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Objective: The authors sought to identify
genetic markers for antidepressant medi-
cation intolerance. Genetic variation in
drug metabolizing enzymes such as cyto-
chrome P450 2D6 (CYP2D6) has been pos-
tulated to underlie antidepressant intoler-
ance (pharmacokinetic effect). However,
variation in genes encoding serotonin re-
ceptors could also explain antidepressant
side effects (pharmacodynamic effect).

Method: An 8-week, double-blind, ran-
domized pharmacogenetic study com-
pared the widely prescribed antidepres-
sants paroxetine (a selective serotonin
reuptake inhibitor [SSRI]) and mirtazapine
(not an SSRI) in 246 elderly patients with
major depression. Genotypes were deter-
mined for the 102 T/C single nucleotide
polymorphism (SNP) in the serotonin 2A
(5-HT>2a) locus (HTR2A), previously associ-
ated with psychotropic medication treat-
ment outcome. Oligonucleotide microar-
rays were used to extensively characterize
variation in the CYP2D6 gene. Clinical
outcomes included treatment discontinua-

tions, adverse events, medication compli-
ance, and change in mood.

Results: Survival analysis showed discon-
tinuations due to paroxetine-induced side
effects were strongly associated with the
HTR2A C/C genotype. There was a signifi-
cant linear relationship between the
number of C alleles and the probability of
discontinuation. Side effect severity in par-
oxetine-treated patients with the C/C geno-
type was also greater. In contrast, HTR2A
102 T/C genotype had no effect on mir-
tazapine side effects. CYP2D6 genotype
did not predict treatment outcome for
either medication.

Conclusions: Pharmacodynamic differ-
ences among patients due to variant 5-
HT>a receptors appear to be more impor-
tant than pharmacokinetic variation in
determining paroxetine intolerance.
Pharmacogenetic markers may be useful
in predicting antidepressant treatment
outcome.

(Am | Psychiatry 2003; 160:1830-1835)

It is unknown why some patients experience side effects
with antidepressant medications whereas others do not.
Genetic differences among patients may contribute to
medication intolerance. Variation in the CYP2D6 gene en-
coding debrisoquine hydroxylase can result in impaired
antidepressant hepatic metabolism, leading to higher
plasma concentrations and more side effects (1). However,
genetically determined differences in receptor proteins,
membrane transporters, and signal transduction mole-
cules could also have important pharmacodynamic ef-
fects on antidepressant tolerability (2). For example, en-
hanced medication binding to a receptor variant that
results in autonomic activation could increase side effects.

Selective serotonin reuptake inhibitor (SSRI) antidepres-
sants such as paroxetine are among the most widely pre-
scribed of all medications (3). These agents increase the
availability of serotonin (5-HT) in the synaptic cleft (4, 5).
The 5-HT>x receptor is widely distributed postsynaptically
in the CNS and in the periphery (6-8). Activation of central
5-HT>4 receptors may affect sleep and arousal (9, 10) and
sexual behavior (11), whereas stimulation of peripheral 5-
HT>4 receptors affects gut motility and vascular smooth
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muscle tone (7, 8). SSRI side effects such as insomnia, agi-
tation, gastrointestinal distress, and sexual dysfunction
could be due to activation of 5-HT»x receptors, although
other receptors such as 5-HT3 may also be involved. In
contrast to SSRI medications, mirtazapine induces the re-
lease of norepinephrine as well as serotonin (12). In addi-
tion, mirtazapine blocks serotonin receptors of the 2 and 3
subclasses. This may be why mirtazapine results in fewer
complaints related to sleep and arousal, sexual function,
and the gut than are typically experienced with SSRIs.

We examined the effects of genetic variation at the
CYP2D6 and HTR2A loci on adverse events and discontinu-
ations during an 8-week comparison of paroxetine and mir-
tazapine treatment of elderly patients with major depres-
sion. The CYP2D6 gene is highly polymorphic, with more
than 40 known alleles. Homozygosity for null alleles results
in no debrisoquine hydroxylase activity, whereas one null
allele in combination with an intermediate metabolic allele
results in reduced activity. Initial doses of paroxetine are
metabolized largely by debrisoquine hydroxylase, so poor
and intermediate metabolizers might experience more ad-
verse events (13). Debrisoquine hydroxylase also accounts
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for 25%-45% of mirtazapine clearance (14). The HTR2A 102
T/C single nucleotide polymorphism (SNP) has been asso-
ciated with antipsychotic medication efficacy and side ef-
fects in some studies (15-17). Association of the HTR2A 102
T/C SNP with outcome after treatment with clozapine,
which modified serotonergic activity in the brain, indicated
that this polymorphism might also affect outcome with
paroxetine and mirtazapine.

Method

The study was an 8-week, double-blind, randomized trial com-
paring mirtazapine and paroxetine conducted at 18 outpatient
clinics in the United States. Institutional review board approval was
obtained at each site, and all patients provided written informed
consent. All patients (paroxetine: N=124, mirtazapine: N=122) were
65 years of age or older and free of major medical problems for at
least 3 months. At screening, all met DSM-1V criteria for major de-
pression (single or recurrent), had Mini-Mental State Examination
(MMSE) (18) scores above the 25th percentile for their age, and had
a 17-item Hamilton Depression Rating Scale (19) score of at least
18. Patients were excluded for clinically significant laboratory ab-
normalities, unstable medical conditions, drug or alcohol abuse,
psychosis, recent suicide attempt, psychiatric conditions other
than major depression, or antidepressant treatment within 7 days
of commencing the study. Other concurrent medications were
continued throughout the trial. Initial treatment was either 15 mg
of mirtazapine (one active capsule and one placebo capsule) or 20
mg of paroxetine (two 10-mg capsules) given each evening. On day
14, doses were increased to 30 mg of mirtazapine or paroxetine. At
days 28 and 42, dose increases to 45 mg of mirtazapine or 40 mg of
paroxetine were allowed if the patient had not achieved Clinical
Global Impression (20) change scores indicating “much improved”
or “very much improved.” Patients were evaluated after 1, 2, 3, 4, 6,
and 8 weeks of treatment. A meeting was held for investigators
from the different sites before the onset of the study for assessment
training and standardization of techniques. Additional informa-
tion on clinical aspects of the study has been published (21).

Genomic DNA was extracted from EDTA-treated whole blood
(Puregene kit, Gentra Systems, Minneapolis). Sixteen CYP2DE6 alle-
les were queried using oligonucleotide microarrays according to
the manufacturer’s instructions (GeneChip CYP450, Affymetrix,
Santa Clara, Calif.) as described (22). CYP2D6 deletions and dupli-
cations and the *41 allele were identified as described (22, 23). Pre-
dicted phenotypes were determined by using published allele clas-
sifications (24, 25). Patients with two null alleles were designated
poor metabolizers. Those with one null allele and an intermediate
metabolic allele or two intermediate metabolic alleles (*41, *10, *9)
were designated intermediate metabolizers. Patients with a dupli-
cation of *1 or *2 were designated ultrametabolizers. All other pa-
tients were designated extensive metabolizers. Genotype for the
102 T/C DNA single nucleotide polymorphism in the HTR2A gene
was determined by using the method of Du et al. (26). Electro-
phoretic gels were scored by two observers blind to clinical data.

Mirtazapine concentrations in plasma were analyzed by using
a liquid chromatographic assay with fluorescence detection after
extraction of plasma using N-hexane. Paroxetine was assayed in
plasma samples using an ultraviolet high-performance liquid
chromatography method.

Treatment discontinuations were classified as due to any event
and due to an adverse event. Severity of adverse events were given
ratings of 1 (mild), 2 (moderate), or 3 (severe). These scores were
summed and were standardized for treatment duration and aver-
age daily dose. Actual medication taken was determined by
counting the number of prescribed tablets remaining at each
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TABLE 1. CYP2D6 Allele Frequencies in 241 Older Depressed
Patients Randomly Assigned to 8 Weeks of Double-Blind
Treatment With Paroxetine or Mirtazapine

CYP2D6 Allele Frequency (%)
*1 34.4
*2 22.0
*3 1.0
*4A, *4D 16.4
*5 4.1
*6A, *6B 1.5
*9 2.1
*10B 4.1
*41 12.2
*1x2 1.0
*2x2 1.0

clinic visit. Dosing compliance was determined by total number
of medication doses taken divided by total number of capsules
given. For comparison of medication and genotype groups on
baseline demographic measures, baseline mood scales, MMSE,
plasma drug concentrations, final daily dose, dosing compliance,
and severity of adverse events, a general linear model analysis
was used with center, treatment, and genotype as factors. To com-
pare the number of subjects discontinuing because of adverse
events in relation to genotype and treatment, Cochran-Mantel-
Haenszel analyses were used. Kaplan-Meier survival analyses
were used to compare probability of discontinuation between
genotype groups. Mood was rated with the Hamilton depression
scale and the Geriatric Depression Scale (27). The effect of geno-
type on improvement in mood was determined by using a general
linear model analysis with drug, genotype, center, and baseline
included in the model. To test for an association between CYP2D6
genotype and HTR2A genotype, chi-square tests were performed.

Sixty-six patients also took medications that are debrisoquine
hydroxylase substrates or inhibitors during the study. To deter-
mine if concurrent medications interacted with CYP2D6 geno-
type to affect severity of adverse events, analyses of variance were
performed with three factors: medication, CYP2D6 genotype, and
concurrent medication.

Results

Effect of CYP2D6 Genotype

We detected 11 CYP2DE6 alleles and 33 genotypes in 241
patients using oligonucleotide microarrays and additional
assays for the *41 and *5 alleles and gene duplications.
CYP2D6 allele frequencies are given in Table 1. Frequen-
cies of the common CYP2D6 alleles (*1, *2 and *41, *3, *4,
*5) did not differ significantly (two-by-five chi-square test)
from those reported for Caucasian populations (28). The
*10B allele was overrepresented in our sample, most likely
because there were 15 ethnic minority patients included
in the sample genotyped for CYP2D6.

There were 42 patients (17.4%) with genotypes encod-
ing poor (N=16) and intermediate metabolism (N=26). Ten
patients (4.1%) carried gene duplications encoding ul-
trametabolism. There was no significant difference be-
tween the treatment groups in the frequencies of CYP2D6
genotype groups. Because of the small number of poor
metabolizers and ultrametabolizers, analyses were per-
formed on two combined groups: poor and intermediate
metabolizers versus extensive metabolizers and ultrame-
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TABLE 2. Baseline Characteristics and Clinical Course of 241 Older Depressed Patients Randomly Assigned to 8 Weeks of
Double-Blind Treatment With Paroxetine or Mirtazapine, by CYP2D6 Metabolic Phenotype?

Paroxetine Mirtazapine
Extensive Metabolism  Poor or Intermediate Extensive Metabolism  Poor or Intermediate
or Ultrametabolism Metabolism or Ultrametabolism Metabolism
Measure (N=105) (N=15) (N=94) (N=27)
Mean SD Mean SD Mean SD Mean SD
Age (years) 72.28 5.13 71.93 5.11 7211 5.82 70.74 4.94
Body weight (kg) 76.84 15.99 84.07 21.40 76.98 14.74 75.33 17.73
MMSE score 28.70 1.33 28.60 0.62 28.49 1.26 29.41 0.73
17-item Hamilton depression scale score 2217 3.38 24.07 4.22 22.40 3.69 21.78 2.76
Geriatric Depression Scale score 19.55 5.43 20.43 5.30 19.00 5.53 18.78 6.76
Adverse Event Index rating for study drug 52.17 29.81 66.24 28.18 49.47 28.60 38.36 23.45
Final dose (mg/day) 30.21 9.12 26.67 12.35 31.22 10.96 31.54 12.53
Dosing Compliance Index rating 97.89 7.89 97.36 8.69 96.95 7.86 98.23 2.81
Day 28 plasma drug concentration (ng/ml) 71.65 52.55 99.51 37.35 40.55 19.65 39.84 20.12
N % N % N % N %

Gender

Male 49 46.7 7 46.7 45 47.9 15 55.6

Female 56 53.3 8 53.3 49 52.1 12 44 .4
Discontinuations due to adverse events 26 24.8 5 333 17 18.1 2 7.4

2 Metabolism predicted by CYP2D6 genotype. Poor metabolism: two null alleles; intermediate metabolism: one null allele and one interme-
diate allele (*41, *10, *9) or two intermediate alleles; ultrametabolism: duplication of *1 or *2 allele. All other allele combinations were clas-

sified as genotypes encoding extensive metabolism.

tabolizers. There were no significant differences between
subjects classified as poor or intermediate metabolizers
and subjects classified as extensive metabolizers or ul-
trametabolizers in age, gender distribution, ethnicity,
baseline body weight, baseline MMSE, or baseline depres-
sion rating scale scores (Table 2). For both medications,
patients with genotypes predicting poor or intermediate
metabolism showed no differences in the severity of ad-
verse events or the frequency of discontinuations from
those with genotypes encoding extensive and ultrametab-
olism. There were no differences between groups in final
daily dose achieved or in dosing compliance. Plasma drug
levels obtained after 4 weeks of treatment showed no sig-
nificant differences for either drug between patients with
predicted poor or intermediate metabolism and others.
CYP2D6 genotype had no effect on depression measures
for either drug. Reanalysis of data with patients carrying
one null allele and a functional allele (N=64) classified as
intermediate metabolizers yielded identical results. Re-
sults were similar when data for the 222 Caucasian pa-
tients with CYP2D6 genotypes were analyzed alone.

An analysis of variance showed no significant interac-
tion between concurrent medication (debrisoquine hy-
droxylase inhibitor or substrate) and CYP2D6 genotype
effects on severity of adverse events. There was no interac-
tion between concurrent medication and study medica-
tion and no significant three-way interaction. These re-
sults indicate that concurrent medication did not interact
with CYP2D6 genotype or study medication to affect the
severity of adverse events.

Effect of HTR2A Genotype

In the full sample, HTR2A 102 T/C allele frequencies
were C=0.575, T=0.425. Genotype frequencies did not dif-
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fer significantly from Hardy-Weinberg equilibrium. We
analyzed clinical results by comparing patients with the
C/C genotype with others because this dichotomy was
shown to predict outcome in patients treated with cloza-
pine (15). Of paroxetine-treated patients, 41 (33.6%) had
the C/C genotype, whereas 81 (66.4%) were T/C or T/T. For
mirtazapine, there were 38 patients (30.6%) with the C/C
genotype, whereas 86 (69.4%) were T/C or T/T. These fre-
quencies were not significantly different between the par-
oxetine and mirtazapine treatment groups. There were no
significant differences between patients with the C/C gen-
otype and others in age, gender distribution, ethnicity,
baseline body weight, plasma drug concentrations, base-
line cognition, or severity of depression at baseline for ei-
ther treatment group (Table 3).

Unlike CYP2DE6 variation, the HTR2A 102 T/C SNP had a
major effect on paroxetine side effects and discontinua-
tions. There were significantly more discontinuations due
to adverse events for C/C paroxetine-treated patients
(46.3%) than for those with the T/C and T/T genotypes
(16%) (Cochran-Mantel-Haenszel test: x?=12.8, df=1, p=
0.001). Survival analyses showed that paroxetine-treated
patients with the C/C genotype were significantly more
likely to discontinue treatment because of adverse events
than were other patients at all assessment points (p=0.001
for all points, log rank chi-square tests) (Figure 1). The se-
verity of side effects in paroxetine-treated patients with the
C/C genotype was also greater (F=4.61, df=1, 179, p=0.03).
During the first week of treatment, C/C patients took sig-
nificantly less paroxetine than others (F=7.64, df=1, 108, p=
0.007), indicating these patients did not comply with med-
ication instructions. Paroxetine-treated patients discontin-
ued early because of gastrointestinal complaints (vomit-
ing, nausea, diarrhea) (N=7), somnolence and difficulty
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TABLE 3. Baseline Characteristics and Clinical Course of 246 Older Depressed Patients Randomly Assigned to 8 Weeks of Dou-
ble-Blind Treatment With Paroxetine or Mirtazapine, by HTR2A Genotype for the 102 T/C Single Nucleotide Polymorphism

Paroxetine Mirtazapine
C/C Genotype T/C or T/T Genotype C/C Genotype T/C or T/T Genotype
Measure (N=41) (N=81) (N=38) (N=86)
Mean SD Mean SD Mean SD Mean SD
Age (years) 72.34 4.67 7215 5.31 7113 4.98 7217 5.93
Body weight (kg) 78.44 16.77 77.65 17.01 75.20 15.09 77.19 15.57
MMSE score 28.39 1.47 28.80 117 28.76 1.17 28.65 1.20
17-item Hamilton depression scale score 22.02 3.64 22.61 3.42 22.26 3.88 22.26 3.33
Geriatric Depression Scale score 19.11 5.12 19.92 5.49 18.79 5.85 18.87 5.74
Adverse Event Index rating for study drug 64.46 27.40 48.90 29.41 48.58 31.23 44.92 27.84
Final dose (mg/day) 26.77 10.62 31.17 8.64 30.32 10.59 31.55 11.49
Dosing Compliance Index rating 96.21 10.43 98.67 6.12 96.02 9.79 97.66 5.46
Day 28 plasma drug concentration (ng/ml) 62.98 45.29 79.00 53.46 41.27 21.31 40.05 19.30
N % N % N % N %
Gender
Male 20 48.8 37 45.7 17 44.7 46 53.5
Female 21 51.2 44 54.3 21 55.2 40 46.5
Discontinuations due to adverse events 19 46.3 13 16.0 6 15.8 13 15.1

concentrating (N=7), agitation and sleep disturbance (N=
6), and other side effects (dizziness, sweating, headache,
sexual dysfunction) (N=7).

In contrast, among mirtazapine-treated patients, there
were no differences between C/C patients and other sub-
jects in severity of adverse events, final daily dose, dosing
compliance, plasma levels, early discontinuations, or drop-
outs due to adverse events. Survival analysis showed no dif-
ference between those with the C/C genotype and others in
discontinuations at any point during the study (Figure 1).

We also performed three-level analyses comparing pa-
tients with C/C, T/C, and T/T genotypes. For the full sam-
ple, genotype frequencies were as follows: C/C=32.1%, T/
C=50.8%, and T/T=17.1%. There was no significant differ-
ence between the treatment groups in the distribution of
HTR2A genotypes (paroxetine group: C/C=33.6%, T/C=
51.6%, T/T=14.8%; mirtazapine group: C/C=30.6%, T/C=
50.0%, T/T=19.4%). There were no significant differences
among the genotype groups in age, gender distribution,
ethnicity, body weight, or baseline clinical measures for ei-
ther treatment group. Survival analyses showed that
among paroxetine-treated patients, there was a positive
linear relationship between the number of C alleles and
the probability of discontinuation because of adverse
events at all assessment points (p=0.025-0.009, log rank
chi-square tests). No effect of HTR2A genotype was seen
among mirtazapine-treated patients.

Although there were no significant differences between
HTR2A genotype groups in the frequency of ethnic minor-
ities, to minimize error due to population stratification
data for Caucasians (N=117 for mirtazapine, N=109 for
paroxetine) were analyzed separately. There were no sig-
nificant differences between C/C carriers and other Cau-
casian patients in baseline demographics and clinical
characteristics for either treatment group. For paroxetine-
treated patients, survival analyses showed that C/C pa-
tients had a significantly greater probability of discontinu-
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ation due to adverse events at every assessment point in
comparison with other patients (p<0.005 for all points, log
rank chi-square tests), whereas among mirtazapine-
treated Caucasian patients there was no difference.

Chi-square tests showed no association between HTR2A
102 T/C genotype and CYP2D6 genotype for the full co-
hort (Table 4), as well as when the paroxetine and mirtaza-
pine cohorts were considered separately. This means it is
unlikely that effects observed for HTR2A C/C genotype
were due to an association with a particular CYP2D6 geno-

type category.

Discussion

These results demonstrate a major effect of the HTR2A
102 T/C polymorphism on adverse events in elderly de-
pressed, nondemented patients treated with paroxetine
but not among those treated with mirtazapine. The
HTR2A 102 T/C SNP does not result in an amino acid sub-
stitution in the receptor protein. This indicates the effect
we found on intolerance to paroxetine is due to linkage
disequilibrium with another nearby variant that alters re-
ceptor function. There are a number of other SNPs in the
HTR2A gene, some of which are nonsynonymous (15). In
our sample the HTR2A 102 T/C SNP was in complete link-
age disequilibrium with the -1438 promoter polymor-
phism, which could affect receptor levels. A difference in
the levels of the mRNAs encoding the HTR2A C and T vari-
ants was recently reported in the human brain (29). The
linear relationship between the number of C alleles and
discontinuations suggests a gene-dosage effect.

The 5-HT2a receptor is located on postsynaptic neurons
and binds serotonin in the synaptic cleft. Anatomic and
physiologic data suggest that some SSRI side effects such
as sleep and circadian disturbances and sexual dysfunc-
tion could be mediated through 5-HT>4 receptors (9-11).
HTR2A variation may alter receptor numbers, affinity, or
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FIGURE 1. Treatment Discontinuation Among 246 Older Depressed Patients Randomly Assigned to 8 Weeks of Double-
Blind Treatment With Paroxetine or Mirtazapine, by HTR2A Genotype for the 102 T/C Single Nucleotide Polymorphism
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TABLE 4. Cross Classification of 241 Older Depressed
Patients Randomly Assigned to 8 Weeks of Double-Blind
Treatment With Paroxetine or Mirtazapine by CYP2D6 Met-
abolic Phenotype and HTR2A Genotype for the 102 T/C Sin-
gle Nucleotide Polymorphism

HTR2A Genotype

CYP2D6 Phenotype? c/C T/C T
Extensive metabolism or ultrametabolism 60 104 35
Intermediate metabolism 13 9 4
Poor metabolism 4 10 2

2 Metabolism predicted by CYP2D6 genotype. Poor metabolism: two
null alleles; intermediate metabolism: one null allele and one inter-
mediate allele (*41, *10, *9) or two intermediate alleles; ultrametab-
olism: duplication of *1 or *2 allele. All other allele combinations
were classified as genotypes encoding extensive metabolism.

signal transduction. The 5-HT2x receptors are also found
on smooth muscle cells in the gut and vasculature (7, 8).
Carriers of the C/C genotype may have side effects includ-
ing gastrointestinal upset and dizziness after paroxetine
from altered activation of smooth muscle 5-HT2x recep-
tors. Unlike paroxetine, mirtazapine blocks the 5-HT2x re-
ceptor, preventing interaction with serotonin. By blocking
the receptor, mirtazapine could negate the effects of any
5-HT»a functional variation.

CYP2D6 variation is widely considered important in
determining the severity of medication side effects.
However, there are few studies to substantiate this belief.
CYP2D6 genotype has strong effects on plasma levels of
older tricyclic antidepressants (22). Because paroxetine is
metabolized largely by debrisoquine hydroxylase (13), and
because debrisoquine hydroxylase accounts for a substan-
tial portion of mirtazapine metabolism (14), we expected
patients with genotypes encoding impaired metabolism to
show more severe adverse events and more discontinua-
tions. Elderly patients are considered vulnerable to small
increases in antidepressant levels. However, CYP2D6 geno-
type did not influence side effects from either paroxetine or
mirtazapine, even taking into account the recently identi-
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fied -1584 (-1496) C/G promoter variant encoding inter-
mediate metabolic activity (24). The effects of the HTR2A
102 T/C polymorphism on paroxetine side effects and dis-
continuations cannot be attributed to CYP2D6 effects,
since there was no association between HTR2A 102 T/C
and CYP2D6 genotypes.

Contrary to recently published recommendations (30),
we found no evidence that dosages of these medications
should be adjusted for CYP2D6 poor and intermediate me-
tabolizers. Further, 66 patients were taking debrisoquine
hydroxylase inhibitors or substrates during the study. Con-
current therapy with paroxetine or mirtazapine did not af-
fect discontinuations or adverse events, even in patients
with intermediate metabolic genotypes expected to be vul-
nerable to treatment with medications interacting with de-
brisoquine hydroxylase. It is possible that with a larger sam-
ple or with different concurrent medications, a small but
significant effect of CYP2D6 genotype on outcome might be
detected. However, this effect is unlikely to approach the
magnitude of that seen for HTR2A genetic variation.

These results indicate that variation in the HTR2A gene
may be important in determining medication discontinua-
tions in geriatric patients treated with paroxetine. If con-
firmed, it may be possible to identify patients who should
avoid paroxetine or take reduced doses because of increased
risk for discontinuation. CYP2D6 genetic variation does not
appear to be a major factor in determining paroxetine or
mirtazapine discontinuations and adverse events, indicat-
ing that pharmacodynamic effects such as receptor varia-
tion can be more important than pharmacokinetic factors.
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