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Abstract

Objective: The aim of this study was to examine the association between the CYP2D6 and CYP2C19 genotypepredicted combined phenotypes and short-term measures of psychotropic efficacy and toxicity.
Methods: A rater-blinded, retrospective genotype association design examined a cohort of hospitalized pediatric
psychiatric patients genotyped for CYP2D6 and CYP2C19 as part of clinical care. These combined genotypes were
used to predict a combined phenotype. The primary efficacy outcome measure was the behavior intervention score
(BIS), a function of the number of recorded timeouts=seclusions, therapeutic holds, and physical restraints. Drug
tolerability was defined as the total number of recorded adverse drug reactions.
Results: Primary analysis was performed on 279 pediatric patients taking CYP2D6- or CYP2C19- dependent
psychotropics. Combined phenotype was associated with BIS ( p ¼ 0.01) and number of adverse drug reactions
( p ¼ 0.03). Combined poor metabolizers treated with psychotropics had the lowest BIS (highest efficacy) and the
highest number of adverse drug reactions. Combined ultrarapid metabolizers had the highest BIS (lowest efficacy)
and the lowest number of adverse drug reactions.
Conclusion: Common variants in CYP2D6 and CYP2C19 are associated with the short-term efficacy and tolerability
of psychotropic medications in hospitalized pediatric patients.

Introduction

M

ental health problems among American children
have been referred to as a national public health crisis
by the President’s New Freedom Commission on Mental
Health, subcommittee on Children and Family (New Freedom
Commission on Mental Health 2003). Mental illness, significant enough to impair normal development and functioning,
affects approximately 10% of children ages 9–17 years (see
Goldman et al. 1999). Many children with mental illness require more than outpatient treatment; as a result, psychiatric
disorders are the leading cause for hospitalizations for children between 5 and 19 years old (Geller and Biebel 2006).
Aggression, a common symptom of many psychiatric diagnoses and often the reason for hospitalization, poses a significant risk and cost to patient and caretaker ( Jensen et al. 2007).
Patient response to commonly used psychotropic medications demonstrates significant variability; only 30–75% of

patients experience efficacy, whereas 65–75% encounter adverse events (Kirchheiner et al. 2004; Emslie et al. 2006;
Kratochvil et al. 2006; Hetrick et al. 2007). Many psychotropic
medications are metabolized by cytochrome P450 (CYP) enzymes coded for by the polymorphic genes CYP2D6
(þ124030) and CYP2C19 (*124020). The relationships between
the distinct CYP2D6 or CYP2C19 genotypes and the pharmacokinetics of psychotropic medications are the basis for
genotype-based dosing recommendations for some medications (Kirchheiner et al. 2001).
Despite the prevalence of the problem, the contribution of
drug-metabolizing enzyme genotypes to the variability in aggressive behavior treatment response in hospitalized pediatric
psychiatric patients is unknown. The purpose of this study was
to examine the association between CYP2D6 and CYP2C19
genotype-predicted metabolizing phenotypes and short-term
measures of drug efficacy (incidence of behavioral interventions for aggressive behavior) and toxicity (adverse drug
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FIG. 1. Identification of study cohort. aExclusionary diagnoses: Cerebellar hypoplasia, closed head injury, microcephaly,
resected brain tumor, severe mental retardation, primary diagnosis of substance abuse. C-PM ¼ Combined poor metabolizing
phenotype; C-IM ¼ combined intermediate metabolizing phenotype; C-EM ¼ combined extensive metabolizing phenotype;
C-UM ¼ combined ultrarapid metabolizing phenotype.
reactions) in an inpatient pediatric psychiatric population. We
hypothesized common variants in these two genes would be
important factors in psychotropic medication clinical response
variability in these patients.
Method
The study used a rater-blinded, retrospective genotype
association design that involved a cohort of hospitalized
psychiatric patients genotyped for CYP2D6 and CYP2C19 as
part of clinical care. The study was approved by the first author’s Institutional Review Board.

Inclusion=exclusion criteria
Figure 1 details the sampling procedure. Patients were
eligible for inclusion in the study if they had genotyping for
both CYP2D6 and CYP2C19 between January 1, 2005, and
September 30, 2005; had their first inpatient admission to the
psychiatric service at the authors’ institution between January
1, 2000, and September 30, 2005; and had a combination of
CYP2D6=CYP2C19-predicted metabolizing phenotypes that
matched one of four (out of a possible six) predetermined
combinations (Table 1, stage 1). Patients were excluded if: (1)
Complete records from their first inpatient psychiatric hos-
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Table 1. Algorithm to Determine Patients’ Combined Phenotype Groups
Stage
(step)
1

Process

Rationale
Laboratory used the CYP2D6- and
CYP2C19- predicted metabolizing
phenotypes to identify patients fitting
one of the following combinations:
CYP2D6 EM and CYP2C19 EM
CYP2D6 IM and CYP2C19 IM
CYP2D6 UM and CYP2C19 EM or IM
CYP2D6 PM and CYP2C19 PM
CYP2D6 PM and CYP2C19 EM or IM
CYP2D6 EM or IM and CYP2C19 PM
Medical record numbers of patients
meeting these criteria were provided
by the laboratory to the first author
for the study.

Single gene predicted metabolizing phenotype
CYP2D6
EM: Two functional alleles (*1=*1)
PM: Two nonfunctional alleles (*3, *4, *5)
IM: Combination of *1 and *3 or *4 or *5
UM: more than two copies of *1 allele
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CYP2C19
 EM: Two functional alleles (*1=*1)
 PM: Two nonfunctional alleles (*2=*2)
 IM: Combination of *1 and *2

2

Classified patients into one of four combined genotype
predicted metabolizing phenotype groups matched
to psychotropics (C-UM, C-PM, C-IM, C-EM)

Maximize the number of patients
allocated to predicted phenotype
groups considered at the highest
risk for poor efficacy from or poor
tolerability of routinely prescribed
psychotropics

2 (1)

Determined C-UM group
 Patients with CYP2D6 *1 duplication and taking a
CYP2D6 dependent psychotropic were classified as a C-UM
regardless of CYP2C19 genotype.

More psychotropics are metabolized
by CYP2D6 than CYP2C19.
Patients with C-UM phenotype
are expected to need higher
psychotropic doses to achieve
therapeutic response (Kirchheiner
et al. 2001). C-UM phenotype
is the less common of the two
extreme phenotypes (Bernard
et al. 2006).

2 (2)

C-PM classification decision from remaining cohort:
 CYP2D6 PM and taking CYP2D6 dependent psychotropic; or
 CYP2C19 PM and taking CYP2C19 dependent psychotropic; or
 Both of the above

Patients with C-PM phenotype
are expected to need lower
doses due to increased risk
for drug toxicity with standard
doses (Kirchheiner et al. 2001).

2 (3)

C-IM classification decision from remaining cohort:
CYP2D6 IM- and CYP2C19 IM-predicted phenotypes
and taking at least one psychotropic dependent on either enzyme

Limited prior studies on impact
of IM phenotype on efficacy
and tolerability. IM=IM strategy
examined effect regardless
of whether patient took a CYP2D6or CYP2C19-dependent psychotropic.

2 (4)

C-EM classification decision from remaining cohort of patients:
CYP2D6 EM- and CYP2C19 EM-predicted phenotypes
and taking a least one psychotropic dependent on either enzyme

EM=EM comparison group for
the variant phenotypes without
regard to whether they were taking
a CYP2D6- or CYP2C19-metabolized
medication

Abbreviations: C-PM ¼ combined poor metabolizing phenotype; C-IM ¼ combined intermediate metabolizing phenotype; C-EM ¼ combined
extensive metabolizing phenotype; C-UM ¼ combined ultrarapid metabolizing phenotype.

pitalization were not available; (2) the patient was enrolled in
a blinded placebo-controlled clinical drug trial; or (3) the patient had a primary medical condition that could contribute to
psychiatric symptoms (e.g., substance abuse, brain injury,
congenital brain abnormality).
CYP2D6 and CYP2C19 genotyping and phenotype prediction were completed prior to this study as part of clinical
care. Genotyping was performed in a Clinical Laboratory

Improvement Amendments (CLIA)-approved, College of
American Pathologists (CAP)-certified laboratory using DNA
extracted from peripheral blood or buccal swab samples. The
TaqMan allelic discrimination system (Applied Biosystems, Forest City, CA) and long polymerase chain reaction
(PCR) (Lovlie et al. 1996) were used to analyze DNA for the
alleles *1, *3,*4, *5 (deletion) and duplication in CYP2D6 and
the *1, *2 alleles in CYP2C19. Genotype results were used
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to classify a patient’s predicted metabolizing phenotype
(Table 1, stage 1).
Data collection
Data were collected from the medical records of the patient’s first inpatient psychiatric hospitalization. All chart reviewers were trained by the principal investigator (PI) and
were blinded to the patient’s CYP2D6 and CYP2C19 genotype
and corresponding predicted metabolizing phenotype. The PI
and study psychiatric pharmacist were blinded when they rereviewed >50% of the charts to assure integrity and consistency of extracted data.

2007), Lexi-Comp Drug Information Handbook (Lacy et al.
2005), and Micromedex (Micromedex Healthcare Series).
The number of psychotropics was obtained by totaling all
scheduled psychotropics a patient was taking during the admission.
Algorithm for determining combined
genotype-predicted metabolizing phenotype groups
An algorithm to classify patients by their genotype-predicted
metabolizing phenotype groups (called ‘‘combined phenotype’’
groups) was developed to identify patients considered at
highest risk for poor efficacy or poor tolerability to routinely
prescribed psychotropics (Table 1, stage 2, steps 1–4).
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Clinical diagnoses
Each patient’s discharge diagnoses, using the Diagnostic
and Statistical Manual of Mental Disorders, 4th edition, Text
Revision (DSM-IV-TR) (American Psychiatric Association
2000) multiaxial classification system were taken from the
medical record. After all patient data were entered but before
the blind was broken, the study’s child and adolescent psychiatrist categorized all abstracted axis I diagnoses into one of
nine major diagnostic categories (Table 2).
Medication classification
A psychotropic medication was classified as a CYP2D6 and=
or CYP2C19 substrate if two or more of the following references listed it as a substrate: Drug-Interaction Table (Flockhart

Treatment outcome measures
Efficacy. The study’s primary efficacy outcome was a
measure of aggression severity. Because the clinicians had
not administered any objective aggression rating scale prospectively, a transformation was used based on the sum of
the recorded behavioral interventions (BI) for disruptive=
aggressive behavior and included the number of timeouts or
seclusions (BI1), therapeutic holds (BI2), and physical restraints (BI3). A weight-free approach combined the individual recorded behavioral interventions and was called the
Behavioral Intervention Score (BIS),
BIS ¼ log

3
X

!
log(BIi þ 1) :

i¼1

Table 2. Demographic and Clinical
Characteristics of the Study Cohort
Characteristic
Age, mean years (SD)
Sex, female n (%)
Race
Black
White
Other
Diagnostic Categorya
Mood disorders
Disruptive behavior disorders
Anxiety disorders
Impulse control disorders
Psychotic disorders
Pervasive developmental disorders
Eating disorders
Adjustment disorders
Other
Admit GAF, mean (SD){
Number of psychotropics used
1
2
3
4
5
a

Study cohort
(n ¼ 279)
12.7 (3.2)
137 (49.1%)
63 (22.6%)
202 (72.4%)
14 (5.0%)
224
132
77
24
19
17
7
5
76
21.5

(80.3%)
(47.3%)
(27.6%)
(8.6%)
(6.8%)
(6.1%)
(2.5%)
(1.8%)
(27.2%)
(6.4)

99
80
45
29
26

(35.5%)
(28.7%)
(16.1%)
(10.4%)
(9.3%)

Several diagnostic categories may have been made for 1 patient.
Two patients missing admit GAF score.
Abbreviations: SD ¼ Standard deviation; GAF ¼ Global Assessment
of Functioning score.
{

This score is considered weight-free because it is unaffected
by different weights applied to the individual BI items (Elston
1963).
Three secondary efficacy outcome measures included the
patient’s total number of as-needed (PRN) psychotropic
medication doses, length of stay (LOS), and change in global
assessment of functioning (GAF) score (American Psychiatric
Association 2000) from admission to discharge.
Tolerability. The study’s primary tolerability outcome
measure was the number of recorded adverse drug reactions
(ADRs). Symptoms were counted as ADRs if documented
during the time frame when scheduled psychotropics were
administered and there was: (1) Documentation by a physician=nurse that a symptom was an ADR; or (2) documentation that parent or patient reported the symptom was drug
related and there was no physician documentation of an alternative etiology for the symptom; or (3) no documented
history of a symptom prior to hospital admission and no
documented explanation for the symptom; or (4) a history of a
symptom, but during the medication course the symptom
increased in frequency and=or severity. Each ADR was classified as mild or severe by the study’s child and adolescent
psychiatrist. The operational definition for a severe ADR was
the need for physician evaluation and intervention.
Statistical analysis
Descriptive statistics were calculated for patients’ characteristics. The following values were used to reduce the influence of
outliers: Number of PRN doses >30 ¼ 30, number of time
outs=seclusions >20 ¼ 20, number of holds >5 ¼ 5, number of
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restraints >3 ¼ 3, number of ADRs >10 ¼ 10, and LOS >31
days ¼ 31.
Statistical models were developed for all outcomes and
modeled as a function of age, sex (Dean et al. 2007), measure
of severity (multiple diagnoses), number of psychotropic
medications ( Jensen et al. 2007), admit GAF (American
Psychiatric Association 2000), and the primary predictor of
interest, combined phenotype. Battery reduction was performed to reduce the dimensionality of the nine diagnosis
categories to produce valid statistical models (D’Agostino
et al.1995). In all regression models, predictors were transformed using either logs (admit GAF score) or natural splines
(age, number of psychotropic medications, and predicted
phenotypes) to relax the linearity assumption. Nonlinear
terms were removed if the p value was greater than 0.20.
For the primary statistical analysis using combined phenotype as well as the subset analyses using individual
CYP2D6- and CYP2C19-predicted phenotypes, multivariable
regression models were fit to examine the effects of the predictors (described above) on the primary efficacy (BIS) and
primary tolerability (number of ADRs) outcome variables.
With the advice of the study psychiatrist, race was not included as a model predictor because race was not considered
a contributing factor to clinical course variability. Multivariable models were also used to examine the same model
predictors on the secondary outcomes (total number of PRN
psychotropic doses during admission, change in GAF score,
and LOS).
A standard formula using a one-way analysis of variance
(ANOVA) with a planned contrast was used to determine
sample size and suggested 376 subjects would give investigators 81% power to detect a linear trend among the combined phenotype groups with moderate effect sizes between
the combined poor metabolizer (C-PM) and combined extensive metabolizer (C-EM) groups. To maximize the potential of detecting a linear trend among the groups, all patients
in the C-PM, combined intermediate metabolizer (C-IM), and
combined ultrarapid metabolizer (C-UM) groups (n ¼ 268)
and 279 patients from the C-EM group (a number roughly
equal to the total of the other three groups) were included for
eligibility review (total n ¼ 547; Fig. 1). The subset of C-EM
group patients’ charts was selected by the study statisticians
using a list generated by a simple randomization and presented along with the other charts to the raters with the genotype information concealed.
The primary analysis was performed on patients meeting
inclusion=exclusion criteria who received psychotropics metabolized by either CYP2D6 or CYP2C19. All statistical analyses were conducted using S-Plus version 8.0 (TIBCO
Software INC, Palo Alto, CA). The Hmisc and Design Libraries (Harrell 2009) were used for statistical modeling.
Results
Patient population
As part of routine clinical care, 1322 (78%) of the 1701 unique patients admitted to the inpatient psychiatric service
between January 1, 2005, and September 30, 2005, were genotyped for both CYP2D6 and CYP2C19. A total of 369 children
met study inclusion=exclusion criteria; the primary analyses
were performed on the subset of 279 patients (ages 3–18 years,
median age 13 years) who received psychotropic medications
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metabolized by CYP2D6 or CYP2C19 or both (Fig. 1). The
clinical characteristics are shown in Table 2. The majority of
patients were on either one (36%) or two (29%) psychotropics.
The ten most commonly used psychotropic medications metabolized by CYP2D6 and=or CYP2C19 are listed in Table 3.
Battery reduction, used to reduce dimensionality, indicated
that four diagnostic categories (psychotic disorders, anxiety
disorders, impulse control disorders, pervasive developmental disorder) accounted for 77% of the original variance.
These were selected as predictors in the subsequent analyses.
At least one ADR was experienced by 50% of patients. The
most common were sleep disturbances (28%), gastrointestinal
symptoms (15%), headache (13%), and difficulty concentrating
(8%); all were rated as mild. Severe ADRs were less common
and included mood change (8%), dizziness (4%), extrapyramidal symptoms (4%), aggressive behavior (2%), rash (1%),
and shortness of breath (1%). There were single episodes of
neuroleptic malignant syndrome and convulsions.
One or more PRN psychotropics were used by 60%. The
most common PRN medication was diphenhydramine (92%)
followed by (in descending frequency ranging between 11%
and 3%) olanzapine, risperidone, quetiapine, ziprasidone,
melatonin, and haloperidol.
Combined phenotype groups
Individuals from the subset of 279 patients were placed
into one of four possible phenotype groups using the algorithm described in Table 1, stage 2. Slightly over half (52%) of
the patients had a predicted C-EM phenotype, 22% had a
C-IM phenotype, 20% had a C-PM phenotype, and 6% had a
C-UM phenotype . There were no differences among combined phenotype groups in sex, diagnostic categories, admit
GAF score, or the distribution of the total number of scheduled psychotropic drugs used. There was greater use of
scheduled psychotropic medications classified as CYP2D6
substrates in the C-UM and C-PM phenotype groups (both
100%) than the C-IM phenotype group (87%) and the C-EM
phenotype group (89%) ( p ¼ 0.03). There was no difference
among the four combined phenotype groups in the use of
scheduled psychotropic medications classified as CYP2C19
substrates.
For each patient, the maximal dose of each scheduled
psychotropic medication was identified. Among the four

Table 3. Top 10 Scheduled Psychotropics Metabolized
by CYP2D6 and=or CYP2C19 (n ¼ 279)
Drug
Risperidone
Fluoxetine
Aripiprazole
Escitalopram
Atomoxetine
Amphetamine plus
dextroamphetamine salts
Olanzapine
Paroxetine
Citalopram
Haloperidol

Number CYP2D6 CYP2C19
of patients substrate substrate
87
70
51
33
32
30

X
X
X

18
18
13
6

X
X

X
X

X
X

X
X
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combined phenotype groups, there was no difference in the
maximal dose for the four most commonly used CYP2D6
substrate psychotropics (risperidone, fluoxetine, aripiprazole,
atomoxetine) and the two most commonly used CYP2C19
substrate psychotropics (fluoxetine, escitalopram).
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Efficacy outcomes
After adjustment for model predictors, there was a significant relationship between the model and the study’s primary
efficacy outcome variable, BIS ( p < 0.0001, r2 ¼ 0.30). Five of
the factors were independently significant—age, sex, number
of psychotropics, impulse control disorder diagnosis, and the
combined phenotype.
There was a statistically significant relationship between
combined phenotype and BIS ( p ¼ 0.01, Table 4) when adjusted for other predictors in the model. Patients in the C-PM
group had lower BIS (higher efficacy), whereas patients in the
C-UM group had the highest BIS (lowest efficacy). Although
none of the secondary outcome variables reached significance,
the total number of PRN medication doses ( p ¼ 0.14) showed
a steady increase across groups (from C-PM to C-UM) that
paralleled the effect detected by the BIS. There was no difference among groups in change in GAF scores ( p ¼ 0.90).
As a secondary analysis, the effect of each gene’s predicted
metabolizing phenotype was examined (Table 5). A relationship between CYP2D6-predicted metabolizing phenotype
and BIS was noted ( p ¼ 0.01). In contrast, no relationship was
detected between CYP2C19-predicted metabolizing phenotype and BIS ( p ¼ 0.57).
A total of 90 out of 369 patients met all inclusion=exclusion
criteria but did not receive psychotropics dependent on
CYP2D6 or CYP2C19 (Fig. 1). These 90 patients were analyzed
using statistical methods identical to the study cohort to
determine if a similar linear relationship between BIS and
genotype existed in patients taking psychotropics not metabolized by either CYP2D6 or CYP2C19. No difference
among the four combined phenotype groups was detected
( p ¼ 0.42).

Tolerability outcome
There was a significant relationship between combined
predicted phenotype and the number of ADRs (primary tolerability variable, p ¼ 0.03; Table 4) when adjusted for other
predictors in the model. As a secondary analysis, a relationship between CYP2C19-predicted metabolizing phenotype
and number of ADRs was noted ( p ¼ 0.01; Table 5). An association between CYP2C19-predicted metabolizing phenotype and the type of ADRs (severe vs. mild vs. none) was also
seen using the nonparametric Kruskal–Wallis test ( p ¼ 0.04).

Discussion
This is the first study to detect a pharmacogenetic association between drug-metabolizing enzyme genotypes and
short-term psychotropic medication efficacy and tolerability
in hospitalized children. As metabolizing capability increased
across the four combined metabolizing phenotype groups, the
BIS increased steadily, indicating decreased drug efficacy
( p ¼ 0.01), and the number of adverse drug reactions (ADRs)
decreased, indicating less drug toxicity ( p ¼ 0.03). When only
the CYP2C19-predicted phenotype was considered, there was
a significant increase in the total number ( p ¼ 0.01) and severe
ADRs ( p ¼ 0.04) as metabolizing ability decreased, indicating
increased drug toxicity.
Aggressive behavior is a common nonspecific symptom in
many psychiatric disorders (Masters et al. 2002). In one study,
33% of youths in an inpatient psychiatric facility were involved in an assault on hospital staff (Ryan et al. 2004). Because patients’ aggressive behaviors put them, their families,
and their inpatient caretakers at great risk, limiting and decreasing aggressive behavior is a key objective of patients’
hospitalization3 (Foster et al. 2007; Jensen et al. 2007) This
study used BIS as the measure of short-term drug efficacy
because as medication efficacy improves, the BIS should
decrease.
Clinicians at the study site did not rate aggression in the
medical records using a standard scale, which created the

Table 4. Adjusted Means and the 95% Confidence Intervals of Efficacy
and Tolerability Outcomes by Combined Phenotype Groups
Means (95% CI)a
Combined metabolizing subgroup (n ¼ 279)
C-PM (n ¼ 55)
Efficacy outcomes
Behavioral Intervention Score
Number of PRN doses
Length of stay
Change of GAF
Tolerability outcome
Number of ADRs

0.20
1.07
6.36
22.7

(0.04–0.39)
(0.61–1.67)
(5.43–7.45)
(21.0–24.4)

1.44 (0.96–2.00)

C-IM (n ¼ 62)
0.31
1.27
6.58
22.7

(0.18–0.46)
(0.89–1.72)
(5.87–7.38)
(21.5–23.9)

1.19 (0.88–1.54)

C-EM (n ¼ 145)

C-UM (n ¼ 17)

0.44
1.48
6.81
22.6

0.57
1.72
7.04
22.6

(0.30–0.59)
(1.08–1.97)
(6.09–7.61)
(21.5–23.8)

0.96 (0.69–1.26)

p Value
for trend

(0.37–0.80)
(1.14–2.47)
(6.05–8.19)
(21.0–24.2)

0.01
0.14
0.38
0.90

0.75 (0.43–1.13)

0.03

a
Data presented as adjusted means and 95% confidence interval (CI) with adjusters set at the mean or reference category (sex ¼ female,
Age ¼ 13, admit GAF ¼ 20, number of psychiatric drugs ¼ 2, psychotic disorder ¼ no, anxiety disorder ¼ no, impulse control disorder ¼ no,
pervasive developmental disorder ¼ no).
Abbreviations: C-PM ¼ combined poor metabolizing phenotype; C-IM ¼ combined intermediate metabolizing phenotype; C-EM ¼
combined extensive metabolizing phenotype; C-UM ¼ combined ultrarapid metabolizing phenotype; PRN ¼ as needed; GAF ¼ Global
Assessment of Functioning score; ADRs ¼ adverse drug reactions.

0.01
2.04 (0.95–3.73) 1.07 (0.58–1.71) 0.67 (0.37–1.02)
0.27
1.01 (0.72–1.36) 0.89 (0.53–1.35)

a
Data presented as adjusted means and 95% confidence interval (CI) with adjusters set at the mean or reference category (sex ¼ female, age ¼ 13, admit GAF ¼ 20, number of psychiatric
drugs ¼ 2, psychotic disorder ¼ no, anxiety disorder ¼ no, impulse control disorder ¼ no, pervasive developmental disorder ¼ no).
Abbreviations: PM ¼ Individual gene predicted poor metabolizing phenotype; IM ¼ individual gene predicted intermediate metabolizing phenotype; EM ¼ individual gene predicted extensive
metabolizing phenotype; UM ¼ individual gene predicted ultra-rapid metabolizing phenotype; PRN ¼ as needed; GAF ¼ Global Assessment of Functioning score; ADRs ¼ adverse drug reactions.

0.57
0.81
0.88
0.41
(0.29–0.85) 0.40 (0.23–0.59)
(0.41–2.28)
1 (0.41–1.84)
(5.58–9.05) 6.70 (5.63–7.96)
(23.2–28.7) 25.2 (22.9–27.6)
(0.06–0.91)
(0.28–3.26)
(4.74–10.5)
(19.4–27.3)

0.54
1.15
7.11
25.9
0.42
1.33
7.04
23.4
0.01
0.14
0.30
0.98
(0.37–0.86)
(1.09–2.52)
(8.19–9.93)
(21.0–24.4)
0.60
1.71
6.97
22.7
(0.30–0.62)
(1.02–1.98)
(7.53–8.48)
(21.4–23.9)
0.45
1.45
6.68
22.7

Efficacy Outcomes
Behavioral Intervention Score 0.20 (0.03–0.41) 0.32 (0.18–0.48)
Number of PRN doses
1.01 (0.53–1.66) 1.22 (0.82–1.72)
Length of stay
6.14 (5.18–7.28) 6.41 (7.24–8.04)
Change of GAF
22.7 (20.8–24.5) 22.7 (21.4–24.0)
Tolerability outcome
Number of ADRs
1.27 (0.81–1.85) 1.14 (0.81–1.52)

p value
EM (n ¼ 82)
IM (n ¼ 34)
PM (n ¼ 11)
PM (n ¼ 45)

IM (n ¼ 56)

EM (n ¼ 137)

UM (n ¼ 17)

p value

CYP2C19-predicted metabolizing phenotype (n ¼ 127)
CYP2D6-predicted metabolizing phenotype (n ¼ 255)

Adjusted means (95% CI)a

Table 5. Adjusted Means, 95% Confidence Intervals of Efficacy and Tolerability Outcomes
by CYP2D6 and CYP2C19 Subgroups
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need to use a proxy, BIS, as the measure of short-term drug
efficacy. The BIS is based on the objective, reliable, and verifiable interventions of time outs, seclusions, therapeutic
holds, and physical restraints. By hospital policy, these four
interventions are accepted clinical interventions for aggression against others or self, and each use of any one of these
must be documented in the patient’s hospital chart. As such,
retrospective identification of any of these four interventions
is a reliable, identifiable proxy for patient aggression. In
general, a child requiring a time out was considered to have
less severe aggression than a child requiring a therapeutic
hold or physical restraint making it unreasonable to simply
sum the total number of behavioral interventions for each
child. A search of the literature and consultation with the
study’s child adolescent psychiatrist did not provide evidence for assigning differential weights to BI1, BI2, and BI3.
Therefore, a composite BIS was calculated using a weight-free
index approach,

BIS ¼ log

3
X

!
log(BIi þ 1)

i¼1

that does not change under different weights applied to the
individual BI items (Elston 1963). Internal consistency of the
individual BI items demonstrated a Cronbach alpha coefficient of 0.72, which is considered acceptable (Nunnaly 1978)
when combining items. As scheduled psychotropics effectively treat the underlying diagnoses and associated aggression, the need for behavioral interventions should decrease as
clinical condition improves. Therefore, BIS is a logical measure of short-term drug efficacy: As medication efficacy improves, BIS should decrease.
The study found that patients with C-UM phenotypes had
the highest BIS and fewest ADRs; as metabolizing ability decreased across combined phenotype groups, the BIS decreased
(improved efficacy) and ADRs increased (greater toxicity).
Two potential explanations include: (1) An underlying relationship between CYP2D6=CYP2C19 genotype and psychiatric
disease severity or (2) a genotype–pharmacokinetic association where differential drug exposure occurs across combined
phenotype groups. Two findings from this study indicate a
genotype–pharmacokinetic relationship is more likely than a
genotype–disease severity phenotype: (1) The 90 patients who
did not receive CYP2D6- or CYP2C19-dependent psychotropic
medications showed no significant differences in BIS across the
four combined phenotype groups and (2) the maximal dose for
six of the most commonly used CYP2D6=CYP2C19-dependent
psychotropics was the same across combined phenotype
groups.
Specifically, inadequate drug efficacy, as measured by the
BIS, coupled with low ADR rates particularly in the C-UM
patients strongly suggests these patients are being underdosed. The reverse is true for C-PM patients. These results are
similar to analyses of pooled data from children and adolescents who were treated with atomoxetine in any of four acute,
double-blind, and placebo-controlled studies (Michelson et al.
2007). The investigators found that patients who had genotypes consistent with CYP2D6-predicted poor metabolism
had greater symptom reduction when compared to CYP2D6
EM patients at the cost of a modestly greater increase in
some adverse events. The investigators noted that more EM
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patients discontinued because of lack of efficacy than PMs
who discontinued due to adverse events.
This is the first study to identify a significant relationship
between the total number of ADRs ( p ¼ 0.01) and severe
ADRs ( p ¼ 0.04) across CYP2C19 genotypes for the subgroups
of patients taking psychotropics metabolized through the
CYP2C19 pathway. While not statistically significant, a trend
of increasing ADRs from CYP2D6 UMs to CYP2D6 PMs was
demonstrated. Similar to this study, negative CYP2D6 results
have been noted by others (Binder and Holsboer 2006). Yet,
some studies (using smaller sample sizes, different methodologies, and patient populations) detected a relationship between the CYP2D6 genotype and the incidence of ADRs to
medications metabolized through the CYP2D6 pathway
(Chen et al. 1996; de Leon et al. 1998; Chou et al. 2000;
Kirchheiner et al. 2001; Mrazek 2006).
In this study, CYP2D6 substrates were mostly atypical
antipsychotics and selective serotonin reuptake inhibitor
(SSRI) antidepressants rather than typical antipsychotics or
tricyclic antidepressants. The most commonly occurring
ADRs with these psychotropics are weight gain and metabolic
effects (Correll and Carlson 2006) and were likely underreported in this study due to insufficient LOS. Common, yet
highly subjective, ADRs such as akathisia were not detected
frequently, possibly due to underreporting or inadequate
documentation in the medical record.
This study is limited by its retrospective design, the number
of different medications patients received, the lack of longterm follow up, the lack of standardized aggression and ADR
scale use, the exclusion of certain ‘‘mixed’’ genotype combinations (Fig.1), and the limited number of CYP2D6 and
CYP2C19 alleles tested. Retrospective studies have the potential for more bias than prospective studies. We attempted
to minimize bias by using the rater-blinded methodology. The
lack of differences across combined phenotype groups in both
the medications used and their maximal drug doses implies
that medication selection and short-term usage patterns were
similar across the groups. This reduces, but does not eliminate, the potential bias introduced by lack of a prospective
protocol-driven medication selection and titration schedule
approach. Clearly, prospective, longitudinal studies in pediatric patients would contribute to further understanding of
the combined phenotype–clinical response relationships. Although ideal, standardized ADR and aggression scales are not
commonly used in the routine inpatient psychiatric clinical
care setting and were not available for this study.
The CYP2D6 and CYP2C19 genotype data used in this
study presented the results of a genetic analysis performed for
clinical care not research purposes. As such, the panel of alleles tested in 2005 was not comprehensive but represented a
balance between established clinical relevance of allelic variation (Bradford 2002), need for results within a 2-day window, and cost. Future prospective studies should include a
larger panel of CYP2D6 alleles (e.g., the functional allele
CYP2D6*2 (Gaedigk et al. 2003) and the reduced-function
alleles that occur more commonly in non-Caucasian populations, for example CYP2D6*10 (Luo et al. 2005; Sistonen et al.
2007), CYP2D6*17, CYP2D6*41 (Cai et al. 2006; Gaedigk et al.
2007), along with CYP2C19*17, a recently discovered polymorphism associated with CYP2C19 ultrarapid metabolism
(Sim et al. 2006; Rudberg et al. 2008)).
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Conclusion
Identifying factors underlying the variability in drug efficacy
or tolerability is a key component for optimizing the patient’s
response to therapy. This is the first study to demonstrate that,
for children hospitalized for psychiatric conditions, CYP2D6
and CYP2C19 genetic variation contributes to psychotropic
medication’s short-term efficacy against aggression and the
occurrence of ADRs. Consideration of a patient’s genotype at
the onset of a psychiatric hospitalization could play a significant role in personalizing and improving subsequent therapy.
Prospective longitudinal studies are necessary to better inform
how to optimally incorporate this genetic information into the
medical management of patients with aggression. In summary,
this study indicates that CYP2D6 and CYP2C19 genotypes are
important in the clinical care of children with psychiatric diagnoses requiring medications that are metabolized through
these two enzyme pathways.
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