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Abstract

Objectives—Varenicline was approved by the FDA in 2006. In 2009, based largely on case
reports, the FDA issued a warning of possible adverse neuropsychiatric effects including
depression and suicidal thoughts and behavior for varenicline and bupropion. Prospective trials of
varenicline have not reported increased incidence of psychiatric adverse events other than sleep
disturbance, but smokers with major mental illness have been excluded from large prospective
trials of varenicline to date. We sought to evaluate the effect of a standard open-label 12-week
varenicline trial on prospectively assessed safety and smoking outcomes in stable, treated adults
with schizophrenia spectrum disorder and nicotine dependence.

Methods—One-hundred-and-twelve stable outpatients who smoked >10 cigarettes/day
participated in a 12-week, open-label, smoking cessation trial of varenicline and weekly group
cognitive behavioral therapy. Participants took varenicline for 4 weeks before attempting
cessation. Trained raters collected safety and smoking outcome data weekly.

Results—Participants demonstrated improved psychotic symptoms, depressive symptoms and
nicotine withdrawal symptoms from baseline to week 12 or early termination. At the end of 12
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weeks open label treatment, the 14- and 28-day continuous abstinence rates were 47.3 and 34%,
respectively. Expired CO declined significantly during treatment in those who did not achieve
abstinence.

Conclusions—This prospective study suggests that varenicline may be well-tolerated and
effective for smoking cessation in combination with group CBT in stable outpatients with
schizophrenia, a group with high rates of smoking and smoking-attributable morbidity and

mortality.
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INTRODUCTION

People with schizophrenia are up to 5 times more likely to smoke, smoke more cigarettes
per day, self-administer higher doses of nicotine per cigarette, and have 2—6 times greater
mortality from smoking-related diseases than those in the general population (de Leon &
Diaz, 2005; Hennekens, Hennekens, Hollar, & Casey, 2005; Mauer, 2006; Olincy, Young,
& Freedman, 1997; Williams, et al., 2010). While tobacco smoking is a critically important
and modifiable risk factor (Bobes, Arango, Garcia-Garcia, & Rejas, 2010), nicotine
dependence treatment often goes unaddressed for smokers with mental illness (Mauer, 2006;
Prochaska, 2010).

Varenicline is a partial alphadbeta2 nicotine acetylcholine receptor (NAChR) agonist and
full alpha7 NAChR agonist that is both effective and cost effective for smoking cessation
(Aubin, et al., 2008; Gonzales, et al., 2006; Jorenby, et al., 2006; Keating & Lyseng-
Williamson, 2010; Mihalak, Carroll, & Luetje, 2006; Nakamura, et al., 2007; Niaura, et al.,
2008; Nides, et al., 2006; Oncken, et al., 2006; Rigotti, et al., 2010; Stapleton, et al., 2008;
Tsai, et al., 2007; Wang, et al., 2009). Although varenicline has been well tolerated with
respect to psychiatric adverse events in all controlled trials published to date (Gonzales, et
al., 2006; Jorenby, et al., 2006; Nakamura, et al., 2007; Niaura, et al., 2008; Nides, et al.,
2006; Oncken, et al., 2006; Rigotti, et al., 2010; Tsai, et al., 2007; Tsukahara, Noda, & Saku,
2010; Wang, et al., 2009), and a pooled analysis of placebo-controlled varenicline trials
revealed no relative increase in psychiatric symptoms other than sleep disturbances in
varenicline-treated subjects (Tonstad, Davies, Flammer, Russ, & Hughes, 2010), post-
marketing case reports of psychiatric adverse events in smokers taking varenicline prompted
an FDA mandated warning of neuropsychiatric symptoms, including hostility, agitation,
depressed mood, and suicidal behavior to be included in prescribing information for
varenicline. Large controlled trials to date have excluded smokers with current psychiatric
illness.

In smokers with psychiatric illness, uncontrolled case reports have reported negative
(Freedman, 2007; Kohen & Kremen, 2007; May & Rose, 2010; Purvis, Mambourg,
Balvanz, Magallon, & Pham, 2009) and positive psychiatric tolerability effects (Anghelescu,
2009; Dutra, Stoeckel, Carlini, Pizzagalli, & Evins, 2011; Evins & Goff, 2008; Fatemi,
2008; Grosshans, Mutschler, Hermann, Mann, & Diehl, 2009; Weiner, et al., 2011). These
reports have been followed by larger retrospective studies (McClure, et al., 2010; McClure,
et al., 2009; Stapleton, et al., 2008), and small prospective open-label trials of varenicline in
stable, treated outpatients with schizophrenia and depression that have reported generally
good tolerability of varenicline with respect to psychiatric symptoms (Philip, Carpenter,
Tyrka, Whiteley, & Price, 2009; Smith, et al., 2009). Because large, prospective trials of
varenicline have excluded smokers with major psychiatric illness, they may have failed to
detect common psychiatric adverse events in such smokers who may be more vulnerable to
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psychiatric adverse events. Although few data are available on safety of varenicline in those
with schizophrenia, access to varenicline for smokers with schizophrenia is being commonly
restricted in formularies around the United States due to safety concerns. We undertook an
interim analysis of a large, 12-week, open-label trial of varenicline and weekly group
cognitive behavioral therapy (CBT) in order to evaluate prospectively assessed psychiatric
symptoms, adverse events and smoking outcomes in stable outpatient smokers with
schizophrenia during treatment with varenicline and CBT (Culhane, et al., 2008).

A 12-week, open-label, trial of varenicline and weekly group CBT for smoking cessation
was conducted as part of a 40-week, double-blind, placebo-controlled, relapse-prevention
trial in stable outpatient smokers with schizophrenia from April 2008 to July 2010 at
Massachusetts General Hospital, Dartmouth Psychiatric Research Center, and Michigan
State University in partnership with local mental health centers. The results of the relapse
prevention phase of the trial will be reported elsewhere. This study was conducted in
compliance with the ethical principles of the Declaration of Helsinki, the U.S. Food and
Drug Administration guidelines and the International Conference on Harmonization Good
Clinical Practices Guidelines. Human subjects review boards at each site approved the
study, and participants provided written informed consent prior to initiation of study
procedures.

Participants were women and men aged 18-70 with a DSM-1V-TR diagnosis of
schizophrenia or schizoaffective disorder; smoked =10 cigarettes/day; were clinically stable
on a stable dose of antipsychotic medication for =1 month; had expired carbon monoxide
(CO) >9ppm; and expressed a desire to quit smoking. Exclusion criteria were unstable
medical illness; diagnosis of dementia or substance use disorder other than nicotine or
caffeine in the prior 6 months, or hospitalization for suicidal ideation in the prior 12 months.

The intervention was varenicline 0.5 mg/day for 3 days, 0.5 mg bid for 4 days, then 1 mg
twice daily for 11 weeks and weekly, one-hour, manualized, cognitive behavioral therapy
smoking cessation groups based on the Freedom From Smoking program (American Lung
Association), tailored for smokers with schizophrenia (Evins, et al., 2007; Evins, et al.,
2005). In order to allow assessment of the effect of varenicline on psychiatric symptoms and
treatment emergent adverse events (TEAE’s) in this population while minimizing
confounding effects of nicotine withdrawal, the target quit date was set for week 4-5, and
psychiatric symptoms are reported for the one-month period prior to the smoking cessation
attempt and the two-month period of smoking abstinence or reduction following the
smoking cessation attempt.

Assessments

Assessments included smoking and medical history, Fagerstrom Test for Nicotine
Dependence (FTND) (Heatherton, Kozlowski, Frecker, & Fagerstrom, 1991), laboratory
assessment, including pregnancy test, cotinine and urine drug screen at baseline, self-report
of smoking behavior, end-expiratory CO measurement, assessment of nicotine withdrawal
symptoms with the Wisconsin Smoking Withdrawal Scale (WSWS) (Welsch, et al., 1999),
of depressive symptoms with the Calgary Depression Scale for Schizophrenia (CDSS)
(Addington, Addington, & Maticka-Tyndale, 1993) and adverse event (AE) inquiry,
including general inquiry and specific query about common nicotine withdrawal symptoms
and commonly reported AE’s with varenicline: headache, nausea, vomiting, tachycardia,
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excitement, agitation, anxiety, insomnia, and irritability. Clinician ratings of psychiatric
symptoms with the Brief Psychiatric Rating Scale (BPRS) (Overall & Gorham, 1962) and
Schedule for the Assessment of Negative Symptoms (SANS) (Andreasen, 1989) were
performed at baseline and week 12 or early termination (ET) to assess general psychiatric
symptoms. Participants who terminated the study early were asked to complete an early
termination assessment of safety and efficacy outcomes. Seven-day point prevalence
abstinence at each visit was defined as self-report of smoking no cigarettes for the prior 7
days and expired CO<9 ppm (Hughes, et al., 2003). Continuous abstinence was defined as
consecutive weeks of biochemically verified 7-day point prevalence abstinence.

The total sample to be enrolled is 324. We undertook an interim analysis when
approximately 1/3 of the sample had been enrolled, when paired t-tests would have
sufficient (= 0.80) statistical power to detect effects of d=0.30 or larger, assuming a medium
correlation (0.50) between the pre- and post-treatment measures.

To test for change over time in safety outcomes measured at baseline and end of treatment
only, we conducted paired t-tests. Only those with two assessments were included. Effects
were considered significant if two-sided p<0.05.

To test for temporal trends in assessments performed weekly, we conducted repeated
measures analyses, fitting an intercept and a linear trend. Statistically significant trends over
time were interpreted as evidence of change in the dependent variable over time. To address
the problem of multiple significance testing (i.e., we were interested in the temporal trends
of 14 variables that were assessed on a weekly basis), we adjusted p-values by controlling
the expected proportion of falsely rejected hypotheses, that is, the false discovery rate, as
described by Benjamini and Hochberg (1995). We used mixed effects models for normally
distributed outcome variables, and generalized estimating equations (GEE) (Liang & Zeger,
1986; Zeger & Liang, 1986) for Poisson-distributed and binary outcome variables. An AR1
structure was used to model serial dependence, allowing different correlation matrices per
site, and using robust (i.e., “sandwich”) standard error estimates

Prior to the repeated measures analyses, we assessed retention biases using GEE analyses to
predict retention, coded as a binary outcome (retained vs. not retained), across the 13 weekly
assessments. As predictors of retention, we used baseline demographic descriptors,
biological descriptors, and indices of nicotine dependence. Significant predictors of
retention were included as covariates in all repeated measures analyses to adjust for
retention biases (Graham, 2009) We also tested whether the outcome variables of interest
were confounded with retention by using their week 1 values as predictors of retention. Two
baseline descriptors were related to retention over time: weight and “age started smoking”.
The main effect on retention was not significant for either variable, but the interaction effect
of “age started smoking” with time was significant, and retention patterns diverged towards
the end of the study such that participants who started smoking earlier were increasingly less
likely to be retained. We thus included “age started smoking” as a control variable in all
analyses. Of the week 1 measures, only the WSWS subscale score “Difficulty
Concentrating” was related to retention over time, however, participants with greater
difficulty concentrating were initially retained at a higher rate but had a higher rate of study
drop-out over the span of the 12 weeks, such that these two effects cancelled each other out.
Thus, analyses were not controlled for difficulty concentrating at week 1. Finally, because
dropout from smoking cessation trials among those unable to quit smoking can be high, we
evaluated safety outcomes first in the entire cohort, and then separately among those who
dropped out vs. those who were retained in order to look for predictors of dropout other than
failure to attain abstinence. For analyses of two- and four-week continuous abstinence rates
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at the end of treatment, participants who were not available to provide a CO measurement at
a given timepoint were considered to be smokers at that timepoint.

RESULTS

Participants

Of 142 participants who completed the informed consent process, 16 did not meet inclusion
criteria, and 14 withdrew consent prior to initiation. One hundred and twelve participants
initiated study procedures and were included in this analysis. See Figure 1. Participants
were, on average, 47 years of age with 12 years of education, smoked over 20 cigarettes per
day and had moderate to severe nicotine dependence (FTND = 6.1 (1.9)). See Table 1.
Thirty-seven participants (33%) discontinued treatment prior to week 12. For those who
discontinued, the mean time point of discontinuation was 5.1 weeks, (range 1 —12 weeks)
just after the quit date. Twenty-eight of the 37 participants who dropped out (77%)
completed early termination assessments.

Psychiatric Symptoms and Nicotine Withdrawal Symptoms

No ratings of psychiatric or nicotine withdrawal symptoms worsened from baseline to week
12 or ET. Significant improvement was observed from baseline to Week 12 or ET in ratings
of psychosis (BPRS psychosis subscale), nicotine withdrawal symptoms (WSWS total score
and individual WSWS subscales: urge to smoke, irritability, depression, concentration and
anxiety subscale scores. See Table 1. Exploratory subgroup analyses, splitting the sample by
retention status and by abstinence status (data not shown) revealed the same pattern of stable
or improved psychiatric and withdrawal symptoms in subgroups who were abstinent at the
end of the trial (= 14 day point prevalence abstinence at week 12) and in those who
terminated treatment early. The results of the repeated measures analyses of assessments
conducted weekly are summarized in Table 2. For all measures of smoking outcomes and
for 6 out of 9 clinical variables, a statistically significant trend was observed, always in the
expected direction. That is, withdrawal symptoms decreased over time, while abstinence
rates increased (data for 24 hour and 14 day point prevalence abstinence not shown). Linear
trends were not significant for two subscales of the WSWS (i.e., depression, increased
appetite), and for a third subscale (Difficulty Concentrating) after correction for multiple
tests. Parameter estimates for the covariate, age started smoking, are not shown, because this
covariate was used only to statistically control for retention biases, not for substantive
reasons of its own. It should be noted though, that age started smoking was statistically
significantly related to urge to smoke (41)=—3.11, p<0.01) and the total WSWS score ({1)=
-2.29, p<0.05). These data demonstrate that 7-day point prevalence abstinence rates
increased progressively over the course of the 12 week trial and that CO, WSWS total scores
and irritability, concentration, insomnia, anxiety and Calgary depression scale scores all
decreased over the course of the trial. These data are more fine-grained than those assessed
at baseline and week 12 only and indicate that symptoms are unlikely to have worsened
early during treatment then recovered by week 12.

Adverse Events

Varenicline was administered for a one month lead-in period prior to the target quit date in
order to assess potential adverse effects of varenicline on psychiatric symptoms prior to the
possible confounding effects of nicotine withdrawal syndrome on psychiatric symptom
ratings and TEAE’s. Table 3 shows psychiatric TEAE’s during the 4-week period prior to
the target-quit-date and the 8-week period following the target-quit-date. Nausea was the
most common adverse event reported and was generally described as mild or moderate and
transient.
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Three serious AE’s were reported, all voluntary psychiatric hospitalizations. One participant
was hospitalized for dysphoric mood associated with exacerbation of chronic psychosocial
stressors and considered unrelated to study procedures. This participant had not attained
abstinence and was discontinued from the study at week 6. The second participant was
hospitalized for dysphoric mood following 7 weeks abstinence. While this AE was
considered to be possibly related to study interventions, this participant remained on
varenicline and remained abstinent during the hospitalization and completed the study upon
discharge. The third participant was hospitalized in study week 3 for paranoia and suicidal
ideation. She was discontinued from the study. This was thought by investigators to be
precipitated by heavy cocaine use immediately prior to the hospitalization, which could
possibly have been related to study interventions. In addition, 12 participants experienced
AEs that led to treatment discontinuation: nausea (5), anxiety (2), weight gain (1), depressed
mood (1), paranoia (1), suicidal ideation (1), and substance use (1). Weight gain of
approximately 5 pounds from baseline to end of treatment was significant. (Table 1)

Smoking Outcomes

Fifty-three participants (47.3%) achieved >2 consecutive weeks biochemically-verified
continuous tobacco abstinence at week 12, and 38 participants (34%) achieved >4
consecutive weeks of continuous abstinence at week 12. A significant temporal trend for
reduction in expired CO and increase in 7-day point prevalence abstinence over time was
noted. See Table 2. Expired CO was 22.6 (14.2) ppm at baseline and 9.0 (12.7) ppm at week
12 or ET. Participants who completed the 12-week trial achieved greater reduction in CO
(baseline: 22.8 (16.3) ppm, week 12: 5.3 (10.1) ppm than those who terminated early
(baseline: 23.7 (13.5) ppm, ET visit 19.2 (13.7) ppm). See Figure 2.

DISCUSSION

This relatively large, prospective, open study suggests that varenicline combined with CBT
may be well-tolerated and effective for smoking cessation in stable, treated outpatient
smokers with schizophrenia and nicotine dependence. Over 12 weeks, participants
demonstrated increased abstinence rates, and decreased withdrawal symptoms, depressive
symptoms and psychosis. The most common AE was transient nausea. The observed
improvement in psychiatric symptoms is consistent with other early evidence from
prospective trials that varenicline improves mood and cognition in smokers with diagnosis
of major depressive disorder, depression or schizophrenia as well as those with no identified
psychiatric illness (Patterson, et al., 2009; Philip, et al., 2009; Smith, et al., 2009). There
were, however, during both the one-month varenicline lead-in period prior to the quit date,
and during the 8-week period following the target quit date, episodic complaints of
psychiatric symptoms that are both common nicotine withdrawal symptoms and common
symptoms for those with schizophrenia. However, these were generally mild to moderate in
severity and were seldom reported on more than one occasion.

The strengths of this study include the prospective nature of the evaluations, structured AE
and symptom ratings, and the relatively large number of smokers with schizophrenia
assessed. An important implication of the findings are that a medication that is highly
effective for smoking cessation in the general population may be well tolerated and effective
for smokers with schizophrenia and thus have the potential to reduce a major public health
burden in this population with major mental illness and comorbid nicotine dependence. An
important limitation is the absence of a placebo control. Because affective components of
the nicotine withdrawal syndrome, irritability, anxiety, insomnia and depressed mood, are
also common psychiatric symptoms of concern in this population, assessment of psychiatric
TEAEsS for 4 weeks prior to the target quit date provides information about the effect of
varenicline on psychiatric AEs in this population prior to nicotine withdrawal. As expected,
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there was a small increase in complaints of moderate excitement, agitation, and irritability
after the quit date. These were generally time-limited, did not require clinical intervention,
and were largely resolved by the week-12 assessment. Study with a placebo comparison
group will be critical to allow separation of the effect of medication from that of the nicotine
withdrawal syndrome, on the incidence of psychiatric AEs during the course of smoking
cessation treatment. Such placebo-controlled studies would also control for the strong
association between a diagnosis of nicotine dependence and suicidal behavior among
smokers with (Ostacher, et al., 2009; Ostacher, et al., 2006) and without (Bolton &
Robinson, 2010) major mental illness.

This study was also limited by the sample size of 112, which confers limited statistical
power to detect rare events such as suicidal ideation and attempts. The paired t-tests had
sufficient (= 0.80) statistical power to detect effects of d=0.30 or larger, but not small effects
(Cohen’s d=0.20), assuming a medium correlation (0.50) between the pre and post
measures. Further, to the degree that symptoms worsened after participants dropped out, the
study could only capture an attenuated effect, since no data were available following the ET
assessment. The fact that the mean symptom scores were generally lower after baseline, and
that temporal trends for symptom ratings all decreased during the study suggests that such a
worsening did not take place, but the possibility cannot be ruled out.

Another potential limitation is early termination. Thirty-seven participants (33% of the
sample) dropped out. While we obtained ET evaluations on 28 of these participants and
while generally drop-out appeared to be associated with failure to quit smoking, no subjects
were abstinent at the visit prior to drop out, and ET did not appear to be confounded with
safety outcomes, drop-out does limit the generalizability of results. The trial included stable,
antipsychotic-treated outpatient smokers with schizophrenia, and results are generalizable to
this subgroup, who may have been relatively protected from psychiatric AE’s by stable
antipsychotic treatment. It is also possible that improvement in psychiatric symptoms
observed over time in this study could be due to abstinence-associated increases in
antipsychotic drug levels due to reduced hepatic metabolic rate for some antipsychotic
medications. While improvement in psychosis, irritability and anxiety was observed in those
who did not quit smoking, this group reduced smoking, which could have increased serum
concentration of some antipsychotic medications. Also, because participants in this study
received twelve weekly one hour sessions of CBT for smoking cessation that included
careful safety monitoring, these results may not generalize to the context of minimal
counseling support and less frequent follow-up common in many health care settings.

The results of this prospective study suggest that 12 weeks of varenicline treatment may be
well tolerated and effective for smoking cessation in stable outpatient smokers with
schizophrenia. Based on these and previously published results, limitation of varenicline
prescribing in this population requires closer scrutiny in order to achieve a proper balance
between potential health benefits and potential psychiatric adverse events.
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142
Signed consent

16 Did Not Meet Inclusion Criteria

14 Withdrew Consent

112 Enrolled
110 Received varenicline

35 Discontinued study procedures after at least one dose of varenicline
14 for adverse events
11 for protocol non-adherence
(missed >2 weeks of study treatment)
10 decided they did not want to quit smoking

112 Included in analvsis

Figure 1.
Enrollment
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Smoking Status

I abstinent
T smoking

Expired carbon monoxide among participants who attained at least 14-day continuous

abstinence at the end of treatment and those who did not, observed samples.

Arrow indicates target-quit date.
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Demographics and Smoking History and Psychiatric and Nicotine Withdrawal Ratings

Table 1

Baseline Endpoint t
Age 47.2 (10) years - -
Sex 44 (39.3%) female - -
Education 12.2 (2.8) years - -
Race
African American 16 (14.3%) - -
Caucasian 84 (75%) - -
Other 12 (10.7%) - -
Marital Status
Single 73 (65%) - -
Married 9 (8%) - -
Divorced 23 (21%) - -
Widowed 6 (5.4%) - -
Employment Status
Disabled 67 (59.8%) - -
Unemployed 13 (11.6%) - -
Working part-time 27 (24.1%) - -
Working full-time 4 (4.0%) - -
FTND 6.1(1.9)
Age began daily smoking 17.5 (5.8) years - -
Years of regular smoking 27.7 (11.2) - -
Cigarettes per day 25.2 (13.5) - -
BPRS Total 53.6 (14.6) 51.76 (14.0)  1.643
BPRS -Psychosis 14.21 (6.95) 12.87 (6.39) 2815%
SANS Total 39.92 (15.03) 40.92 (15.90)  -0.914
CDSS Total 4.23(3.13) 3.65(3.99) 1511
WSWS Total 59.00 (11.54)  50.77 (12.90)  ggog™
WSWS -Urge to Smoke 11.85 (2.104) 8.2 (4.02) 8.718*
WSWS -Irritability 5.62 (2.45) 4.46 (2.92) 4392
WSWS -Depression 6.61(3.14) 5.8 (2.99) 26777
WSWS -Increased Appetite 11.79 (3.46) 11.88 (3.56) -0.245
WSWS -Difficulty 5.86 (2.58) 515(2.39)  3509*
Concentrating
WSWS -Insomnia 8.52 (3.66) 8.25 (3.87) 0.706
WSWS -Anxiety 8.84 (2.82) 7.04(269)  g1o4*
Weight (Ibs) 202.59 (44.35) 207.6 (454) _g374 *
co 23.04 (15.52) 9.03(1274)  gg72*
<001
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Treatment emergent adverse events

Weeks1-4

Weeks5-12

Before quit date

After quit date

Excitement

Mild 13 (12%) 10 (9%)

Moderate 1 (1%) 11 (10%)

Severe 2 (2%) 4 (4%)
Agitation

Mild 9 (8%) 7 (6%)

Moderate 5 (4%) 11 (10%)

Severe 1 (1%) 4 (4%)
Anxiety

Mild 11 (10%) 9 (8%)

Moderate 11 (10%) 10 (9%)

Severe 2 (2%) 9 (8%)
Insomnia

Mild 10 (9%) 8 (7%)

Moderate 11 (10%) 14 (12%)

Severe 2 (2%) 2 (2%)
Irritability

Mild 11 (10%) 9 (8%)

Moderate 6 (5%) 11 (10%)

Severe 2 (2%) 3 (3%)
Headache

Mild 9 (8%) 10 (9%)

Moderate 6 (5%) 15 (3%)

Severe 0 5 (4%)
Nausea

Mild 21 (18%) 16 (14%)

Moderate 7 (6%) 9 (8%)

Severe 1 (1%) 7 (6%)
Vomiting

Mild 11 (10%) 12 (11%)

Moderate 5 (4%) 7 (6%)

Severe 2 (2%) 3(3%)
Tachycardia

Mild 9 (8%) 9 (8%)

Moderate 0 8 (7%)

Severe 0 0
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