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A B S T R A C T

Objectives: Post hoc analyses of EAGLES data to examine safety and efficacy of first-line smoking cessation
pharmacotherapies in smokers with bipolar disorders (BD).
Methods: Smokers with BD I/II (n=285; 81.4% with BD I) and a comparison nonpsychiatric cohort (NPC;
n=2794) were randomly assigned to varenicline, bupropion, nicotine replacement therapy (NRT), or placebo
for 12 weeks, plus weekly counseling. Primary outcomes were occurrence of moderate to severe neu-
ropsychiatric adverse events (NPSAEs) and Weeks 9–12 biochemically-confirmed continuous abstinence (CA)
rates.
Results: For BD smokers, NPSAE risk differences versus placebo were: varenicline, 6.17 (95% CI: –7.84 to 20.18);
bupropion, 4.09 (–8.82 to 16.99); NRT, –0.56 (–12.34 to 11.22). ORs for Weeks 9–12 CA, comparing active
medication to placebo among BD smokers were: varenicline, 2.61 (0.68–9.95); bupropion, 1.29 (0.31–5.37),
NRT, 0.71 (0.14–3.74). Pooling across treatments, NPSAE occurrence was higher (10.7% versus 2.3%;
P < 0.001) and CA rates were lower (22.8% versus 13.3%; P=0.008) in BD than NPC.
Limitations: Study not powered to detect differences in safety and efficacy in the BD subcohort; generalizability
limited to stably treated BD without current substance use disorders.
Conclusions: Smokers with BD had higher risk of NPSAEs and were less likely to quit overall than NPC smokers.
Among smokers with BD, NPSAE risk difference estimates for active treatments versus placebo ranged from 1%
lower to 6% higher. Efficacy of varenicline in smokers with BD was similar to EAGLES main outcomes; bu-
propion and NRT effect sizes were descriptively lower. Varenicline may be a tolerable and effective cessation
treatment for smokers with BD.
Trial registration: ClinicalTrials.gov identifier (https://clinicaltrials.gov/): NCT01456936.

1. Introduction

The prevalence of smoking among individuals with bipolar dis-
orders (BD) is two to three times higher than among individuals
without psychiatric disorders (Heffner et al., 2011; Lasser et al., 2000)
and, among the major psychiatric disorders, is second only to schizo-
phrenia (Diaz et al., 2009; Dickerson et al., 2013). Quit rates among
smokers with BD are 60% lower than in those with no psychiatric
disorder (Lasser et al., 2000). Smokers with BD remain one of the most
under-researched tobacco-related health disparities populations

(George et al., 2012; Heffner et al., 2011).
Smokers with BD are excluded from most cessation trials, thus there

are numerous gaps in the literature regarding the safety and efficacy of
the first-line pharmacotherapies in these individuals. There have been
only eight published prospective studies to date focusing on tobacco
treatment for smokers with BD in an outpatient setting—two on de-
velopment of a targeted behavioral treatment (Heffner et al., 2013,
2015); four focusing on pharmacotherapies for cessation (three on
varenicline (Chengappa et al., 2014; Frye et al., 2013; Wu et al., 2012)
and one on bupropion (Weinberger et al., 2008)); one focusing on
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extended use of varenicline for relapse prevention (Evins et al., 2014);
and one focusing on abstinence-contingent monetary incentives and
intensive behavioral interventions to accompany pharmacotherapy
(Brunette et al., 2018). Six of these eight studies included < 20 parti-
cipants with BD, making the findings inconclusive. In the largest
pharmacotherapy trial to date (n=60), Chengappa et al.
(Chengappa et al., 2014) found a significant effect of varenicline on 7-
day point prevalence abstinence (PPA) at the end of the 12-week
treatment period, but not at the 6-month follow-up. Although under-
powered to evaluate safety events, the trial found no statistically sig-
nificant differences between treatment groups in mood rating scale
scores but observed a trend toward higher incidence of depressed mood
as an adverse event (AE) in the varenicline group.

To date, there have been no placebo-controlled trials of nicotine
replacement therapy (NRT) for smokers with BD, only very small trials
of bupropion (Weinberger et al., 2008), and no trials with multiple
active pharmacotherapy arms to test comparative safety or efficacy.
Additionally, conclusions about lower quit rates among smokers with
BD are based on epidemiological data owing to the lack of prospective
cessation studies, and it is unclear how quit rates compare to smokers
without psychiatric disorders because quit rates in epidemiological
studies can be influenced by differences in motivation to quit or
treatment utilization. Finally, although previous evidence suggests that
smokers with psychiatric disorders experience greater severity of ni-
cotine withdrawal symptoms during quit attempts (Breslau et al.,
1992), the comparative incidence of clinically significant psychiatric
AEs (e.g., suicidal ideation or behavior, severe depression) that go be-
yond the affective disturbances observed in typical nicotine withdrawal
is another important unknown.

These knowledge gaps are a major impediment to addressing the
high rates of smoking among people with BD. Concerns about safety
and effectiveness of medications for smoking cessation reduce clin-
icians’ likelihood of offering these options, which are a critical part of
the tobacco treatment armamentarium. To address these gaps, the first
aim of these post-hoc exploratory analyses was to evaluate the com-
parative safety and efficacy of varenicline, bupropion, NRT (nicotine
patch), and placebo for smokers with BD when provided along with
behavioral counseling. The second aim was to compare rates of clini-
cally significant neuropsychiatric AEs (NPSAEs) and cessation in smo-
kers with BD compared with a country-matched cohort of smokers
without psychiatric disorders.

2. Materials and methods

2.1. Participants

The sample (n=285 with BD; n=2794 without psychiatric dis-
orders; eFigure 1 in the Supplement) was a subset of participants in
EAGLES (Evaluating Adverse Events in a Global Smoking Cessation
Study). Eligibility criteria have been previously described
(Anthenelli et al., 2016) but, of relevance to this analysis, participants
with BD were nested within the broader group of smokers with primary
mood disorders (American Psychiatric Association, 2000). Participants
in the BD subcohort, similar to the larger psychiatric cohort, had to be
clinically stable, with no significant worsening of psychiatric status in
the prior 6 months, no changes in treatment over the last 3 months, and
no treatment changes planned during the period of study participation.
Potential participants deemed to be at high risk of self-harm or suicidal
behavior at screening were excluded. In addition to their primary di-
agnosis, participants could have had a history of other psychiatric di-
agnoses. However, substance use disorders within the past year were
excluded owing to the potentially destabilizing effects of recent or
current problem substance use. We included in the BD subcohort in this
analysis those participants who met Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) criteria for
either BD I or II as a primary diagnosis (n=281) or as a comorbid

psychiatric condition (n=4) (American Psychiatric Association, 2000).
The enrollment of subjects with BD was not allowed in EAGLES at sites
in the EU (Bulgaria, Denmark, Finland, Germany, Slovakia, Spain)
owing to a contraindication for bupropion in these subjects per local
prescribing information. The nonpsychiatric cohort (NPC) included in
this analysis is a country-matched subset of the larger cohort in EAGLES
(n=4028) based on countries where the regulatory agencies have not
contraindicated bupropion in BD (i.e., Argentina, Australia, Brazil,
Canada, Chile, Mexico, New Zealand, Russia, South Africa, USA).

2.2. Procedures

EAGLES (NCT01456936; https://clinicaltrials.gov) was a multi-
national study designed to assess the risk of clinically significant
NPSAEs in smokers with (n=4074) and without (n=3984) psychia-
tric disorders treated with varenicline, bupropion, NRT, or placebo. A
full description of EAGLES methodology is published (Anthenelli et al.,
2016). EAGLES was reviewed and approved by each site's institutional
review board or ethics committee and was conducted in accordance
with the Declaration of Helsinki. All participants provided written in-
formed consent. Screening for participation included confirmation of
psychiatric diagnoses using the Structured Clinical Interview for DSM-
IV-TR (SCID) Axis I and II disorders (First et al., 1997, November 2002).

Randomization of eligible participants was computer generated and
stratified by primary psychiatric disorder (none, mood, anxiety, psy-
chotic, borderline personality) and region (US, Eastern Europe, Western
Europe and other countries, South and Central America).
Randomization was not stratified by diagnosis of BD within the mood
disorder subcohort, nor was the study powered for evaluations of safety
and efficacy in the BD subcohort. Treatment involved double-blind,
triple-dummy administration of varenicline (1mg twice daily), bupro-
pion sustained release (150mg twice daily), NRT (21mg daily with
tapering), or placebo. All participants received weekly brief (≤ 10 min)
smoking cessation counseling based on Agency for Healthcare Research
and Quality Guidelines (Fiore et al., 2008) (e.g., setting a quit date,
managing withdrawal and cravings, etc.), with no counseling for mental
health-related issues. The target quit date was 1 week after randomi-
zation, to coincide with the end of the titration period for varenicline
and bupropion and the initiation of the NRT treatment. The treatment
period was 12 weeks, with a 12-week follow-up phase.

Severity of nicotine dependence was assessed at baseline using the
Fagerström Test for Cigarette Dependence (FTCD) (Fagerström, 2012).
Psychiatric symptoms were assessed at baseline with the Hospital An-
xiety and Depression Scale (HADS) (Zigmond and Snaith, 1983), the
Columbia Suicide Severity Rating Scale (C-SSRS) (Posner et al., 2011),
and the Buss-Perry Aggression Questionnaire (BPAQ) (Buss and
Perry, 1992), and at all subsequent visits with HADS and C-SSRS. The
primary outcome of clinically significant NPSAEs was based on AEs
reported through unstructured (open-ended questions, direct observa-
tion, unsolicited collateral informant reports from family members or
healthcare providers) and structured (Neuropsychiatric Adverse Events
Interview [NAEI], review of C-SSRS and HADS data) methods. The
primary outcome of cigarette smoking was assessed weekly using
questionnaires on participants’ use of tobacco and other nicotine pro-
ducts and verified biochemically by expired-air CO measurements. CO
levels > 10 ppm were considered indicative of smoking
(Benowitz et al., 2002). Adherence to cessation pharmacotherapies was
assessed via self-report and corroborated through count of unused pills
and patches that were brought to each study visit during the treatment
period.

The primary safety endpoint was the occurrence of ≥1 moderate to
severe NPSAE (regardless of the investigators’ determination of treat-
ment relatedness) fitting one of the prespecified 16 categories of events:
anxiety, depression, feeling abnormal, hostility, agitation, aggression,
delusions, hallucinations, homicidal ideation, mania, panic, paranoia,
psychosis, suicidal behavior, suicidal ideation, or completed suicide. To
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be considered an NPSAE, some had to be of at least a moderate severity
(some interference with daily functioning): agitation, aggression, de-
lusions, hallucinations, homicidal ideation, mania, panic, paranoia,
psychosis, suicidal behavior, suicidal ideation, or completed suicide.
Others had to be severe (substantial interference with daily func-
tioning): anxiety, depression, feeling abnormal, and hostility. These
operational definitions were prespecified in the analytic plan for
EAGLES. Secondary NPSAE outcomes included psychiatric AEs of se-
vere intensity only, NPSAEs resulting in treatment discontinuation, and
psychiatric symptom scales. Exploratory NPSAE analyses focused on
psychiatric AEs of any severity.

The primary efficacy endpoint was CO-confirmed continuous ab-
stinence (CA) during the final 4 weeks of the treatment period (Weeks
9–12). Participants who were lost to follow-up or who missed the Week
12 visit were coded as smokers (West et al., 2005). Missing data for
Weeks 9–11 were imputed using the backward carry method, and
missing CO levels among self-reported nonsmokers were imputed as ≤
10 ppm. Sensitivity analyses conducted in the larger trial indicated that
imputed CO levels did not affect results. The secondary cessation out-
come was CO-confirmed CA for Weeks 9–24. We also explored 7-day
PPA at Weeks 12 and 24, which was a pre-specified secondary endpoint
in the parent protocol.

2.3. Statistical analysis

Generalized linear models were used to test significance of the ef-
fects of treatment group, psychiatric cohort, and their interaction on
moderate to severe NPSAEs and biochemically confirmed CA at end of
treatment (Weeks 9–12) and through follow-up (Weeks 9–24). NPSAE
outcomes are reported for the sample of randomized participants that
took ≥ 1 dose of study medication (BD subcohort, n=280; NPC,
n=2761), whereas smoking abstinence outcomes are reported for all
randomized participants (BD subcohort, n=285; NPC, n=2794). In
addition to the effects of interest, models included a term for region (US
versus non-US). More granular location variables (i.e., study site) could
not be incorporated in this subcohort analysis because they prevented
model convergence. We adjusted all models for demographics (age,
gender, race, BMI, weight), smoking (FTCD, start age, duration of
smoking, cigarettes per day smoked in the past month, number of quit
attempts, number with ≥1 quit attempt), and prior use of study med-
ications (varenicline, bupropion, NRT) that were associated with
NPSAE or efficacy outcomes using a forward stepwise method of se-
lecting covariates. Analyses were conducted using SAS version 9 (SAS
Institute Inc., Cary, NC, USA). All tests were two-tailed with P < 0.05
for statistical significance. A Tukey-Kramer adjustment was used to
control for multiple comparisons within models. Because subgroup
analyses are underpowered to answer the safety and efficacy research
questions of the larger EAGLES trial, we prioritized effect size estimates
and confidence intervals over statistical significance in our interpreta-
tion of the safety and efficacy data for the four treatment arms in the BD
subcohort.

3. Results

Table 1 displays baseline participant characteristics. Within the BD
subcohort, a substantially higher number of participants met criteria for
BD I (n=232; 81.4%) than BD II (n=53). There were no significant
differences in smoking heaviness or age by cohort (P> 0.05). However,
smokers with BD had higher body mass index (BMI; P< 0.001), nico-
tine dependence severity (FTCD; P< 0.001), anxiety (HADS Anxiety;
P< 0.001), depression (HADS Depression; P< 0.001), and aggression
scale scores (BPAQ; P< 0.001). In addition, they were more likely to be
female (P=0.015), non-White (P< 0.001), taking a psychotropic
medication (P< 0.001), to have comorbid psychiatric (P< 0.001) or a
history of alcohol use disorders (P< 0.001), and to have had prior
suicidal ideation and/or behavior (P< 0.001).

3.1. Medication adherence

For randomized participants who took≥ 1 dose of study medication
(BD subcohort, n=280; NPC, n=2761), the median duration of study
drug exposure was 85.0 days (range, 83.5–85.0) across treatments and
cohorts.

3.2. NPSAEs

As shown in Fig. 1, NPSAE incidence for BD smokers was: vareni-
cline, 14.7%; bupropion, 11.9%; NRT, 6.3%; placebo, 8.8%. NPSAE risk
differences versus placebo were: varenicline, 6.17 (95% CI: –7.84 to
20.18); bupropion, 4.09 (–8.82 to 16.99); and NRT, –0.56 (–12.34 to
11.22). In the model for NPSAE primary endpoint occurrence, there was
no significant main effect of treatment and no treatment-by-cohort in-
teraction, indicating that risk of NPSAEs did not differ by treatment
group in either cohort. There was a main effect of cohort, with a higher
overall incidence of NPSAEs in the BD subcohort versus the NPC (10.7%
versus 2.3%; risk difference [RD], 7.73; 95% CI: 4.15 to 11.31). As
shown in Table 2, the components in the NPSAE endpoint reported in
≥1% of the BD subcohort were: mania (more broadly operationalized
as worsening of BD symptoms, including depression: n=13; 4.6%);
agitation (n=10; 3.6%); and panic (n=3; 1.1%). Notably, occurrence
of mania symptoms among participants who received either varenicline
(6.7%) or bupropion (6.0%) in the BD subcohort was very similar to
those who received placebo (5.3%). The rates of permanent treatment
discontinuations following moderate to severe NPSAEs in the primary
endpoint (i.e., due to the investigators’ belief that the medication might
be contributing to the onset or maintenance of the event) in the BD
subcohort were similar: varenicline (7%), bupropion (8%), NRT (2%),
and placebo (5%) (Table 2). Suicidal ideation and/or behavior that met
the criteria for the composite outcome of moderate to severe NPSAEs
was infrequent, occurring among only one participant in the BD sub-
cohort (in the varenicline group) and five participants in the NPC
(n=2 in the NRT group, and n=3 in the placebo group).

Compared with the occurrence of the primary prespecified NPSAE
endpoint, the incidence of any type of AE in the broad psychiatric
disorders and disturbances category in Medical Dictionary for
Regulatory Activities (MedDRA; including sleep-related AEs like in-
somnia) of any severity (ranging from mild to severe) descriptively
differed across cohorts and treatments (BD subcohort, 36.8%; NPC,
30.9%; eTable 1 in the Supplement). By treatment group, rates for BD
and NPC were: varenicline, 45% and 33.9%; bupropion, 44% and
32.4%; NRT, 25% and 30.3%; and placebo, 28% and 26.9%. The most
common category of AEs was sleep disorders and disturbances (BD,
18.2%; NPC, 20.4%).

Across cohorts and treatments, HADS Anxiety and Depression sub-
scale scores decreased or remained stable over time (Fig. 2).

3.3. Smoking abstinence

Weeks 9–12 CARs for BD smokers were: varenicline, 22.7%; bu-
propion, 11.6%; NRT, 7.7%; placebo, 10.2%. Odds ratios (ORs) for
active treatments versus placebo were: varenicline, 2.61 (95% CI: 0.68
to 9.95); bupropion, 1.29 (95% CI: 0.31 to 5.37); and NRT, 0.71 (95%
CI: 0.14 to 3.74) (Fig. 3). The model showed significant main effects of
treatment group (P< 0.001) and cohort (P=0.03) and no significant
treatment-by-cohort interaction (P=0.026). Across combined cohorts,
varenicline was superior to bupropion (OR, 1.93; 95% CI: 1.07 to 3.48;
P=0.005), NRT (OR, 2.45; 95% CI: 1.18 to 5.06; P=0.002), and
placebo (OR, 3.36; 95% CI: 1.68 to 6.74; P< 0.001). None of the other
pairwise differences between treatments were statistically significant.
Although the treatment-by-cohort interaction was not statistically sig-
nificant, the effect size estimates for active versus placebo comparisons
within the NPC showed ORs of 4.33 for varenicline, 2.36 for bupropion,
and 2.65 for NRT, which were descriptively higher than the BD
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Table 1
Baseline characteristics of all randomized participants by treatment group and cohort.

Bipolar disorders subcohort (N=285) Nonpsychiatric cohorta (N=2794)
All
(n=285)

Varenicline
(n=75)

Bupropion
(n=86)

NRT
(n=65)

Placebo
(n=59)

All
(n=2794)

Varenicline
(n=692)

Bupropion
(n=688)

NRT
(n=711)

Placebo
(n=703)

Demographic
characteristics

Female sex,b n (%) 166 (58.2) 46 (61.3) 54 (62.8) 36 (55.4) 30 (50.8) 1412 (50.5) 344 (49.7) 350 (50.9) 359 (50.5) 359 (51.1)
Age, years, mean (SD) 45.2 (11.9) 43.8 (12.4) 45.0 (12.4) 45.9 (11.4) 46.4 (11.1) 45.7 (13.2) 45.4 (13.2) 45.8 (13.5) 46.1 (13.0) 45.5 (13.1)
Race,b n (%)
White 185 (64.9) 53 (70.7) 54 (62.8) 38 (58.5) 40 (67.8) 2097 (75.1) 516 (74.6) 519 (75.4) 541 (76.1) 521 (74.1)
Black 83 (29.1) 18 (24.0) 26 (30.2) 22 (33.8) 17 (28.8) 514 (18.4) 139 (20.1) 118 (17.2) 130 (18.3) 127 (18.1)
Other 17 (6.0) 4 (5.3) 6 (7.0) 5 (7.7) 2 (3.4) 183 (6.5) 37 (5.3) 51 (7.4) 40 (5.6) 55 (7.8)

Region,b n (%)
US 254 (89.1) 62 (82.7) 78 (90.7) 61 (93.8) 53 (89.9) 1901 (68.0) 473 (68.4) 472 (68.6) 480 (67.5) 476 (67.7)
Non-USc 31 (10.9) 13 (17.3) 8 (9.3) 4 (6.2) 6 (10.2) 893 (32.0) 219 (31.6) 216 (31.4) 231 (32.5) 227 (32.3)

BMI, kg/m2,b mean (SD) 30.6 (6.9) 31.4 (7.1) 30.1 (7.3) 29.9 (6.2) 30.8 (7.0) 28.4 (6.5) 28.2 (6.5) 28.3 (6.6) 28.6 (6.7) 28.5 (6.3)
Smoking characteristics
FTCD score,b mean (SD) 6.6 (1.7) 6.8 (1.6) 6.7 (1.7) 6.3 (1.8) 6.6 (1.6) 5.4 (2.0) 5.4 (2.0) 5.4 (2.1) 5.4 (1.9) 5.4 (2.0)
Duration of smoking, years,

mean (SD)
27.0 (12.6) 26.4 (13.6) 26.7 (13.2) 26.4 (11.9) 28.9 (11.3) 27.8 (13.2) 27.4 (13.2) 28.0 (13.4) 28.1 (13.2) 27.7 (12.9)

Cigarettes smoked per day
in past month, n, mean
(SD)

20.4 (8.2) 20.6 (7.7) 21.6 (9.2) 18.6 (6.9) 20.1 (8.5) 20.1 (8.2) 20.4 (8.6) 20.1 (8.0) 20.1 (8.1) 19.9 (7.9)

Previous quit attempts, n,
mean (SD)

3.3 (7.3) 2.4 (3.6) 3.5 (3.9) 3.4 (4.7) 4.2 (13.9) 3.3 (8.3) 3.1 (6.5) 3.5 (12.0) 3.3 (5.5) 3.3 (7.7)

Prior use of study
treatments

Varenicline, n (%) 39 (13.7) 7 (9.3) 15 (17.4) 7 (10.8) 10 (16.9) 461 (16.5) 108 (15.6) 114 (16.6) 131 (18.4) 108 (15.4)
Bupropion,d n (%) 33 (11.6) 6 (8.0) 8 (9.3) 11 (16.9) 8 (13.6) 317 (11.3) 80 (11.6) 78 (11.3) 80 (11.3) 79 (11.2)
NRT, n (%) 72 (25.3) 12 (16.0) 25 (29.1) 14 (21.5) 21 (35.6) 762 (27.3) 170 (24.6) 193 (28.1) 207 (29.1) 192 (27.3)
Psychiatric characteristics
Primary psychiatric

diagnosis, n (%)
Bipolar Ie 228 (80.0) 60 (80.0) 71 (82.6) 47 (72.3) 50 (84.7) NA NA NA NA NA
Bipolar II 53 (18.6) 14 (18.7) 13 (15.1) 18 (27.7) 8 (13.6) NA NA NA NA NA

Any comorbid Axis I
diagnosis,b n (%)

164 (57.5) 49 (65.3) 39 (45.3) 41 (63.1) 35 (59.3) 11 (0.4) 5 (0.7) 2 (0.3) 0 (0.0) 4 (0.6)

Personality disorder 21 (7.4) 8 (10.7) 6 (7.0) 2 (3.1) 5 (8.5) 2 (0.1) 1 (0.1) 0 (0.0) 0 (0.0) 1 (0.1)
Anxiety disorder 51 (17.9) 12 (16.0) 13 (15.1) 14 (21.5) 12 (20.3) 3 (0.1) 1 (0.1) 1 (0.1) 0 (0.0) 1 (0.1)
Other 25 (8.8) 10 (13.3) 5 (5.8) 7 (10.8) 3 (5.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Substance use disorder
history,b n (%)

118 (41.4) 33 (44.0) 28 (32.6) 31 (47.7) 26 (44.1) 6 (0.2) 3 (0.4) 1 (0.1) 0 (0.0) 2 (0.3)

Alcohol use disorder
history

84 (29.5) 22 (29.3) 18 (20.9) 21 (32.3) 23 (39.0) 4 (0.1) 2 (0.3) 0 (0.0) 0 (0.0) 2 (0.3)

Lifetime suicide-related
history from C-SSRS,b n
(%)

129 (45.3) 38 (50.7) 32 (38.1) 27 (42.2) 30 (52.6) 169 (6.0) 46 (6.8) 38 (5.6) 44 (6.2) 41 (5.9)

Suicidal ideation 122 (42.8) 35 (46.7) 32 (38.1) 26 (40.6) 29 (50.9) 166 (5.9) 45 (6.6) 37 (5.4) 43 (6.1) 41 (5.9)
Suicidal behavior 72 (25.3) 26 (34.7) 11 (13.1) 17 (26.6) 18 (31.6) 20 (0.7) 5 (0.7) 7 (1.0) 4 (0.6) 4 (0.6)

HADS score, mean (SD)
Anxiety subscale scoreb 6.0 (4.6) 5.9 (4.1) 5.7 (5.0) 6.8 (4.6) 5.9 (4.3) 3.0 (2.8) 3.1 (2.9) 2.9 (2.8) 2.8 (2.7) 3.1 (2.8)
Depression subscale
scoreb

3.8 (3.8) 3.8 (3.6) 3.9 (4.3) 4.1 (3.7) 3.6 (3.5) 1.6 (2.1) 1.7 (2.2) 1.6 (2.1) 1.5 (2.0) 1.7 (2.1)

BPAQ score,b mean (SD) 65.6 (23.4) 64.5 (24.0) 64.1 (24.6) 70.7 (22.8) 63.7 (21.0) 52.2 (16.0) 52.7 (16.2) 52.3 (16.0) 51.4 (15.6) 52.3 (16.1)
Receiving any psychotropic

medication at
enrollment,b n (%)

202 (72.1) 54 (72.0) 54 (64.3) 48 (75.0) 46 (80.7) 295 (10.7) 66 (9.7) 68 (10.0) 76 (10.7) 85 (12.2)

Antidepressants 123 (43.9) 34 (45.3) 36 (42.9) 24 (37.5) 29 (50.9) 97 (3.5) 20 (2.9) 19 (2.8) 23 (3.3) 35 (5.0)
Anxiolytics, hypnotics,
and other sedatives

69 (24.6) 19 (25.3) 15 (17.9) 25 (39.1) 10 (17.5) 204 (7.4) 47 (6.9) 47 (6.9) 57 (8.1) 53 (7.6)

Antipsychotics 129 (46.1) 35 (46.7) 38 (45.2) 30 (46.9) 26 (45.6) 13 (0.5) 2 (0.3) 2 (0.3) 2 (0.3) 7 (1.0)
Mood stabilizers 38 (13.6) 7 (9.3) 12 (14.3) 9 (14.1) 10 (17.5) 15 (0.5) 5 (0.7) 1 (0.1) 1 (0.1) 8 (1.2)
Otherf 2 (0.7) 0 (0.0) 2 (2.4) 0 (0.0) 0 (0.0) 4 (0.1) 1 (0.1) 1 (0.1) 2 (0.3) 0 (0.0)

BMI, body mass index; BPAQ, Buss-Perry Aggression Questionnaire; C-SSRS, Columbia Suicide Severity Rating Scale; FTCD, Fagerström Test for Cigarette
Dependence; HADS, Hospital Anxiety and Depression Scale; NA, not applicable; NRT, nicotine replacement therapy (transdermal nicotine patch); SD, standard
deviation.

a This nonpsychiatric cohort is a country-matched population, i.e., it excludes participants from Bulgaria, Denmark, Finland, Germany, Slovakia, and Spain, where
subjects with bipolar disorder I/II were not enrolled.

b P< 0.05 for comparison of baseline variable by cohort.
c Argentina, Australia, Brazil, Canada, Chile, Mexico, New Zealand, Russia, and South Africa.
d Bupropion prior use for smoking cessation or other indications.
e Four participants in the bipolar disorders subcohort had bipolar I as secondary diagnosis.
f Psychostimulants, amino acids, and herbals or botanicals.
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subcohort (Fig. 3). For combined treatments, the NPC had significantly
higher abstinence rates than the BD subcohort (22.8% versus 13.3%;
OR, 0.65; 95% CI: 0.43 to 0.97; P=0.03) (Fig. 3).

Weeks 9–24 CARs for the BD subcohort were: varenicline, 12.0%;
bupropion, 8.1%; NRT, 4.6%; placebo, 6.8% (eFigure 2 in the
Supplement). ORs for active treatment versus placebo in the BD sub-
cohort were: varenicline, 1.79 (95% CI: 0.35 to 9.26); bupropion, 1.38
(95% CI: 0.25 to 7.52); and NRT, 0.63 (95% CI: 0.08 to 4.91). Similar to
the Weeks 9–12 CARs results, we found main effects of treatment group

and cohort with no significant treatment-by-cohort interaction for the
secondary smoking abstinence outcome of Weeks 9–24 CAR. Across
cohorts, varenicline was superior to placebo (OR, 2.44; 95% CI: 1.04 to
5.70; P=0.007) but, unlike CA Weeks 9–12, there were no significant
differences between varenicline and the other active treatments in CA
Weeks 9–24. Similar to the Weeks 9–12 results, the NPC had higher quit
rates across treatment groups than the BD subcohort (15.6% versus
8.1%; OR, 0.61; 95% CI: 0.37 to 1.00; P=0.05) (eFigure 2 in the
Supplement).

Fig. 1. Incidence of NPSAEs and risk differences in the bipolar disorders subcohort versus nonpsychiatric cohort.
BD, bipolar disorders; CI, confidence interval; NPC, nonpsychiatric cohort; NPSAE, neuropsychiatric adverse event; NRT, nicotine replacement therapy (transdermal
nicotine patch); RD, risk difference.
Period for ascertainment of NPSAEs is during 12 weeks of treatment and ≤30 days after last dose.
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On the basis of both CA (Fig. 3) and weekly PPA (Fig. 4) outcome
data, it is evident that the lack of a statistically significant effect of
bupropion and NRT on cessation is driven in large part by the BD
subcohort, for which there was evidence of varenicline efficacy but
little evidence of bupropion or NRT efficacy. Figs. 3 and 4 illustrate: (1)
in the NPC, a pattern of results in which bupropion and NRT clearly fall
between varenicline (highest) and placebo (lowest) in terms of efficacy,
and (2) a different pattern of results in the BD subcohort, where bu-
propion and NRT are closer to placebo quit rates and only varenicline
(highest) seems to have an effect on abstinence, as evidenced by the 7-
day PPA at Week 12 secondary endpoint (OR, 2.93; 95% CI: 1.15 to
7.51). Fig. 4 also illustrates that, while these differences are most ap-
parent at the end of the treatment period, the same patterns are ob-
servable throughout the follow-up period.

3.4. Post hoc analysis: relationship between smoking abstinence and
moderate to severe NPSAE occurrence

To evaluate the extent to which the numerically higher incidence of
moderate to severe NPSAEs among BD smokers assigned to varenicline
might be a function of higher rates of smoking abstinence or reduction
in the varenicline group (i.e., abstinence-induced NPSAEs), we gener-
ated brick plots that show the onset of NPSAE occurence as it relates to
weekly changes in smoking status (where abstainer= no smoking
during that week; partial abstainer= abstinent for 3–6 days; and
smoker= abstinent for 0–2 days) (eFigure 3 in the Supplement). We
defined a potential abstinence-induced NPSAE as one in which the
NPSAE occurred either during the same week or in the week following a
significant decrease in smoking (i.e., a transition from a smoker to a
partial abstainer or full abstainer, or a transition from a partial ab-
stainer to a full abstainer). Within the BD subcohort, there was no in-
dication that NPSAE variability across treatment groups was driven by

Fig. 2. Hospital Anxiety and Depression Scale scores during treatment and 30-day follow-up.
BD, bipolar disorders; HADS, Hospital Anxiety and Depression Scale; NPC, nonpsychiatric cohort; NRT, nicotine replacement therapy (transdermal nicotine patch).
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smoking abstinence. The number of potential abstinence-induced
NPSAEs by treatment group in the BD subcohort was: 1/11 for var-
enicline, 2/10 for bupropion, 1/4 for NRT, and 1/5 for placebo.
Furthermore, the proportions of potentially abstinence-induced NPSAEs
were, in most cases, descriptively higher in the NPC: 6/11 for vareni-
cline, 5/14 for bupropion, 7/20 for NRT, and 4/19 for placebo.

4. Discussion

Results from this study suggest that, for smokers with BD who used

an FDA-approved cessation medication, change in the risk of experi-
encing a clinically significant NPSAE during a cessation attempt ranged
from a one percentage point decrease to a six percentage point increase
relative to placebo. Efficacy of varenicline was supported by the esti-
mated effect size for the BD subcohort (OR, 2.6) as well as the statis-
tically significant difference from placebo on the secondary endpoint of
7-day PPA at end of treatment. Bupropion and NRT effect-size estimates
in the NPC of this country-matched sample (i.e., ORs > 2 for CA Weeks
9–12) and, as reported in the main outcome paper (Anthenelli et al.,
2016), for the broader psychiatric cohort overall (OR, 1.9 for

Fig. 3. Observed continuous abstinence rates for Weeks 9–12.
BD, bipolar disorders; CAR, continuous abstinence rate; CI, confidence interval; NPC, nonpsychiatric cohort; NRT, nicotine replacement therapy (transdermal
nicotine patch); OR, odds ratio.
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bupropion; OR, 2.0 for NRT) were consistent with previous research
showing that these two medications have a similar effect of doubling
quit rates relative to placebo (Fiore et al., 2008). In contrast, there was
little evidence of efficacy in the BD subcohort, where the observed CA
Weeks 9–12 for NRT was descriptively lower versus placebo (7.7%
versus 10.2%; OR, 0.7), with only a slightly better quit rate for bu-
propion versus placebo (11.6% versus 10.2%; OR, 1.3).

To date, only one other randomized controlled trial of smokers with
BD enrolled enough participants (n=60) to compare a smoking ces-
sation treatment with placebo in this population (Chengappa et al.,
2014). This trial also indicated that varenicline is effective for smokers
with BD and that, relative to placebo, there is no evidence that var-
enicline substantially increases the risk of moderate to severe NPSAEs.
Varenicline may increase the risk of less severe events such as sleep
disturbance (e.g., abnormal dreams, insomnia). We also observed de-
scriptively higher rates of sleep disturbance with varenicline versus
placebo in the BD subcohort (26.7% versus 10.5%) as well as in the NPC
(22.5% versus 14.3%). However, given the well-documented associa-
tions between smoking abstinence or reduction and sleep disturbance
(Patterson et al., 2017), it is difficult to disentangle effects of cessation
medications from effects of decreased smoking. In the case of the pri-
mary safety outcome of moderate to severe NPSAE occurrence, our post
hoc analysis suggested that descriptively higher NPSAE rates among
smokers with BD who received varenicline were not driven by smoking
abstinence or reduction. It is also worth noting that the timing of these
events showed no clear association with the initiation of the medication
(eFigure 3 in the Supplement).

Although this is the first prospective study to demonstrate that
smokers with BD had higher NPSAE incidence and lower quit rates than
those without lifetime psychiatric illness, these findings are not sur-
prising. The finding of a 40–50% lower quit rate for smokers with BD

relative to the NPC (i.e., 22.8 versus 13.3% for Week 9–12 CAR; 15.6%
versus 8.1% for Week 9–24 CAR) is consistent with findings from pre-
vious epidemiologic studies showing that quit rates (i.e., the ratio of
former to ever smokers) are 60% lower among people with bipolar
disorder relative to people with no mental health conditions
(Lasser et al., 2000). Of importance to treatment providers and to
smokers with BD, the estimated differences in risk of clinically sig-
nificant NPSAE occurrence between active treatments and placebo
within the BD subcohort were relatively small: 6% or less across
treatments. Further, this analysis provides clinically useful information
on relative abstinence rates with varenicline, bupropion, and NRT in
the largest cohort of smokers with BD studied to date. Our findings
support the efficacy of varenicline and raise questions about the effi-
cacy of NRT monotherapy and bupropion for this group.

Several limitations of the study findings should be noted.
Combination NRT, which is more effective than NRT monotherapy
(Fiore et al., 2008), was not included as a comparison treatment,
leaving open the question of comparative safety and efficacy of this
treatment option for smokers with BD. Additionally, the findings may
not generalize to smokers with BD whose symptoms are unstable, who
are not taking psychotropic medications, or who have current substance
use disorders. Similarly, the BD subcohort was predominantly (81%)
composed of individuals who met diagnostic criteria for BD I, limiting
generalizability to smokers with BD II. EAGLES was not powered to test
treatment safety and efficacy in the BD subcohort; therefore, definitive
conclusions cannot be drawn about lack of statistically significant ef-
fects, and these results should be considered exploratory. With regard
to biochemical verification of abstinence, EAGLES used a CO cut-off
level that does not preclude very light smoking. Although this was the
standard recommendation at the time the trial was designed
(Benowitz et al., 2002), lower CO cut-offs to establish smoking

Fig. 4. Observed 7-day point prevalence abstinence during treatment and follow-up.
BD, bipolar disorders; CI, confidence interval; NPC, nonpsychiatric cohort; NRT, nicotine replacement therapy (transdermal nicotine patch); OR, odds ratio; PPA,
point prevalence abstinence.
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abstinence have subsequently been recommended (Marrone et al.,
2011; Perkins et al., 2013). While not a study limitation per se, the
design of the EAGLES trial precludes an examination of some me-
chanisms that may underlie the differences in cessation outcomes be-
tween smokers with BD and those with no psychiatric history (e.g.,
substance use disorder history, which was present in 40% of the BD
subcohort but was exclusionary for the NPC). Consequently, it is not
possible to determine, for example, whether lower quit rates in the BD
subcohort are attributable to the direct effects of having BD or to in-
direct effects of having BD (e.g., BD increases risk of substance abuse
disorders, which increase risk of cessation failure). We also note that
inferences about the quit rates for the NPC in this analysis (n=2794)
should be tempered by the fact that this is a subgroup of the NPC in the
larger EAGLES trial (N=4028) that excludes a significant portion of
the non-US participants. Because quit rates were lower for US smokers
in EAGLES (West et al., 2018), this led to a decrease in the quit rates for
the NPC group in this subgroup analysis since a larger proportion of the
sample was from the US (68% in this analysis versus 47% in the larger
trial).

EAGLES is the largest-ever evaluation of cessation pharma-
cotherapies and one of very few pharmacotherapy trials to include
smokers with serious mental illness, with rigorous methods of con-
firming psychiatric diagnoses via comprehensive diagnostic interviews.
Consequently, EAGLES provided a one-of-a-kind opportunity to eval-
uate safety and efficacy outcomes for the subgroup of smokers with BD
using a sample size over four times greater than the largest trial pre-
viously published on this population (Chengappa et al., 2014). Ad-
ditionally, this study is the first to report on the following for smokers
with BD: a placebo-controlled evaluation of the efficacy of NRT
monotherapy; safety and efficacy data for the three major FDA-ap-
proved cessation therapies when delivered in conjunction with beha-
vioral counseling; and a comparison of the safety and efficacy of these
treatments in smokers with BD versus those without a psychiatric dis-
order.

In conclusion, the results suggest that varenicline, in combination
with behavioral support, may be the best option of the three active
treatments in this study given its greater efficacy effect size and similar
risk of moderate to severe NPSAEs. Observed effect sizes for NRT
monotherapy and bupropion versus placebo suggest that they may not
be effective aids to cessation in smokers with BD. Results also suggested
that most (89%) smokers with BD did not experience a clinically sig-
nificant NPSAE during a quit attempt. Relative to smokers without
mental health conditions, however, they are at greater risk for mod-
erate to severe NPSAEs during a quit attempt and are less likely to quit,
regardless of which treatment they receive and even after controlling
for demographics, smoking, and prior cessation medication usage. The
mechanisms through which smokers with BD experience worse cessa-
tion outcomes and greater likelihood of NPSAEs requires additional
study. Candidate mechanisms include differences highlighted in the
present study results (e.g., for the BD subcohort, more severe nicotine
dependence on the FTCD, which was predictive of poorer cessation
outcomes in the broader study (West et al., 2018); higher baseline levels
of anxiety, depression, aggression; and greater likelihood of past sui-
cidal ideation and behavior), as well as the potential influence of some
psychotropic medications on nicotine metabolism among smokers with
BD (Williams et al., 2012), which may impact pharmacotherapy re-
sponse (Lerman et al., 2015; Schnoll et al., 2009).

Improved understanding of mechanisms underlying greater cessa-
tion difficulty and NPSAE occurrence among smokers with BD can help
to inform new treatment approaches to address disparities in treatment
outcomes. Although this remains a nascent area of research, a novel
behavioral treatment (Acceptance and Commitment Therapy) that
targets barriers to quitting among smokers with BD has been piloted,
with promising results (Heffner et al., 2015). Longer courses of phar-
macotherapy and abstinence-contingent monetary incentives (Brunette
et al., 2018; Evins et al., 2014) may also improve cessation outcomes

for smokers with BD, as well as those with other forms of serious mental
illness.

Authors’ contributions

All authors, JLH, AEE, CR, DL, CRA, TMR, LSA, AK, RW, and RMA,
were involved in the analyses and/or interpretation of data; DL per-
formed the statistical analyses; JLH drafted the initial manuscript; all
authors have critically revised the manuscript for content and have
approved the final version.

Funding

This study was funded by Pfizer and GlaxoSmithKline. Upon re-
quest, and subject to certain criteria, conditions, and exceptions (see
https://www.pfizer.com/science/clinical-trials/trial-data-and-results
for more information), Pfizer will provide access to individual de-
identified participant data from Pfizer-sponsored global interventional
clinical studies conducted for medicines, vaccines, and medical devices:
1) for indications that have been approved in the USA and/or EU; or 2)
in programs that have been terminated (i.e., development for all in-
dications has been discontinued). Pfizer will also consider requests for
the protocol, data dictionary, and statistical analysis plan. Data may be
requested from Pfizer trials 24 months after study completion. The de-
identified participant data will be made available to researchers whose
proposals meet the research criteria and other conditions, and for which
an exception does not apply, via a secure portal. To gain access, data
requestors must enter into a data access agreement with Pfizer.

CRediT authorship contribution statement

Jaimee L. Heffner: Conceptualization, Writing - review & editing,
Writing - original draft. A. Eden Evins: Conceptualization, Writing -
review & editing. Cristina Russ: Conceptualization, Writing - review &
editing. David Lawrence: Conceptualization, Writing - review &
editing, Formal analysis. Catherine R. Ayers: Conceptualization,
Writing - review & editing. Thomas McRae: Conceptualization, Writing
- review & editing. Lisa St. Aubin: Conceptualization, Writing - review
& editing. Alok Krishen: . Robert West: Conceptualization, Writing -
review & editing. Robert M. Anthenelli: Conceptualization, Writing -
review & editing.

Declaration of Competing Interest

JLH's writing of the manuscript was supported, in part, by a grant
from the National Institute on Drug Abuse (#R34DA037409) and by the
Fred Hutchinson Cancer Research Center. AEE reports research grants
to her institution from Forum Pharmaceuticals and Pfizer and personal
fees for advisory board services from Pfizer and Reckitt Benckiser. AEE's
writing of the manuscript was supported by a National Institute on Drug
Abuse Career Award in Patient-Oriented Research, K24 DA030443.
CRA reports no conflicts of interest. RW is a consultant to Pfizer,
Johnson & Johnson, and GlaxoSmithKline and has received research
funding from Pfizer and Johnson & Johnson; RW's salary is funded by
Cancer Research UK. RMA reports his university receiving grants from
Alkermes and Pfizer and providing consulting and/or advisory board
services to Arena Pharmaceuticals, Cerecor, Pfizer, and US WorldMeds.
RMA's writing of this manuscript was supported, in part, by National
Institute on Alcohol Abuse and Alcoholism Grant #s 1R44AA024643
and U10 AA008401, and NIDA Grant # UO1 DA041731. CR, DL, LSA,
and TM are employees and stockholders of Pfizer. AK is a PAREXEL
employee working on behalf of GlaxoSmithKline. The opinions ex-
pressed in this article are those of the authors and do not necessarily
reflect the views of their employers.

J.L. Heffner, et al. Journal of Affective Disorders 256 (2019) 267–277

276

https://www.pfizer.com/science/clinical-trials/trial-data-and-results


Acknowledgment

Editorial support was provided by Anne Jakobsen, MSc, Engage
Scientific, Horsham, UK, and was funded by Pfizer.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.jad.2019.06.008.

References

American Psychiatric Association, 2000. Diagnostic and Statistical Manual of Mental
Disorders, fourth ed. American Psychiatric Association, Arlington, VA.

Anthenelli, R.M., Benowitz, N.L., West, R., St Aubin, L., McRae, T., Lawrence, D., Ascher,
J., Russ, C., Krishen, A., Evins, A.E., 2016. Neuropsychiatric safety and efficacy of
varenicline, bupropion, and nicotine patch in smokers with and without psychiatric
disorders (EAGLES): a double-blind, randomised, placebo-controlled clinical trial.
Lancet 387, 2507–2520.

Benowitz, N.L., Jacob III, P., Ahijevych, K., Jarvis, M.J., Hall, S., LeHouezec, J., Hansson,
A., Lichtenstein, E., Henningfield, J., Tsoh, J., Hurt, R.D., Velicer, W., (SRNT
Subcommittee on Biochemical Verification), 2002. Biochemical verification of to-
bacco use and cessation. Nicotine Tob. Res. 4, 149–159.

Breslau, N., Kilbey, M.M., Andreski, P., 1992. Nicotine withdrawal symptoms and psy-
chiatric disorders: findings from an epidemiologic study of young adults. Am. J.
Psychiatry 149, 464–469.

Brunette, M.F., Pratt, S.I., Bartels, S.J., Scherer, E.A., Sigmon, S.C., Ferron, J.C., Santos,
M., Williams, G.E., Kosydar, S., Wolfe, R.S., Lotz, D., Capuchino, K., 2018.
Randomized trial of interventions for smoking cessation among Medicaid bene-
ficiaries with mental illness. Psychiatr. Serv. 69, 274–280.

Buss, A.H., Perry, M., 1992. The aggression questionnaire. J. Pers. Soc. Psychol. 63,
452–459.

Chengappa, K.N., Perkins, K.A., Brar, J.S., Schlicht, P.J., Turkin, S.R., Hetrick, M.L.,
Levine, M.D., George, T.P., 2014. Varenicline for smoking cessation in bipolar dis-
order: a randomized, double-blind, placebo-controlled study. J. Clin. Psychiatry 75,
765–772.

Diaz, F.J., James, D., Botts, S., Maw, L., Susce, M.T., de Leon, J., 2009. Tobacco smoking
behaviors in bipolar disorder: a comparison of the general population, schizophrenia,
and major depression. Bipolar Disord. 11, 154–165.

Dickerson, F., Stallings, C.R., Origoni, A.E., Vaughan, C., Khushalani, S., Schroeder, J.,
Yolken, R.H., 2013. Cigarette smoking among persons with schizophrenia or bipolar
disorder in routine clinical settings, 1999–2011. Psychiatr. Serv. 64, 44–50.

Evins, A.E., Cather, C., Pratt, S.A., Pachas, G.N., Hoeppner, S.S., Goff, D.C., Achtyes, E.D.,
Ayer, D., Schoenfeld, D.A., 2014. Maintenance treatment with varenicline for
smoking cessation in patients with schizophrenia and bipolar disorder: a randomized
clinical trial. JAMA 311, 145–154.

Fagerström, K., 2012. Determinants of tobacco use and renaming the FTND to the
Fagerstrom Test for Cigarette Dependence. Nicotine Tob. Res. 14, 75–78.

Fiore, M.C., Jaén, C.R., Baker, T.B., Bailey, W.C., Benowitz, N.L., Curry, S.J., Dorfman,
S.F., Froelicher, E.S., Goldstein, M.G., Healton, C.G., Lando, H.A., Mecklenburg, R.E.,
Mermelstein, R.J., Mullen, P.D., Orleans, C.T., Robinson, L., Stitzer, M.L.,
Tommasello, A.C., Villejo, L., Wewers, M.E., 2008. Treating Tobacco Use and
Dependence: 2008 Update, Clinical Practice Guideline. U.S. Department of Health
and Human Services. Public Health Service, Rockville, MD.

First, M.B., Gibbon, M., Spitzer, R.L., Williams, J.B.W., Benjamin, L.S., 1997. User's Guide
for the Structured Clinical Interview for DSM-IV Axis II Personality Disorders: SCID-

II. American Psychiatric Press, Arlington, VA.
First, M.B., Spitzer, R.L., Gibbon, M., Williams, J.B.W., 2002. Structured Clinical

Interview for DSM-IV-TR Axis I Disorders, Research Version, Non-patient Edition.
(SCID-I/NP). Biometrics Research, New York State Psychiatric Institute, New York.

Frye, M.A., Ebbert, J.O., Prince, C.A., Lineberry, T.W., Geske, J.R., Patten, C.A., 2013. A
feasibility study of varenicline for smoking cessation in bipolar patients with sub-
syndromal depression. J. Clin. Psychopharmacol. 33, 821–823.

George, T.P., Wu, B.S., Weinberger, A.H., 2012. A review of smoking cessation in bipolar
disorder: implications for future research. J. Dual Diagn. 8, 126–130.

Heffner, J.L., Anthenelli, R.M., DelBello, M.P., Stahl, L., Strakowski, S.M., 2013. Mood
management and nicotine patch for smoking cessation in adults with bipolar dis-
order. Nicotine Tob. Res. 15, 1805–1806.

Heffner, J.L., McClure, J.B., Mull, K.E., Anthenelli, R.M., Bricker, J.B., 2015. Acceptance
and Commitment Therapy and nicotine patch for smokers with bipolar disorder:
preliminary evaluation of in-person and telephone-delivered treatment. Bipolar
Disord. 17, 560–566.

Heffner, J.L., Strawn, J.R., DelBello, M.P., Strakowski, S.M., Anthenelli, R.M., 2011. The
co-occurrence of cigarette smoking and bipolar disorder: phenomenology and treat-
ment considerations. Bipolar Disord. 13, 439–453.

Lasser, K., Boyd, J.W., Woolhandler, S., Himmelstein, D.U., McCormick, D., Bor, D.H.,
2000. Smoking and mental illness: a population-based prevalence study. JAMA 284,
2606–2610.

Lerman, C., Schnoll, R.A., Hawk Jr., L.W., Cinciripini, P., George, T.P., Wileyto, E.P.,
Swan, G.E., Benowitz, N.L., Heitjan, D.F., Tyndale, R.F., 2015. Use of the nicotine
metabolite ratio as a genetically informed biomarker of response to nicotine patch or
varenicline for smoking cessation: a randomised, double-blind placebo-controlled
trial. Lancet Respir. Med. 3, 131–138.

Marrone, G.F., Shakleya, D.M., Scheidweiler, K.B., Singleton, E.G., Huestis, M.A.,
Heishman, S.J., 2011. Relative performance of common biochemical indicators in
detecting cigarette smoking. Addiction 106, 1325–1334.

Patterson, F., Grandner, M.A., Malone, S.K., Rizzo, A., Davey, A., Edwards, D.G., 2017.
Sleep as a target for optimized response to smoking cessation treatment. Nicotine
Tob. Res. 21, 139–148. https://doi.org/10.1093/ntr/ntx236.

Perkins, K.A., Karelitz, J.L., Jao, N.C., 2013. Optimal carbon monoxide criteria to confirm
24-hr smoking abstinence. Nicotine Tob. Res. 15, 978–982.

Posner, K., Brown, G.K., Stanley, B., Brent, D.A., Yershova, K.V., Oquendo, M.A., Currier,
G.W., Melvin, G.A., Greenhill, L., Shen, S., Mann, J.J., 2011. The Columbia-Suicide
Severity Rating Scale: initial validity and internal consistency findings from three
multisite studies with adolescents and adults. Am. J. Psychiatry 168, 1266–1277.

Schnoll, R.A., Patterson, F., Wileyto, E.P., Tyndale, R.F., Benowitz, N., Lerman, C., 2009.
Nicotine metabolic rate predicts successful smoking cessation with transdermal ni-
cotine: a validation study. Pharmacol. Biochem. Behav. 92, 6–11.

Weinberger, A.H., Vessicchio, J.C., Sacco, K.A., Creeden, C.L., Chengappa, K.N., George,
T.P., 2008. A preliminary study of sustained-release bupropion for smoking cessation
in bipolar disorder. J. Clin. Psychopharmacol. 28, 584–587.

West, R., Evins, A.E., Benowitz, N.L., Russ, C., McRae, T., Lawrence, D., St Aubin, L.,
Krishen, A., Maravic, M.C., Anthenelli, R.M., 2018. Factors associated with the effi-
cacy of smoking cessation treatments and predictors of smoking abstinence in
EAGLES. Addiction 113, 1507–1516.

West, R., Hajek, P., Stead, L., Stapleton, J., 2005. Outcome criteria in smoking cessation
trials: proposal for a common standard. Addiction 100, 299–303.

Williams, J.M., Gandhi, K.K., Lu, S.E., Steinberg, M.L., Benowitz, N.L., 2012. Nicotine
intake and smoking topography in smokers with bipolar disorder. Bipolar Disord. 14,
618–627.

Wu, B.S., Weinberger, A.H., Mancuso, E., Wing, V.C., Haji-Khamneh, B., Levinson, A.J.,
George, T.P., 2012. A preliminary feasibility study of varenicline for smoking ces-
sation in bipolar disorder. J. Dual Diagn. 8, 131–132.

Zigmond, A.S., Snaith, R.P., 1983. The hospital anxiety and depression scale. Acta
Psychiatr. Scand. 67, 361–370.

J.L. Heffner, et al. Journal of Affective Disorders 256 (2019) 267–277

277

https://doi.org/10.1016/j.jad.2019.06.008
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0001
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0001
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0002
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0002
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0002
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0002
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0002
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0003
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0003
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0003
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0003
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0004
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0004
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0004
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0005
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0005
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0005
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0005
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0006
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0006
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0007
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0007
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0007
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0007
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0008
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0008
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0008
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0009
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0009
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0009
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0010
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0010
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0010
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0010
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0011
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0011
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0012
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0012
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0012
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0012
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0012
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0012
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0013
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0013
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0013
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0014
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0014
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0014
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0015
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0015
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0015
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0016
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0016
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0017
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0017
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0017
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0018
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0018
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0018
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0018
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0019
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0019
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0019
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0020
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0020
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0020
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0021
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0021
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0021
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0021
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0021
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0022
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0022
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0022
https://doi.org/10.1093/ntr/ntx236
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0024
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0024
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0025
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0025
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0025
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0025
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0026
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0026
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0026
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0027
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0027
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0027
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0028
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0028
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0028
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0028
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0029
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0029
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0030
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0030
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0030
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0031
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0031
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0031
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0032
http://refhub.elsevier.com/S0165-0327(19)30286-1/sbref0032

	Safety and efficacy of first-line smoking cessation pharmacotherapies in bipolar disorders: Subgroup analysis of a randomized clinical trial
	Introduction
	Materials and methods
	Participants
	Procedures
	Statistical analysis

	Results
	Medication adherence
	NPSAEs
	Smoking abstinence
	Post hoc analysis: relationship between smoking abstinence and moderate to severe NPSAE occurrence

	Discussion
	Authors’ contributions
	Funding
	CRediT authorship contribution statement
	mk:H1_15
	Acknowledgment
	Supplementary materials
	References




