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Abstract

Objective To investigate whether varenicline is associated with an
increased risk of serious cardiovascular events compared with another
drug used for smoking cessation, bupropion.

Design Nationwide historical cohort study.
Setting Denmark, 2007-10.

Participants New users of varenicline (n=17 926) and bupropion (n=17
926).

Main outcome measures Individual level data on dispensed drug
prescriptions, cardiovascular events, and potential confounders were
linked between registries. Cox regression was used to estimate hazard
ratios of cardiovascular events in analyses matched for propensity score.
The primary outcomes at six months after start of treatment were acute
coronary syndrome, ischaemic stroke, and cardiovascular death analysed
individually and as a composite of any major event.

Results There were 57 major cardiovascular events among varenicline
users (6.9 cases per 1000 person years) compared with 60 events among
bupropion users (7.1 cases per 1000 person years); the hazard ratio for
any major event was 0.96 (95% confidence interval 0.67 to 1.39).
Varenicline use was not associated with an increased risk of acute
coronary syndrome (1.20, 0.75 to 1.91), ischaemic stroke (0.77, 0.40 to
1.48), and cardiovascular death (0.51, 0.13 to 2.02). In subgroup
analyses, the risk of any major cardiovascular event was not significantly
different between patients with and without a history of cardiovascular
disease (1.24 (0.72 to 2.12) and 0.83 (0.51 to 1.36), respectively;
P=0.29).

Conclusions This cohort study found no increased risk of major
cardiovascular events associated with use of varenicline compared with
bupropion for smoking cessation. On the basis of the upper confidence
limit, the data allowed the exclusion of a 40% increased risk of the
composite outcome of any major cardiovascular event. While the
estimates were less precise for specific outcomes, any differences would
be small in absolute terms.

Correspondence to: H Svanstrom htr@ssi.dk

Introduction

Smoking is a major threat to public health globally and
represents the number one preventable cause of mortality
worldwide.' Consequently, any intervention that helps people
to stop smoking will have a huge impact on mortality by
reducing the burden of associated disease.

Varenicline, a partial agonist at the o432 nicotinic acetylcholine
receptor, is more efficacious for smoking cessation than placebo
and bupropion, and at least equally efficacious as nicotine
replacement products.” Recent findings, however, have raised
concerns about its cardiovascular safety. A randomised
controlled trial examining efficacy and safety of varenicline in
patients with stable cardiovascular disease found somewhat
higher rates of non-fatal myocardial infarction, need for coronary
revascularisation, and peripheral vascular disease among patients
receiving varenicline compared with placebo.’ Although the
differences were not significant, these findings prompted the
United States Food and Drug Administration to issue a drug
safety communication about a possible increased risk of certain
adverse cardiovascular events associated with varenicline.* A
subsequent meta-analysis of 14 randomised controlled trials
found a significantly increased risk of adverse cardiovascular
events in users of varenicline compared with placebo (odds ratio
1.72, 95% confidence interval 1.09 to 2.71), although absolute
differences between the groups were small (event rate 1.06%
in the varenicline group and 0.82% in the placebo group).’ In
contrast, a more recent meta-analysis of randomised controlled
trials found no significantly increased risk of cardiovascular
events (relative risk 1.40, 0.82 to 2.39; event rate 0.63% in the
varenicline group and 0.47% in the placebo group; risk
difference 0.27%, —0.10 to 0.63).° Potential mechanisms for an
association between varenicline and cardiovascular events
include modulation of parasymphathetic output from the
brainstem to the heart, release of catecholamines, or a
prothrombotic effect.’’
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An increased risk of cardiovascular events associated with
varenicline would have important implications for the care of
the many patients who want to stop smoking and specifically
for the millions of patients who are prescribed varenicline each
year. Concerns about cardiovascular risk would add to previous
safety concerns regarding neuropsychiatric adverse events, as
indicated by spontaneous reporting.® The reports suggesting an
increased cardiovascular risk from varenicline are based on
limited data; while the randomised trial of patients with
cardiovascular disease was underpowered to detect specific
cardiovascular events’ and the meta-analysis was a post hoc
analysis of efficacy trials and relied on a broad non-specific
definitions of cardiovascular events.’ ° The meta-analysis that
did not find an increased risk of cardiovascular events had
relatively low power and, given the upper confidence limits,
was able to exclude only an increase in risk of 140% or more.*
To date, no controlled observational studies of adverse
cardiovascular events among real world varenicline users have
been published. With adequate sources of data and by applying
comprehensive confounder control, observational studies can
provide clinically useful evidence regarding concerns about
drug safety, not least because they reflect effects of drugs in
real world users outside the controlled environment of clinical
trials.'” Within the setting of a large nationwide registry based
cohort study in Denmark, we investigated whether varenicline
use was associated with increased risk of serious cardiovascular
events compared with use of another drug used for smoking
cessation, bupropion.

Methods

We conducted a historical prospective cohort study among
participants who started treatment with varenicline or bupropion
in 2007-10. The primary outcomes were the composite of any
major cardiovascular event and its individual components acute
coronary syndrome (myocardial infarction and unstable angina),
ischaemic stroke, and cardiovascular death. The secondary
outcomes were other serious cardiovascular events, the
individual end points being ischaemic heart disease (including
angina pectoris, ischaemic heart disease, and coronary
revascularisation), heart failure, peripheral arterial disease,
transient ischaemic attack, and cardiac arrhythmia. In most of
the trials included in the meta-analysis that had found an
increased cardiovascular risk, the treatment lasted for 12 weeks
whereas the follow-up times during which cardiovascular events
were recorded ranged from 24 to 52 weeks.’ Because this
indicated that varenicline might also increase risk after the
treatment finished, we set our primary time point of follow-up
at six months after the start of treatment. Our secondary analyses
included different follow-up times, ranging from six weeks to
24 months. We also carried out subgroup analyses by sex,
duration of use, and in participants with and without pre-existing
cardiovascular disease.

The source population was defined from the Danish Civil
Registration System,'' comprising all Danish people aged >18
during the study period. Using the participants’ unique civil
registration numbers, we linked individual level information on
drug use, hospital contacts, causes of death, and potential
confounders.

Users of varenicline and bupropion were identified from the
National Prescription Registry.'? This nationwide registry holds
information on all prescriptions filled at all Danish pharmacies
from 1995, including the anatomic therapeutic chemical (ATC)
code, date of filling the prescription, number of tablets, and
tablet strength. We established a cohort of new users of

varenicline (code NO7BAO03) and bupropion (code NO6AX12),
including those who filled a first prescription for either drug
during the study period. We excluded individuals who had filled
a prescription before 2007. In Denmark, bupropion is not
approved for the treatment of depression. Although varenicline
was marketed in Denmark in September 2006, the study did not
start until 1 January 2007. This allowed the exclusion of
participants who were early users as the first users of a newly
marketed drug might be highly selected individuals who differ
from later and more representative users of the drug." For study
inclusion, participants had to have been registered in Denmark
for at least two years.

Information on cardiovascular outcomes was obtained from the
National Patient Registry." This nationwide registry holds
information on all hospital contacts in Denmark, including all
diagnoses and procedures, classified according to ICD-10
(international classification of diseases, 10th revision) and the
Nordic Classification of Surgical Procedures (NCSP),
respectively. Major cardiovascular events were identified from
primary and secondary diagnoses registered during hospital
admissions or at emergency departments. Other serious
cardiovascular events were identified from registered primary
diagnoses only and from records of surgical procedures.
Cardiovascular deaths were identified from the Cause of Death
Registry,"” which records all deaths in Denmark classified
according to ICD-10. Table el in the appendix lists the ICD-10
and NCSP codes used for all outcomes.

The National Patient Registry has high validity in the
identification of myocardial infarction, with estimated positive
predictive value and sensitivity both >90% for a registered
diagnosis.'® " For ischaemic stroke, the positive predictive value
has been estimated as 88-90%."”" For diagnoses of heart failure,
peripheral vascular disease, transient ischaemic attack, and atrial
fibrillation, the values were >90%, >90%, 60%, and >90%,
respectively.'” ' %

Information on potential confounders (age, sex, place of birth
and place of living; medical history and healthcare use; and use
of other selected drugs) was obtained from the Civil Registration
System, the National Patient Registry, and the National
Prescription Registry, respectively (ICD-10 and ATC codes,
table e2 in appendix). Missing values were replaced with mode
imputation. The proportion of missing values was <1% for all
potential confounders (table e3 in appendix).

After estimation of propensity score, users of varenicline were
propensity score matched 1:1 to bupropion users,” with greedy
5-to-1 matching technique.” The propensity score was estimated
with logistic regression, with all variables listed in tables 1and
2|/lJ, and additionally, all estimable two way interactions
between demographic and healthcare use variables, included as
predictors.

Study participants were followed from the date of filling the
first prescription for varenicline or bupropion. Treatment status
was defined by the initial drug, and study participants were
considered always exposed to the respective drug for the entire
duration of follow-up. For the primary analyses, participants
were followed until the date of censoring (death, disappearance,
or emigration), end of study (31 December 2010), switching to
the other drug, six months after start of treatment, or event,
whichever occurred first. In the analyses of other serious
cardiovascular events, an additional censoring criterion was the
occurrence of a major event.

We used the Kaplan-Meier method to generate survival curves
according to treatment status and compared the groups using
the log rank test. We used Cox proportional hazards regression
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to estimate hazard ratios with 95% confidence intervals, with
days since start of treatment as the time scale. The proportional
hazards assumption was assessed by a Wald test for the
interaction between treatment status and the underlying time
scale. P values for comparisons between subgroups were
similarly based on the Wald test. All statistical tests were two
sided with P<0.05 indicating significance. The statistical
analyses were performed with SAS software (version 9.3; SAS,
Cary, NC).

Results

From a source population of 4 781 228 individuals, we identified
92 540 people who had used varenicline or bupropion in
2007-10. Among these, 14 814 participants were excluded
because they started treatment before 2007 or were not registered
in Denmark two years before the start of treatment. Baseline
characteristics for the remaining 77 726 new users of varenicline
and bupropion are shown in table e3 in the appendix. After
estimation of propensity score, we were able to 1:1 match 17
926 users of varenicline to users of bupropion and hence had a
total study cohort of 35 852 participants. A detailed account of
the enrolment of participants is shown in figure el in the
appendix.

Tables 1 and 2|/|| show participants’ characteristics matched
for propensity score at the time of start of treatment; the two
groups were well balanced on demographic characteristics,
medical history, drug use, and healthcare use.

During 16 679 person years of follow-up, we identified 117
cases of any major cardiovascular event, 72 cases of acute
cardiovascular syndrome, 37 cases of ischaemic stroke, and
nine cardiovascular deaths. The mean follow-up time was 168
days (SD 37) among varenicline users and 171 days (SD 34)
among bupropion users. Follow-up was ended prematurely in
499 participants because of death (n=112), emigration (n=20),
or switching to the other drug (n=367). The estimated median
number of days covered by filled prescriptions was 28 days
(interquartile range 14-60) among varenicline users and 53 days
(53-53) among bupropion users. Assessment of the interaction
between treatment status and the underlying time scale showed
that the proportional hazards assumption was met for all primary
and secondary outcomes.

The Kaplan-Meier curves for major cardiovascular events were
similar in users of varenicline and bupropion up to 24 months
of follow-up after start of treatment (fig 1/). The log rank tests
showed no differences between users of varenicline and
bupropion for any major cardiovascular event (P=0.84), acute
coronary syndrome (P=0.44), ischaemic stroke (P=0.44), or
cardiovascular death (P=0.32) at the primary time point of
follow-up (six months).

Table 3 shows the hazard ratios for major cardiovascular events
in users of varenicline and bupropion||. The incidence rate for
any major cardiovascular event per 1000 person years was 6.9
among varenicline users and 7.1 among bupropion users. Use
of varenicline was not associated with an increased risk of the
composite endpoint of any major cardiovascular event (hazard
ratio 0.96, 95% confidence interval 0.67 to 1.39) compared with
bupropion use. Similarly, there were no significant associations
between use of varenicline and any of the individual major
cardiovascular events: acute coronary syndrome (1.20, 0.75 to
1.91), ischaemic stroke (0.77, 0.40 to 1.48), and cardiovascular
death (0.51, 0.13 to 2.02).

Table 4] shows the hazard ratios for other serious cardiovascular
in users of varenicline and bupropion. Varenicline use was not
significantly associated with ischaemic heart disease (0.89, 0.66

to 1.20), heart failure (0.82, 0.39 to 1.70), peripheral arterial
disease (1.11, 0.81 to 1.54), transient ischaemic attack (1.60,
0.62 to 4.13), or cardiac arrhythmia (0.64, 0.36 to 1.11).

Figure 2|| shows additional analyses for any major
cardiovascular event in different subgroups of patients and at
different time points of follow-up. The risk associated with
varenicline compared with bupropion was similar in men and
women (P=0.57). The risk of major cardiovascular events was
similar independently of the duration of follow-up; use of
varenicline was not associated with increased risk of any major
cardiovascular event within six weeks (hazard ratio 1.10, 95%
confidence interval 0.60 to 2.02), 12 weeks (0.95, 0.58 to 1.53),
12 months (1.04, 0.79 to 1.36), or 24 months (1.10, 0.90 to
1.34). Duration of varenicline use, estimated by filled
prescriptions, did not alter the risk of any major cardiovascular
event (0.96 (0.64 to 1.45) among those with O to 28 days of use;
0.97, (0.57 to 1.63) among those with >28 days of use; P=0.99)
Overall, participants with a history of cardiovascular disease
had much higher rates of any major cardiovascular event than
participants with no such history. The risk of any major
cardiovascular event associated with use of varenicline was not
significantly different between participants with (1.24, 0.72 to
2.12) and without (0.83, 0.51 to 1.36) a history of cardiovascular
disease (P=0.29). Finally, the risk of any major cardiovascular
event associated with varenicline did not differ significantly
according to study period (1.20, (0.76 to 1.90) for years 2007-08;
0.71 (0.39 to 1.30) for years 2009-10; P=0.17).

In sensitivity analysis, we excluded participants with missing
values in a complete case analysis for any major cardiovascular
event; restriction to complete cases had no impact on the result
(hazard ratio 0.96, 95% confidence interval 0.67 to 1.39). To
examine the impact of the potential confounders after matching,
each of the potential confounders was separately included as
adjustment factors in an analysis for any major cardiovascular
event. The change in estimate was small (<2.5%) for all potential
confounders (see table e4 in appendix).

Discussion

In this large nationwide cohort study, compared with bupropion,
use of varenicline to help in smoking cessation was not
associated with an increased risk of the composite outcome of
any major cardiovascular event and its components acute
coronary syndrome, ischaemic stroke, and cardiovascular death.
There was no increased risk of major cardiovascular events at
any time point of follow-up, which included analyses from six
weeks to 24 months after the start of treatment. Additionally,
there was no significantly increased risk of any major
cardiovascular event in a subgroup of participants with a history
of cardiovascular disease. Furthermore, there was no
significantly increased risk of other serious cardiovascular events
evaluated as secondary outcomes. These results contrast with
a recent meta-analysis of randomised controlled trials that
reported a 72% increased risk of serious cardiovascular events
among users of varenicline compared with placebo.’ There are
several possible reasons for the different results in our study
and the meta-analysis. Firstly, nearly all the trials in the
meta-analysis were not primarily designed to investigate the
risk of cardiovascular events. In particular, all but one of the 14
included trials lacked a specific definition of cardiovascular
events and the meta-analysis relied on a non-standard post hoc
definition of cardiovascular outcomes.’ ° Furthermore, along
with the lack of clarity regarding the method used for the
quantification of risk,”? the meta-analysis was limited by
shortcomings of individual trials, such as higher drop out rates
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in patients receiving placebo.” 7 Finally, the participants
included in the trials were largely selected (for example, most
trials excluded patients with cardiovascular disease) and might
have differed from the population of real world tobacco users
included in our study. A trial specifically examining the
cardiovascular safety and efficacy of varenicline in patients with
stable cardiovascular disease found a small excess of individual
cardiovascular events (non-fatal myocardial infarction
(difference between groups 1.1%, 95% confidence interval —0.6
to 2.9; total 10 events), need for coronary revascularisation
(difference between groups 1.4%, —0.4 to 3.2; total 11 events),
and peripheral vascular disease (difference between groups
0.6%, —1.0 to 2.1; total eight events)); there were no significant
differences, but the sample size was limited to 353 participants
exposed to varenicline and 350 exposed to placebo.’ Another
recently published meta-analysis of data from randomised
controlled trials found no increased risk of serious cardiovascular
events, including a broad range of ischaemic and arrhythmic
cardiovascular events; while the absolute differences in event
rates were small, the study was able to exclude only a 2.4-fold
increase in the relative risk (relative risk 1.40, 95% confidence
interval 0.82 to 2.39).° Our report expands on the available
knowledge on the cardiovascular safety of varenicline by
providing the first large scale population based observational
study with detailed analyses of specific cardiovascular outcomes,
individual level data of high completeness, and timing of events.
Our study had a much higher number of participants exposed
to varenicline than the meta-analyses (17 926 in our study
compared with 4908 in the meta-analysis by Singh et al’ and
5431 in the meta-analysis of Prochaska and Hilton®). Our study
also included by far the highest number of cardiovascular events;
with a broad definition of cardiovascular events, including
myocardial infarction, unstable angina, coronary artery disease,
arrhythmias, transient ischaemic attacks, stroke, sudden death
or cardiovascular related death, or heart failure, the
meta-analyses included 52 events (follow-up 24-52 weeks)’ and
34 events (median follow-up 16 weeks).® It contrast, for our
primary outcome, we used a specific definition of any major
cardiovascular event that included acute coronary syndrome,
ischaemic stroke, and cardiovascular death and identified 57
events in participants exposed to varenicline during six months
of follow-up. The meta-analyses were unable to analyse specific
events, whereas we additionally estimated hazard ratios for the
three specific events and for an additional five serious
cardiovascular events defined as secondary outcomes. Because
of the large sample size, the study had sufficient power to
exclude a 40% relative increase in the risk of any major
cardiovascular event associated with varenicline use. Whereas
the estimates were less precise for the specific events, it should
be noted that any differences between the groups would probably
be small in absolute terms and, although not examined in this
study, would be outweighed by the risk conferred by continuing
smoking.

Strengths and weaknesses

This study has several strengths. Firstly, we identified use of
varenicline and bupropion from a comprehensive nationwide
registry on filled prescriptions, which improved the precision
on timing of use and thus reduced the potential for treatment
misclassification. The comparative head to head design, with
bupropion as the reference, allowed us to compare varenicline
with a drug with the same indication and no known
cardiovascular risk.”*** In pharmacoepidemiology, a study design
that compares two active treatment groups has several
advantages compared with designs with non-users as the

comparison group—for example, it reduces the potential of
selection bias can reduce confounding by unmeasured baseline
characteristics.” * To further reduce the potential for
confounding, users of varenicline and bupropion were matched
on the individual propensity for starting treatment with
varenicline. The propensity scores were derived from a
non-parsimonious model including a large number of potential
confounders. The propensity score matching yielded two well
balanced treatment groups and removed potentially influential
participants with no comparable controls.” The rate of 6.9 major
cardiovascular events per 1000 person years among varenicline
users was similar to the rate of acute myocardial infarction and
stroke reported in a population based study in the United
Kingdom among people who started nicotine replacement
therapy (incidence rate 7.1 per 1000 person years).” We also
recognise limitations to this study. The filling of the first
prescription was taken to represent the actual start of treatment.
If varenicline were in fact associated with an increased risk of
cardiovascular events, non-adherence to treatment would bias
the results toward the null. Furthermore, the study outcomes
were derived from hospital data and therefore focused on serious
events treated in a hospital setting. For the primary outcomes,
major cardiovascular events, use of data from the National
Patient Registry for the ascertainment of cases is known to be
sensitive and specific.'™" For individual secondary outcomes
(such as some cardiac arrhythmias and transient ischaemic
attack), however, validity and sensitivity might be limited.
Additionally, despite propensity matching, we cannot rule out
residual confounding from unmeasured baseline differences in
health between the groups. We had no data on smoking;
differences between groups in smoking cessation rates during
follow-up might possibly balance out adverse effects of
varenicline, although this is unlikely at six months’ follow-up
given that beneficial effects from smoking cessation take time
to develop.’™*® Differences in smoking intensity at baseline
might have influenced results. Because evidence indicates that
varenicline is more efficacious than bupropion,” it might have
been prescribed to patients who had more intense tobacco
exposure, were more addicted, or had tried other treatments in
the past (although not bupropion because of the new user study
design). If so, patients exposed to varenicline would have had
a higher baseline risk of cardiovascular events, thus introducing
a bias towards increased risk associated with varenicline. On
the other hand, this might be less likely because prescription of
varenicline was much more common than bupropion throughout
the study period. Finally, the median length of time covered by
varenicline prescriptions was 28 days, which is markedly less
than the recommended duration of treatment of 12 weeks; if
any cardiovascular effects of varenicline depended on
cumulative dose, our results might not be directly comparable
with trial data, in which 12 week treatment regimens were used.
On the other hand, shorter than recommended duration of
treatment might be more representative of real world use of
varenicline, possibly reflecting the fact that a considerable
proportion of patients do not succeed in stopping smoking and
therefore do not refill prescriptions; a similar average duration
of treatment was observed in a previous observational study.*

In conclusion, this large nationwide cohort study found no
significantly increased risk of any major cardiovascular event,
including acute coronary syndrome, ischaemic stroke, and
cardiovascular death, or other serious cardiovascular events
associated with use of varenicline compared with bupropion.
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What is already known on this topic

Varenicline is used to help people with smoking cessation

Recent studies, including a meta-analysis of randomised trials, have indicated that varenicline could be associated with increased risk
of cardiovascular events, though another meta-analysis of randomised trials reported contradictory findings

What this study adds

This large register based study investigated the risk of cardiovascular events in a population based cohort of real world varenicline users

Compared with users of bupropion, another drug used for smoking cessation, varenicline users were not at increased risk of serious

cardiovascular events
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Tables

| Baseline demographic characteristics* of people using varenicline and bupropion to help with tobacco use cessation in nationwide
registry based cohort study in Denmark, with follow-up from January 2007 to December 2010. Figures are numbers (percentage) of
participants unless stated otherwise

Variable Varenicline (n=17 926) Bupropion (n=17 926)
Men 8639 (48) 8674 (48)
Mean (SD) age (years) 48.4 (12.8) 48.5 (12.8)
Calendar year:
2007 4089 (23) 6818 (38)
2008 4512 (25) 4154 (23)
2009 4322 (24) 3524 (20)
2010 5003 (28) 3430 (19)
Region of residence:
Greater Copenhagen 4836 (27) 4911 (27)
Zealand 3081 (17) 3066 (17)
Southern Denmark 4851 (27) 4795 (27)
Central Denmark 3474 (19) 3468 (19)
North Denmark 1684 (9) 1686 (9)
Degree of urbanisation:
Population density (inhabitants/km?):
<49 1056 (6) 1022 (6)
50-99 5105 (28) 5024 (28)
100-199 4462 (25) 4493 (25)
2200 1764 (10) 1759 (10)
Copenhagen suburbs 3919 (22) 3984 (22)
Copenhagen 1620 (9) 1644 (9)
Country of birth:
Denmark 16 842 (94) 16 847 (94)
Europe 488 (3) 462 (3)
Rest of world 596 (3) 617 (3)

*Matched for propensity score.
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| Baseline medical characteristics* of people using varenicline and bupropion to help with tobacco use cessation in nationwide
registry based cohort study in Denmark, with follow-up from January 2007 to December 2010. Figures are numbers (percentage) of

participants unless stated otherwise

Variable Varenicline (n=17 926)
Medical historyt:

Bupropion (n=17 926)

Acute coronary syndrome 395 (2) 404 (2)
Other ischaemic heart disease 761 (4) 815 (5)
Heart failure/cardiomyopathy 178 (1) 184 (1)
Valve disorders 77 (<1) 79 (<1)
Cardiac surgery/invasive cardiac procedure 367 (2) 377 (2)
Peripheral arterial disease 327 (2) 348 (2)
Procedure for peripheral arterial disease 167 (1) 166 (1)
Cerebrovascular disease 548 (3) 568 (3)
Arrhythmia 333 (2) 369 (2)
Renal disease 69 (<1) 81 (<1)
Chronic lung disease 1239 (7) 1268 (7)
Rheumatic disease 237 (1) 236 (1)
Venous thromboembolism 205 (1) 199 (1)
Cancer 569 (3) 588 (3)
Drugs used in past year:
B blockers 1289 (7) 1339 (7)
ARB/ACE-I 2125 (12) 2193 (12)
Calcium channel blockers 1246 (7) 1276 (7)
Diuretics 1827 (10) 1862 (10)
Nitrates 298 (2) 309 (2)
Lipid lowering drugs 2322 (13) 2397 (13)
Platelet inhibitors 1755 (10) 1836 (10)
Anticoagulants 183 (1) 198 (1)
Anti-arrhythmic drugs 18 (<1) 19 (<1)
Antidiabetic drugs 646 (4) 665 (4)
Antiobstructive pulmonary inhalants 2650 (15) 2714 (15)
Antidepressants 2298 (13) 2415 (13)
Anti-anxiety drugs 1533 (9) 1592 (9)
Corticosteroids, oral 1074 (6) 1160 (6)
NSAIDs 4987 (28) 5067 (28)
Healthcare use:
Admissions to hospital in past year:
0 15 389 (86) 15 349 (86)
1-2 1634 (9) 1668 (9)
34 438 (2) 456 (3)
>5 465 (3) 453 (3)
Outpatient hospital contacts in past year:
0 10 537 (59) 10 480 (58)
1-2 5017 (28) 5022 (28)
34 1406 (8) 1434 (8)
>5 966 (5) 990 (6)
Drugs used in past year:
0 2581 (14) 2506 (14)
1-2 5142 (29) 5082 (28)
34 3700 (21) 3691 (21)
5-9 4528 (25) 4567 (25)
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Table 2 (continued)

Variable Varenicline (n=17 926) Bupropion (n=17 926)
210 1975 (11) 2080 (12)

ARB=angiotensin receptor blocker; ACE-I=angiotensin converting enzyme inhibitor; NSAID=non-steroidal anti-inflammatory drug.
*Matched for propensity score.
tAs registered in past 10 years.
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| Risk of major cardiovascular events* at six months’ follow-up in people using varenicline and bupropion to help with tobacco use
cessation in nationwide registry based cohort study in Denmark, with follow-up from January 2007 to December 2010

Outcome eventt Person years Events Rate/1000 person years Hazard ratio (95% ClI)

Any major cardiovascular event}

Varenicline 8268 57 6.9 0.96 (0.67 to 1.39)
Bupropion 8411 60 71 1 (ref)
Acute coronary syndrome

Varenicline 8270 39 4.7 1.20 (0.7510 1.91)
Bupropion 8416 33 3.9 1 (ref)
Ischaemic stroke

Varenicline 8278 16 1.9 0.77 (0.40 to 1.48)
Bupropion 8419 21 25 1 (ref)
Cardiovascular death§

Varenicline 8281 3 0.4 0.51 (0.13 t0 2.02)
Bupropion 8425 6 0.7 1 (ref)

*Matched for propensity score including all variables listed in table 1 and all estimable two way interactions between demographic and healthcare use variables.
Study cohort included 35 858 patients, with new users of varenicline and bupropion matched 1:1 on propensity score and followed up to six months after start of
treatment. Outcomes reported here were defined as primary outcomes.

tAscertained with data from National Patient Registry (inpatient admissions and emergency department visits) and National Cause of Death Registry.

FAny of acute coronary syndrome, ischaemic stroke, or cardiovascular death.

§Includes cardiac death and death from ischaemic stroke.
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| Risk of serious cardiovascular events* (other than major cardiovascular events) at six months follow-up in people using varenicline
and bupropion to help with tobacco use cessation in nationwide registry based cohort study in Denmark, with follow-up from January
2007 to December 2010

Outcome eventt Person years Events Rate/1000 person years Hazard ratio (95% Cl)

Angina/ischaemic heart diseaset

Varenicline 8247 82 9.9 0.89 (0.66 to 1.20)
Bupropion 8386 93 111 1 (ref)
Heart failure

Varenicline 8264 13 1.6 0.82 (0.39 to 1.70)
Bupropion 8405 16 1.9 1 (ref)
Peripheral arterial disease§

Varenicline 8247 78 9.5 1.11 (0.81 to 1.54)
Bupropion 8392 71 8.5 1 (ref)
Transient ischaemic attack

Varenicline 8265 11 1.3 1.60 (0.62 to 4.13)
Bupropion 8409 7 0.8 1 (ref)
Cardiac arrhythmia{

Varenicline 8263 20 2.4 0.64 (0.36 to 1.11)
Bupropion 8404 32 3.8 1 (ref)

*Matched for propensity score including all variables listed in table 1 and all estimable two way interactions between demographic and healthcare use variables.
Study cohort included 35 858 patients, with new users of varenicline and bupropion matched 1:1 on propensity score and followed up to six months after start of
treatment. Outcomes reported here were defined as secondary outcomes.

tAscertained with data from National Patient Registry (inpatient admissions and emergency department visits).

1Defined as diagnosis of angina/ischaemic heart disease or admission for coronary artery bypass grafting or percutaneous coronary intervention.

§Defined as diagnosis of peripheral arterial disease or procedure to treat peripheral arterial disease.

fincludes atrial and ventricular arrhythmias but not conduction block.
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Figures

Any major cardiovascular event
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Fig 1 Kaplan-Meier curves of major cardiovascular events among users of varenicline and bupropion. Major cardiovascular
event was defined as any of acute coronary syndrome, ischaemic stroke, or cardiovascular death. Primary analysis was
major cardiovascular events at six months
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Varenicline Bupropion
Analysis Person Events Rate per 1000 Person Events Rate per 1000 Hazard ratio Hazard ratio
years personyears years person years (95% CI) (95%Cl)

Primary* 8268 57 6.9 8411 60 7. —_— 0.96 (0.67 to 1.39)
Sex*

Men 4297 25 4.9 4337 25 5.8 e 0.85 (0.47 to 1.51)

Women 3970 36 9.1 4073 35 8.6 —_— 1.05 (0.66 10 1.67)
Duration of follow-up

6 weeks 2032 22 10.8 2039 20 9.8 1.10 (0.60t0 2.02)

12 weeks 3992 32 8.0 4022 34 8.5 E— 0.95 (0.58t0 1.53)

12 months 15300 103 6.7 15905 103 6.5 —_— 1.04 (0.79t0 1.36)

24 months 25763 193 7.5 27948 191 6.8 B 1.10 (0.90to 1.34)
Duration of use (days)

0-28 5273 38 72 8411 60 7.1 —_— 0.96 (0.64 to 1.45)

»28 2995 19 6.3 8411 60 7+ E— 0.97 (0.57 t0 1.63)
History of cardiovascular disease*t

Yes 817 28 34.3 903 25 27.7 1.24 (0.72102.12)

No 7451 29 3.9 7507 35 4.7 —_— 0.83 (0.51t0 1.36)
Study period*

2007-08 4252 36 8.5 5404 38 7.0 — 1.20 (0.76 t0 1.90)

2009-10 4016 pl 5.2 3006 22 7.3 —_—— 0.71(0.39t0 1.30)

0 0.5 1.0 1.5 2.0 2.5

Fig 2 Additional analyses of association between varenicline and risk of major cardiovascular events compared with
bupropion. Major cardiovascular event was defined as any of acute coronary syndrome, ischaemic stroke, or cardiovascular
death. *Six months’ follow-up. fIncludes acute coronary syndrome, other ischaemic heart disease, cardiac surgery/invasive
cardiac procedure, heart failure/cardiomyopathy, peripheral arterial disease or procedure to treat this condition, and
cerebrovascular disease
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