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Objective: Lithium remains a first-line
treatment for bipolar disorder, but the
mechanisms by which it prevents the
recurrence of mood episodes are not
known. The authors utilized data from a
genomewide association study to exam-
ine associations between single nucle-
otide polymorphisms (SNPs) and the out-
come of lithium treatment in two cohorts
of patients with bipolar | disorder or bipo-
lar 1l disorder.

Method: The hazard for mood episode
recurrence was examined among 1,177
patients with bipolar I disorder or bipolar
Il disorder, including 458 individuals
treated with lithium carbonate or citrate,
who were participants in the Systematic
Treatment Enhancement Program for Bi-
polar Disorder (STEP-BD) cohort. SNPs
showing the greatest evidence of associa-
tion in Cox regression models were then
examined for association with positive
lithium response among 359 bipolar | or
Il disorder patients treated with lithium
carbonate or citrate in a second cohort
from the University College London.

Results: The strongest association in the
STEP-BD cohort (minimum p=5.5x1077)
was identified for a region on chromo-
some 10p15 (rs10795189). Of the regions
showing suggestive evidence (p<5x107%)
of association with lithium response, five
were further associated with positive lith-
ium response in the University College
London cohort, including SNPs in a region
on chromosome 4q32 spanning a gene
coding for the glutamate/alpha-amino-3-
hydroxy-5-methyl-4-isoxazolpropionate
(AMPA) receptor GRIAZ.

Conclusions: Multiple novel loci merit
further examination for association with
lithium response in bipolar disorder pa-
tients, including one region that spans
the GRIAZ gene, for which expression has
been shown to be regulated by lithium
treatment.

(Am ] Psychiatry 2009; 166:718-725)

Recurrent mood episodes are a hallmark of bipolar
disorder, with as many as 50% of patients experiencing re-
currence within 1 year after resolution of an acute episode
(1-4). Multiple pharmacotherapies, including lithium and
lamotrigine as well as some antipsychotic medications,
have demonstrated efficacy in delaying recurrence of
mood episodes in bipolar disorder (5-9). However, the
molecular mechanisms by which these drugs exert their
therapeutic effects have not been established, despite in-
tensive study implicating multiple pathways (10), particu-
larly for lithium.

Some evidence suggests that response to lithium treat-
ment is familial (11) and associated with a family history of
bipolar disorder (12). However, initial candidate gene in-
vestigations of lithium response have not yet yielded repli-
cated findings (13-15). Limited understanding of the
mechanism of action of bipolar pharmacotherapies im-
pedes further candidate gene association studies and ar-
gues for a more unbiased genomewide approach. Indeed,
recent transcriptional profiling studies (16, 17) have iden-

tified changes following lithium treatment in genes not
previously connected with lithium response.

The Systematic Treatment Enhancement Program for Bi-
polar Disorder (STEP-BD) study (3, 18) was an effective-
ness study that examined real-world outcomes in a large
cohort of patients receiving guideline-based, nonrandom-
ized treatment. Results from a genomewide association
study of the STEP-BD cohort have recently been reported
(19, 20). We utilized these genomewide data to examine as-
sociation with risk for recurrence among patients treated
with lithium. We then examined the regions that showed
the greatest evidence of association in a second cohort of
bipolar I and II disorder patients who were drawn from
clinical populations at University College London.

Method

Participants

The STEP-BD study was a multicenter cohort study conducted
in the United States at 15 sites between 2001 and 2006. Methods
for the STEP-BD study as a whole have been described previously
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(3, 18). In brief, study participation was offered to all bipolar pa-
tients seeking outpatient treatment at one of the participating
study sites. Entry criteria were 1) meeting DSM-IV criteria for bi-
polar I disorder, bipolar II disorder, bipolar disorder not other-
wise specified, cyclothymia, or schizoaffective disorder bipolar
type and 2) the ability to provide informed consent. For individu-
als ages 15 to 17, written assent from a parent or guardian was
also required. Hospitalized individuals were eligible to enter fol-
lowing discharge.

From the 4,361 participants in the STEP-BD study, 2,089 agreed
to provide blood samples for DNA extraction and cell line genera-
tion through the STEP Genetic Repository for Participants. The
present analysis is based on all subjects who entered STEP-BD
with a diagnosis of bipolar I or I disorder who were part of the ge-
netic study and were included in a bipolar genomewide associa-
tion study (19). Features of this cohort have been reported else-
where (19). Subjects with bipolar disorder not otherwise
specified, schizoaffective disorder bipolar type, or cyclothymia
represented <9% of the total STEP-BD sample and were excluded
from the present analysis because of the difficulty in considering
their course and treatment response in episodic terms.

Assessments

Bipolar diagnosis was determined using mood and psychosis
modules from the Structured Clinical Interview for DSM-1V, as in-
corporated in the Affective Disorders Evaluation, and confirmed
using the Mini-International Neuropsychiatric Interview (18, 21).
Comorbid axis I diagnoses were also determined using the Mini-
International Neuropsychiatric Interview. Additional details of
patients’ retrospective course upon entering STEP-BD, including
the proportion of time in the preceding year with significant de-
pressive, manic, and anxious symptoms as well as the number of
episodes of each type, were collected by the clinician using the Af-
fective Disorders Evaluation.

Intervention

Study clinicians in STEP-BD were trained to use model practice
procedures, which included published pharmacotherapy guide-
lines (18, 22), but could prescribe any treatment or combination
of treatments they felt were indicated. The use of guideline-con-
cordant care was substantially higher than expected under natu-
ralistic conditions, suggesting that such training yielded the de-
sired effect (18, 22). Patients also received education in the
collaborative care approach, which has been described previ-
ously (18, 23), using a self-teaching workbook and videotape.

Outcomes and Phenotype Definition

Because STEP-BD was intended to mimic clinical practice, par-
ticipants were seen by a study clinician as frequently as clinically
indicated. At baseline and each follow-up visit, clinicians as-
signed current mood status based on the Clinical Monitoring
Form, which assesses DSM-IV mood criteria for depressive,
manic, hypomanic, or mixed states within the prior 14 days (18).

Primary outcome definitions utilized in the present analysis
were those of the STEP-BD study, selected for consistency with
the National Institute of Mental Health Treatment of Depression
Collaborative Research Program (24-26) as well as the McLean-
Harvard First-Episode Mania Study (1). Recovery was defined as
two or fewer syndromal features of a mood episode for at least 8
weeks, and recurrence was defined as meeting full DSM criteria
for a mood episode on any single subsequent visit. The presence
of subsyndromal mood symptoms during follow-up was not con-
sidered recurrence.

The at-risk cohort was defined as individuals who achieved eu-
thymia for at least 8 weeks during prospective follow-up, consis-
tent with STEP-BD clinical reports and previous bipolar cohort
studies as well as the McLean-Harvard First-Episode Mania Study
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FIGURE 1. Consolidated Standards of Reporting Trials
(CONSORT) Diagram lllustrating the Derivation of the STEP-
BD Pharmacogenetic Recurrence Cohort

STEP genetics cohort (total)
N=2,089

|

Bipolar 1 or 2
N=1,918 (91.8%)

Bipolar not otherwise
specified/schizoaffective/
cyclothymia N=171 (8.2%)

! !

1 + follow-up visits No follow-up
N=1,851 (96.5%) N=67 (3.5%)

! !

Recovered Never recovered
N=1,462 (79.0%) N=389 (21.0%)

! }

1 + follow-up visits No usable follow-up
N=1,397 (95.2%) N=65 (4.8%)

STEP-PG cohort genomewide
association study data
N=1,177 (84.3%)

No genomewide
association study data
N=220 (15.7%)

58% of total cohort

(1, 3, 24-26). Derivation of the STEP-BD recurrence cohort is illus-
trated in a Consolidated Standards of Reporting Trials (CON-
SORT) diagram in Figure 1. The outcome of interest was defined
as time to recurrence of a mood episode.

The primary analysis examined all subjects receiving treat-
ment with lithium carbonate or lithium citrate, alone or in combi-
nation with other pharmacotherapies, at the first prospectively
observed study visit during which they were in remission, an ap-
proach analogous to an intent-to-treat analysis (Table 1). A subset
of these patients who were receiving lithium for at least 4 weeks of
follow-up (N=431) was also examined to address the possibility
that differences in outcomes might arise from differential tolera-
bility during the initial phase of treatment. Finally, to understand
treatment-independent factors that might influence recurrence
risk, a second analysis examined all subjects in the prospective
cohort (N=1,177).

The University College London sample consisted of bipolar
disorder patients of United Kingdom or Irish background. Indi-
viduals with not more than one grandparent of other Western Eu-
ropean ancestry were also included. The U.K. National Health
Service Multicenter Research Ethics Committee approval was ob-
tained, and all subjects signed a consent form after reading an in-
formation sheet (20). All subjects were interviewed using the
Schedule for Affective Disorders and Schizophrenia—Lifetime
Version and were assigned a Research Diagnostic Criteria diagno-
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TABLE 1. Sociodemographic and Clinical Characteristics of the Treatment-Response Cohort in the STEP-BD Study

Group

Non-Lithium Treated

Lithium-Treated

Characteristic Subjects (N=719) Subjects (N=458) Full Cohort (N=1,177) Comparison
N % N % N % x> df p

Male 310 43.1 205 44.8 515 43.8 0.37 1 0.58
Diagnosis

Bipolar I disorder 468 65.1 331 723 799 67.9 6.62 1 0.01

Any current anxiety disorder 239 33.2 151 33.0 390 33.1 0.01 1 0.92

Any current alcohol use disorder 81 11.3 40 8.7 121 10.3 1.94 1 0.16
Rapid cycling (past year) 309 43.0 171 37.3 480 40.8 3.69 1 0.06
History of suicide attempt 250 35.6 150 33.6 400 34.8 0.47 1 0.49
History of psychosis 271 39.2 184 41.3 455 40.0 0.54 1 0.46
Non-euthymic at study entry 477 66.3 317 69.2 794 67.5 1.05 1 0.31
Treatment

Current valproate use 305 42.4 74 16.2 379 32.2 88.39 1 <0.001

Current lamotrigine use 239 332 111 24.2 350 29.7 10.86 1 0.00

Current carbamazepine use 44 6.1 18 3.9 62 5.3 2.69 1 0.10

Current antipsychotic use 285 39.6 166 36.2 451 38.3 1.36 1 0.24

Current antidepressant use 353 49.1 197 43.0 550 46.7 4.16 1 0.04

Lithium as sole mood stabilizer 274 59.8 274 233

Lithium >4 weeks 431 94.1 431 36.6

Mean SD Mean SD Mean SD t df p

Age at study entry (years) 43.8 13.0 42.6 12.5 433 17.9 1.51 1 0.13
Age at illness onset (years) 18.0 9.8 17.8 8.2 17.9 9.2 0.38 1 0.70

sis. A global assessment of response to lithium treatment was also
determined by the interviewing psychiatrist based on the rate and
severity of bipolar episodes before and after lithium treatment.
These data were reviewed by a research psychiatrist (N.B.) in or-
der to characterize subjects according to the following three re-
sponse groups: “good,” “intermediate,” and “poor.” It was possi-
ble to characterize 359 genotyped subjects receiving lithium,
alone or in combination with other medications, in this manner.
For analyses presented in the present study, poor (negative) re-
sponders were contrasted with the other two response groups
(positive responders), based on the determination by the evaluat-
ing psychiatrist that the former was the most clearly distin-
guished from the latter two.

Genotyping and Genotype Imputation

DNA was extracted from lymphoblastoid cell lines at the Rut-
gers Cell and DNA Repository. For the University College London
sample, DNA was extracted from blood samples. Genotyping was
performed using the Affymetrix GeneChip Human Mapping 500K
Array Set by the Genetic Analysis Platform at the Broad Institute
of Harvard and Massachusetts Institute of Technology. Details of
data cleaning and genotype imputation have been described by
Ferreira et al. (20).

Statistical Analysis

In the STEP-BD cohort, Cox regression was used to examine the
association between the hazard of recurrence and individual sin-
gle nucleotide polymorphisms (SNPs), with the Efron method for
resolving ties. Time-to-event or censoring was defined as the
number of days following the first recovered visit (i.e., baseline) to
the first recurrence of a major depressive, hypomanic, manic, or
mixed episode, with results censored after recurrence, dropout,
completion of 2 years of follow-up, or presence of a gap between
visits >120 days.

All regression models also incorporated as a covariate the clin-
ical state at entry into the STEP-BD study (euthymic or symptom-
atic), since individuals who enter a symptomatic state and subse-
quently recover remain more likely to experience recurrence (3).
To account for potential population stratification effects, we also
included as covariates the first two quantitative indices of ances-
try based on a multidimensional scaling analysis of the pair-wise
identify-by-state distance matrix for all individuals. Analyses that
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included additional indices of ancestry (i.e., the third, fourth, and
subsequent components from the multidimensional scaling
analysis) were not meaningfully different.

Quintile-quintile plots comparing observed to expected p val-
ues based on Cox regression results were generated (see the data
supplement accompanying the online version of this article). For
each analysis, the genomic inflation factor lambda was calculated
from the ratio of median observed to expected chi square values.

For any SNPs demonstrating significant association with recur-
rence at a p value <5x 10~ (selected a priori as four orders of mag-
nitude less than an accepted threshold for genomewide signifi-
cance), we performed additional testing. First, we confirmed that
the proportional hazards assumption was met using formal test-
ing (implemented in the postestimation command estat phtest in
Stata) and visual inspection of scaled identify-by-state plotted
against log (time). Second, we examined the possible confound-
ing effects of sociodemographic and clinical features previously
associated with outcome (3), including 1) depressive, manic, or
anxious symptoms in the pre-baseline year; 2) rapid cycling in the
preceding year; 3) sex; and 4) residual mood symptoms, by re-
peating the Cox regression with adjustment for each of these pre-
dictors individually. Third, we repeated the Cox regression re-
stricting the cohort to those patients with at least 4 weeks of
treatment (N=431). Fourth, we repeated the regression adding
terms for concomitant antidepressant or antipsychotic treat-
ment. Finally, to clarify the specificity of association for lithium
treatment, we examined gene-by-treatment effects in the Cox re-
gression by incorporating a term for treatment status (“on” or
“off” lithium at entry).

For initial analyses of genetic association, PLINK v1.0 (27) and
the coxph module of R were utilized. Stata 10.0 (StataCorp, Col-
lege Station, Tex.) was used for follow-up analyses.

Replication Analysis

For the regions demonstrating the greatest evidence of associ-
ation with lithium response in the STEP-BD cohort, we examined
association of these SNPs with positive versus negative response
in the University College London cohort. Findings were inter-
preted as consistent if a SNP exhibited a hazard ratio >1 (indicat-
ing association with greater recurrence risk) in the STEP-BD co-
hort and an odds ratio >1 (indicating association with negative

Am | Psychiatry 166:6, June 2009



PERLIS, SMOLLER, FERREIRA, ET AL.

TABLE 2. Chromosomal Regions With at Least One SNP Associated With Lithium Response in the STEP-BD and University

College London Cohorts?

Cohort

STEP-BD (N=1,177)

University College London (N=359) Minor Allele Frequency

Hazard Ratio

0dds Ratio From

Chromo- Minor From Cox Logistic Positive Negative
some SNP Allele TypeP Regression p’ Regression p* Response  Response
8 rs2439523 A Genotyped 1.62 0.00006 1.71 0.04 0.096 0.154
3 rs6772967 G Imputed 1.45 0.0001 1.63 0.01 0.455 0.576
11 rs11237637 T Genotyped 1.37 0.0004 1.60 0.01 0.331 0.442
4 rs9784453 A Genotyped 1.40 0.0004 1.48 0.03 0.353 0.447
15 rs5021331 T Genotyped 1.47 0.0005 1.81 0.008 0.142 0.231

4 The most associated SNP in the STEP-BD cohort is shown for each region.

b Directly genotyped SNPs versus imputed SNPs.
*p<5x 1074, **p<0.05.

lithium outcome) in the University College London cohort or
vice versa.

Results

We examined approximately 1.4 million SNPs directly
genotyped on the Affymetrix Gene Chip or imputed using
PLINK, as described previously (20), with a minor allele
frequency >5% in a total of 1,177 bipolar I and bipolar II
patients. Assuming a 55% recurrence rate and an alpha of
5% 1074, power was >80% to detect a hazard ratio of 9.71 in
the full cohort and 0.58 in the 458 lithium-treated patients.

Sociodemographic and clinical features of the lithium-
treated cohort were generally similar to those of the non-
lithium-treated patients (Table 1). Lithium-treated pa-
tients were more likely to have a diagnosis of bipolar I dis-
order and less likely to be receiving co-treatment with
valproate, lamotrigine, or an antidepressant. Among the
458 lithium-treated patients, 274 (59.8%) were receiving
lithium as their sole mood stabilizing medication, and 431
(94.1%) continued to receive lithium treatment for at least
4 weeks following remission.

Association Analyses

The genomic inflation factor (lambda) was 1.00 for the
lithium-treated cohort and 1.00 for the full cohort, which,
as expected, was less than that of the STEP-BD case-control
analyses (19) because all subjects in the present study rep-
resent “cases” drawn from the same population. Genome-
wide association results for the lithium cohort are shown in
Figure 1 and are also available online (pngu.mgh.har-
vard.edu/perlis/AJP_lithium_GWAS/). No SNPs met the
threshold for genomewide significance (p=5x 10-8) correct-
ing for approximately 1 million independent common
SNPs (28). The SNP with the greatest evidence for associa-
tion was located on the chromosomal region 10p15 (mini-
mum p=5.5x 1077 for rs10795189). Three additional regions
were associated with a p value <5x 1078 (21q21, 12g22, and
6p21, 19 with a p value <5x 107>, and 140 with a p value
<5x 1074,

We next examined the regions with a p value <5x 10~ for
association with lithium response in a second cohort
(University College London cohort) (Table 2 [also see the
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data supplement accompanying the online version of this
article]). In the University College London cohort (N=359),
power was >80% to detect a genotypic risk ratio of 1.3, with
an alpha of 0.05 for minor allele frequencies >10%. Of the
regions examined, nine yielded a p value <0.05 in this co-
hort (versus seven expected by chance). Of these nine, five
(8q22, 3p22, 11q14, 4932, and 15q26) displayed the same
direction of effect as displayed in the STEP-BD cohort (i.e.,
protective or risk inducing). These regions are illustrated
in the data supplement accompanying the online version
of this article.

When terms for gene-by-treatment interactions were in-
cluded in the Cox model in the STEP-BD cohort, significant
interactions (p<0.05) were identified for all regions except
3p22 and 15q26. Figure 2 illustrates time to recurrence for
159784453 on region 4q32 among lithium-treated (Kaplan-
Meier log-rank: p=0.001) and non-lithium-treated (Ka-
plan-Meier log-rank: p=0.72) patients.

In no case did incorporation of clinical or sociodemo-
graphic covariates, including indicator variables for clini-
cal sites, lead to a change in a hazard ratio >10%, indicat-
ing that these covariates did not confound the observed
associations. For example, in the STEP-BD clinical cohort,
we previously reported that bipolar I disorder versus bipo-
lar IT disorder was not significantly associated with recur-
rence risk (3). In the present study, incorporating bipolar
subtype into the model yielded a change of <1% in the re-
sulting hazard ratio, and both subtype and the subtype-
by-genotype interaction terms yielded a p value >0.05 for
regions 8922, 3p22, 11q14, 4932, and 15g26. Likewise, lim-
iting the analysis to the 431 subjects who continued treat-
ment with lithium for at least 4 weeks after remission
failed to meaningfully alter these results, suggesting that
differences in short-term tolerability did not confound the
genetic associations. Finally, including terms in the model
for co-treatment with antidepressant or antipsychotic
medications also did not suggest confounding.

Bipolar Liability Regions Implicated by Previous
Investigations

We examined the regions implicated in a recent meta-
analysis of genomewide association study data for bipolar
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FIGURE 2. Survival Analysis of rs9784453 Among Lithium-
Treated Subjects and the Full-Recurrence Cohort

rs9784453, Lithium-Treated

1.00
0.75
0.50 159784453 a=0
025 — rs9784453_a=1
— 1s9784453_a=2
0.00
At risk:
0 158 93 68 52 36
1 219 134 88 61 42
2 75 37 22 12 6
0 180 360 540 720
Analysis Time
rs9784453, Non-Lithium Treated
1.00
0.75
0.50 159784453 a=0
025 — rs9784453_a=1
— rs9784453_a=2
0.00
At risk:
0 267 152 108 71 50
1 346 200 137 84 62
2 97 58 43 32 23
0 180 360 540 720

Analysis Time

disorder (20), since such regions might a priori be more
likely to influence treatment response. Results from this
analysis are available in the data supplement accompany-
ing the online version of this article.

Overall Time to Recurrence Analysis

Finally, we examined association with time to recurrence
among the entire treatment cohort, independent of lith-
ium treatment status. Genomewide association results are
illustrated in Figure 3 as well as the data supplement ac-
companying the online version of this article (results are
also available online [http://www.massgeneral.org/chgr/
faculty_perlis/publications/lithium_gwas.htm]). No SNPs
met the threshold for genomewide significance (for
rs1493902 on 16q12: minimum p value=2.7x 10-5). Overall,
there were two regions associated with a p value of <5x 10~
6 and 147 regions associated with a p value of <5x 1074,

Discussion

In the present study, which to our knowledge is the first
genomewide association study of lithium response in bipo-
lar disorder, no SNP met the threshold for genomewide as-
sociation. However, these results may still be useful in lay-
ing the groundwork for subsequent genetic and proteomic
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investigations by helping to prioritize association results. Of
the regions with a p value of <5x 10~ in the STEP-BD co-
hort, five showed consistent evidence of association in a
second cohort of lithium-treated patients (University Col-
lege London cohort). Among these five regions is the gene
coding for a subunit of the ligand-gated ionotropic
glutamate receptor, GluR2/GLURB, which binds to alpha-
amino-3-hydroxy-5-methyl-4-isoxazolpropionate (AMPA).
Notably, a recent report suggested that GRIA2 is one of the
genes downregulated by chronic lithium treatment in a hu-
man neuronal cell line (17), and chronic lithium or val-
proate treatment causes decreased synaptic expression of
GluR2 in hippocampal neurons (29). In a magnetic reso-
nance spectroscopy study, hippocampal glutamate con-
centrations were significantly increased in euthymic chron-
ically lithium-treated patients relative to healthy
comparison subjects (30). Thus, our results add to a conver-
gent body of evidence suggesting the importance of
glutamate in bipolar disorder and the mechanism by which
lithium may affect glutamatergic neurotransmission.

Among the other regions with consistent association in
the STEP-BD and University College London cohorts were
those containing 1) Syndecan-2 (SDC2), which codes for a
cell-surface proteoglycan that has been shown to play a
central role in the formation of dendritic spines in the
hippocampus (31); 2) synaptic vesicle glycoprotein-2B
(SV2B), a protein of unknown function expressed prima-
rily in the hippocampus (32); and 3) the human homo-
logue of Drosophila odd Oz (0dz)-4 (ODZ4), implicated in
brain patterning (33). Taken together our results also sug-
gest that response to lithium is likely influenced by multi-
ple genes of modest effect, similar to complex genetic dis-
eases themselves.

We did not find significant evidence of association with
treatment response for variation in regions previously im-
plicated in a meta-analysis of genomewide association
studies of bipolar disorder (20). This is perhaps not sur-
prising given that the genes in these regions account for a
very small proportion of attributable risks of bipolar disor-
der. However, we cannot exclude the possibility that lith-
ium acts up- or downstream of these genes.

The STEP-BD cohort presents both limitations and
strengths for pharmacogenetic study. A primary limitation
is the absence of detailed retrospective data to allow con-
trast between pre- and posttreatment course. As a result,
we were unable to utilize the criteria for good versus poor
lithium response, as developed by Grof and colleagues
(11), which relies on knowledge of prelithium course. Fur-
ther limitations of the STEP-BD cohort are that treatments
were not always initiated at the onset of a mood episode,
treatment assignment was not randomized, and medica-
tions were often administered in combination. These fea-
tures make assignment of longer-term outcomes to a
given medication complex. Of note, this is a problem in bi-
polar disorder clinical practice as well, in which it can be
difficult for the clinician and patient to “assign” benefit to

Am | Psychiatry 166:6, June 2009
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FIGURE 3. Genomewide Association Results for Time to Recurrence Among Lithium-Treated Subjects and All Subjects

Time to Recurrence, Lithium-Treated Subjects (N=458)

-log10(p)

0 1 2 3 4 5 6

7 8 9 10 M
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12 13 14 15161718192021 X

Time to Recurrence, All Treatments (N=1,177)

-log10(p)

7 8 9 10 M

12 13 14 1516 1718192021 X

Chromosome

a given pharmacotherapy, particularly if it is part of a com-
bination regimen. Therefore, we made simplifying as-
sumptions based on when clinicians typically initiate and
discontinue new treatments (5). Specifically, for time-to-
recurrence, we assumed that if a patient was receiving a
treatment at baseline, an outcome could be assigned to
that medication. This approach corresponds to intent-to-
treat in clinical trials. We did not require a specific thresh-
old lithium level, since trough levels were not available for
the majority of subjects, although STEP-BD clinician edu-
cation in evidence-based practice included the impor-
tance of adequate lithium dosing.

On the other hand, the STEP-BD study has advantages
for pharmacogenetic analysis. First, because of the avail-
ability of detailed prospective assessments, our confi-
dence in the reliability of outcomes is higher than that
available from typical retrospective assessment. Second,
the STEP-BD study'’s effectiveness design should yield
greater generalizability and ecological validity than, for
example, randomized controlled trials. Such trials typi-
cally exclude individuals with anxiety or substance use co-
morbidity, despite the prevalence of these comorbidities

Am | Psychiatry 166:6, June 2009

in clinical practice (34). Finally, the total number of pa-
tients with time to recurrence available far exceeds that of
other reported cohorts to date, and the availability of mul-
tiple treatment groups allows for examination of overlap
in association.

In addition, little is known about the homogeneity of re-
sponse between bipolar I disorder and bipolar II disorder
(35), but modern studies suggest similar efficacy for lith-
ium in both subgroups (3, 5, 35). We therefore elected to
pool these two groups but adjust our associations by bipo-
lar subtype. Among the SNPs showing the greatest evi-
dence of association with lithium response, we did not de-
tect evidence of gene-by-bipolar subtype interactions.

A notable feature of the present analysis is the availabil-
ity of a replication cohort. The optimal replication cohort
would have allowed the examination of an identical phe-
notype (i.e., time to recurrence). A quantitative survival
phenotype as such should yield greater statistical power
than deriving a categorical outcome. However, to our
knowledge, no such cohort is extant. Alternatively, we
could have derived a “positive response” phenotype more
similar to that of the University College London cohort or
723
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other lithium-response cohorts. We elected not to catego-
rize time to recurrence outcomes for the STEP-BD cohort
in terms of “good” or “poor” response because to do so
would have entailed an arbitrary distinction. Still, the lack
of correspondence between the responsiveness pheno-
type in the two cohorts suggests that failure to “replicate”
should be interpreted cautiously.

Taken together, our results do suggest a number of regions
meriting further investigation. They further highlight the
importance of collecting adequate replication cohorts with
detailed longitudinal outcomes if the effect of genetic varia-
tion on lithium response is to be understood. An interna-
tional consortium for the study of lithium genetics will be
useful in this regard (http://www.conligen.org/). Finally, our
results suggest the potential utility of pharmacogenetic in-
vestigation in bipolar disorder for elucidating mechanisms
of action of established mood stabilizing medications.
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