islam F, Maciukiewicz M, et al: Pharmacogenetic

implications for antidepressant pharmacotherapy in late-life

depression: a systematic review of the literature for response,

pharmacokinetics and adverse drug reactions. Am J Geriatr Psy-

chiatry 2020; 28:609–629

26. Saldivar JS, Taylor D, Sugarman EA, et al: Initial assessment of the

benefits of implementing pharmacogenetics into the medical

management of patients in a long-term care facility. Pharmge-

nomics Pers Med. 2016; 9:1–6

27. Sugarman EA, Cullors A, Centeno J, et al: Contribution of phar-

macogenetic testing to modeled medication change recommen-

dations in a long-term care population with polypharmacy.

Drugs Aging 2016; 33:929–936

28. Brixner D, Biltaji E, Bress A, et al: The effect of pharmacogenetic

profiling with a clinical decision support tool on healthcare

resource utilization and estimated costs in the elderly exposed

to polypharmacy. J Med Econ 2016; 19:213–228

29. Elliott LS, Henderson JC, Neradilek MB, et al: Clinical impact of

pharmacogenetic profiling with a clinical decision support tool

in polypharmacy home health patients: A prospective pilot ran-

domized controlled trial. PLoS One 2017; 12:e0170905

30. Bousman CA, Arandjelovic K, Mancuso SG, et al: Pharmacoge-

netic tests and depressive symptom remission: a meta-analysis

of randomized controlled trials. Pharmacogenomics 2019; 20:

37–47

31. Bousman CA, Dunlop BW: Genotype, phenotype, and medica-

tion recommendation agreement among commercial pharmaco-

genetic-based decision support tools. Pharmacogenomics J

2018; 18:613–622

32. Bousman CA, Jaksa P, Pantelis C: Systematic evaluation of com-

mercial pharmacogenetic testing in psychiatry: a focus on

CYP2D6 and CYP2C19 allele coverage and results reporting.

Pharmacogenet Genom 2017; 27:387–393

33. Greden JF, Parikh SV, Rothschild AJ, et al: Impact of pharmacoge-

nomics on clinical outcomes in major depressive disorder in the

GUIDED trial: a large, patient- and rater-blinded, randomized,

controlled study. J Psychiatr Res. 2019; 111:59–67

34. Jablonski M, King N, Wang Y, et al: Analytical validation of a psy-

chiatric pharmacogenomic test. Personaliz Med 2018; 15:189–

197

35. Hall-Flavin DK, Winner JG, Allen JD, et al: Using a pharmacoge-

nomic algorithm to guide the treatment of depression. Transl

Psychiatry 2012; 2:e172

36. Rush AJ, Trivedi MH, Ibrahim HM, et al: The 16-Item Quick

Inventory of Depressive Symptomatology (QIDS), clinician rating

(QIDS-C), and self-report (QIDS-SR): a psychometric evaluation

in patients with chronic major depression. Biol Psychiatry 2003;

54:573–583

37. Hamilton M: A rating scale for depression. JNeurolNeurosurg

Psychiatry 1960; 23:56–62

38. Hamilton M: Development of a rating scale for primary depres-

sive illness. Br J Soc Clin Psychol 1967; 6:278–296

39. Frank E, Prien RF, Jarrett RB, et al: Conceptualization and ratio-

nale for consensus definitions of terms in major depressive disor-

der. Remission, recovery, relapse, and recurrence. Arch Gen

Psychiatry 1991; 48:851–855

40. Charlson ME, Pompei P, Ales KL, et al: A new method of classify-

ing prognostic comorbidity in longitudinal studies: development

and validation. J Chronic Dis 1987; 40:373–383

41. Klotz U: Pharmacokinetics and drug metabolism in the elderly.

Drug Metab Rev 2009; 41:67–76

Forester et al.

Am J Geriatr Psychiatry 28:9, September 2020 945

http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0013
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0013
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0013
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0014
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0014
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0014
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0014
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0015
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0015
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0015
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0015
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0016
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0016
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0016
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0017
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0017
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0018
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0018
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0018
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0018
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0019
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0019
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0019
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0020
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0020
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0020
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0021
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0021
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0021
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0022
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0022
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0022a
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0022a
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0022a
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0022a
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0022a
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0023
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0023
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0023
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0023
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0024
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0024
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0024
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0024
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0025
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0025
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0025
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0025
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0026
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0026
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0026
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0026
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0027
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0027
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0027
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0027
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0028
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0028
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0028
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0028
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0029
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0029
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0029
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0029
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0030
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0030
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0030
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0030
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0031
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0031
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0031
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0032
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0032
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0032
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0033
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0033
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0033
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0033
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0033
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0034
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0034
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0035
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0035
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0036
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0036
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0036
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0036
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0037
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0037
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0037
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0038
http://refhub.elsevier.com/S1064-7481(20)30334-1/sbref0038

	Combinatorial pharmacogenomic testing improves outcomes for older adults with depression
	Combinatorial Pharmacogenomic Testing Improves Outcomes for Older Adults With Depression
	OBJECTIVE
	METHODS
	Combinatorial PharmacogenomicTesting
	Study Description
	Participants
	Statistical Analysis

	RESULTS
	Cohort Description
	Outcomes
	Predicted GDIs
	Moderation by Comorbidities and Concomitant Medications
	Durability of Combinatorial Pharmacogenomics-Guided Care Utility

	CONCLUSIONS
	DISCLOSURE

	SUPPLEMENTARY MATERIALS
	References



