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Varenicline and risk of psychiatric conditions, suicidal behaviour,
criminal offending, and transport accidents and offences:

population based cohort study
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ABSTRACT

OBJECTIVE
To examine associations between varenicline and the
incidence of a range of adverse outcomes.

DESIGN
Population based cohort study using within person
analyses to control for confounding by indication.

SETTING
Whole population of Sweden.

PARTICIPANTS
7917 436 people aged 15 and over, of whom 69757
were treated with varenicline between 2006 and 2009.

MAIN OUTCOME MEASURES

Incidence of new psychiatric conditions, suicidal
behaviour, suspected and convicted criminal
offending, transport accidents, and suspected and
convicted traffic offences.

RESULTS

In the whole population, 337393 new psychiatric
conditions were diagnosed during follow-up. In
addition, 507 823 suspected and 338 608 convicted
crimes, 40595 suicidal events, 124 445 transport
accidents, and 99895 suspected and 57 068 convicted
traffic crimes were recorded. Within person analyses
showed that varenicline was not associated with
significant hazards of suicidal behaviour, criminal
offending, transport accidents, traffic offences, or
psychoses. However, varenicline was associated with
a smallincrease in the risk of anxiety conditions

WHAT IS ALREADY KNOWN ON THIS TOPIC

traffic accidents

controlled trials

WHAT THIS STUDY ADDS

Varenicline is widely prescribed to treat nicotine dependence, but reports of
suicidality, depression, psychoses, and violence have emerged, leading to
warnings being issued by regulatory agencies

Varenicline use has also been restricted or prohibited for pilots, air traffic
controllers, truck and bus drivers, and certain military personnel owing to reports of

However, case reports and safety results from post-marketing surveillance studies
of varenicline are not consistent with observational data and results of randomised

cohort

study designs

A within person design was used to minimise selection effects and adjust for
unknown confounders and confounding by indication in a large population based

No evidence was found for a causal association between varenicline and criminal
offending, suicidal behaviour, transport accidents, traffic offences, or psychoses
However, an increased risk of mood and anxiety conditions was found in people

with pre-existing psychiatric disorders, which needs to be confirmed using other
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(hazard ratio 1.23, 95% confidence interval 1.01to 1.57)
and mood conditions (1.31, 1.06 to 1.63), which was
only seen in people with pre-existing psychiatric
disorders.

CONCLUSIONS

Concerns that varenicline is associated with an
increased risk of many adverse outcomes, including
suicidality and accidents, are not supported in this
observational study. The small increase in risk of two
psychiatric conditions in people with pre-existing
psychiatric disorders needs to be confirmed using
other research designs.

Introduction
Around 1.3 billion people in the world smoke tobacco,!
and tobacco use is the second leading risk factor con-
tributing to global disease burden,? accounting for 9%
of deaths globally and 18% of deaths in high income
countries.?> Smoking cessation treatments include nico-
tine replacement therapies and nicotine-free prescrip-
tion drugs. Increasingly, tobacco dependence is treated
with varenicline (marketed as Champix or Chantix).
Varenicline acts as a partial agonist of the nicotinic ace-
tylcholine receptor, simultaneously relieving with-
drawal symptoms and decreasing rewards from
smoking. Multiple studies have shown that varenicline
is more efficacious than placebo, bupropion, or single
forms of nicotine replacement therapy.* Between
approval by the Food and Drug Administration in 2006
and mid-2011, 8.9 million people were treated with
varenicline in the United States.”> In the United King-
dom, varenicline was prescribed to more than 800000
patients in primary care in 2009 and is one of the most
commonly used smoking cessation drugs.®

After varenicline’s introduction on the market,
reports of suicidality and depression emerged in
post-marketing surveillance and eventually led to
warnings issued by regulatory agencies in Europe and
a black box warning in the United States.”® Further-
more, varenicline has been reported to increase the risk
of traffic accidents,’ and it has been restricted or pro-
hibited in several transportation industry professions,
including pilots, air traffic controllers, truck and bus
drivers, and certain military personnel.”'® Some weaker
evidence also suggests an increased risk of violence
and psychosis.!®> However, these increased risks are
based on post-marketing surveillance and case
reports,”1® which are not consistent with observa-
tional data and randomised controlled trials that have
found no association between varenicline and depres-
sion, suicidality, or violence.*?°-? These inconsisten-
cies could be explained by differences in study designs,
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confounding by comorbid psychiatric disorders or by
indication bias (that is, the same factors may influence
both institution of treatment and outcomes), or report-
ing bias.? Moreover, people with mental health prob-
lems make up a substantial proportion of smokers.3°
Although no safety concerns have been raised in ran-
domised controlled trials of varenicline in people with
bipolar disorder, major depression, and schizophrenia,
trials have comprised small samples,'3? resulting in
limited statistical power to detect rare events.?*3’

To overcome limitations of previous research, we
used a within person design in which measurements
are made repeatedly over time, and treatment and
non-treatment periods are compared within the same
person. Use of this approach, in which each person
serves as his or her own control, thus adjusts for all time
invariant confounders during follow-up (genetic fac-
tors, all factors up to the start of follow-up, and those
that remain constant during follow-up). Through this
design, selection effects can be minimised, unmea-
sured confounders can be adjusted for, and confound-
ing by indication can be overcome.?

We report a within person design to examine the
association between varenicline and incidence of new
psychiatric conditions, suicidal behaviour, suspected
and convicted crimes, transport accidents, and sus-
pected and convicted traffic offences in a large popula-
tion based Swedish cohort followed from 2006 to 2009.

Methods

In the total population of Sweden aged 15 and over
(n=7917 436), we identified 69757 people who had
varenicline prescribed between 22 November 2006 (that
is, the introduction of varenicline in Sweden) and 31
December 2009. We collected information on individu-
als from Swedish population based registers with
national coverage, and registers were linked using each
person’s unique identification number.

Varenicline treatment

The Prescribed Drug Register includes information on
all prescribed and collected medical drugs since July
2005.38 We defined varenicline treatment as at least one
collected prescription of varenicline (NO7BAO03)
between 22 November 2006 and 31 December 2009.
Varenicline is recommended to be taken as a 12 week
treatment,* so we defined a treatment period as start-
ing at the date of the first collected prescription and
ending 12 weeks later. Because varenicline is often
divided into several prescriptions for the same 12 week
treatment, we considered collected prescriptions within
12 weeks of the first collected prescription to be part of
the same treatment period. We considered prescription
collections occurring more than 12 weeks after a previ-
ous collection to be a new treatment period, starting at
the date of the next collected prescription.

Outcomes

Crimes

We defined crimes as all offences in the penal code,
except traffic offences. We extracted information on
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convicted crimes for people aged 15 and older (the age
of criminal responsibility) from the National Crime Reg-
ister, including all convictions in Swedish district
courts.*® We extracted suspected crimes from the Regis-
ter of People Suspected of Offences and included all
people suspected of crime after a completed investiga-
tion by police, the customs authority, or the prosecution
service.“!

Incidence of new psychiatric conditions

Information on incidence of new psychiatric conditions
came from the Patient Register,”? which includes diag-
noses from both hospital admissions and outpatient
visits in specialised care. Diagnoses received during
planned visits (that is, follow-ups and referrals) were
excluded from the analyses. Although this gives a more
conservative estimate of psychiatric conditions, we
used this measure to avoid overestimation of diagno-
ses; the diagnosis that is the reason for starting treat-
ment is also coded during follow-ups and referrals,
regardless of current symptoms. We also did sensitivity
analyses including planned visits. Psychiatric condi-
tions included three diagnostic categories: psychoses
(ICD-10 (international classification of diseases, 10th
revision) codes: F20-F29), mood conditions (F30-F39),
and anxiety conditions (F40-F45, F48).

Suicidal behaviour

We defined suicide attempts and suicides as emergency
inpatient or outpatient hospital visits or death due to
intentional self harm (ICD-10: X60-X84). We collected
information on suicide attempts from the Patient Regis-
ter and information on suicides from the Cause of Death
Register.*3

Transport accidents and traffic offences

We defined transport accidents as an emergency
inpatient or outpatient hospital visit or death due to
transport accidents (ICD-10: VO0-V99). We defined
traffic offences as convictions or suspicions of traffic
offences (defined as crimes against the road traffic
offences act and including reckless driving, unlawful
driving, hit and run offences, causing death or injury
by driving, and moving violations). Information on
transport accidents came from the Patient Register
and the Cause of Death Register. Information on con-
victed traffic offences came from the National Crime
Register and information on suspected traffic
offences from the Register of People Suspected of
Offences.

Substance abuse

We collected information on alcohol use disorders
and dependence (ICD-9: 291, 303, 305A, 980; ICD-10:
F10), drug misuse and dependence (ICD-9: 292, 304,
977W, 977X; ICD-10: F11-F16, F18-F19), and nicotine
dependence (ICD-9: 305B; ICD-10: F17) from the
Patient Register.

Patient involvement
There was no patient involvement in this study.
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Statistical analyses

We followed people from 22 November 2006 to 31
December 2009. A between person Cox proportional
hazards regression analysis compared average rates of
each outcome during varenicline treatment for all peo-
ple with rates during non-treatment for all people. In
this analysis, we split follow-up into the period before
the first outcome, periods between outcomes, and the
period after the last outcome. We measured time at risk
from the start of each period and used treatment as a
time varying covariate. We calculated robust standard
errors to account for correlations between periods
within the same person. Analyses were adjusted for sex
and age in a second step.

The principal analyses were within person stratified
Cox proportional hazards regression, with each person
entering as a separate stratum in the analysis and serv-
ing as his/her own control. The obtained hazard ratio is
thus adjusted for (that is, stratified on) all potential
time invariant confounders within each person. To
adjust for age, which is a time varying potential con-
founder, we added age to the model as a time varying
covariate, with one factor for each whole year. We
adjusted periods of treatment and non-treatment
for migration, imprisonment, institutional youth care,

Table 1| Descriptive data for varenicline cohort and non-treated cohort in Sweden,
2006-09. Values are numbers (percentages)

Non-treated cohort*
(n=7 847 679)

Varenicline cohort
(n=69 757)

Characteristics at baseline 2006

Women 43 861 (62.9) 3964263 (50.5)
Men 25896 (37.1) 3883 417 (49.5)
Age distribution:
<20 408 (0.6) 982116 (12.5)
20-29 3744 (5.4) 1084733 (13.8)
30-39 9226 (13.2) 1222610 (15.6)
40-49 17 375 (24.9) 1221021 (15.6)
50-59 21480 (30.8) 1170 086 (14.9)
60-69 14 447 (20.7) 1022055 (13.0)
>70 3077 (4.4) 1143 656 (14.6)
Psychiatric diagnoses:
Pre-existing psychiatric diagnosist 9391 (13.5) 484536 (6.2)
Lifetime alcohol misuse diagnosist 5562 (8.0) 197 988 (2.5)
Lifetime drug misuse diagnosis# 2633 (3.8) 80535 (1.0)
Lifetime nicotine dependence diagnosis# 2379 (3.4) 19392 (0.3)

Characteristics during follow-up (22 November 2006 to 31 December 2009)

Inpatient or outpatient care:

New psychiatric conditions 3213 (4.6) 168 869 (2.2)
Anxiety conditions 1816 (2.6) 88905 (1.1)
Mood conditions 1717 (2.5) 84931 (1.1)
Psychoses 320 (0.5) 24384 (0.3)
Suicidal behaviour 657 (0.9) 26 093 (0.3)
Crimes:
Convicted of any crime 2256 (3.2) 204508 (2.6)
Suspected of any crime 3782 (5.4) 311 914 (4.0)
Transport accidents and traffic offences:
Transport accident 989 (1.4) 108 612 (1.4)
Convicted of traffic offence 328 (0.5) 36 271 (0.5)
Suspected of traffic offence 440 (0.6) 46572 (0.6)

*All people in cohort who were not treated with varenicline during follow-up.

tDiagnosed before 1 November 2006.

$Diagnosed between 1 January 1987 and 31 December 2009.
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hospital admission, and death. We identified migra-
tions and deaths by linking people to the Migration and
Cause of Death Registers. We accounted for periods in
prison and institutional youth care by linkage to the
Prison Register and estimated periods in hospital by
using the Patient Register. In the within person strati-
fied Cox proportional hazards regression, only people
who change treatment status contribute directly to the
estimate. All other people contribute indirectly through
the estimates of other covariates. As the covariates in
the within person stratified Cox proportional hazards
regression are time varying, we did not test for the pro-
portional hazards assumption.

More information on this approach is provided in
studies of drugs for attention-deficit/hyperactivity dis-
order, antipsychotics, and mood stabilisers.*4 We
used SAS version 9.4 for all analyses.

Sensitivity analyses

In sensitivity analyses, we analysed separately each of
the three diagnostic categories included in the defini-
tion of psychiatric conditions (mood conditions, anxi-
ety conditions, and psychoses). Firstly, we included
everyone in the cohort in the analyses. Secondly, to test
for confounding by pre-existing psychiatric disorders,
we included only those with pre-existing psychiatric
diagnoses (ICD-9: 295302, 307-316; ICD-10: F20-F48,
F50-F69, F90-F98; diagnosed before 1 November 2006).
Thirdly, we included only people without prior psychi-
atric disorders in the analyses. Furthermore, we did
sensitivity analyses including both emergency and
planned inpatient and outpatient visits for incidence of
new psychiatric conditions.

In further sensitivity analyses, we examined whether
the increased risk of psychiatric conditions could be the
result of nicotine withdrawal syndrome, which is a
potential time varying confounder. We used a compari-
son group with nicotine dependence—people who had
collected at least one prescription for the smoking ces-
sation drug bupropion (NO6AX12) during follow-up
(n=63265). In this sensitivity analysis, we included only
people who had been treated with either varenicline or
bupropion; those who had been treated with both
varenicline and bupropion during follow-up (n=11386)
were excluded. We then did a between person Cox pro-
portional hazards regression, comparing average rates
of mood and anxiety conditions during varenicline
treatment with rates during non-treatment.

Results

Between 22 November 2006 and 31 December 2009,
43861 women and 25896 men were treated with vareni-
cline in Sweden (see table 1 for background characteris-
tics). During this time period, 5.4% in the varenicline
population were suspected of a crime and 4.6% were
diagnosed as having a new psychiatric condition; the
rate of serious traffic related incidents was 1.4% and
0.9% received medical care for suicidal behaviours in
the varenicline population. In the same time period,
4.0% in the non-treated population were suspected of a
crime, 2.2% were diagnosed as having a new psychiatric
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condition, 1.4% received medical care for transport
related accidents, and 0.3% received medical care for
suicidal behaviours.

Our unadjusted, between person Cox proportional
hazards regression showed that people with varenicline
prescriptions had significantly higher hazards of a
range of adverse outcomes compared with people who
were not treated with varenicline. These included the
incidence of new psychiatric conditions (hazard ratio
3.29, 95% confidence interval 2.99 to 3.63), of suicidal
behaviour (3.44, 2.64 to 4.47), of being suspected of a
crime (1.45, 1.30 to 1.62), and of being convicted of a
crime (1.18, 1.05 to 1.32). Varenicline prescription was,
however, not associated with significantly increased
hazards of transport accidents or traffic offences. When
we adjusted for age and sex in the between person Cox
proportional hazards regression, people with vareni-
cline prescriptions had significantly increased hazards
of all seven outcomes compared with non-treated peo-
ple (table 2).

To account for residual confounders that might
explain the observed increased hazards, we then com-
pared the rates of each outcome within the same person
(that is, with each person serving as his or her own con-
trol), using the within person design. This showed that
being treated with varenicline was not associated with
significantly increased hazards of suspected or con-
victed crimes, suicidal behaviour, transport accidents,
or suspected or convicted traffic offences (table 2). How-
ever, varenicline was associated with an increased haz-
ard of new psychiatric conditions (hazard ratio 1.18, 1.05
to 1.31). To further examine the associations between
varenicline and incidence of new psychiatric condi-
tions, we analysed each diagnostic category separately
(table 3). Results from the within person analyses
showed that varenicline was associated with increased
hazards for anxiety (hazard ratio 1.27, 1.06 to 1.51) and
mood (1.28, 1.07 to 1.52) conditions. However, associa-
tions were not significant for psychoses.

As we had used a conservative measure of incidence
of new psychiatric conditions (that is, excluding all
follow-ups and referrals) in all the above analyses, we
did sensitivity analyses including emergency visits as
well as follow-ups and referrals. Results from these sen-
sitivity analyses showed similar conditions as being
significantly associated with varenicline, but with
lower effect sizes: increased hazards for anxiety (hazard
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ratio 1.08, 1.00 to 1.16) and mood conditions (1.09, 1.03
to 1.16) but not for psychoses (1.07, 0.96 to 1.19). To test
for confounding by pre-existing psychiatric disorders,
we then restricted analyses to people with pre-existing
psychiatric disorders (n=493927) and to those without
prior psychiatric disorders (n=7423509). Results from
the within person analyses showed increased hazards
of mood and anxiety conditions only for people with
pre-existing psychiatric disorders (table 3).

To test for potential confounding by nicotine with-
drawal syndrome, a time varying factor, we did a
between person Cox proportional hazards regression
that included only people treated with either vareni-
cline or bupropion during follow-up (table 4). Results
showed that people treated with varenicline had signifi-
cantly decreased hazards for mood conditions (hazard
ratio 0.63, 0.55 to 0.74) but not for anxiety conditions
(0.87, 0.75 to 1.00) compared with those treated with
bupropion.

Discussion

In a large population based cohort of nearly eight mil-
lion people, of whom 69757 were treated with vareni-
cline between 2006 and 2009, we investigated
associations with suicidal behaviours, criminal offend-
ing, psychiatric disorders, transport accidents, and traf-
fic related offences. In between person analyses,
adjusted for age and sex, we found that people taking
varenicline had increased hazards of the adverse events
investigated. However, when we compared periods of
treatment with periods of non-treatment within the
same person to control for confounding by indication,
our principal analytical approach, we found no associ-
ations with suicidal behaviour, suspected and con-
victed criminal offending, transport accidents, or
suspected and convicted traffic offences. In addition,
the hazard for incidence of new psychiatric conditions
was substantially attenuated (from >2 in the between
person analyses to 1.2 in the within person analyses),
although the risk increase was limited to people with
pre-existing psychiatric conditions.

Strengths and limitations of study

This study improved on previous observational studies
through the use of a within person design that adjusts
for both residual confounders and confounding by indi-
cation.***” The study had several strengths, including a

Table 2| Associations between varenicline and adverse outcomes from unadjusted and progressively more adjusted analyses

No of events at within

Hazard ratio (95% Cl)

person level/No of events

Between person,

Between person,

Outcome at between person level unadjusted adjusted for sex and age Within person*
Incidence of new psychiatric 6910/337 393 3.29 (2.99t0 3.63) 2.78 (2.63102.93) 118 (1.05to 1.31)
conditions

Suicidal behaviour 1077/40 595 3.44 (2.64 10 4.47) 4.06 (31210 5.28) 1.00 (0.72t0 1.37)
Suspected of any crime 6873/507 823 1.45(1.30t0 1.62) 2.33(2.08102.60) 110 (0.97 to 1.24)
Convicted of any crime 3252/338 608 118 (1.05t0 1.32) 1.88 (1.68 t0 2.11) 0.96 (0.79t0 1.16)
Transport accidents 1129/124 445 1.05 (0.87 to 1.28) 1.46 (1.20t0 1.78) 1.01 (0.69 to 1.47)
Suspected of traffic offence 772/99 895 117 (0.88 t0 1.55) 1.74(1.31t02.32) 1.24 (0.84 10 1.84)
Convicted of traffic offence 483/57 068 113 (0.84 t0 1.52) 1.81 (1.34 to 2.44) 1.30(0.77 to 2.20)

*Within person model compares rate of adverse events when person is prescribed varenicline with rate when same person is not prescribed varenicline.
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Table 3| Associations between varenicline and incidence of certain psychiatric conditions stratified by pre-existing

illness (within person models*)
Hazard ratio (95% Cl)

Psychiatric No of All People with pre-existing People without pre-existing
condition events people psychiatric disorders psychiatric disorders
Anxiety conditions 3128 1.27 (1.06 to 1.51) 1.23 (1.01 to 1.51) 1.41 (0.99 to 2.00)

Mood conditions 3166 1.28 (1.07 t0 1.52) 1.31 (1.06 t0 1.63) 1.17 (0.86 t0 1.60)

Psychoses 1129 0.94 (0.73 t0 1.20) 0.90 (0.70 t0 1.16) 3.52 (0.81t0 15.27)

*Within person models compare rate of adverse events when person is prescribed varenicline with rate when same person is not prescribed varenicline.

large population based cohort with longitudinal data
covering several outcomes. Furthermore, information
on treatment was complete, as each prescription of
varenicline that is collected at pharmacies is registered
in the Prescribed Drug Register. Our results suggest that
previously reported associations between varenicline
and criminal offending and suicidal behaviour are not
causal.® 18 Tobacco smokers are more likely to be
aggressive and impulsive and have higher rates of sui-
cidal behaviour,“8>! so previous associations are likely
to have been confounded by unmeasured factors. This
underscores the point that post-marketing surveillance
reports are subject to over-reporting and confounding
by indication,? 52 as well as the need to triangulate data
on adverse effects of treatment by using different
designs.

Our study is the first, to our knowledge, to examine
associations with transport accidents and traffic
offences. Previously, transport accidents have been
reported as a “strong signal” in post-marketing surveil-
lance events reported to the Food and Drug Administra-
tion.> We found no suggestion of a causal association
between varenicline and transport accidents and traffic
offences in the within person analyses. Thus, the signal
identified in post-marketing surveillance data may
reflect the overall higher rates of traffic accidents
among smokers.>* %

Our negative findings are mostly in line with data
from randomised controlled trials.?0-32832 Qur findings
have extended those of randomised controlled trials by
examining associations in a large cohort sufficiently
powered to detect rare events,¥ by studying a wide
range of adverse outcomes, and by separately examin-
ing people with pre-existing psychiatric diagnoses. The
one inconsistency with previous randomised controlled
trials is that we found small but statistically significant
associations with the incidence of new psychiatric con-
ditions. When explored further, we found no clear asso-
ciation for psychoses, suggesting that previous reported
cases of varenicline induced psychoses were not
causal."'”> However, the risk remained for anxiety (haz-
ard ratio 1.27, 1.06 to 1.51) and mood (1.28, 1.07 to 1.52)
conditions. When we stratified on psychiatric history,

Table 4| Sensitivity analyses: associations between varenicline and mood and anxiety
conditions in people prescribed varenicline compared with those prescribed bupropion*

Condition
Anxiety conditions

No of events in varenicline cohort/  Hazard ratio (95% Cl): between
No of events in bupropion cohort

2517/7590

person, adjusted for sex and age
0.87 (0.75t0 1.00)

Mood conditions

2442/11 653

0.63 (0.55 to 0.74)

*Using between person Cox proportional hazards regression models.
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associations remained only for people with a history of
psychiatric conditions. It has been argued that vareni-
cline is highly selective for o4 32 nicotinic receptors and
at therapeutic concentrations does not bind to other
neurotransmitter receptors and transporters, including
those implicated in mental health problems.>*5” The
within person analyses, however, did not take time
varying confounding factors into account—that is, fac-
tors that were associated with both the start of vareni-
cline treatment and the outcome. The increased risk of
mood and anxiety conditions during varenicline treat-
ment in this group could thus be caused by time varying
factors other than varenicline; the start of varenicline
treatment could indicate non-adherence to other drugs,
which may lead to increased incidence of new psychiat-
ric conditions. The fact that randomised controlled
trials have not shown an increase in depressive symp-
toms among people who are on stable treatment for
their depression would support this view.> An alterna-
tive explanation is that nicotine withdrawal is a time
varying confounder. When deprived of nicotine, nico-
tine dependent people can have withdrawal symptoms
that include depression and anxiety, as nicotine
includes psychoactive compounds that mimic the anti-
depressant effects of monoamine oxidase inhibitors.>®
58 To test for potential confounding by nicotine with-
drawal symptoms, we compared people treated with
varenicline with those treated with bupropion. Our
results showed that people treated with varenicline had
a lower risk of mood conditions and showed no differ-
ence in risk for anxiety conditions compared with those
treated with bupropion. The similar or higher risks of
psychiatric conditions in another cohort of smokers
would support the view that the increased risk found
for varenicline in the within person analyses could be
confounded by smoking cessation itself. The risk of
mood and anxiety conditions among varenicline users
reported here should thus be regarded with caution and
needs to be confirmed in further studies.

In addition to the lack of information on time varying
covariates, other limitations include the use of official
registers, which underestimate true rates of most out-
comes; only outcomes serious enough to warrant emer-
gency visits or hospital admission (for psychiatric
conditions, transport accidents, or suicidal behaviours)
or detection by the police (for crime outcomes), would
end up in the registers. On the other hand, register
based outcomes are more comparable across countries
than self reports and represent important public health
concerns. Furthermore, although our data on collected
prescriptions is complete, it is unable to account for



lack of or variations in adherence. This problem is par-
allel to non-adherence in randomised controlled trials,
and our within person estimate is comparable to the
intention to treat analysis used in randomised con-
trolled trials. Finally, our study was conducted in Swe-
den, a country with a relatively low prevalence of daily
smokers in international comparisons* ; the prevalence
of adult daily smokers is 14% compared with an average
of 23% in the European Union.®° Differences in smoking
rates, as well as in varenicline prescriptions, may thus
affect the generalisability of results. Nevertheless, our
findings in relation to suicidal outcomes are in line with
cohort studies using different designs from the United
Kingdom and Denmark.?* 2627

Conclusions and implications for further research

In summary, our results provide no evidence for a
causal association between varenicline and the inci-
dence of criminal offending, suicidal behaviour, trans-
port accidents, traffic offences, and psychoses.
However, an increased risk of mood and anxiety condi-
tions during periods of varenicline treatment was
found in people with pre-existing psychiatric disor-
ders, which needs to be confirmed using other study
designs.
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