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Aim To investigate the safety and efficacy of bupropion sustained release (bupropion SR)
in promoting abstinence from smoking in subjects with cardiovascular disease (CVD).
Methods Six hundred twenty-nine subjects with CVD who smoked ≥10 cigarettes/day
were randomised in a double-blind, multicentre study to receive bupropion SR
(150 mg twice daily) or placebo for 7 weeks, with a follow-up of 52 weeks. Primary
efficacy endpoint: continuous abstinence from smoking from weeks 4 to 7. Secondary
endpoints: continuous abstinence (weeks 4–12, 4–26 and 4–52) and weekly point
prevalence abstinence. All participants received brief motivational support. Safety
was evaluated throughout the study.
Results Continuous smoking abstinence rates from weeks 4 to 7 were significantly
higher in subjects receiving bupropion SR compared with placebo (43 vs. 19%, odds
ratio [OR]=3.27, 95% confidence interval [CI] 2.24–4.84; P<0.001). Continuous absti-
nence rates from weeks 4 to 26 and 4 to 52 continued to be more than double for
bupropion SR compared with placebo (27 vs. 11%; 22 vs. 9%, P<0.001). Weekly point
prevalence abstinence was significantly higher for participants who received bupro-
pion SR compared with placebo at weeks 3, 7, 26 and 52 (P<0.001). In both groups,
there were no clinically significant changes in blood pressure and heart rate through-
out the treatment phase. Overall, 6% of the participants (n�36) discontinued study
medication due to an adverse event (bupropion SR, n�17; placebo, n�19).
Conclusions After 7 weeks of bupropion SR treatment, more than twice as many
smokers with CVD had quit smoking at 1 year compared with placebo. The safety profile
of bupropion SR was similar to that previously observed in general smoking populations.
© 2003 The European Society of Cardiology. Published by Elsevier Science Ltd. All
rights reserved.
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Introduction

Strong, consistent epidemiological evidence links
cigarette smoking to increased cardiovascular dis-
ease (CVD) morbidity and mortality.1,2 In the devel-
oped world, CVD (most often ischaemic heart
disease) is the most common smoking-related cause
of death, with 25% of deaths in the 35–69 years age
group being due to tobacco.3 It has been recognised
for some time that mortality levels are significantly
higher among smokers who have experienced a
myocardial infarction and continue to smoke, com-
pared with those who quit.4 Furthermore, the risk
of a coronary event declines rapidly after stopping
smoking, and after 2–3 years of abstinence the
risk of such an event is similar to that for subjects
who have never smoked.5–7 For this reason, the
Joint British Recommendations on Prevention of
Coronary Heart Disease in Clinical Practice state
that stopping smoking is one of the primary lifestyle
options for reducing the risk of coronary heart
disease.8

Bupropion sustained release (bupropion SR) is a
non-nicotine-based treatment for use in smoking
cessation. Controlled clinical studies involving
approximately 8000 subjects receiving bupropion
SR have now demonstrated the efficacy and
tolerability of this agent.9–13 This efficacy is
acknowledged in smoking cessation guidelines14–16

and the National Institute for Clinical Excellence
has recently recommended its use in smoking ces-
sation.17 Bupropion SR is effective in smokers who
may be considered particularly refractory to treat-
ment.11,18 In addition, meta-analyses suggest that
the efficacy, tolerability and safety of bupropion
SR are unaffected by a previous history of serious
conditions such as alcoholism and major depres-
sion.19 However, there have been no clinical
studies carried out to date that have assessed
bupropion SR as an aid to smoking cessation in
subjects with CVD. Smokers who have survived
a cardiac event but not quit smoking may be more
nicotine dependent or face more barriers to
quitting than other smokers.

We conducted a double-blind, multicentre, ran-
domised study to assess the efficacy and safety of
bupropion SR in subjects with smoking-related CVD.

Methods

Participants

We enrolled adults who smoked an average of
≥10 cigarettes/day during the previous 12 months
and who had not made a serious attempt to stop

smoking using nicotine replacement therapy during
the previous 3 months. Subjects had not made a
quit attempt lasting >3 months during the previous
year. All participants were motivated to stop smok-
ing and had at least one of the following cardiovas-
cular conditions: myocardial infarction >3 months
ago, interventional cardiac procedure (excluding
valve replacement) >3 months ago, stable angina
pectoris, peripheral vascular disease (excluding
varicose veins and current deep vein thrombosis)
or congestive heart failure (NYHA Class I or II).
Subjects with at least one of these conditions, with
or without hypertension, were eligible. However,
hypertension had to be controlled (i.e. <160/
100 mmHg; baseline systolic and diastolic values,
respectively) by diet, exercise, or medication.

Subjects were excluded if they had a predisposi-
tion for seizure; had a current diagnosis of severe
renal, hepatic, haematological, pulmonary or
neurological disease; or had a history or current
diagnosis of bulimia or anorexia nervosa. Subjects
were also excluded if they had an acute or chronic
medical condition likely to impair drug absorption,
distribution, metabolism or excretion; had a history
or current diagnosis of panic disorder, psychosis, or
bipolar disorder; or were depressed.

The protocol was approved by the appropriate
Independent Ethics Committee or Institutional
Review Board and participants provided written
informed consent.

Interventions

We performed a multicentre, randomised, double-
blind, placebo-controlled study in subjects from 28
centres across 10 countries.

The study consisted of a 1- to 2-week screening/
baseline phase, a 7-week treatment phase and
follow-up at 3, 6 and 12 months. Subjects set
a target quit date for >7 but ≤14 days after base-
line assessment. At baseline, smoking history
and cardiovascular diagnoses were collected, and
expiratory carbon monoxide levels were measured
using a Bedfont Smokerlyser monitor. Participants
were also weighed and two questionnaires (the
Fagerström Tolerance Questionnaire20,21 and a
Smoking Assessment Questionnaire) were com-
pleted. Participants were then randomised in a 1:1
ratio to receive either bupropion SR (150 mg/day on
days 1–3; 150 mg twice daily on days 4–49) or
placebo during the 7-week treatment phase.

Subjects were contacted by telephone 1 day
before their target quit date and reminded that
they were due to stop smoking the following day.
Three days after this date, subjects were again

Bupropion SR in smokers with cardiovascular disease 947



contacted to provide motivational support. Partici-
pants recorded their cigarette consumption
(number of cigarettes per day) on a diary card
and visited the clinic each week throughout
the treatment phase. At each clinic visit, subjects
were weighed, vital signs and expiratory carbon
monoxide levels measured and brief motivational
support (10–15 min) was given. At week 7, the
Smoking Assessment Questionnaire was completed.

During follow-up, subjects were contacted at
monthly intervals to encourage abstinence from
smoking and prevent relapse. At weeks 12, 26 and
52, subjects were weighed, expiratory carbon mon-
oxide levels and vital signs were measured and brief
motivational support given. Subjects who withdrew
or missed a clinic visit were assumed to be smoking.

Primary outcomes

The primary outcome was defined as continuous
abstinence from smoking for a 4-week period from
the beginning of week 4 of the treatment phase.
Continuous abstinence was assessed by the investi-
gator and confirmed by the subject's self-report of
not smoking and an expiratory carbon monoxide
level <10 ppm. Subjects with missing investigator
assessments were assumed to be smokers at that
visit.

Secondary outcomes

Secondary outcomes of efficacy included con-
tinuous abstinence from smoking from week 4 to
weeks 12, 26 and 52. In addition, weekly point
prevalence abstinence (abstinence from smoking
for the previous 7-day period) was assessed during
the treatment and follow-up phase.

Change in body weight relative to baseline was
assessed at the end of the treatment phase (week
7) and at weeks 26 and 52 of the follow-up phase.

At week 7, subjects were asked to evaluate
their experience with the study medication, and
whether they would recommend it to other smokers
(Smoking Assessment Questionnaire).

Safety
Vital signs were recorded throughout the study, and
adverse events were recorded throughout the
treatment phase and up to week 9. All serious
adverse events were collected throughout the
treatment phase, after which only serious adverse
events related to study medication were recorded.

Statistics

In the study of Tashkin et al.,11 which examined
smokers considered refractory to treatment, the

4-week continuous abstinence rate was 15% for
subjects receiving placebo. We considered a 10%
increase in the continuous abstinence rate for sub-
jects receiving bupropion SR to be clinically rel-
evant. Therefore, we assumed that 15% of subjects
receiving placebo and 25% of subjects receiving
bupropion SR would remain continuously abstinent
during weeks 4–7 of the current study. With 620
participants randomised 1:1, the study would have
at least 85% power to detect this difference at the
two-sided 5% level of significance and detect a
difference assuming that 5% of the subjects ran-
domised to placebo and 12% of those randomised to
bupropion SR, remained continuously abstinent at
6 months.

Data were analysed using sas® (v.6.12) statistical
software. For continuous abstinence data, compari-
son of the treatment groups was performed using an
exact test according to Gart and Cox22,23 stratified
by country. For point prevalence abstinence, the
treatment groups were compared using the exact
test. Change in weight relative to baseline was
compared by analysis of covariance including
terms for treatment, centre, gender and abstention
status, with baseline weight as a covariate.

Results

Participant characteristics

Six hundred and sixty-nine potential subjects were
screened, and 629 participants were enrolled, of
whom 626 received at least one dose of study
medication (intent-to-treat population; n�313 in
each group) [Fig. 1]. After 52 weeks, 120 (38%)
patients receiving bupropion SR and 155 (50%)
receiving placebo had prematurely discontinued
treatment.

Treatment groups were comparable in terms of
age, gender, race and smoking history (Table 1).
This population of chronic smokers had a mean
pack-year history of 49.6 years and a mean
Fagerström Tolerance Questionnaire score of 6.6.
Most subjects (85%) had made at least one previous
attempt to stop smoking, and 31% had made ≥5
previous cessation attempts. Overall, 27% of sub-
jects had chronic obstructive pulmonary disease
and/or diabetes and the incidence of these
conditions was similar for both treatment groups
(Table 1). Subjects entering the study presented
with a range of cardiovascular diagnoses and
included 306 (49%) who had previously experienced
a myocardial infarction (Fig. 2). Patients must have
had at least one of the following to be eligible for
the study (±controlled hypertension): myocardial
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infarction (>3 months ago), interventional cardiac
procedure (>3 months ago), stable angina, periph-
eral vascular disease (excluding varicose veins and
current deep vein thrombosis) or congestive heart
failure (class I or II).

Primary outcomes

A significantly higher percentage of subjects
receiving bupropion SR achieved continuous
abstinence from smoking for weeks 4–7 (Fig. 3)
compared with those receiving placebo—43% (134/
313) of subjects receiving bupropion SR remained
abstinent, compared with 19% (61/313) of those
receiving placebo (P<0.001, odds ratio [OR] 3.27;
95% confidence interval [CI] 2.24–4.84).

Secondary outcomes

Bupropion SR treatment resulted in consistently
higher rates of abstinence than placebo. At week

26, 27% (84/313) of subjects receiving bupropion SR
remained abstinent, compared with 11% (34/313)
of those receiving placebo (P<0.001). At week 52
the corresponding values were 22% (68/313) and 9%
(29/313) for bupropion SR vs. placebo, respectively
(P<0.001).

In both treatment groups, subjects with CVD
and chronic obstructive pulmonary disease and/or
diabetes had similar continuous abstinence rates
for weeks 4–52 compared with CVD only (18 and
15%, respectively).

Point prevalence abstinence
Weekly point prevalence abstinence for the bupro-
pion SR group remained more than double that of
the placebo group throughout the study. Statistical
analysis revealed significantly greater weekly point
prevalence abstinence (P<0.001) in participants
receiving bupropion SR compared with placebo at
all prespecified time points (Fig. 4).

Fig. 1 Participant flow diagram.
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At weeks 7 and 26 the odds of not having smoked
during the preceding week were almost four times
higher for bupropion SR-treated subjects compared
with those receiving placebo (OR 3.96, 95% CI 2.74–
5.79; OR 3.85, 95% CI 2.50–6.03, respectively).

Body weight
During the treatment phase, subjects receiving
bupropion SR who had abstained from smoking
from the beginning of week 4 to the end of week 7
gained an average of 1.15 kg less weight than those

receiving placebo (95% CI 0.46–1.83 kg). However,
participants who remained abstinent at week 52
experienced a similar overall gain in weight,
regardless of treatment group, with bupropion SR-
treated subjects gaining an average of 0.9 kg more
at week 52 (95% CI −1.19 to 2.80 kg).

Smoking assessment questionnaire
Responses to the Smoking Assessment Question-
naire were more positive for bupropion SR than
placebo in four of the seven questions (Fig. 5). At

Table 1 Baseline characteristics

Bupropion SR (n=313) Placebo (n=313)

Age [mean (SD)] 55.6 (9.2) 55.1 (9.0)
Female 26% 21%
Caucasian 98% 99%
Age started smoking [mean (SD)] 17.1 (4.9) 16.8 (4.3)
Pack years [mean (SD)] 49.8 (27.1) 49.3 (23.7)
Cigarettes per day [mean (SD)] 25.2 (12.2) 25.6 (11.7)
Fagerström Tolerance Questionnaire score [mean (SD)]a 6.5 (2.0) 6.6 (2.0)

Quit attempts
Previous number of attempts [mean (SD)] 6.1 (12.3) 4.7 (8.2)
Used willpower [number of subjects (%)] 221 (71) 208 (66)
Used nicotine replacement therapy [number of subjects (%)] 135 (43) 132 (42)

Comorbid conditions
Chronic obstructive pulmonary disease [number of subjects (%)] 54 (17) 41 (13)
Diabetes [number of subjects (%)] 44 (14) 43 (14)

Pack year history=([number of years smoking]×[number of cigarettes per day])/20.
an�263 for bupropion SR and placebo.

Fig. 2 Cardiovascular diagnoses at baseline for all subjects (n�626).
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the end of treatment, 61% of subjects in the
bupropion SR group considered that the urge to
smoke was not a problem, compared with 37% of
those receiving placebo. Both treatment groups
generally felt that side effects were not a problem.
However, 28% of subjects receiving bupropion SR

felt that altered sleeping patterns were a problem
compared with 16% for placebo.

In total, 89% of subjects in the bupropion SR
group stated that they would recommend their
study medication to other smokers, compared with
72% of those in the placebo group.

Fig. 3 Continuous abstinence during the treatment and follow-up phases.

Fig. 4 Weekly point prevalence abstinence during the treatment and follow-up phases.
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Safety

A total of 64% (201/313) of subjects receiving
bupropion SR and 58% (181/313) of those receiving
placebo experienced at least one adverse event
whilst on treatment (and 2 weeks thereafter). The
most frequently reported events were insomnia
(24% bupropion SR; 12% placebo) and dry mouth
(18% bupropion SR; 10% placebo) [Table 2]. The
frequency with which these events were reported
was similar regardless of disease group (CVD or CVD
and chronic obstructive pulmonary disease and/or
diabetes) or age.

In total, 38 subjects (6%) reported cardiovascular
adverse events (bupropion SR n�24; placebo
n�14). The most common were angina pectoris
(bupropion SR n�7; placebo n�4), hypertension
(bupropion SR n�2; placebo n�3), and palpitations
(bupropion SR n�4; placebo n�1).

A total of 36 participants (6%) discontinued from
the study due to an adverse event (bupropion SR
n�17 [5%]; placebo n�19 [6%]) (Table 2). Eight
participants experienced a total of nine serious
adverse events during the study, and five of these
occurred during treatment (bupropion SR n�5, pla-
cebo n�0). Three events were considered to be
possibly a worsening of a preexisting condition,
angina pectoris (n�2) and vascular disease (n�1).
Glaucoma (n�1) and lupus erythematodes dissemi-
natus (n�1) were also reported. Only one of these
events was considered possibly related to study
treatment (lupus), and none led to discontinuation
of study medication. One event (worsening of con-
gestive heart failure) occurred following the
screening visit, prior to the receipt of study
medication, in a patient ultimately randomised to
placebo.

Within a week of finishing treatment, three
serious adverse events were reported. One subject
had received bupropion SR during the treatment
phase, and the event (vestibular disorder) was
not considered to be related to study medication.
The two remaining events (chest pain, dyspnoea)
were reported by one subject who had received
placebo.

Fig. 5 Smoking Assessment Questionnaire responses at the end of treatment.

Table 2 Summary of adverse events

Bupropion SR (n=313) Placebo (n=313)

Adverse event

Insomnia 75 (24) 37 (12)
Dry mouth 55 (18) 31 (10)
Nausea 40 (13) 19 (6)
Headache 35 (11) 34 (11)
Dizziness 24 (8) 17 (5)
Constipation 16 (5) 4 (1)
Sweating 16 (5) 10 (3)

Insomnia 4 (1) 1 (<1)
Nausea 5 (2) 3 (<1)
Headache 3 (<1) 4 (1)
Dizziness 2 (<1) 3 (<1)
Abdominal pain 1 (<1) 3 (<1)
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There were four deaths during the study (two
patients receiving bupropion SR and two receiving
placebo), and none was related to study medica-
tion. All deaths occurred during the follow-up
phase and occurred between 66 and 313 days after
the last dose of study medication.

Vital signs
No overall treatment effect was observed in sys-
tolic and diastolic blood pressure and heart rate
(mean changes in beats per minute from baseline to
week 7 were −2.15 and −0.80, for bupropion SR and
placebo, respectively). No clinically significant
change in vital signs was seen for either treatment
during the follow-up phase to week 52. At week 52,
the mean change from baseline in systolic blood
pressure with bupropion SR and placebo was +1.5
and +3.5 mmHg, respectively. The corresponding
change from baseline in diastolic blood pressure
with bupropion SR was +0.7 mmHg compared with
+2.2 mmHg for placebo.

Discussion

We have conducted the first prospective study of
non-nicotine pharmacotherapy in a population of
persistent smokers with CVD, nearly half of whom
had experienced a myocardial infarction >3
months previously. At 6 and 12 months after
beginning treatment, subjects who had received
bupropion SR were significantly more likely to
have successfully stopped smoking than those
receiving placebo. Bupropion SR was well toler-
ated and the safety profile was more favour-
able than expected for a study population of this
type.

Smokers in the present study were recruited in
the settings of primary and secondary/tertiary care
in addition to smoking cessation clinics. Thus, these
smokers were clearly different from smokers
recruited to previous studies of bupropion SR con-
ducted in subjects recruited from a general smok-
ing population, with the exception of one study
carried out in patients with chronic obstructive
pulmonary disease.11 All patients were diagnosed
with a cardiovascular condition, over one-quarter
were also diagnosed with chronic obstructive pul-
monary disease and/or diabetes, and most (96%)
were taking concomitant medications. Further-
more, the mean pack year history (49.6 years) and
mean number of quit attempts (5.4) were higher
than observed in previous bupropion SR studies in
general smoking populations.9,10 However, this
smoking profile was similar to that of subjects with
chronic obstructive pulmonary disease recruited in

a more recent bupropion SR study11 in that both of
these populations were older, less healthy, had
smoked for a longer period of time and made
more quit attempts than participants in earlier
studies.9,10 In addition, both study populations
comprised subjects with chronic smoking histories
who continued the habit despite developing
smoking-related diseases, and who may therefore
be particularly refractory to smoking-cessation
treatment.

Bupropion SR was significantly more effective
than placebo as an aid to smoking cessation for
smokers with CVD and the odds of being con-
tinuously abstinent by week 4 and maintaining this
until weeks 26 and 52, were around three times
greater for bupropion SR. Weekly point prevalence
analysis (continuous abstinence 7 days prior to
each clinic visit) confirmed these findings, with
rates being more than double throughout the
study for bupropion SR compared with placebo.
Notably, abstinence rates were comparable to
those found in previous clinical studies in a gen-
eral smoking population9,10,12 and to that esti-
mated in a recent meta-analysis conducted by the
National Institute for Clinical Excellence. This
meta-analysis reported that treatment with bu-
propion gave an OR of 2.16 (95% CI 1.51–3.10) for
continuous abstinence compared to placebo.17

The institute estimated that nicotine replacement
therapy gave an OR of 1.69 (95% CI 1.57–1.82)
compared to placebo.17

The motivational support provided during this
study was minimal (10–15 min sessions with existing
clinical staff) and similar to that provided in previ-
ous trials of bupropion SR. Furthermore, the weight
gain in subjects treated with bupropion SR was
noticeably less than that in the placebo group while
they were receiving treatment. This finding is sig-
nificant because individuals often start smoking
again if they gain weight,24 and although the
benefit appears to be short term, bupropion SR may
help to alleviate this.

Responses to the Smoking Assessment Question-
naire add further support to these central efficacy
findings. More than half of subjects confirmed
that the urge to smoke was not a problem with
bupropion SR, and the majority stated they
would recommend their treatment to others. This
is in line with findings from a previous study in
91 chronic smokers, where bupropion SR was
found to ameliorate selected nicotine withdrawal
effects (difficulty in concentrating, irritability and
depression).25

We hypothesised that as the current study
examined persistent smokers with serious disease,
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there may be an increase in the rate of adverse
events and in vital sign abnormalities (particularly
blood pressure and pulse rate) compared with pre-
vious studies of general smoking populations. How-
ever, bupropion SR was well tolerated with a safety
profile comparable to that seen previously and with
few discontinuations due to adverse events. Impor-
tantly, although bupropion is a norepinephrine
reuptake inhibitor its administration had no impact
on vital signs such as blood pressure. There were no
cases of seizure or severe hypersensitivity reactions
in this study. Each of these adverse events has
previously been reported to occur in about 0.1% of
subjects treated with bupropion SR,26,27 thus, less
than one case of each would be expected in the
current study.

In this study we have shown that treatment with
bupropion SR can significantly improve rates of
smoking abstinence over placebo in a population of
smokers with stable CVD who had previously been
recalcitrant to quitting. The safety profile and posi-
tive patient responses further suggest that bupro-
pion SR is a valuable medication for smoking
cessation in smokers with CVD.
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