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Objective: To assess the impact of graphic Canadian cigarette warning labels on current adult smokers.
Design: A random-digit-dial telephone survey was conducted with 616 adult smokers in south western
Ontario, Canada in October/November 2001, with three month follow up.
Main outcome measures: Smoking behaviour (quitting, quit attempts, and reduced smoking), intentions to
quit, and salience of the warning labels.
Results: Virtually all smokers (91%) reported having read the warning labels and smokers demonstrated a
thorough knowledge of their content. A strong positive relation was observed between a measure of
cognitive processing—the extent to which smokers reported reading, thinking about, and discussing the
new labels—and smokers’ intentions to quit (odds ratio (OR) 1.11, 95% confidence interval (CI) 1.07 to
1.16; p , 0.001). Most important, cognitive processing predicted cessation behaviour at follow up.
Smokers who had read, thought about, and discussed the new labels at baseline were more likely to have
quit, made a quit attempt, or reduced their smoking three months later, after adjusting for intentions to quit
and smoking status at baseline (OR 1.07, 95% CI 1.03 to 1.12; p , 0.001).
Conclusions: Graphic cigarette warning labels serve as an effective population based smoking cessation
intervention. The findings add to the growing literature on health warnings and provide strong support for
the effectiveness of Canada’s tobacco labelling policy.

T
obacco use is the leading cause of premature mortality in
the developed world.1 Cigarette warning labels are one of
several national level policies that have been introduced

to address the economic and health burden of tobacco use.
However, warning labels are unique among tobacco control
initiatives in that they are delivered at the time of smoking.
As a result, virtually all smokers are exposed to the
intervention, and pack-a-day smokers are potentially exposed
to the warnings over 7000 times per year.

Given this reach and frequency of exposure, even if
warning labels have only a modest effect size on individual
smokers they may have a dramatic impact upon smoking
behaviour at the population level.

Research has identified the basic principles for enhancing
the effectiveness of tobacco warning labels: colour pictures
or graphics, positioning on the front of packs, increases in
size, and direct unambiguous messages all increase the
likelihood that smokers will notice warnings labels.2

However, because of the pragmatic challenges of evaluating
population based policy initiatives, field research on the
impact of cigarette warnings has been limited. Cross sectional
evaluation studies of previous Canadian and Australian
warnings suggest that warning labels are an effective means
of communicating the health effects of smoking.3–5 To date,
however, only one longitudinal study has examined the
impact of warning labels on smoking cessation. This research
found that Australian warnings introduced in 1994 prompted
some smokers to delay smoking or ‘‘butt-out’’ a cigarette
early.4 6

New cigarette warnings labels were introduced in Canada
in December 2000. These warnings have set international
precedents for their size (over 50% of the package) and vivid
colour images (fig 1). The warnings feature one of 16
messages on the front and back of the package, and one of 16
additional messages on the inside, which provide more
detailed health risk information, as well as quit-tips and
messages encouraging smokers to quit.

The present study sought to examine the impact of the new
Canadian warnings on adult smoking behaviour. A measure
of cognitive processing was developed to determine whether
smokers who read, thought about, and discussed the labels
were more likely to intend to quit smoking at baseline and to
quit, make a quit attempt, or reduce their smoking at three
month follow up. Finally, the study sought to assess any
‘‘wear out’’ or decrease in the salience of the warning labels
from baseline to follow up.

METHODS
Sample
Participants were 622 adult smokers living in south western
Ontario, Canada. Adult smokers were defined as individuals
18 years of age or older who had smoked at least 100
cigarettes in their lifetime and smoked at least one cigarette
per day at the time of the survey. Six eligible smokers were
unable to complete the survey because of cognitive or English
language difficulties and were excluded from the study,
leaving a final sample size of 616.

Procedure
Telephone calls were made to randomly selected telephone
numbers from a list of households in South-Western Ontario,
using a modified Mitofsky-Waksburg technique.7 The ‘‘most
recent birthday’’ method8 was used to select participants
from households that included more than one eligible
individual. Each telephone number was attempted 12 times,
at different times of the day on both weekdays and weekends
before being classified as no answer. A total of 5348 numbers
were tried. After eliminating ineligible numbers including
businesses and non-working numbers (n = 1101) and
households not containing an eligible smoker (n = 3440),
14% (n = 111) of participants refused or failed to complete
the survey, and 10% (n = 80) were not reached, resulting in
an AAPOR#4 response rate of 76% (n = 616).9
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Baseline interviews were conducted by 27 trained inter-
viewers using computer assisted telephone interviewing soft-
ware (WinCATI Version 4.1, Sawtooth Software), between 9
October and 11 November 2001, approximately nine months
after the introduction of the new graphic warnings.
Participants were re-contacted to complete a three month
follow up survey between 14 January and 26 February 2002.

The study protocol was reviewed and received ethics clear-
ance from the University of Waterloo research ethics board.

Measures
Smoking behaviour and demographic variables
The baseline survey assessed daily cigarette consumption,
number of years as a smoker, quitting history, sex, education,
and age. Intention to quit smoking was measured by asking
participants whether they were seriously considering quitting
in the next 30 days, three months, six months, one year, or
not at all.

Knowledge of the warning labels
Participants were asked to recall the location of the warning
labels on cigarette packages. Participants were also asked
to identify the warning messages on cigarette packages from
a list of three actual and three bogus warnings messages.

Depth of cognitive processing of the warning labels
Cognitive processing—or the extent to which information is
processed or elaborated upon—is the most important
determinant of memory and attitude change in response to
new information.10 A measure of cognitive processing was
created for the current study to assess the salience of the
warnings and the extent to which smokers elaborated upon
their information. Depth of processing was assessed by nine
items, including the extent to which smokers attended to the
warnings (for example, ‘‘How carefully have you ever read
the messages on the outside of packages?’’), or reflected and
elaborated on the warnings (for example, ‘‘How often have
you thought about the warnings on the outside of
packages?’’). More distal measures of cognitive processing
were also included, such as talking about the warnings with
others or thinking about the labels when they were out of
sight. Responses were given on a five point Likert scale (‘‘not

at all/never, once, sometimes, often, all the time/a lot’’) and
summed to create an index of depth of processing
(Cronbach’s a = 0.83).

Follow up survey
Baseline measures of smoking status, knowledge of the
warning labels, and depth of cognitive processing were
reassessed at three month follow up. Participants were also
asked to report changes in their smoking behaviour,
including changes in daily cigarette consumption and quit
attempts (any attempt to quit smoking that lasted at least 24
hours). Cessation was defined as at least seven days of
continuous abstinence at the time of follow up. The order of
the questions for both the baseline and follow up surveys was
randomised across participants.

Statistical analysis
Logistic regression analyses were conducted to predict
quitting, quit attempts, and reductions in smoking during
the three month follow up. A reduction in smoking was
defined as a decrease of at least one cigarette per day. A
dichotomous variable was also created to predict an overall
index of cessation related behaviour, where 0 = no cessation
behaviour and 1 = participants who had either quit, made
at least one quit attempt, or had reduced their smoking.
Finally, regression analyses did not adjust for age given its
near perfect correlation with years smoking. All analyses
were conducted using SPSS software (version 10.0).

RESULTS
Characteristics of sample
A total of 616 participants completed the baseline survey.
Table 1 shows that the characteristics of the study partici-
pants were similar to a representative sample of Canadian
smokers from the Canadian Tobacco Monitoring Use Survey.11

The one exception is that a greater proportion of study parti-
cipants were female; however, sex was not associated with
any of the predictors in the regression analyses, presented below.

A total of 432 participants completed the three month
follow up survey, for a follow up rate of 70.1%. There were no
significant differences between completers and non-comple-
ters on any measure of smoking status or demographic
variables.

Knowledge and depth of cognitive processing of the
warning labels
Participants demonstrated a strong knowledge of the warn-
ing labels, particularly for the warnings on the outside of
packages. For example, 70.3% of participants correctly
recognised three actual and three bogus messages, while
only 3.6% were unable to identify a single warning. Table 2
indicates that the depth of cognitive processing for the
warnings was generally high. In particular, 93.1% had read
the outside warnings at least once, while 44.4% had read the

Table 1 Characteristics of the sample and of a representative sample of Canadian
smokers*

Variable Sample (n = 616) Canada

Sex (females) 56.8% 46.6%�
Education (minimum of 12 years) 52.1% 51.3%
Mean age 39.0 40.2
Cigarettes per day 16.2 17.0
Years smoking 20.7 21.4
Prior quit attempts 3.5 –
Intentions to quit (within 6 months) 41.2% 42.5%

*Data from the Canadian Tobacco Use Monitoring Survey.10

�p,0.05.

Figure 1 One of 16 health warnings on Canadian cigarette packages.
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inside warnings at least once. Overall cognitive processing of
the warnings decreased from baseline to follow up (20.27
standard deviations, p , 0.001). Despite this general
decrease, smokers were more likely to read and think about
the messages on the inside of packages at follow up (table 2).

Intentions to quit at baseline
At baseline, 41.2% of participants intended to quit smoking
within the next six months. A logistic regression was
conducted to examine whether cognitive processing of the
warnings was associated with intentions to quit. Smokers
who read, thought about, and discussed the warnings labels
in greater depth at baseline were indeed more likely to intend
to quit in the next six months, after adjusting for smoking
status at baseline (intention to quit, daily consumption, years
smoking, and prior quit attempts), sex and educational status
(odds ratio (OR) 1.11, 95% confidence interval (CI) 1.07 to
1.16; p , 0.001). Figure 2 depicts the dose–response relation
between quartile scores of cognitive processing and inten-
tions to quit.

Cessation behaviour at follow up
A total of 23.1% (n = 100) participants made an attempt to
quit smoking during the three month follow up period. Of
these, 40 (10.8% of the total sample) remained abstinent at
follow up, while 24.3% (n = 105) had reduced their daily
cigarette consumption. Figure 3 shows the relation between
depth of processing at baseline and individual changes in
smoking behaviour at three month follow up. A logistic
regression was also conducted to determine whether depth of
processing scores at baseline could predict which smokers
had engaged in any cessation behaviour. As table 3 indicates,
smokers who read, thought about, and discussed the
warnings labels in greater depth at baseline were signifi-
cantly more likely to either quit, attempt to quit, or reduce
their smoking at follow up, adjusting for smoking status at
baseline (intention to quit, daily consumption, years smok-
ing, and prior quit attempts), and sex and educational status.
Figure 4 depicts the relation between quartile scores of depth
of processing and cessation behaviours.

DISCUSSION
This research provides the most comprehensive evaluation of
cigarette warning labels and smoking behaviour to date. In
general, the vivid features of the Canadian warnings have
succeeded in engaging smokers. Virtually all participants
reported making some effort to read the warnings and
demonstrated a strong knowledge of their basic features.
Reading and thinking about the warnings was also found to
be positively associated with intentions to quit. Although the
direction of this relationship is unclear—smokers who intend
to quit may be more likely to read the labels—the relation-
ship is most likely reciprocal in nature. Most important, the
graphic warnings appear to serve as an effective cessation
intervention, as cognitive processing of the labels predicted
future cessation behaviour: smokers who read, discussed,
and thought about the warnings at baseline were more likely
to have quit, made a quit attempt, or have reduced their
smoking at three month follow up. Overall, these findings are
consistent with previous research on cognitive processing and
cigarette warning labels,12 13 as well as the only other field
study of cigarette warnings.6

The effectiveness of warning labels has been found to
erode over time as smokers become desensitised to their

Figure 2 Intention to quit as a function of depth of cognitive processing
of the warning labels at baseline.

Table 2 Depth of cognitive processing of the Canadian warning labels

Depth of processing items

At least once

Baseline Follow up

Outside package messages
1. How carefully have you ever read the messages on the
outside of cigarette packages? 93.1% (22.0%)
2. How often have you read or paid close attention to the
messages on the outside of packages? 78.5% (+1.8%)
3. How often have you thought about what the warnings
on the outside of packages have to say? 74.5% (+2.5%)
Inside package messages
4. How carefully have you ever read the messages on the
inside messages of cigarette packages? 44.4% (+7.1%)*
5. How often have you read or paid close attention to the
messages on the inside of packages? 35.4% (+6.5%)*
6. How often have you thought about what the messages on
the inside of packages have to say? 23.3% (+10.7%)*
General
7. Have you ever talked about the new warning labels with
other smokers or non-smokers? 81.1% (25.0%)*
8. Have you ever thought about the warnings or what they
had to say when a cigarette pack wasn’t in sight? 29.2% (24.1%)*
9. Have you ever saved or held on to a warning label after
you had finished the pack? 14.7% (+2.4%)

*x2 test, p,0.05. Responses for items 1 and 4 = ‘‘At least read the message quickly’’
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messages.3 The current findings, however, indicate very little
erosion or wear out in the salience of the Canadian warning
labels between 9–12 months after their introduction.
Although talking about the warnings and reading the outside
messages decreased as expected, in many cases processing of
the warnings remained the same and the salience of the
messages on the inside of packages actually increased from
baseline to follow up. That the labels remained salient to
smokers more than a year after they were introduced is likely
a function of the number of different warnings, the amount
of information they provide on the inside and outside of
packages, and the variety of information provided, including
cessation advice and information on the benefits of quitting.
These results are consistent with smokers’ own evaluations of
the warning labels: smokers were more likely to report that
the warnings had caused them to smoke fewer cigarettes or
think about the health risks more often 12 months after their
introduction, than they were after nine months.14

The study has several limitations. First, analyses predicting
individual cessation behaviours suffered from a lack of
power. As a result, many of the odds ratios for individual
cessation behaviours did not reach significance. Nevertheless,
all of the odds ratios were in the expected direction and the
findings depict a consistent dose–response relation between
cognitive processing and four different cessation related
measures: intentions to quit, quitting, attempts to quit, and
reductions in smoking. A longer follow up would allow for a
greater proportion of cessation behaviours and additional
power for these analyses. A longer follow up period would
also provide further insight into any erosion in the impact of
cigarette warning labels over time. To date, there is little

evidence available to policymakers on either the timeline or
extent of this decrease. Finally, this study can only speak to
the impact of the warning labels on adult smokers. However,
a recent quasi-experimental study has found that the
Canadian cigarette warnings have enhanced label salience,
perceived effectiveness, and intentions to quit among
Canadian youth compared to US youth, over a similar time
span as the present study.15

There is a recent trend towards increasingly vivid warning
labels in tobacco labelling policy. Brazil has recently
introduced colour pictures on cigarette packages and the

Figure 3 Individual cessation
behaviours at follow up as a function of
depth of cognitive processing of the
warning labels at baseline.

Table 3 Logistic regression predicting cessation behaviour (quitting, attempts to quit, or
reduced smoking) at three month follow up

Variable B p Value OR 95% CI

Demographics
Sex (0 = male) 0.04 NS 1.04 0.65 to 1.67
Education 20.02 NS 0.98 0.90 to 1.08

Baseline smoking status
Smoking years 20.09 NS 0.92 0.77 to 1.10
Cigarettes per day 20.05 0.002 0.95 0.92 to 0.98
Prior quit attempts 0.08 0.005 1.09 1.03 to 1.15
Intentions to quit (0 = no intention,
1 = intention to quit within 6 months)

0.78 0.006 2.22 1.26 to 3.91

Depth of processing of the warnings 0.07 ,0.001 1.07 1.03 to 1.12

CI, confidence interval; OR, adjusted odds ratio.

Figure 4 Cessation behaviour at follow up as a function of depth of
cognitive processing of the warning labels at baseline.
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UK is one of several European jurisdictions considering
adopting ‘‘Canadian style’’ warning labels. Perhaps most
important, the Framework Convention on Tobacco Control
endorses the need for larger warnings that include pictures.
There is a need for research to guide these policy develop-
ments. To this end, the current findings indicate that graphic
warnings labels are a salient means of communicating health
risk information and may serve as an effective smoking
cessation intervention.
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What this paper adds

Previous research indicates that cigarette warning labels are
an effective means of communicating the health risks of
smoking; however, there is a lack of research that examines
the effect of cigarette warning labels on smoking behaviour.

This longitudinal study suggests that graphic warnings on
Canadian cigarette packages may serve as an effective
smoking cessation intervention for adult smokers. Virtually all
smokers had read the warnings at least once and smokers
demonstrated a strong knowledge of their content. Most
important, smokers who read, discussed, and thought about
the warnings at baseline were more likely to have quit, made
a quit attempt, or reduced their smoking at three month
follow up. The findings provide strong support for Canada’s
tobacco labelling policy and for the effectiveness of graphic
cigarette warning labels.
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