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ABSTRACT
Background: Bipolar disorder is among the 10 most disabling medical conditions 
worldwide. While lithium has been used extensively for bipolar disorder since the 1970s, 
second-generation antipsychotics (SGAs) have supplanted lithium since 1998. To date, no 
randomized comparative-effectiveness study has compared lithium and any SGA.

Method: Within the duration of the study (September 2010–September 2013), 
participants with bipolar I or II disorder (DSM-IV-TR) were randomized for 6 months to 
receive lithium (n = 240) or quetiapine (n = 242). Lithium and quetiapine were combined 
with other medications for bipolar disorder consistent with typical clinical practice 
(adjunctive personalized treatment [APT], excluding any SGA for the lithium + APT group 
and excluding lithium or any other SGA for the quetiapine + APT group). Coprimary 
outcome measures included Clinical Global Impressions-Efficacy Index (CGI-EI) and 
necessary clinical adjustments, which measured number of changes in adjunctive 
personalized treatment. Secondary measures included a full range of symptoms, 
cardiovascular risk, functioning, quality of life, suicidal ideation and behavior, and adverse 
events.

Results: Participants improved across all measures, and over 20% had a sustained 
response. Primary (CGI-EI, P = .59; necessary clinical adjustments, P = .15) and secondary 
outcome changes were not statistically significantly different between the 2 groups. For 
participants with greater manic/hypomanic symptoms, CGI-EI changes were significantly 
more favorable with quetiapine + APT (P = .02). Among those with anxiety, the 
lithium + APT group had fewer necessary clinical adjustments per month (P = .02). Lithium 
was better tolerated than quetiapine in terms of the burden of side effects frequency 
(P = .05), intensity (P = .01), and impairment (P = .01).

Conclusions: Despite adequate power to detect clinically meaningful differences, we 
found outcomes with lithium + APT and quetiapine + APT were not significantly different 
across 6 months of treatment for bipolar disorder.

Trial Registration: ClinicalTrials.gov identifier for the Bipolar CHOICE study: NCT01331304
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The full spectrum of bipolar disorder 
affects up to 4.5% of the US population,1 

with a total annual (direct plus indirect) cost 
in the United States of at least $151 billion.2 
Most people living with bipolar disorder 
have relapsing, recurrent, chronic condition, 
commonly with residual (subsyndromal) 
mood symptoms and related disability.3 
In addition, bipolar disorder is associated 
with multiple comorbid psychiatric and 
medical challenges.4 Pharmacotherapy 
guidelines recommend mood stabilizers 
for both acute treatment of mood episodes 
and long-term maintenance treatment.5 
Clinicians and patients, however, frequently 
must choose between the classic antimanic 
mood stabilizers (ie, lithium or valproate) or 
second-generation antipsychotics (SGAs; eg, 
aripiprazole, asenapine, lurasidone, olanza-
pine, quetiapine, risperidone, or ziprasidone).

Among the classic antimanic mood sta-
bilizers, lithium has the largest evidence 
base, is available as an inexpensive generic, 
and has a well-established but narrow thera-
peutic window that requires blood level 
monitoring.6 Lithium, even at therapeutic 
levels, can cause tremor, polyuria, nausea, 
vomiting, and diarrhea. Longer term therapy 
with lithium can cause renal impairment and 
hypothyroidism.6 Quetiapine is the most 
extensively studied, broadly efficacious, and 
the most widely prescribed SGA for bipolar 
disorder in the United States.7,8 Quetiapine 
can cause clinically significant sedation/
somnolence and weight gain, with the latter 
in turn increasing risks of cardiovascular 
disease, diabetes mellitus, and the metabolic 
syndrome in a patient population already at a 
higher risk than those in the general popula-
tion.9,10 Unlike lithium, the effects of years of 
exposure to quetiapine have not yet been sys-
tematically studied, although first-generation 

https://clinicaltrials.gov/ct2/show/NCT01331304?term=NCT01331304&rank=1
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antipsychotics and SGAs may increase the risk of cardiovas-
cular death.11

In the past decade, clinicians have been prescribing 
more SGAs and less lithium to manage patients with 
bipolar disorder,12 but no randomized comparative-
effectiveness study has examined the standard clinical 
practice advantages and disadvantages of any SGA, including 
quetiapine, compared to lithium. Although efficacy studies 
have established quetiapine superiority over placebo 
and similarity to lithium using monotherapy or 2-drug 
combination therapy in bipolar disorder populations with 
minimal psychiatric comorbid conditions (ie, lacking 
clinical heterogeneity),13 no randomized studies have 
evaluated the performance of quetiapine under standard 
clinical practice conditions (ie, using combination regimens 
to address all clinically significant symptoms in a diverse 
group of patients with bipolar disorder). The purpose of the 
Bipolar CHOICE (Clinical Health Outcomes Initiative in 
Comparative Effectiveness) study was to assess the benefits 
and harms of 6 months of lithium compared to quetiapine 
in a generalizable (heterogeneous) cohort of symptomatic 
outpatients with bipolar disorder who were also taking 
adjunctive personalized treatment (APT).

METHOD

Study Design
This was an 11-site, parallel group, randomized 

comparative-effectiveness study of participants with bipolar 
I or II disorder who were at least mildly ill, had not been 
treated with adequate doses of lithium or quetiapine in the 
past, and were willing to be randomized to lithium + APT or 
quetiapine + APT. Adjunctive personalized treatment, based 
on the Texas Implementation of Medication Algorithm,14 
was guideline-informed, evidence based, and personalized 
according to current symptoms, prior treatment history, 
and illness course.14 The overall study was approved by 
the institutional review board (IRB) at the Massachusetts 
General Hospital-Partners HealthCare (coordinating center) 
as well as the IRBs at the other 10 sites. Patients signed 
approved informed consent forms in the presence of study 

clinicians prior to initiation of any study procedures. The 
study was conducted from September 2010 to September 
2013. The study is registered on ClinicalTrials.gov (identifier: 
NCT01331304). 

Study Participants
Participants were screened based on meeting 3 primary 

study criteria (over 18 years of age, bipolar I or II disorder 
[DSM-IV-TR criteria], and current symptomatic status). 
The primary exclusion criteria were any contraindication 
to lithium or quetiapine (eg, prior hypersensitivity to 
lithium or quetiapine, severe cardiovascular or renal 
disease, or pregnancy), being currently in crisis such that 
inpatient hospitalization or other crisis management should 
take priority, currently taking lithium or quetiapine, and 
unwillingness to comply with study requirements. The 
rationale and design of this study are described in detail 
elsewhere.15

Randomization and Treatment
Participants were randomized to lithium + APT or 

quetiapine + APT using an internet-based program with 
stratification. In the 11 clinical research sites, a research 
clinician provided the treatment and tracked treatments 
prescribed; treatment was monitored but not directed by the 
national coordinating center. For each site, randomization 
was stratified by provider and prior lifetime lithium use. 
Adjunctive personalized treatment allowed research 
clinicians to flexibly use the best evidence-based bipolar 
disorder treatment(s), personalized with respect to current 
symptoms and prior medication exposure, response, and 
tolerability.

However, treatment was restricted in that the lithium + APT 
group could not receive quetiapine or any other SGA and 
the quetiapine + APT group could not receive lithium or any 
other SGA.

Primary Outcomes
Clinical Global Impressions-Efficacy Index (CGI-EI). 

The CGI-EI16,17 integrates benefit and harms to yield scores 
that can be compared across interventions. Benefit and harm 
were rated separately. The CGI-EI was generated by using the 
CGI-Bipolar Version (CGI-BP),18 a modified version of the 
CGI designed specifically for use in assessing global illness 
severity in patients with bipolar disorder. This version assigns 
ratings for mania, depression, overall severity, and side effects. 
We defined the CGI-EI score as the difference between the 
rated benefit and harm; thus, CGI-EI spans ordinally (ie, the 
numbers assigned are ranked in order) from −3 (no benefit, 
significant harm) to +3 (significant benefit, no harm). To 
avoid the risk of concurrent knowledge of benefit and harm 
interfering with rater blinding, assessments of therapeutic 
effects and side effects were performed by raters who had no 
knowledge of treatment assignment.

Necessary clinical adjustments. The Medication 
Recommendation Tracking Form19 was developed and 
successfully implemented in a previous study to capture 
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 ■ Quetiapine, along with other second-generation 
antipsychotics, has largely supplanted the use of lithium 
for bipolar disorder, but no pragmatic studies have ever 
examined whether quetiapine would result in better 
outcomes.

 ■ Quetiapine and lithium, given along with other 
medications commonly used for bipolar disorder 
(adjunctive personalized treatment), resulted in 6-month 
outcomes that were not significantly different.

 ■ Growing use of second-generation antipsychotics as a 
treatment for bipolar disorder over the past 2 decades, 
leading to a widespread shift away from lithium as 
the cornerstone of therapy for bipolar disorder, may 
not provide substantially better outcomes, safety, or 
tolerability.

https://clinicaltrials.gov/ct2/show/NCT01331304?term=NCT01331304&rank=1
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recommended medication changes at each study visit. 
Clinicians record dosage changes, missed doses, and new 
medications added or discontinued, and they specify the 
reason for each change. Any change in all psychotropic 
medications, or medications used to treat side effects, is 
coded along with the reason for the change. We calculated 
the necessary clinical adjustments from the raw data in the 
Medication Recommendation Tracking Form as described 
in detail elsewhere.19 As stated in that article, “A medication 
change was defined as a [necessary clinical adjustment] if 
the primary or secondary reason was due to symptoms or 
side effects that were either new, persistent, or worsened 
(ie, improved symptoms/side effects did not qualify as a 
[necessary clinical adjustment]). If any medication change 
met this initial criterion, but it was also recorded as a 
planned dose titration or randomization, it was not counted 
as a [necessary clinical adjustment]. Changes that were 
made in between study visits (either by phone contact or 
unexpected office visit) were counted towards the nearest 
study visit.”19(p1689) Necessary clinical adjustments were 
recorded for the full duration of the study.

Secondary Outcomes
The Framingham risk score20 was used to assess the 

cardiovascular side effects. The Longitudinal Interval 
Follow-up Evaluation-Range of Impaired Functioning Tool 
(LIFE-RIFT)21 was used to assess functioning. The Quality of 
Life Enjoyment and Satisfaction Questionnaire (Q-LES-Q)22 
assessed subjective quality of life.

The Bipolar Inventory of Symptoms Scale (BISS),23,24 
which assesses a broad array of bipolar symptoms, was used 
to generate Montgomery-Asberg Depression Rating Scale 
(MADRS)25 and Young Mania Rating Scale (YMRS)26 scores. 
The Concise Health Risk Tracking27 assessed cognitions, 
behaviors, and impulsivity associated with suicide. The 
Columbia-Suicide Severity Rating Scale (C-SSRS) baseline 
and follow-up versions28 were used to assess lifetime and 
current/ongoing suicidal ideation and behavior. The 
Frequency, Intensity, and Burden of Side Effects Rating 
(FIBSER) Scale29 measured medication side effects and 
burden. The Intent to Attend Scale30 measured participants’ 
intent to attend the next study visit, or to complete the entire 
study, and was used to inform the extent to which attrition 
is ignorable.31

Our primary hypothesis was that participants randomized 
to lithium + APT would have, on average, more favorable 
overall benefit relative to harm, as assessed by CGI-EI 
scores over 6 months compared to those randomized to 
quetiapine + APT. For the coprimary hypothesis, we proposed 
that participants randomized to quetiapine + APT would 
have more necessary clinical adjustments in medications 
per month over the course of 6 months compared to those 
randomized to lithium + APT.

Raters
Consistent with the design of a comparative-effectiveness 

study, treatment was open for participants and study clinicians. 

Raters were, however, blind to treatment assignment and 
specific side effects. The blind was maintained by ensuring 
that raters did not have access to patient records. Raters had 
at least a bachelor’s degree and completed rater training and 
certification on the assessments, and they were retrained 
every 12 months. As an additional check, blinded ratings 
were compared with unblinded ratings conducted by 
physicians to ensure reliability.

Statistical Analyses
Because this study had 2 coprimary outcomes (CGI-

EI and necessary clinical adjustments), the analyses 
of the treatment effect in the 2 primary hypotheses 
(described below) each involved a 2-tailed α level of .025 
(ie, .05/2). Other statistical tests used a 2-tailed α level of 
.05, not corrected for multiple comparisons. Sample size 
requirements for mixed-effects linear regression analyses 
were examined in a simulation study using SAS Proc 
Mixed (SAS Institute). We assumed that each subject would 
participate in approximately 6 (of the 9 planned) CGI-EI 
assessments and that the intraclass correlation coefficient 
over time for the CGI-EI would be 0.40, 0.50, or 0.60. One 
thousand data sets were generated for each combination of 
simulation specifications. A sample size of 216 participants 
per group was calculated to be necessary to provide power 
of at least 0.80 to detect an effect size of 0.30 SD units or 
larger.

Primary hypotheses. For the first coprimary aim, 
mixed-effects linear regression analyses32 compared the 
2 intervention groups on the repeated assessments of the 
CGI-EI over 6 months. For the second coprimary, patient 
monthly rates of necessary clinical adjustments (determined 
by dividing total number of necessary clinical adjustments 
during follow-up by the length of follow-up—to account 
for attrition and resulting differential exposure time) for 
treatment groups were compared using a Wilcoxon rank 
sum test. For the secondary outcomes, mixed-effects linear 
regression analyses compared the 2 intervention groups on 
the repeated assessments.

Attrition. Data from all participants were incorporated 
into the mixed-effects model, including those who dropped 
out prematurely. To examine the assumption of ignorable 
attrition for the CGI-EI end point, we calculated the 
probability of a patient attending a visit using the recorded 
intent to attend variable30 and then weighted each datum 
from the attended visit by the inverse of this probability. 
This adjusts for possible treatment effects on the patients’ 
attendance.33 The analysis of necessary clinical adjustments 
inherently took into account attrition by taking an average 
rate of necessary clinical adjustments over each patient-
specific follow-up.

RESULTS

A total of 482 participants were enrolled. The 
CONSORT chart describing screening, randomization, 
early terminations, and completions is shown in Figure 1. 
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Demographics, clinical variables, and comorbid conditions 
overall and for each randomized group are shown in Table 1.

Participants randomized to lithium + APT (49.8%, 
n = 240) were dosed to maximum tolerability, with a mean 
maximum dose of 1,007.5 mg (median dose = 900 mg) 
and mean (SD) blood lithium levels at weeks 2, 16, and 
24 of 0.5 (0.3), 0.6 (0.3), and 0.6 (0.4) mEq/L, respectively. 
Participants randomized to quetiapine + APT (50.2%, 
n = 242) took a mean maximum dose of quetiapine of 344.9 
mg (170.6) (median dose = 300 mg). With regard to the other 
medications as a part of APT, participants took a mean of 1.2 
other medications over the study (mean difference between 
treatment groups was not significant, P = .10). By the end 
of 6 months, 23.8% of the lithium + APT and 27.3% of the 
quetiapine + APT group completed the study (P = .14) on 
monotherapy.

Primary Outcomes
Both groups had significant improvement in CGI-EI 

over 6 months, with the majority of improvement occurring 
within the first 2 months of the study (Table 2 and Figure 
2). Overall, participants had a mean of 0.9 necessary clinical 
adjustments per month.

As shown in Table 2 and Figure 2, changes in the CGI-EI 
did not differ between treatment groups. The sensitivity 
analysis provided nearly identical estimates (not shown), 
supporting the assumption of ignorable attrition. The 
monthly rates of necessary clinical adjustments did not 
differ between lithium + APT (mean = 0.8, SD = 0.8) and 
quetiapine + APT (mean = 0.9, SD = 1.0) (P = .15). We 
found similar nonsignificant findings for changes in all 

secondary measures. Notably, no statistically significant 
differences between groups were found for any measure 
of suicidal ideation, suicidal behavior, suicide attempts, or 
hospitalizations related to suicide. However, 1 participant 
died of suicide within a week of randomization to the 
lithium + APT arm.

We examined whether specific predetermined variables 
predicted better outcomes with either of the treatments by 
looking for a significant treatment-by-characteristic-by-
time interaction. These variables included demographics; 
psychiatric and medical comorbid conditions; bipolar I 
or II disorder subtype; BISS depression, mania, or anxiety 
symptom severity; and suicide risk. The only significant 
moderator for CGI-EI was that the greater the baseline BISS 
mania severity, the greater the effect of quetiapine compared 
to lithium (P = .02). That is, the difference at 6 months on the 
CGI-EI between lithium and quetiapine decreased by 0.06 
for each 10-point increase in BISS mania score at baseline. 
Moderators of differences in necessary clinical adjustments 
between lithium + APT and quetiapine + APT included 
comorbid anxiety conditions. Among those with anxiety (ie, 
patients with any of the following current diagnoses based 
on the Mini-International Neuropsychiatric Interview34: 
panic disorder, agoraphobia, social phobia, and generalized 
anxiety disorder), the lithium + APT group had fewer 
necessary clinical adjustments per month as compared to the 
quetiapine + APT group (0.83 vs 1.11, respectively; P = .02), 
while in those without comorbid anxiety, the lithium + APT 
and quetiapine + APT groups experienced similar rates of 
necessary clinical adjustments per month (0.78 and 0.69, 
respectively).

Figure 1. CONSORT Chart

aCompleted study taking randomized treatment without deviating from study requirements.
bCompleted study deviating from study requirements.

Consent/Screen, 
N = 692

Randomized, 
N = 482

Reasons not randomized: 
Ineligible (n = 116) 
Cannot commit to study requirements 

or noncompliant (n = 43) 
Withdrew consent (n = 17) 
Require higher level of care (n = 20) 
Other (n = 14) 

Lithium + adjunctive 
personalized treatment,

n = 240

Completed,
n = 182 (75.21%) 

Exited,
n = 60 (24.79%) 

Completed,
n = 182 (75.83%) 

Exited,
n = 58 (24.17%) 

Reasons for exit: 
Withdrew consent (n = 13) 
Lost to follow-up (n = 35) 
Noncompliant (n = 6) 
Serious adverse event (n = 2) 
Death (n = 0) 
Other (n = 4) 

Reasons for exit: 
Withdrew consent (n = 6) 
Lost to follow-up (n = 44) 
Noncompliant (n = 2) 
Serious adverse event (n = 0) 
Death (n = 2) 
Other (n = 4) 

On Procedure,a

n = 150 (82.42%) 
O� Procedure,b 
n = 32 (17.58%) 

Quetiapine monotherapy, 
n = 53 (35.33%) 

On Procedure,a 
n = 134 (73.63%) 

O� Procedure,b 
n = 48 (26.37%) 

Lithium monotherapy, 
n = 42 (31.34%) 

Quetiapine + adjunctive 
personalized treatment,

n = 242
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Table 1. Baseline Demographics, Clinical Features, and Comorbid Conditions in CHOICEa

Randomized Treatment Group

Characteristic Overall (N = 482)

Lithium + Adjunctive 
Personalized  

Treatment (n = 240)

Quetiapine + Adjunctive 
Personalized  

Treatment (n = 242)
P 

Value
Demographics
Female 58.7 (283/482) 58.3 (140/240) 59.1 (143/242) .87
Age, y 38.9 ± 12.1 (482) 38.6 ± 12.1 (240) 39.1 ± 12.2 (242) .63
Race

White 72.2 (348/482) 72.5 (174/240) 71.9 (174/242) .83
Black 19.9 (96/482) 19.2 (46/240) 20.7 (50/242)
Asian 3.3 (16/482) 3.8 (9/240) 2.9 (7/242)
Other 4.6 (22/482) 4.6 (11/240) 4.5 (11/242)

Ethnicity: Hispanic or Latino 11.0 (53/482) 13.3 (32/240) 8.7 (21/242) .09
Education

Less than high school 5.0 (24/482) 5.0 (12/240) 5.0 (12/242) .85
High school or GED 20.3 (98/482) 18.3 (44/240) 22.3 (54/242)
Some college 30.9 (149/482) 30.0 (72/240) 31.8 (77/242)
Tech school or associates degree 12.0 (58/482) 12.9 (31/240) 11.2 (27/242)
College diploma 24.3 (117/482) 25.8 (62/240) 22.7 (55/242)
Graduate or professional degree 7.5 (36/482) 7.9 (19/240) 7.0 (17/242)

Employment status
Employed 36.3 (175/482) 39.2 (94/240) 33.5 (81/242) .56
Unemployed 35.3 (170/482) 32.9 (79/240) 37.6 (91/242)
Disability recipient 15.4 (74/482) 15.8 (38/240) 14.9 (36/242)
Student 9.1 (44/482) 7.5 (18/240) 10.7 (26/242)
Retired 1.7 (8/482) 2.1 (5/240) 1.2 (3/242)
Other 2.3 (11/482) 2.5 (6/240) 2.1 (5/242)

Clinical features
Bipolar I disorder 68.3 (329/482) 66.7 (160/240) 69.8 (169/242) .46
History of psychiatric hospitalizations 46.8 (225/482) 45.6 (109/240) 47.9 (116/242) .61
History of suicide attemptsb 36.1 (173/479) 36.3 (86/237) 36.0 (87/242) .94
Age at first depressive episode, y 16.4 ± 8.0 (482) 16.0 ± 8.6 (240) 16.7 ± 7.5 (242) .36
Age at first manic episode, y 19.8 ± 9.5 (478) 19.5 ± 9.8 (237) 20.1 ± 9.1 (241) .47
Age at first mood episode, y 15.5 ± 7.7 (482) 15.1 ± 8.3 (240) 16.0 ± 7.1 (242) .17
Duration of depression, y 22.5 ± 12.3 (482) 22.6 ± 12.3 (240) 22.4 ± 12.3 (242) .90
Duration of mania, y 19.0 ± 12.2 (478) 19.1 ± 12.1 (237) 18.9 ± 12.3 (241) .92
Illness duration, y 23.3 ± 12.4 (482) 23.6 ± 12.5 (240) 23.1 ± 12.4 (242) .70
BISS total

Overall 56.1 ± 18.8 (482) 55.7 ± 18.8 (240) 56.5 ± 19.0 (242) .67
Depression 37.6 ± 14.0 (482) 38.0 ± 13.4 (240) 37.2 ± 14.6 (242) .53
Mania 18.5 ± 12.1 (482) 17.8 ± 12.1 (240) 19.3 ± 12.1 (242) .16

CGI-Severity of Illness score 4.5 ± 0.9 (482) 4.5 ± 0.8 (240) 4.5 ± 0.9 (242) .83
MADRS 23.8 ± 10.3 (482) 24.2 ± 10.0 (240) 23.5 ± 10.6 (242) .44
YMRS 13.4 ± 8.7 (482) 13.0 ± 8.9 (240) 13.8 ± 8.6 (242) .33
MINI diagnoses
Current manic episode 6.8 (33/482) 7.5 (18/240) 6.2 (15/242) .57
Current hypomanic episode 4.8 (23/482) 3.8 (9/240) 5.8 (14/242)
Current depressive episode 62.9 (303/482) 60.8 (146/240) 64.9 (157/242)
Current mixed episode 10.0 (48/482) 10.4 (25/240) 9.5 (23/242)
None of the above (subthreshold) 15.6 (75/482) 17.5 (42/240) 13.6 (33/242)
Comorbid conditions
Panic disorder (current) 23.2 (112/482) 18.8 (45/240) 27.7 (67/242) .02
Agoraphobia (current) 36.5 (176/482) 37.1 (89/240) 36.0 (87/242) .80
Social phobia (current) 24.7 (119/482) 21.3 (51/240) 28.1 (68/242) .08
OCD (current) 10.6 (51/481) 10.4 (25/240) 10.8 (26/241) .90
PTSD (current) 12.0 (58/482) 12.9 (31/240) 11.2 (27/242) .55
GAD (current) 22.3 (107/480) 23.4 (56/239) 21.2 (51/241) .55
Any anxiety disorder (current)c 57.5 (277/482) 55.4 (133/240) 59.5 (144/242) .36
Any substance use disorder (lifetime)d 61.4 (296/482) 62.1 (149/240) 60.7 (147/242) .76
aStatistics reported are  (n/N) for categorical variables and mean ± SD (n) for continuous variables. P values reported 

are based on χ2 test for categorical variables and t test for continuous variables.
bBased on Columbia-Suicide Severity Rating Scale.
cIncludes patients with any of the following current diagnoses (based on MINI): panic disorder, agoraphobia, social 

phobia, and generalized anxiety disorder.
dIncludes patients with any current alcohol/drug abuse/dependence (based on MINI).
Abbreviations: BISS = Bipolar Inventory of Symptoms Scale, CGI = Clinical Global Impressions, CHOICE = Clinical Health 

Outcomes Initiative in Comparative Effectiveness, GAD = generalized anxiety disorder, GED = General Education 
Development, MADRS = Montgomery-Asberg Depression Rating Scale, MINI = Mini-International Neuropsychiatric 
Interview, OCD = obsessive-compulsive disorder, PTSD = posttraumatic stress disorder, YMRS = Young Mania Rating 
Scale.
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As a part of our moderator analysis, we tested whether 
entry mood episode (MDD, hypomanic/manic, mixed, 
neither) moderated the treatment effect on the 2 coprimary 
outcomes—it proved nonsignificant for both CGI-EI and 
necessary clinical adjustments (P > .05). We did not include 
a table for the entire moderator analysis since most of the 
findings were nonsignificant and it was not the primary aim 
of the study.

The proportion of participants who experienced sustained 
response (CGI-BP severity ≤ 2 for at least 8 weeks) was 21.4% 
overall, with 24.2% in the lithium + APT group and 18.6% 
in the quetiapine + APT group (no statistically significant 
group difference; P = .14). Predictors of overall response with 
odds ratios are shown in Table 3.

About 60% of each group continued with their randomized 
medication for the entire 6-month study duration, without 
any differences in survival functions (log-rank test, P = .97). 
Quetiapine + APT resulted in modestly greater adverse 
effects over the 6 months of treatment on FIBSER frequency 
(P = .05), intensity (P = .01), and impairment (P = .01) 
compared to lithium + APT, with most of the differences 
occurring within the first 3 months.

Figure 2. Clinical Improvement Over Study Duration

Abbreviations: APT = adjunctive personalized treatment, CGI-EI = Clinical 
Global Impressions-Efficacy Index.

Weeks From Randomization

CG
I-E

I S
co

re
, M

ea
n

2 4 6 8 12 16 20 24

−3

−2

−1

0

1

2

3

�

Marked−vast improvement of all symptoms
No side effects

Unchanged or worse symptoms
Side effects outweigh theraputic effect

Randomized treatment group
Lithium + APT (n = 240)
Quetiapine + APT (n = 242)

Table 2. Model-Based Treatment Effects Over Primary and Secondary Outcomesa

Outcome

Estimated Change  
From Baseline, Lithium + APT

Estimated Change  
From Baseline, Quetiapine + APT

Estimated 6-mo  
Difference, (lithium + APT) –  

(quetiapine + APT)
Mean (95% CI) P Value Mean (95% CI) P Value Mean (95% CI) P Value

Primary outcomes
CGI-EI difference 1.58 (1.32 to 1.84) < .0001 1.52 (1.26 to 1.78) < .0001 0.06 (−0.16 to 0.29) .59
Necessary clinical adjustments/mo −0.93 (−1.10 to −0.75) < .0001 −1.00 (−1.17 to −0.82) < .0001 0.07 (−0.07 to 0.21) .34
Secondary outcomes
CGI-BP

Severity −1.51 (−1.67 to −1.36) < .0001 −1.61 (−1.77 to −1.46) < .0001 0.10 (−0.10 to 0.31) .31
Depression −1.43 (−1.59 to −1.27) < .0001 −1.54 (−1.70 to −1.38) < .0001 0.10 (−0.10 to 0.31) .32
Mania −0.90 (−1.04 to −0.76) < .0001 −0.90 (−1.04 to −0.76) < .0001 0.00 (−0.16 to 0.16) .99

BISS
Overall −27.61 (−29.99 to −25.24) < .0001 −28.56 (−30.91 to −26.21) < .0001 0.94 (−2.10 to 3.99) .54
Depression −18.21 (−20.04 to −16.37) < .0001 −18.92 (−20.73 to −17.11) < .0001 0.71 (−1.60 to 3.01) .55
Mania −9.43 (−10.66 to −8.20) < .0001 −9.21 (−10.43 to −7.99) < .0001 −0.22 (−1.55 to 1.11) .75

CHRT −11.04 (−12.39 to −9.69) < .0001 −10.43 (−11.75 to −9.11) < .0001 −0.61 (−2.37 to 1.14) .49
Framingham risk score −0.26 (−0.66 to 0.14) .20 0.17 (−0.21 to 0.54) .19 −0.43 (−0.94 to 0.09) .11
FIBSER

Frequency −1.41 (−1.78 to −1.04) < .0001 −1.08 (−1.45 to −0.72) < .0001 −0.33 (−0.65 to-0.00) .05
Intensity −1.48 (−1.80 to −1.15) < .0001 −1.12 (−1.44 to −0.79) < .0001 −0.36 (−0.65 to −0.07) .01
Impairment −1.13 (−1.43 to −0.82) < .0001 −0.77 (−1.07 to −0.47) < .0001 −0.36 (−0.61 to −0.11) .01

Q-LES-Qb 15.19 (12.44 to 17.94) < .0001 15.64 (12.94 to 18.35) < .0001 −0.45 (−4.07 to 3.17) .81
LIFE-RIFT −3.74 (−4.29 to −3.19) < .0001 −3.61 (−4.15 to −3.07) < .0001 −0.14 (−0.84 to 0.57) .70
aResults are based on mixed-effects regression.
bGeneral activities score (short-form total).
Abbreviations: APT = adjunctive personalized treatment, BISS = Bipolar Inventory of Symptoms Scale, CGI-BP = Clinical Global Impressions-Bipolar 

Version, CGI-EI = Clinical Global Impressions-Efficacy Index, CHRT = Concise Health Risk Tracking, FIBSER = Frequency, Intensity, and Burden of Side 
Effects Rating, LIFE-RIFT = Longitudinal Interval Follow-up Evaluation-Range of Impaired Functioning Tool,  Q-LES-Q = Quality of Life Enjoyment and 
Satisfaction Questionnaire.

Table 3. Predictors of Overall Responsea

Variable Odds Ratio 95% CI P Value
No current anxiety disorder (vs anyb) 1.81 1.11 to 2.96 .02
MADRS (10-point decrease) 1.76 1.35 to 2.30 < .01
YMRS (10-point decrease) 1.95 1.42 to 2.68 < .01
Employed/student (vs notc) 1.67 1.03 to 2.72 .04
MINI suicide riskd (1-point decrease) 1.46 1.07 to 1.99 .02
Bipolar II (vs I) disorder 1.75 1.07 to 2.86 .03
aResults are based on stepwise logistic regression with entry and removal 

criteria of P < .1. Overall response is defined as Clinical Global Impressions-
bipolar version severity score ≤ 2 for ≥ 8 weeks.

bIncludes patients with any of the following current diagnoses (based on 
MINI): panic disorder, agoraphobia, social phobia, and generalized anxiety 
disorder.

cIncludes unemployed, disability recipient, retired, and other.
dDefined as follows: none = 0, low = 1, moderate = 2, high = 3.
Abbreviations: MADRS = Montgomery-Asberg Depression Rating Scale, 

MINI = Mini-International Neuropsychiatric Interview, YMRS = Young 
Mania Rating Scale.
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DISCUSSION

We found that participants with bipolar disorder, 
regardless of treatment group, improved over 6 months, 
with the majority of improvement occurring within the 
first 8 weeks of treatment. For all outcome measures, 
lithium + APT and quetiapine + APT were not statistically 
significantly different between groups.

Moderators of CGI-EI changes between groups included 
baseline manic and hypomanic symptoms, with a greater 
difference in improvement favoring quetiapine + APT 
compared to lithium + APT, suggesting that quetiapine may 
be the more effective strategy for patients presenting with 
greater manic symptoms. This result should be considered 
preliminary, however, as it was not predicted and arose in the 
context of examining multiple moderators. We did not find 
that baseline depression or anxiety predicted a difference in 
response to lithium + APT or quetiapine + APT, contrary to 
our expectation that the quetiapine + APT group would have 
had a superior response given the evidence that quetiapine 
is efficacious for bipolar depression7 and anxiety in the 
context of bipolar disorder,35,36 whereas lithium is widely 
thought to yield benefits that are, at best, modest for bipolar 
depression and minimal for anxiety. In contrast, we found 
that the lithium + APT compared to quetiapine + APT group 
required fewer necessary clinical adjustments among those 
participants who had anxiety. Lithium has been reported 
to have distinctive antisuicidal properties, independent of 
its effects on depression,37 but we did not find a difference 
in any suicidal measure between the lithium + APT and 
quetiapine + APT groups in a cohort with a substantial 
risk of suicidal outcomes. Thus, our findings contrast with 
heuristics about choosing lithium or quetiapine based on 
depression, anxiety, or suicidal risk. It is possible, however, 
that the 6-month design could have limited our ability to 
detect the differential benefits of the 2 regimens on suicidal 
behaviors; a longer study is needed.

The quetiapine group had a modestly greater side effect 
burden for the first few months of treatment; however, both 
groups had similar discontinuation rates. We thus conclude 
that the 2 strategies were both similarly effective and 
similarly tolerated. One implication of this study is that the 
growing use of SGAs as a treatment for bipolar disorder over 
the past 2 decades, leading to a widespread shift away from 
lithium as the cornerstone of therapy for bipolar disorder, 
may not provide substantially better outcomes, safety, or 
tolerability. Given the greater potential for adverse metabolic 
outcomes with the SGAs, studies of even longer duration are 
needed to determine whether lithium might actually have a 
more favorable risk benefit across years or even decades of 
preventive therapy.

One limitation of this study is a direct result of the decision 
to conduct a comparative-effectiveness study rather than a 
more restrictive efficacy study, namely, that our findings may 
have been influenced by the lack of blinding of participants 
and research physicians. With relatively low sustained 
response rates and no placebo group, it might be suggested 

that the study treatments were comparably ineffective 
rather than comparably effective. Placebo control groups 
and double-blind administration of study interventions can 
increase assay sensitivity and minimize some aspects of bias, 
but they can also introduce limitations on the generalizability 
of the results. For a comparative-effectiveness study, when 
the efficacy of readily available interventions has already 
been established and if the participants and clinicians are 
in reasonable equipoise about the study treatments, then 
neither a placebo group nor blinding are necessary to answer 
the question at hand, namely, is one treatment superior to 
the other under more generalizable standard clinical (or 
“real world”) circumstances. By having the study clinicians 
unblinded, we allowed them to manage patients just as 
they would in clinical practice, thus maximizing ecological 
validity. Had we included a placebo comparison, it would 
have introduced limitation on the generalizability of the 
findings by excluding more severely ill participants who 
would most likely refuse to participate in a study involving 
chance of placebo assignment. We strove to mitigate bias in 
outcome assessments by having blinded raters.

Despite the instructions to clinicians to have their 
participants who were taking lithium get to levels of at 
least 0.6 mEq/L, lithium levels were, on average, low, with 
a mean of 0.6 ± 0.4 mEq/L. To address this concern, we 
reran our coprimary analyses on the subset of patients in 
the lithium + APT group who achieved at least 0.6 mEq/L 
lithium levels (n = 116) and those in quetiapine + APT 
who were prescribed a dose of quetiapine of at least 300 
mg/d (n = 177). We found similar nonsignificant 6-month 
treatment effects on CGI-EI (estimated 6-month difference 
[lithium −  quetiapine]: 0.06; 95% CI, −0.23 to 0.36; P = .67) 
and on necessary clinical adjustments (lithium vs quetiapine: 
mean [SD] = 0.9 [0.9] vs 0.9 [1.0], P = .79). To further assess 
this concern, we compared outcomes (CGI-EI and necessary 
clinical adjustments) between those who reached therapeutic 
levels and those who did not within each treatment group. 
Again, we found nonsignificant 6-month differences 
between these groups (all P values > .05). The validity of 
this subset analysis is conditional on the assumption that the 
2 treatment groups remain comparable after being limited 
to only those patients who reach therapeutic levels of the 
study drug.

Another limitation is the complexity we introduced 
by including APT. One might argue that we should have 
compared lithium monotherapy to quetiapine monotherapy, 
but we rejected this option to facilitate recruitment, 
reduce bias, and, again, to maximize ecological validity 
(generalizability). The rules for choosing APT within the 
study, moreover, tried to make the 2 randomized groups 
as different as possible from one another, with any other 
SGA and lithium excluded from the quetiapine group and 
quetiapine and any other SGA excluded from the lithium 
group. Nonetheless, the APT medications used resulted 
in complex patterns of treatment that have been found in 
pharmacoepidemiologic studies8,38,39 and will be analyzed 
in detail in future reports.
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The study duration of 6 months could also be considered 
a limitation since the full effects of lithium may take 12 
to 24 months to be apparent.6 We chose 6 months for two 
practical reasons: (1) the study was funded for a total of 36 
months without any option to continue the study longer. 
Six months was chosen because we could recruit and follow 
these participants within this time constraint; and (2) we 
wanted to minimize drop outs, and in conversations with 
patients, most said that they would be willing to remain with 
randomized treatment for 6 months, but not much longer.

Nevertheless, the results of Bipolar CHOICE can inform 
clinicians, patients, and policy makers. Given that standard 
clinical practice use of lithium or quetiapine resulted in 
6-month outcomes that were not statistically different, 
clinicians and patients can base their decision on the 
acceptability, ease of use, and tolerability of short- and long-
term adverse effects of each treatment, taking into account 
the burden of monitoring lithium blood levels and metabolic 
changes with quetiapine. Furthermore, for individuals 
experiencing greater severity of manic or hypomanic 
symptoms, quetiapine + APT may prove to have an efficacy 
advantage over lithium + APT. Although overall harms were 
comparable, some individuals may prefer to undertake the 

distinctive risks inherent with lithium, while others may 
prefer to face the different risks associated with quetiapine. 
Additionally, enriched efficacy studies suggest that, at least 
for those who respond initially to the combination of lithium 
and quetiapine, continuation with both medications could 
result in better outcomes than either treatment alone,9 but 
the long-term benefits and harm of the combination would 
warrant confirmation in another comparative-effectiveness 
study. Further comparative-effectiveness studies should 
assess longer term outcomes. One method for a long-term 
study is to treat patients first with the combination of lithium 
and quetiapine and then randomize responders to continue 
with either the combination of lithium and quetiapine or 
monotherapy with lithium or monotherapy with quetiapine. 
Overall response in Bipolar CHOICE was consistent with 
the Systematic Treatment Enhancement Program for 
Bipolar Disorder (STEP-BD)40 and the Lithium Treatment 
Moderate-Dose Use Study (LiTMUS),41 with most bipolar 
disorder symptoms improving over time, but, unfortunately, 
with only a minority of patients reaching and sustaining 
a satisfactory response, highlighting the limitations of 
currently available treatments and the need for novel drug 
development.
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