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Objective: This study aimed to evaluate the efficacy and
safety of varenicline, bupropion, and nicotine replacement
therapy (NRT) among smokers with schizophrenia spectrum
disorders in post hoc analyses of Evaluating Adverse Events
in a Global Smoking Cessation Study data.

Methods: Smokers with schizophrenia spectrum disorder
(N=390) and without a psychiatric illness (control group,
N=4,028) were randomly assigned to receive varenicline,
bupropion, NRT patch, or placebo for 12 weeks. Outcomes
included abstinence rates during treatment and follow-up,
number needed to treat (NNT) for abstinence, incidence of
neuropsychiatric adverse events (NPSAEs), and temporal
relationship between NPSAEs and abstinence status.

Results: Smokers with schizophrenia smoked more and had
greater dependence and fewer prior trials of cessation
pharmacotherapy at baseline. At each time point, smokers
with schizophrenia assigned to varenicline had significantly
greater odds of abstinence compared with their matched

placebo group, with NNT comparable to the control group.
Bupropion and NRT increased odds of abstinence; confi-
dence intervals (CIs) included 1 for some comparisons, and
NNT for smokers with schizophrenia was greater than for the
control group. No treatment was associated with signifi-
cantly more NPSAEs, compared with placebo, in either
cohort. The estimated NPSAE rate was 5% (95%
CI=3.0–7.7) for smokers with schizophrenia and 1% (95%
CI=0.6–2.1) for the control group. Over one-third of
NPSAEs occurred during partial or full abstinence, suggest-
ing a multifactorial nature.

Conclusions: For smokers with schizophrenia, varenicline
led to significantly higher abstinence rates, and NNT was
comparable to the control group. A significant proportion of
NPSAEs occurred during early abstinence. No treatment
significantly increased NPSAE prevalence.
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Individuals with schizophrenia spectrum disorders aremore
likely to smoke tobacco, smoke heavily (1), and have severe
dependence compared with those without psychiatric ill-
ness (2–4). Smoking rates are not decreasing for those with
schizophrenia, as they are in the general population (5), and
smoking-related disease contributes disproportionately to a
comparative 29-year mortality gap among adults (6–9). Al-
though quitting smoking by middle age reduces the risk of
death associated with continued smoking by 90% (10),
smokers with schizophrenia are less likely than those in the
general population to be offered effective pharmacother-
apeutic smoking cessation aids, particularly varenicline (1,
11, 12). Consistent reports of abstinence rates of less than 5%
among smokers with schizophrenia who receive behavioral
smoking cessation treatment alone (13–19) suggest that this
group in particular needs pharmacotherapeutic cessation
aids to quit smoking.

HIGHLIGHTS

• At baseline, smokers with schizophrenia spectrum dis-
orders smoked more cigarettes per day, had greater se-
verity of nicotine dependence, and had fewer prior trials
of smoking cessation pharmacotherapy, compared with
smokers without axis I psychiatric disorders.

• For smokers with schizophrenia spectrum disorders,
smoking cessation pharmacotherapy with varenicline
was associated with higher abstinence rates compared
with nicotine replacement therapy or bupropion.

• The number needed to treat with varenicline was com-
parable for smokers with schizophrenia spectrum disor-
ders and those without a psychiatric disorder.

• None of the active smoking cessation pharmacother-
apies significantly increased the prevalence of neuro-
psychiatric adverse events in either cohort.
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Despite evidence of the safety and efficacy of first-line
pharmacotherapeutic cessation aids in this population (19,
20), clinicians report negative attitudes toward providing
smoking cessation treatment for smokers with schizophre-
nia (21), and pharmacotherapy—particularly nonnicotine
pharmacotherapy—is particularly underutilized (1, 11, 12, 22,
23). Additionally, Medicaid coverage of the most effective
cessation treatments remains limited in many states, despite
legislation barring state Medicaid programs from excluding
cessation medications approved by the U.S. Food and Drug
Administration (FDA) from coverage (24). High copays and
prior authorization requirements remain common barriers
to obtaining smoking cessation medication through Medic-
aid and Medicare plans that insure most people with
schizophrenia spectrum disorders (25). Additionally, limits
on access to effective smoking cessation treatment, through
low rates of prescribing and financial barriers, place people
with schizophrenia at increased risk of smoking-related
disease and death.

The neuropsychiatric safety and efficacy trial of vareni-
cline, bupropion, and nicotine replacement therapy (NRT)
among smokers with and without psychiatric disorders
(Evaluating Adverse Events in a Global Smoking Cessation
Study [EAGLES]) estimated the incidence of moderate to
severe neuropsychiatric adverse events (NPSAEs) during a
12-week treatment period and 12-week follow-up and
assessed tobacco abstinence rates (26). NPSAE incidence
and continuous abstinence rates have been reported for the
schizophrenia spectrum disorders subcohort and compared
with rates for the mood and anxiety disorders subcohorts
(27). To address safety concerns that may drive the partic-
ular underuse of effective smoking cessation medications for
smokers with schizophrenia, we undertook a post hoc
analysis of weekly patterns of NPSAEs and abstinence rates
in the EAGLES schizophrenia spectrum disorders subcohort
compared with smokers without psychiatric disorders. Our
approach included analysis of timing of NPSAEs relative to
start of study medication and change in weekly 7-day point
prevalence abstinence (PPA) status and analysis of end-of-
treatment abstinence rates by baseline psychiatric symptom
severity rating.

METHODS

EAGLES was a multinational, multicenter, randomized,
double-blind, placebo- and active (NRT)-controlled trial,
conducted fromNovember 30, 2011, to January 13, 2015. The
primary report provides details of the design and primary
outcomes (26). Study procedures and consent forms were
approved by the institutional review boards at participating
institutions. All participants signed informed consent.

Eligible participants were adults motivated to quit
smoking, ages 18–75 years, who smoked 10 or more ciga-
rettes per day, with expired carbon monoxide (CO) .10
parts per million (ppm) at screening. Eligible smokers with
schizophrenia spectrum disorders met DSM-IV-TR (28)

diagnostic criteria for current or lifetime psychotic disor-
ders, including schizophrenia and schizoaffective disorders.
Smokers with schizophrenia spectrum disorders who had
other psychiatric comorbid conditions were not excluded,
except for those with an alcohol or other drug use disorder
active within the previous 12 months. Smokers with
schizophrenia spectrum disorders made up approximately
10% of the psychiatric cohort (N=390) in EAGLES. Enroll-
ment criteria required a score of ,5 on the 7-point Clinical
Global Impression–Severity (CGI-S) (29), indicating mod-
erate severity of symptoms or less. The control cohort
without psychiatric disorders (N=4,028) had no axis I
diagnosis.

Random Assignment, Masking, and Study Treatment
Random assignment to receive 1 mg varenicline twice daily,
150 mg bupropion sustained-release twice daily, 21 mg NRT
transdermal patch per daywith taper, or placebowas done in
a 1:1:1:1 ratio, with block size of eight for each diagnostic
subcohort by region in a double-blind, triple-dummy,
parallel-group design. Participants set a target quit date
1 week after random assignment, coinciding with the end of
varenicline and bupropion up-titration and initiation of
NRT. Study visits were weekly for 6 weeks, biweekly for
6 weeks, and then at weeks 13, 16, 20, and 24. Ten-minute
individual smoking cessation counseling was provided at
each visit (30). Telephone contacts to determine smoking
status were conducted weekly between visits.

Assessments
Psychiatric diagnosis was assessed at screening with the
Structured Clinical Interviews for DSM-IV-TR Axis I and II
Disorders (SCID-I and SCID-II) (28, 31). Severity of ciga-
rette dependence was assessed with the Fagerström Test
for Cigarette Dependence (FTCD) (32). Abstinence was
assessed weekly and defined as self-report of tobacco ab-
stinence since the previous study assessment. Expired CO
of #10 ppm was used to validate self-reported abstinence.
CO was collected at study weeks 1–6, 8, 10, 12, 16, and 24.
Participants who discontinued the study or were lost to
follow-up or had missing CO data at weeks 12 or 24 were
considered nonabstinent.

An NPSAE was an adverse event in one of 16 neuropsy-
chiatric symptom categories voluntarily reported, observed,
or solicited via questioning during treatment or 30-day follow-
up that was new or increased in severity from baseline,
irrespective of whether the adverse event was considered
causally related to study medication, and that met a priori
severity criteria. The following events met criteria for an
NPSAE: those expected to be more common (anxiety, de-
pression, feeling abnormal, or hostility) that were rated as
severe and those rated as moderate or severe in the cate-
gories of agitation, aggression, delusions, hallucinations,
homicidal ideation, mania, panic, paranoia, psychosis, sui-
cidal ideation, suicidal behavior, or suicide.
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NPSAEs were assessed at each study visit with open-
ended questions, direct observation, and the semistructured
Neuropsychiatric Adverse Event Interview (26, 33), which
encompasses and extends beyond the psychiatric adverse
events captured in the Medical Dictionary for Regulatory
Activities. Positive responses on the Neuropsychiatric Ad-
verse Event Interview were evaluated for frequency, dura-
tion, and severity to determine whether they qualified as
NPSAEs. Investigators evaluated whether positive re-
sponses on the Columbia Suicide Severity Rating Scale
(C-SSRS) or proxy reports from family members or
others qualified as NPSAEs. Psychiatric symptoms were
assessed at each study visit with the Hospital Anxiety and
Depression Scale (34) and C-SSRS (35). Tobacco and nico-
tine use were assessed with a structured questionnaire and
expired CO measurement.

Analysis
Generalized linear models (GLMs) were conducted to test
the effect of treatment (varenicline, bupropion, NRT, or
placebo) and cohort (schizophrenia spectrum disorders or
no psychiatric disorders) on 7-day PPA and continuous ab-
stinence rates during the treatment and follow-up periods.
Observed rates of NPSAEs were reported, and GLMs were
conducted to test effects of treatment, cohort, and their in-
teraction on the NPSAE primary endpoint for 16 weeks
following treatment initiation (12 weeks of treatment and
4 weeks of follow-up). All models included region, age, race,
body mass index (BMI), smoking characteristics, and past
cessation medication use if associated with outcome (36).
For each reported NPSAE, the week of the event was plotted
together with change in weekly 7-day PPA status—smoker,
partial abstainer, and abstainer—by treatment assignment
and cohort.

RESULTS

Participants
The efficacy cohort consisted of all 390 and 4,028 partici-
pants enrolled in the schizophrenia and control cohorts,
respectively. The safety cohort consisted of 386 (99%) and
3,984 (99%) smokers in the schizophrenia and control co-
horts, respectively, who received at least one dose of study
medication. The 12-week treatment and 12-week follow-up
phases were completed, respectively, by 350 (90%) and
336 (86%) smokers with schizophrenia and 3,404 (85%) and
3,124 (78%) smokers without psychiatric disorders. (A
CONSORT diagram is available in an online supplement to
this article.)

In the schizophrenia spectrum disorders subcohort,
303 (78%) met DSM-IV-TR criteria for schizophrenia, and
87 (22%) met DSM-IV-TR criteria for schizoaffective dis-
order; 142 (36%) met SCID criteria for comorbid axis I dis-
order, including 105 (27%) with a prior alcohol or drug use
disorder. Those in the schizophrenia subcohort were more
likely than those in the control cohort to report suicidal

ideation or behavior in their lifetime (32% versus 5%); to
report greater symptoms of anxiety, depression, and ag-
gression at baseline; and to be treated with psychotropic
medications (Table 1).

Smokers with schizophrenia smoked more cigarettes per
day than did smokers in the control group (23.2 versus 20.7)
and had greater severity of cigarette dependence (FTCD
total score, 6.9 versus 5.5) (Table 1). Smokers with schizo-
phrenia were not significantly less likely than those in the
control group to have made a smoking cessation attempt,
72% (N=281 of 390) of smokers in the schizophrenia sub-
cohort reported a mean of 2.4 prior serious quit attempts,
and 82% (N=3,284 of 4,028) of smokers in the control group
reported amean of 3.2 quit attempts. However, smokers with
schizophrenia were significantly less likely than smokers in
the control group to report prior trials of smoking cessation
treatment: varenicline (8% versus 14%), bupropion (4%
versus 9%), and NRT (15% versus 25%).

Tobacco-Smoking Abstinence
Seven-day PPA rates at end of treatment and follow-up.Weekly
observed 7-day PPA rates by treatment are shown in Figure 1A.
Odds of 7-day end-of-treatment PPA among smokers with
schizophrenia were sixfold higher with varenicline, compared
with placebo, and more than twofold higher with varenicline,
compared with bupropion or NRT. Odds of 7-day end-of-
treatment PPA among smokers with schizophrenia were more
than twofold higher with bupropion and NRT, compared with
placebo (see treatment comparison figure in online supple-
ment). Number needed to treat (NNT) among smokers with
schizophrenia and among those in the control groups for 7-day
end-of-treatment PPA was, respectively, five and four for var-
enicline, 17 and eight for bupropion, and 12 and eight for NRT
(Figure 1B).

At week 24, odds ratios (ORs) of 7-day PPA for active
treatments versus placebo among smokers with schizo-
phrenia ranged from 2.8 for NRT to 5.2 for varenicline (see
treatment comparison figure in online supplement). In the
control group, ORs for 7-day PPA for all active treatments
were superior to placebo and were superior for varenicline
compared with bupropion and NRT. The relative efficacy of
active treatments was similar across cohorts, and abstinence
rates were higher among those without psychiatric disor-
ders (Figure 1A). NNT among smokers with schizophrenia
and smokers in the control group for 7-day PPA at week
24 were, respectively, seven and seven for varenicline, 13 and
12 for bupropion, and 13 and 11 for NRT (Figure 1B).

Weekly observed and estimated continuous abstinence
rates for weeks 9–12 were estimated in amodel that included
treatment, cohort, region, treatment 3 cohort, FTCD score,
cigarettes per day in the past month, race, age, years smoked,
and BMI (see online supplement for results). NNT among
smokers with schizophrenia and among smokers in the
control group for continuous abstinence for weeks 9–12
were, respectively, six and five for varenicline, 14 and nine
for bupropion, and 12 and eight for NRT.
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The 7-day end-of-treatment PPA rates by
baseline CGI-S symptom severity category
was calculated (see table in online supple-
ment). The abstinence rate was highest among
the few participants with the lowest possi-
ble baseline symptom severity; however, in-
creasing baseline psychiatric symptom burden
was not shown to be related to lower absti-
nence rates at end of treatment.

Neuropsychiatric safety during 12 weeks of
treatment and 4 weeks of follow-up. NPSAE
rates were not significantly higher with any
active treatment, compared with placebo,
overall or in either cohort, and no significant
treatment3 diagnosis interactions were noted
(Figure 2). The estimated NPSAE rate was 5%
(95% CI=3.0–7.7) for smokers with schizo-
phrenia and 1% (95% CI=0.6–2.1) for the
control group. The point estimates for vare-
nicline and NRT were negative among
smokers with schizophrenia. Significant ef-
fects were noted for diagnostic cohort, region,
and race. Smokers with schizophrenia were
more likely than smokers in the control group
to experience an NPSAE. Observed NPSAE
rates among smokers with schizophrenia were
as follows: varenicline, 6%; bupropion, 6%;
NRT, 5%; placebo, 6% (see table in online
supplement).

There were no observed effects of treatment
on suicidal ideation or behavior, serious ad-
verse events, or adverse events resulting in
permanent discontinuations of treatment or
leading to an intervention. For smokers with
schizophrenia, severe NPSAEs in the primary
endpoint that constituted a serious adverse
event or led to treatment discontinuation or an
intervention occurred as follows: varenicline,
2%; bupropion, 1%; NRT, 2%; and placebo, 2%.
Serious adverse events were observed for less
than 1% of both cohorts (see table in online
supplement). Among smokers with schizo-
phrenia, 22% reported an adverse event in the
Medical Dictionary for Regulatory Activities’
psychiatric disorders category of mild, moder-
ate, or severe intensity; the proportion in the
control group was 30%.

In an exploratory analysis of the temporal
relationship between onset of an NPSAE and
7-day PPA status by treatment assignment
and cohort, eight of 23 (35%) NPSAEs
among smokers with schizophrenia and
40 of 84 (48%) NPSAEs among smokers in the
control group were reported at a study visit
when the participant had been partially or fullyT
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abstinent in the prior week (see figure in online
supplement).

DISCUSSION

This analysis provides robust evidence for efficacy of first-line
FDA-approved smoking cessation medications—particularly
varenicline—among smokers with schizophrenia spectrum
disorders and those without psychiatric disorders. The NNT
to obtain end-of-treatment abstinence were 5 and 4, re-
spectively, with no clear relationship in either cohort be-
tween baseline psychiatric symptom burden and attainment
of abstinence or between the occurrence of NPSAEs and
treatment. In both cohorts, odds of 7-day end-of-treatment
PPA were higher with varenicline than with bupropion,
NRT, or placebo and higher with NRT than with placebo.
Prior trials have shown efficacy of varenicline (37), bupro-
pion (14, 15), and bupropion combined with NRT for
smoking cessation among smokers with schizophrenia (16,
17). EAGLES is the first trial to report efficacy of NRT
versus placebo for smoking cessation among smokers with
schizophrenia.

Because of the greater severity of nicotine dependence
and psychiatric symptom burden among smokers with
schizophrenia, these participants would be expected to be
less likely to quit smoking, compared with smokers without
an axis I psychiatric illness. Of note, we found no clear re-
lationship among smokers with schizophrenia between

abstinence rates and psychiatric symptom severity, and the
NNT for varenicline among smokers with schizophrenia
and those without psychiatric disorders was essentially
equivalent (5 versus 4). Although the confidence intervals
overlapped, point estimates for odds of abstinence with
varenicline were nearly twice as high among smokers with
schizophrenia as among smokers in the group without
psychiatric disorders, which was likely attributable to very low
abstinence rates for smokers with schizophrenia treated
with placebo, which is consistent with prior reports of 4%2

5% abstinence rates with behavioral treatment alone
(14–16, 19, 37). Such low success rates indicate that it is
critical for smokers with schizophrenia to have access to
pharmacotherapeutic cessation aids if they are to be suc-
cessful in their efforts to quit smoking. Varenicline is
underutilized for smokers with psychotic illness (11, 12),
and in this trial, smokers with schizophrenia reported
significantly fewer prior treatment trials with varenicline,
bupropion, or NRT, compared with smokers without psychi-
atric disorders—without significantly fewer prior cessation
attempts.

It is not surprising that smokers in the schizophrenia
cohort were more likely than those in the control group to
experience an NPSAE during the treatment and follow-up
periods, given their greater psychiatric symptom burden;
higher ratings of anxiety, depression, aggression, and nic-
otine dependence severity; and more prior suicidal ideation
and behavior. The baseline NPSAE rate for smokers with

FIGURE 1. Seven-day point prevalence abstinence (PPA) rates and number needed to treat among smokers with schizophrenia and
smokers without a psychiatric disordera

a A: observed 7-day PPA rates at each study visit. B: number needed to treat for 7-day PPA at end of treatment and end of follow-up. NRT, nicotine
replacement therapy (transdermal nicotine patch).
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schizophrenia outside the context of a smoking cessation at-
tempt was unknown. For smokers with schizophrenia,
NPSAEs appeared to be multifactorial and sporadic: they did
not cluster either within any particular symptom domain or
shortly after studymedicationwas initiated or the quit date;
they occurred independently of treatment assignment;
they rarely led to permanent discontinuation of smoking
cessation medication; and approximately one-third were
reported during study weeks with partial or complete to-
bacco abstinence. Serious adverse events were observed
for less than 0.5% of smokers in the schizophrenia subcohort
and for 0.2% of those in the cohort without psychiatric
disorders. These findings are worth weighing against the
well-established metric that half of smokers who do not
quit will die prematurely from a smoking-related illness.

It is now considered a standard of care to offer effective
smoking cessation pharmacotherapy to all smokers at every
clinical visit (38), even for smokers who report that they may
not be ready to make a cessation attempt. In considering the
risk-benefit ratio of providing smoking cessation treatment
to smokers with schizophrenia, several points are worth
considering. It is increasingly recognized that smoking ces-
sation itself does not significantly exacerbate the symptoms or
course of mental illness (39, 40) and that active treatments
that significantly improve abstinence rates among smokers
with schizophrenia do not exacerbate psychiatric symptoms
(19, 41). InEAGLES, smokerswith schizophrenia treatedwith
placebo and behavioral support were as likely as those treated
with varenicline, bupropion, or NRT to experience a moder-
ate to severe NPSAE but were far less likely to attain absti-
nence. The life expectancy for people with schizophrenia is

approximately 29 years shorter than for those
without psychiatric illness, and tobacco
smoking is the single largest cause of this
disparity in life expectancy (8, 42, 43),
whereas smoking cessation effectively miti-
gates this risk (10, 44, 45). Because tobacco
smoking is associated with increased he-
patic clearance of many psychotropic drugs,
particularly those metabolized by cytochromes
P450 1A2 and 2E1, it is recommended that cli-
nicians monitor patients who reduce or quit
smoking for evidence of reduced clearance of
psychotropic medications metabolized by
these enzymes and consider dose adjust-
ment accordingly (46–48).

The study had several limitations. Al-
though 27% of smokers with schizophrenia
had a prior alcohol or drug use disorder,
smokers with an active alcohol or drug use
disorder other than nicotine were excluded,
so results cannot be expected to generalize
to those with active substance use. Likewise,
although participants were symptomatic at
baseline, enrollment criteria required that
psychiatric symptoms be stable, and 95% of

smokers with schizophrenia were taking psychotropic medi-
cations. Thus, results cannot be expected to generalize to un-
stable or untreated smokers with schizophrenia. Although
increasingly considered standard clinical care, dual NRT
(NRT patch plus NRT gum, lozenge, nasal spray, or inhaler)
was not tested. Future research is needed to test the effects
of dual NRT for smokers with schizophrenia and to compare
efficacy and tolerability of dual NRT with those of vareni-
cline and bupropion. The behavioral component of the in-
tervention was brief; trials of pharmacotherapy plus more
intensive behavioral treatment have shown higher absti-
nence rates among smokers with schizophrenia (49).
Further research is needed to determine whether more in-
tensive behavioral treatment improves efficacy of pharma-
cotherapy for nicotine dependence among smokers with
schizophrenia. We reported 24 weeks of efficacy data and
16 weeks of safety data, although clinicians and smokers will
be interested in longer-term outcomes (49, 50).

CONCLUSIONS

Tobacco smokers, particularly smokers with schizophrenia,
need help to quit. This study has provided robust evidence
for efficacy and tolerability for smoking cessation treat-
ments, particularly varenicline. These data, together with
strong evidence that smoking cessation does not exacerbate
mental illness (19, 39) and strong consistent evidence for low
abstinence rates among smokers with schizophrenia with
behavioral treatment alone (19, 22) and for the benefit of
smoking cessation on prematuremortality (10, 44), should spur
lowering of barriers at the policy and practitioner levels to

FIGURE 2. Risk differences for neuropsychiatric adverse events with varenicline,
bupropion, nicotine replacement therapy (NRT), and placeboa

Treatments within cohorts

   Schizophrenia spectrum disorders

      Varenicline vs. placebo –1.87 (–10.86, 7.11)

      Bupropion vs. placebo .05 (–8.46, 8.57)

      NRT vs. placebo –2.65 (–11.06, 5.75)

   No psychiatric disorders

      Varenicline vs. placebo –1.21 (–2.72, .30)

      Bupropion vs. placebo –.03 (–1.74, 1.67)

      NRT vs. placebo .54 (–1.62, 2.70)

Treatments 

      Varenicline vs. placebo –1.54 (–6.09, 3.01)

      Bupropion vs. placebo .01 (–4.34, 4.36)

      NRT vs. placebo –1.06 (–5.31, 3.20)

Race

      White vs. Black                                   3.70 (.18, 5.64)

      Other vs. white –.13 (–2.54, 2.28)

      Other vs. Black                                   3.57 (.45, 6.69)

Cohorts: Schizophrenia spectrum dis-

     orders vs. no psychiatric disorders        3.96 (1.63, 6.29)
Region: Non-U.S. vs. U.S. –1.87 (–2.95, –.79) 

 nosirapmoC

–15 –10 –5 0 5 10

Risk difference (95% CI)

Risk difference (95% CI)

a Period for ascertainment of neuropsychiatric adverse events was during 12 weeks of
treatment and #30 days after last dose. Model terms included treatment group (vareni-
cline, bupropion, NRT, and placebo), cohort (schizophrenia spectrum disorders and no
psychiatric disorders), treatment 3 cohort interaction, region (United states or non–
United States), and race (white, Black, and other).
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greater utilization of the most effective pharmacotherapeutic
cessation aids for smokers with schizophrenia as a standard of
care.
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