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Objective: The ABCB1 gene encodes P-glycoprotein, which
limits brain concentrations of certain antidepressants. ABCB1
variation has been associated with antidepressant efficacy
and side effects in small-sample studies. Cognitive impair-
ment in major depressive disorder predicts poor treatment
outcome, but ABCB1 genetic effects in patients with cognitive
impairment are untested. The authors examined ABCB1 genetic
variants as predictors of remission and side effects in a large
clinical trial that also incorporated cognitive assessment.

Method: The authors genotyped 10 ABCB1single-nucleotide
polymorphisms (SNPs) in 683 patients with major depressive
disorder treated for at least 2 weeks, of whom 576 completed
8 weeks of treatment with escitalopram, sertraline, or extended-
release venlafaxine (all substrates for P-glycoprotein) in a large
randomized, prospective, pragmatic trial. Antidepressant effi-
cacy was assessed with the 16-item Quick Inventory of De-
pressive Symptomatology—Self-Rated (QIDS-SR), and side
effects with a rating scale for frequency, intensity, and burden of

Antidepressant efficacy and side effects may depend on the
concentrations of the medication in the brain. Serum concen-
tration is not a good predictor of treatment outcome for newer
antidepressants (1, 2). This may be due to active transport of
antidepressants from the brain by blood-brain barrier trans-
porters, so that serum concentrations do not accurately reflect
brain concentrations. Among blood-brain barrier transporter
proteins, P-glycoprotein transports several commonly prescribed
antidepressants (3, 4).

Genetic variation at the ABCB1 (MDR1) locus, which encodes
P-glycoprotein, has been studied as a predictor of treatment
outcomes for several medications (5, 6). The primary hypothesis
has been that genetic variants affecting P-glycoprotein abun-
dance or function could alter brain concentrations of substrate
medications. Substrate brain antidepressant levels have been
shown to be higher in mice lacking P-glycoprotein function than
in mice with normal P-glycoprotein function (4). Several ABCB1
single-nucleotide polymorphisms (SNPs) may be clinical predictors

side effects. General and emotional cognition was assessed with
a battery of 13 tests.

Results: The functional SNP rs10245483 upstream from
ABCB1 had a significant effect on remission and side effect
ratings that was differentially related to medication and
coghnitive status. Common homozygotes responded better
and had fewer side effects with escitalopram and sertraline.
Minor allele homozygotes responded better and had fewer
side effects with venlafaxine, with the better response most
apparent for patients with cognitive impairment.

Conclusions: The functional polymorphism rs10245483 dif-
ferentially affects remission and side effect outcomes de-
pending on the antidepressant. The predictive power of the
SNP for response or side effects was not lessened by the
presence of cognitive impairment.
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of antidepressant efficacy (7-10) or side effects (11), but results
have not been consistent (12). Some studies have shown no
predictive value for ABCB1 SNPs, particularly earlier studies
that explored exonic alleles in medical disorders (13-17). These
varying accounts may be explained by clinical heterogeneity
among patient samples (e.g., inpatients versus outpatients), dif-
fering interactions of substrate medications with P-glycoprotein,
specific alleles explored, and sample size. Also, ABCBI genotypes
have not been assessed in large-scale prospective clinical trials
in which DNA was collected before treatment.

Cognitive impairment is common in patients with major
depressive disorder (18) and may be assessed using be-
havioral performance tests (19, 20, 21). In the International
Study to Predict Optimized Treatment in Depression
(iSPOT-D), we observed that performance on pretreatment
behavioral tests of general and emotional cognition pre-
dicted posttreatment outcomes (21, 22). However, it is un-
known whether pharmacogenetic prediction can be used to
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TABLE 1. Demographic and Clinical Characteristics of Patients
With Major Depressive Disorder at Pretreatment Baseline (N=683)

Characteristic

Mean SD
Age (years) 38.6 12.8
Education (years) 142 3.5
Age at first episode (years) 23.3 121
Duration of major depressive disorder (years) 14.9 125
N %
Female 392 57.4
Race?
White 424 62.1
Nonwhite 256 375
Family history of major depressive disorder 154 225
Age at first episode <18 years 321 47.0
Prior treatment failure 191 28.0
Recurrent major depressive disorder 593 86.6
Mean SD
Symptom severityb
Hamilton Depression Rating Scale (17-item) 21.7 41
Quick Inventory of Depressive 145 3.8
Symptomatology—Self Report (16-item)
Depression, Anxiety, Stress Scale
Depression subscale 22.4 9.4
Anxiety subscale 8.7 6.6

Stress subscale 18.1 8.6

Functional capacity®

Social Functioning and Adjustment Scale 56.6 9.4
Satisfaction With Life Scale 11.5 53
World Health Organization Quiality of Life scale
Physical subscale 515 14.8
Psychological subscale 34.5 13.9
Social subscale 38.7 20.2
Environmental subscale 52.4 159
Emotion Regulation Questionnaire
Reappraisal subscale 4.3 12
Suppression subscale 4.1 13

@ Race was unknown for three participants.
b Higher scores on these scales indicate greater symptom severity.
€ Higher scores on these scales indicate better functioning.

improve treatment outcome in depressed patients with
cognitive changes.

We examined whether 10 ABCB1 SNPs are predictors of
remission and side effects in treatment with three com-
monly prescribed antidepressants in patients from the
iSPOT-D cohort who provided DNA. We also examined the
effects of ABCB1 SNPs in patients with intact and impaired
cognition.

METHOD

Overview

iSPOT-D is a multiple-phase, multisite randomized controlled
trial that explores biomarker predictors of outcomes in 1,008
participants with major depressive disorder randomly as-
signed to receive escitalopram, sertraline, or extended-release
venlafaxine. Details of the study design and response and
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remission rates for the sample have been described previously
(22, 23). In the present study, we tested whether specific SNP
alleles, chosen based on associations reported in the literature,
predict acute response to antidepressants and/or moderate
a differential response to specific types of antidepressants. We
studied 888 participants with MDRI genotypes, of whom 683
completed at least 2 weeks of treatment (the modified intent-to-
treat sample), 84% of whom (N=576) completed the full 8 weeks
of treatment (the per-protocol sample) (see Figure S1in the data
supplement that accompanies the online edition of this article).
Given the potential bias from the per-protocol sample, we focused
on the modified intent-to-treat sample and then tested whether
results were consistent in the per-protocol sample. Participants
were recruited from eight academic and nine private sites in five
countries (mean enrollment per site, N=56, SD=96) and had
ABCBI genotypes and cognitive testing at pretreatment baseline.

Study Participants

The study enrolled adults (18-65 years old) who had a di-
agnosis of current, single-episode, or recurrent nonpsychotic
major depressive disorder and whose treating clinician ap-
proved treatment with an antidepressant drug. See Figure S2
in the data supplement for inclusion and exclusion criteria
(22). Psychiatric inclusion and exclusion criteria were based
on the Mini International Neuropsychiatric Interview (24),
the 17-item Hamilton Depression Rating Scale (HAM-D) (25)
to assess severity (a score =16 was required for inclusion), and
a urine toxicology screen. The Mini International Neuropsy-
chiatric Interview was also used to assess comorbid psychiatric
disorders. Race and ethnicity were assessed by self-report as part
of a computerized questionnaire using standard World Health
Organization formats (Table 1).

Written informed consent was obtained from all par-
ticipants after the procedures had been fully explained. The
study was approved by institutional or ethical review boards
at each site, and its protocols were in compliance with In-
ternational Conference on Harmonization and Good Clinical
Practice principles, the U.S. Food and Drug Administra-
tion Code of Federal Regulations, and country-specific
guidelines.

Study Treatments

Participants were randomly assigned to receive escitalopram,
sertraline, or extended-release venlafaxine. Randomization
was undertaken centrally using Phase Forward’s validated
web-based Interactive Response Technology application to
implement a blocked randomization procedure (block size
of 12, across sites). Investigators, raters, and participants
were not blind to treatment assignment. Medications were
prescribed and dosages adjusted by treating clinicians ac-
cording to routine clinical practice, but following the rec-
ommended dosage ranges. Psychotropic medication was
discontinued prior to randomization except for occasional
(i.e., =1 dose/week) use of sleep aids, anxiolytics, and med-
ications to manage antidepressant-induced side effects (e.g.,
nausea), which are commonly used in practice. Treatments

Am J Psychiatry 172:8, August 2015


http://ajp.psychiatryonline.org

for concurrent general med-
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TABLE 2. Position, Allelic Distribution, and Role of ABCB1 Single-Nucleotide Polymorphisms?

ical conditions were allowed

Minor Allele Minor Allele
and recorded. Polymorphism  Position  (Major Allele) Frequencyb (%) Hardy-Weinberg p Role
rs10245483 89475544 T(9) 46.2 1.00 Approximately 2.4
Outcome Measures Mb upstream
We focused on two planned of ABCB1
outcome measures: remis- rs3213619 87068129 Cl(t) 5.0 0.21 5'UTR (exon 2)
R rs2214102 87067437 Alg) 5.2 0.88 5'UTR (exon 3)

sion, defined as a score =5 5535015 87037500 T(g) 216 0.64 Intron 5
on the 16-item QUiCk In- 1510276036 87018134 G(a) 39.5 0.05¢ Intron 10
ventory of Depressive Symp-  rs2032588 87017379 T(c) 8.3 0.01¢ Intron 13
tomatology (QIDS-SR) (26), rs2235033 87017079 Cl(t) 493 0.73 Intron 14
and the sum of the three items rs28381916 87013077 Alg) 1.0 1.00 Intron 16

K rs2032583 86998497 Clt) 13.0 0.94 Intron 22
of the Frequency, Intensity, 7793196 86960783 G(a) 27.0 0.003¢ 10 kb downstream
and Burden of Side Effect from ABCB1

Rating (FIBSER) scale (27)
(referred to here as the FIBSER
sum score). The QIDS-SR and
the FIBSER were the only
outcome measures to be collected at baseline, at the 8-week
posttreatment follow-up, and during treatment-phase tele-
phone monitoring sessions (at weeks 1, 2, 4, and 6).

Behavioral Tests of General and Emotional Cognition

At baseline, participants completed a computerized test battery
that evaluated 13 cognitive and emotional capacities, including
response speed, decision speed, processing speed, attention/
working memory, cognitive flexibility, response inhibition, verbal
memory, executive function, emotion identification, and the
implicit priming of simple decision by emotion (28, 29). To create
summary measures of each test, we followed our previously
established procedure for normalizing each measure to the
benchmark from 336 healthy controls (i.e., as standardized
z-scores relative to a control mean of 0) and averaged normalized
measures (e.g.,, accuracy and reaction time) within each test.
Values on each measure were aligned such that positive indicated
better performance and negative indicated worse performance.

Heterogeneity in Cognitive and Emotional

Test Performance

Consistent with our previous report (21), participants fell into
two clusters of cognitive and emotional test performance: an
“intact” cluster who performed on average within the healthy
range of z>—0.5, and an “impaired” cluster who performed
on average well below the healthy norm, at z<—0.5. This
clustering method was reproducible using alternative
assumption-free classification methods such as latent class
analysis (21). In the modified intent-to-treat sample, 494
participants were intact and 189 were impaired. In the per-
protocol sample, 418 were intact and 158 were impaired.

Genetic Analysis

We genotyped 10 SNPs in or near the ABCBI1 gene (Table 2),
chosen based on previously reported associations with ABCB1
function or on pharmacogenetic studies of ABCB1 substrate
drug treatment outcomes (7-9, 11, 13, 30-33). Four of these have
been investigated for predicting antidepressant response or
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2 Relative positions on chromosome 7 are taken from the National Center for Biotechnology Information, genome build 36.3.
P All have a number of chromosomes of 1,776.
€ No deviation from Hardy-Weinberg equilibrium in the white subsample.

remission: rs2032583 (7, 8, 11, 34, 35), rs2235033 (8), rs2235015
(7, 8, 11), and rs10245483 (7). Others have been studied in
other diseases (e.g., 1s10276036, rs2214102, and rs32313619 in
cancer risk) (36, 37).

DNA extraction was performed from EDTA-treated blood
using the Puregene DNA method (Qiagen, Valencia, Calif.).
Genotyping was performed using the Illumina VeraCode
Golden Gate SNP genotyping platform (Illumina, Hayward,
Calif.) by Covance, Inc. (Seattle). To screen for genotyping
errors, we checked for deviation from Hardy-Weinberg
equilibrium (38). Because the sample was ethnically hetero-
geneous, and population stratification can result in deviation
from Hardy-Weinberg equilibrium, we also tested for Hardy-
Weinberg equilibrium in participants with self-reported white
ethnicity. Haploview, version 4.2 (39), was used to calculate p
values for Hardy-Weinberg equilibrium deviation and to
calculate linkage disequilibrium among SNPs.

Statistical Analysis

Logistic regression analyses were performed with remission
(defined by QIDS-SR score) as the binary dependent outcome
measure. We tested for effects of individual ABCB1 SNPs and
the effects of SNP-by-treatment interactions on remission.
Thus, predictors in the model were ABCB1 SNPs entered
simultaneously (and with each SNP coded by number of
minor alleles as 0, 1, and 2 using an additive allelic model),
treatment defined as a categorical variable, and the interaction
of these predictors. We did not include rs3213619 in analyses
because of the absence of minor allele carriers for this SNP,
and thus the analyses were undertaken with nine SNPs in
total. Site was included as a covariate in the regression model.
Potential confounders included pretreatment symptom se-
verity, age, and treatment duration. When one or more of
these variables contributed to remission status, we included
them in the regression model as additional covariates. Within
the overall regression model, the Wald statistic (W) was used
to assess the significance of the contribution of each predictor.
To account for the testing of multiple SNPs, SNP p values of
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FIGURE 1. Linkage Disequilibrium Maps for the Full Genotyped
Sample (N=888) and for White Participants in the Genotyped
Sample (N=546)

A. Full Genotyped Sample (N=888)

0.05/18 =0.0028 were considered significant using a Bonferroni
correction for nine SNPs, each tested for one main effect and
one interaction effect. All p values <0.05 are reported for
completedness, because of the possibility of false negative
results at this significance level. Based on the exponential
beta values in the regression models, we generated the odds
ratio for each significant effect. The odds ratio for in-
teraction terms reflects how much greater or lower the
likelihood of remission or side effects is in a multiplicative
sense between treatment arms according to number of minor
alleles. To assess potential clinical applicability we com-
puted the number needed to treat for significant SNP effects.
To account for genotype frequencies, we also calculated the
numbers needed to screen (40).
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Linear regression analyses were run with FIBSER sum score
as the linear dependent outcome measure. Predictors were
again the number of minor alleles for each SNP, treatment, and
the SNP-by-treatment interaction. The t statistic was used to
assess the significance of the contribution of each predictor.

In a second set of logistic (for QIDS-SR-based remission)
and linear (for FIBSER sum score) regressions, cognitive
status (impaired, intact) was included as an additional predictor
to assess SNP-by-cognition interactions. We again tested the
overall regression model, the individual contributions of
SNP-by-cognition and SNP-by-treatment-by-cognition inter-
actions, and the odds ratio for significant effects.

Our sample size was powered to achieve at least 89%
power to detect even small effects for the nine SNP predictors
of interest and interactions with treatment at p<<0.05. This
power calculation applied to the smaller per-protocol sub-
sample from our two analytic samples. Our analytic models
were designed to identify each SNP’s unique predictive
contributions while taking account of the effects of other
SNPs. Because genetic effects can depend on ethnic back-
ground, we examined the full sample and the subsamples of
self-reported whites and nonwhites.

We compared baseline characteristics of the impaired and
intact cognition groups in the modified intent-to-treat and per-
protocol cohorts using t tests and chi-square tests. Similar analyses
were performed comparing the demographic and clinical char-
acteristics of the modified intent-to-treat and per-protocol sam-
ples with those patients excluded from genetic analyses.

RESULTS

The sample’s baseline demographic and clinical character-
istics are summarized in Table 1.

The genotype distributions in the complete sample
(N=888) were in Hardy-Weinberg equilibrium for all SNPs
except rs7793196, rs10276036, and rs2032588 (Table 2). In
the white subsample, none of these deviated from Hardy-
Weinberg equilibrium. Some variants were in moderate but
not complete linkage disequilibrium in our cohort (Figure 1).
Of note, rs10245483 was unrelated to any markers genotyped.

Modified Intent-to-Treat Sample

Remission. In the modified intent-to-treat sample, age (p=0.01)
and baseline QIDS-SR score (p<<0.001) were significant pre-
dictors of remission. Hence, genetic analyses were performed
covarying for both.

Within the significant overall model (x*=67.58, df=29,
p<<0.001) only rs10245483 contributed significantly to prediction
of remission. For rs10245483, there was a significant main
effect on remission using multiple testing correction (W=12.64,
p<<0.001; main effect odds ratio=3.48) and a significant in-
teraction by treatment arm (W=11.18, p=0.001; interaction
odds ratio=1.73) (Figure 2A). Common allele homozygotes
for rs10245483 responded significantly better to escitalopram
(p=0.032) and sertraline (p=0.020) than did minor allele ho-
mozygotes. Minor allele homozygotes responded significantly
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FIGURE 2. Interaction of ABCB1 rs10245483 Genotype With Remission and Side Effect Ratings, by Antidepressant Medication, in the

Modified Intent-to-Treat Sample (N=683)?
A. Remission by Genotype
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@The modified intent-to-treat sample included those of the 888 genotyped patients who completed =2 weeks of antidepressant treatment. Remission
was defined as ascore =5onthe 16-item Quick Inventory of Depressive Symptomatology. The side effect measure was the sum of the three items of the
Frequency, Intensity, and Burden of Side Effect Rating (FIBSER) scale. Carriers of the rs10245483 major allele with intact cognition were most likely to
remit with escitalopram; minor allele homozygotes with impaired cognition were most likely to remit with venlafaxine.

better to venlafaxine (p=0.018). There were no effects noted in
the heterozygotes. The specific contribution of rs10245483 as
a predictor of remission was also verified in univariate models
assessing each SNP one at a time.

The effect was similar in whites and nonwhites. In white
participants in the modified intent-to-treat sample (N=423),
within the significant overall model (x*=61.51, df=29, p<<0.001)
rs10245483 had asignificant main effect on remission (W=7.22,
p=0.007; main effect odds ratio=3.54) and a significant in-
teraction by treatment arm (W=6.99, p=0.008; interaction odds
ratio=1.78), which did not pass the multiple testing threshold.
For nonwhites, within the significant overall model (x?=55.79,
df=28, p=0.001), there was a main effect of rs10245483 on
remission (W=11.42, p=0.001; main effect odds ratio=14.38) and
a significant interaction between rs10245483 and treatment
(W=9.81, p=0.002; interaction odds ratio=3.54) that met the
multiple testing correction threshold.

To assess clinical utility for predicting efficacy, we calculated
number needed to treat for the genotype groups within the
overall modified intent-to-treat sample (Table 3). The number
needed to treat, as computed by comparing remission rates
in minor allele homozygotes (G/G) treated with escitalopram
or sertraline versus venlafaxine, was 5. In contrast, T/T sub-
jects were more likely to remit with venlafaxine than with
escitalopram or sertraline, with a number needed to treat of 6.
In the heterozygotes, there was no advantage for genotyping
(number needed to treat=50). Thus, for the homozygotes,
genotyping five or six subjects yields one additional remitter.
To account for genotype frequencies, we calculated number
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needed to screen (40) for the three genotypes; for G/G, it was
18; for T/G, 100; and for T/T, 27. Thus, screening 18 subjects
would yield one more G/G patient attaining remission.
Combining the homozygote groups, the number needed to
screenwas 10. Thus, screening 10 subjects yields one additional
patient (either G/G or T/T) attaining remission.

Side effects. There was a significant overall prediction model
for side effects (FIBSER sum score) (F=1.77, df=26, 628, p=0.012).
Again, only rs10245483 contributed significantly to prediction.
For rs10245483, there was a significant main effect on side effects
using multiple testing correction (t=3.55, p<0.001; main effect
odds ratio=3.07) and a significant interaction by treatment arm
(t=—3.83, p<<0.001; interaction odds ratio=1.76) (Figure 2B).
Major allele carriers had fewer side effects with escitalopram
(p=0.037), whereas minor allele homozygotes had fewer side
effects with venlafaxine (p=0.017).

The effect for side effects was similar in whites and non-
whites. In white participants in the modified intent-to-treat
sample, the omnibus model was not significant. For rs10245483,
there was a significant main effect on side effects for whites
(t=2.52, p=0.012; main effect odds ratio=2.82) and a significant
interaction by treatment type (t=—2.44, p=0.015; interaction
odds ratio=1.59) that did not meet the multiple testing cor-
rection threshold. For nonwhites, there was a significant main
effect for rs10245483 on side effects (t=2.92, p=0.004; main ef-
fect odds ratio=5.15) and a significant interaction for rs10245483
by treatment arm (t=—3.35, p=0.001; interaction odds ratio=2.70)
that did not meet the multiple testing correction threshold.

ajp.psychiatryonline.org 755


http://ajp.psychiatryonline.org

ABCB1 GENETIC EFFECTS ON ANTIDEPRESSANT OUTCOMES

TABLE 3. Remission Rate for Each Antidepressant and Number
Needed to Treat and to Screen for Patients With Major Allele
Homozygote (G/G), Heterozygote (T/G), and Minor Allele
Homozygote (T/T) Status on ABCB1 rs10245483

Genotype
Measure G/G (N=192) T/G(N=342) T/T (N=149)
Remission rate % % %
Total sample 28 50 22
Escitalopram group 45 41 24
Sertraline group 45 34 18
Venlafaxine group 22 35 38
N N N
Number needed to 5 50 6
treat, escitalopram
and sertraline versus
venlafaxine
Number needed to 18 100 27

screen?, escitalopram
and sertraline versus
venlafaxine

@ Number needed to screen is computed as number needed to treat divided by
genotype frequency.

Per-Protocol Sample

Remission. In the per-protocol sample, we observed a sig-
nificant effect of age (p=0.003) and baseline QIDS-SR score
(p<<0.001) on remission. Thus, age and baseline QIDS-SR
score were again included as covariates.

Within the significant overall model for the per-protocol
sample (x>=70.18, df=29, p<0.001), only the rs10245483
SNP contributed significantly to prediction of remission.
For rs10245483, there was a significant main effect on re-
mission (W=11.90, p<<0.001; main effect odds ratio=3.70) and
a significant interaction by treatment using multiple testing
correction (W=10.43, p=0.001; interaction odds ratio=1.77).
Common rs10245483 homozygotes responded comparatively
better to sertraline (p=0.010)—as well as to escitalopram, al-
though this comparison did not reach statistical significance
(p=0.056)—while minor allele homozygotes were more likely
to remit with venlafaxine (p=0.007). The results for remission
were similar for whites and nonwhites.

Side effects. Within the significant overall prediction model
for side effects assessed by the FIBSER sum score (F=1.98,
df=25, 532, p=0.003), rs10245483 also showed a significant
main effect on side effects (t=3.13, p=0.002; main effect odds
ratio=2.80) and a significant interaction by treatment arm
(t=—3.47,p=0.001; interaction odds ratio=1.09) using multiple
testing correction. Minor allele carriers had fewer side effects
with venlafaxine (p=0.019); major allele homozygotes had
fewer side effects with escitalopram, although this difference
did not reach statistical significance (p=0.09). The results for
side effects were similar for whites and nonwhites.

Cognition and ABCB1 SNPs
Remission. There was a significant overall model for the
interaction of SNPs with cognitive status in the modified
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intent-to-treat sample (x*>=84.57, df=30, p<<0.001). The
rs10245483 SNP contributed significantly to prediction of
remission as a function of cognitive status and of treatment
arm using multiple testing correction (W=9.57, p=0.002;
interaction odds ratio=1.53). The greater likelihood of re-
mission for major allele homozygotes with escitalopram
was most apparent for participants with intact cognition
(p=0.047), whereas the greater rate of remission in minor
allele homozygotes with venlafaxine was most apparent for
participants with impaired cognition (p=0.033). This inter-
action was significant for whites and nonwhites considered
separately.

Side effects. For FIBSER sum score, there was a significant
overall model for prediction by SNPs and cognition (F=1.84,
df=33, 653, p=0.004). Within the model, rs10245483 showed
a significant main effect using multiple testing correction
(t=3.33, p=0.001; main effects odds ratio=3.01) and a signifi-
cant interaction with cognitive status that did not meet the
correction threshold (t=—2.86, p=0.004; interaction odds
ratio=1.48). In the impaired cognition group, minor allele
homozygotes had fewer side effects than major homozygotes
(p=0.021), whereas there were no differences in the intact
cognition group.

Other Clinical Considerations

The modified intent-to-treat and per-protocol groups were
not markedly different from the overall genotyped sample.
Participants in the modified intent-to-treat group were sig-
nificantly older on average than the excluded participants
(N=205), but only by half a year. There were no other signifi-
cant differences between the two groups in baseline clinical
measures (see Table S1 in the online data supplement) or
genotype frequencies for rs10245483. There were no signif-
icant differences in dosage within each treatment among the
rs10245483 genotype groups.

There were no differences in baseline clinical measures
between per-protocol and excluded participants (N=312), and
there were no significant differences in genotype frequencies
for rs10245483 between the two groups.

DISCUSSION

Our results demonstrate novel effects of the rs10245483
variant, which is approximately 2.5 Mb upstream of the
ABCBI1locus, on antidepressant outcomes. The T minor allele
has been reported to result in higher P-glycoprotein ex-
pression in a lymphoblast cell line model (31) when found
in combination with minor alleles of the rs28656907/
rs28373093 dinucleotide pair. Cell line models for ABCB-1
have been shown to be have limited predictive value for in
vivo activity (41). We observed a clinical predictive effect for
rs10245483 without genotyping the rs28656907/rs28373093
dinucleotide pair. Increased P-glycoprotein expression could
resultin enhanced clearance of antidepressants from the brain,
which could explain why rs10245483 T allele homozygotes
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demonstrated significantly poorer responses to escitalopram
and sertraline. It is not apparent why T homozygotes did
well on venlafaxine. Possibly the difference in the drugs’
monoaminergic activity, with escitalopram and sertraline
being selective serotonin reuptake inhibitors and venlafaxine
a mixed norepinephrine-serotonin reuptake inhibitor, play
a role. The association of cognitive impairment with a better
response to venlafaxine in the T/T homozygotes would be in
keeping with a particular need for a noradrenergic effect
(i.e., the noradrenergic effect of venlafaxine may specifically
improve cognition in subjects with poor cognition).

In contrast, rs10245483 had opposite actions on side
effects depending on medication. Minor allele carriers who
demonstrated lower efficacy with escitalopram also experienced
greater side effects. We recently observed similar reciprocal
prediction of efficacy versus side effects for variants of rs2235040
in a study of chronic depression (34). MDRI variants that predict
lower antidepressant response but greater side effects could
reflect nonresponding patients being treated with higher dosages
that produce greater peripheral side effects resulting from higher
tissue concentrations where P-glycoprotein is not expressed. In
contrast, greater efficacy and lower side effects with venlafaxine
were observed in minor allele carriers. Although escitalopram,
sertraline, and venlafaxine are P-glycoprotein substrates
(4, 42-44), they may differ in their relative induction versus
inhibition effects on the P-glycoprotein pump, much as agents
can be not only substrates but also inducers or inhibitors of
P4502D6 enzymes. Sertraline inhibits P-glycoprotein activity at
the blood-brain barrier (45), such that chronic treatment
increases sertraline brain levels. This could offset the minor
allele increased efflux effect. Escitalopram is neutral in its ac-
tivity. Venlafaxine induces P-glycoprotein expression (46), and
chronic treatment could induce P-glycoprotein and lower brain
(and perhaps serum) concentrations. However, at the dosages
used in our study, P-glycoprotein induction by venlafaxine may
be negligible (46). We did find that among venlafaxine-treated
participants, rs10245483 had a significant effect on side effects,
but whether this is related to the P-glycoprotein-inducing
properties of the drug remains unknown. Further study, using
measures of central drug concentration, efficacy, and side ef-
fects, is required to better understand the differences in genetic
prediction among the three agents.

Little else is known about the clinical effects of rs10245483.
Our study in an elderly depressed sample (7) found no evidence
of an effect of rs10245483 on paroxetine or mirtazapine effi-
cacy. Other ABCBI antidepressant pharmacogenetic studies
have not assessed this variant (8, 11, 13, 32).

The minor C allele for the intronic SNP rs2032583 has been
associated with shorter time to remission on substrate medications
(7, 8) but greater antidepressant side effects (11). However, we
recently reported it to be associated with greater remission and
lower side effect burden in a chronic depression cohort treated
primarily with escitalopram or sertraline (34, 35), although that
finding did not withstand correction for multiple testing. In the
present study, we found no evidence for a significant effect of this
SNP on remission. We did note significant prediction of response
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for the minor allele (data not shown). Given these findings,
rs2032583 seems a less robust predictor of outcome.

SNP rs2235033 has been associated with likelihood of
remission (8), a finding not replicated in the present sample.
Similarly, rs2235015 has been shown to predict remission (8),
but it was not predictive in this sample, which is in agreement
with other studies (7, 11).

In the full cohort of iSPOT-D completers, we recently
reported that impairment on tests of cognitive and emotional
function predicted poorer antidepressant outcomes (21).
Patients with cognitive impairment and major depression may
represent a distinct population with unique clinical charac-
teristics and possibly a different response to treatment (18). For
example, patients with depression and cognitive impairment
tend to be older and have a longer duration of illness, as we
found in the present sample; however, our sample was by
design not elderly, and the effect of age on remission was
included in the analyses.

Another explanation is that the cognitively impaired
nonelderly participants represent what is classically referred
to as suffering from a significant depression, in contrast to
patients with milder depression who often barely meet cri-
teria for major depressive disorder and are often recruited
into clinical trials. Thus, the cognitively impaired may rep-
resent a distinct endophenotype for depression defined by
these impairments and associated disruptions to cognitive
brain circuitry. We are following up our studies on cognition
with other biomarkers to better understand the neurobiology
of these patients.

From a pharmacogenetic perspective, it may be that be-
cause of age-associated changes in impaired patients, differ-
ences in brain concentrations due to altered P-glycoprotein
function have a more pronounced effect in older than in
younger individuals. Certainly, greater sensitivity to avariety of
medications has been associated with aging (47, 48), and the
function of the P-glycoprotein pump declines with age (49). In
the present study, there was a strong overall association be-
tween age and remission, with older patients showing less
frequent response than younger ones. Even after controlling
for age, we observed a significant interaction of cognition and
rs10245483 on treatment response.

Our study had several limitations that must be considered.
We only included patients who completed at least 2 weeks of
treatment. There could be pharmacogenetic effects that af-
fected those who dropped out early. ABCBLI is a large gene,
and we assessed a limited number of SNPs. There could be
other ABCBI pharmacogenetic markers that we did not test,
in particular the rs28656907/rs28373093 dinucleotide pair
that modulates the effect of rs10245483. Although dosages
were similar across cohorts and genotypes, we did not de-
termine serum antidepressant concentrations, which could
affect outcomes. Because iSPOT-D is a real-world outcomes
study that includes primary care providers, the dosages used
were somewhat lower than those used in traditional clinical
drug trials. Higher dosages might have resulted in different
pharmacogenetic effects.
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In conclusion, we found that the functional SNP rs10245483,
located upstream from the ABCBI gene, affects antide-
pressant medication efficacy and side effects. The effect
depended on the specific medication. Our results suggest
that ABCBI1 variation is drug specific and that further study
is needed to understand the differences among the agents.
The results also suggest that other pharmacogenetic cohorts
should be examined for effects in cognitively impaired
subgroups.
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