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Abstract

The aim of the present study was to assess smo-

kers’ level of agreement with smoking-related

risks and toxic tobacco constituents relative to

inclusion of these topics on health warning
labels (HWLs). 1000 adult smokers were inter-

viewed between 2012 and 2013 from online con-

sumer panels of adult smokers from each of the

three countries: Australia (AU), Canada (CA)

and Mexico (MX). Generalized estimating equa-

tion models were estimated to compare agree-

ment with smoking-related risks and toxic

tobacco constituents. For disease outcomes
described on HWLs across all three countries,

there were few statistical differences in agree-

ment with health outcomes (e.g. emphysema

and heart attack). By contrast, increases in agree-

ment where the HWLs were revised or intro-

duced on HWLs for the first time (e.g. blindness

in AU and CA, bladder cancer in CA). Similarly,

samples from countries that have specific health
content or toxic constituents on HWLs showed

higher agreement for that particular disease or

toxin than countries without (e.g. higher agree-

ment for gangrene and blindness in AU, higher

agreement for bladder cancer and all toxic con-

stituents except nitrosamines and radioactive

polonium in CA). Pictorial HWL content is asso-
ciated with greater awareness of smoking-related

risks and toxic tobacco constituents.

Introduction

Tobacco use is the single most preventable cause of

premature death and disability in the world [1]. To

increase consumer understanding of tobacco-related

harms, the World Health Organization’s Framework

Convention on Tobacco Control recommends the

use of large pictorial health warning labels

(HWLs) on tobacco product packaging [1], a

policy that 55 countries had implemented by the

end of 2012 [2]. HWLs can be a primary source of

information about specific health risks of smoking

[3], particularly in countries that do not have

resources for extensive media campaigns [4, 5].

HWLs may reduce relapse if they are used by

those who are trying to remain quit to remind them-

selves of their reasons for quitting [6]. Smokers’

knowledge about particular health risks is improved

by HWLs that convey the particular risk [3, 7–9],
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and HWL-specific knowledge has increased with

the initial introduction of pictorial HWLs [10–12].

With the great number of countries that have intro-

duced this policy, research is needed to understand

the most effective content for introduction of new

warnings for subsequent rounds of pictorial HWLs.

Pictorial HWLs on cigarette packaging are neces-

sary because relatively few smokers understand the

magnitude and full range of health risks from smok-

ing [5]. Studies have consistently shown that smo-

kers’ knowledge of smoking-related diseases was

high with regard to some of the well-known risks

such as lung cancer and heart disease but lower

knowledge for other smoking-related risks such

as stroke, impotence, gangrene and other cancers

[3, 9, 13–16]. Smokers’ knowledge of toxic con-

stituents in tobacco smoke is also generally low,

except for carbon monoxide [3, 9, 13, 17], which

the tobacco industry often lists on packs along

with nicotine and tar levels in some countries.

Pictorial HWLs that include content on toxic con-

stituents have been shown to increase knowledge of

these specific constituents [11, 12, 18]. While

informing consumers is an important goal itself,

smokers’ knowledge of health risks also predicts

quit behavior, including long-term abstinence

among former smokers [3, 6, 19–21]. Because at-

tention to and impact of HLWs wear out over time

[22], the long-term efficacy of this policy, including

changes in knowledge when HWL content is chan-

ged, requires a better understanding.

Context

In 2012, Australia (AU), Canada (CA), and Mexico

(MX) implemented new pictorial HWL content after

prior implementation of pictorial HWLs. Table I

presents the HWL content for each of the health

outcomes and toxic constituents of interest in this

study. Since becoming the first country to imple-

ment pictorial HWLs in 2001, CA implemented 16

new HWLs in July 2012, while also increasing

HWL size from 50% to 75% of the front and back

of the package. AU implemented its first round of

pictorial HWLs in 2006, which covered 30% of the

front and 90% of the back of the pack. In December

2012, AU increased the size of the HWL to 75% of

the front (maintaining 90% of the back), introduced

nine new HWLs, and implemented ‘plain’ packa-

ging that standardized the shape, color and size of

cigarette packs, including the elimination of brand

symbols, logos, colors and font types. MX first

implemented pictorial HWLs in September 2010

and has introduced new HWL content every 3–6

months since then; this is the fastest rotation of

new HWL content in the world [2]. Introduction of

content about less-known smoking-related risks and

variation in HWL content across these three coun-

tries provides an opportunity to explore the impact

of HWLs on smokers’ understandings of smoking-

related risks. The results of within- and cross-coun-

try comparisons should help regulators develop

more effective HWL content.

The current research aimed to: (1) assess smo-

kers’ level of knowledge about smoking-related

risks and toxic tobacco constituents relative to the

inclusion of information about these topics in prior

and newly introduced HWLs and (2) to examine

whether knowledge about any particular topic

would increase over time within countries that intro-

duced novel HWL content that addressed this topic.

We hypothesized that (1) knowledge of any particu-

lar topic would be higher if HWLs included content

related to that topic and (2) the knowledge about

these topics would increase over time within coun-

tries that introduced novel HWL content that ad-

dressed a particular topic.

Methods

Study population and methods

The study sample included adult smokers recruited

from online consumer panels in AU, CA and MX,

which were provided by Global Market Insights

[23]. Panels were assembled in different ways in

each country, but with participants purposively

selected to be representative of target population

in each country. Recruitment of new participants

in each country involved sending invitations to

panel participants who were of eligible age and

who were either known smokers or from the general
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population samples for which smoking status was

unknown. Eligible participants were 18–64 years

of age, had smoked at least 100 cigarettes in their

lifetime and had smoked at least once in the previous

month. Wave 1 data were collected from 16

September to 29 September 2012 and included

1000 adult smokers in each country. Wave 2 data

collection took place from 15 January to 6 February

2013, and to address attrition and maintain sample

sizes of 1000 per country, the samples were

replenished with new participants who met study

eligibility of being adult smokers.

Measures

Agreement with smoking-related health
effects and toxic tobacco constituents

Agreement with smoking-related health effects was

measured by asking ‘To the best of your knowledge,

indicate which illness, if any, are caused by smoking

Table I. Pictorial HWLs on cigarette packs in Australia, Canada and Mexico by year

Diseases/toxic

constituent

Australia Canada Mexico

2006–12 2012–present 2001–12 2012–present 2010–11 2011–12

Heart disease

Emphysema Not included

Bladder cancer Not included Not included Not included Not included Not included

Blindness Not included Not included Not included

Impotence Not included Not included Not included Not included Not included

Gangrene Not included Not included

Cyanide Included Included Included Not included Included Not included

Benzene Included Not included Included Included Not included Not included

Nitrosamines Included Not included Included Not included Not included Not included

Radioactive

polonium 210
Not included Not included Not included Not included Included Included

Carbon monoxide Not included Included Not included Included Included Included

Formaldehyde Not included Not included Not included Included Not included Included

HWLs and knowledge of health effects
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cigarettes?’ The diseases were presented simultan-

eously in a table, with the order randomized across

participants, and these included: emphysema, heart

attacks, bladder cancer, blindness, impotence in

male smokers, gangrene and hepatitis. Hepatitis

was included as a non-tobacco-related outcome for

use as a statistical adjustment for acquiescence bias

[24]. Response options included ‘Yes’, ‘No’ and

‘Don’t know’, the last of which was recoded ‘No’

for analyses. Agreement with toxic chemicals in cig-

arette smoke was measured by asking ‘To the best of

your knowledge, indicate which chemicals, if any,

are in cigarette smoke?’ The following chemicals

were presented in random order in a table: cyanide,

benzene, nitrosamines, radioactive polonium 210,

carbon monoxide and formaldehyde. Response cate-

gories were ‘Yes’, ‘No’ and ‘Don’t know’, with the

latter category recoded to ‘No’.

Country and time

Dummy variables were created for country, with AU

as the reference group (unless specified otherwise),

and for survey wave (0¼wave 1 and 1¼wave 2).

Covariates

The survey included validated measures of smoking

behavior, quit intentions and quit behavior [25].

Smoking intensity was determined by asking partici-

pants to report daily or non-daily smoking, as well as

the average number of cigarettes they smoked on the

days that they smoked. Smokers were classified as

non-daily smokers (i.e. those that did not smoke

every day but at least once in the past 30 days),

daily smokers who consumed 10 or fewer cigarettes

per day (CPD) and daily smokers who smoked more

than 10 CPD. Recent quit history was assessed by

asking whether participants had attempted to quit in

the 4 months prior to the survey. Quit intentions

were assessed by asking whether participants

planned to quit in the next month, in the next

6 months, sometime beyond 6 months or not at all,

with responses dichotomized to indicate intention to

quit in the next 6 months versus not. Age was

recoded to five categories: 18–24, 25–34, 35–44,

45–54 and 55–64. Education was categorized as

‘high school or less’, ‘some college or university’

and ‘completed college or university’. Annual

income for CA and AU was re-categorized to

$29 000 or less, $30 000–59 999 and $60 000 or

more. Mexican respondents reported monthly

income, as is customary in that country, with cate-

gories recoded to $5000 or less, $5001–10 000 or

10 001 or more. Exposure to media campaigns was

determined by asking participants how much a

media campaign on TV or radio about health risks

from smoking led them to think about quitting.

Response options were recoded as not at all,

a little, moderately, very much and extremely.

Statistical analysis

All analyses were conducted using SAS software,

version 9.3. For within-country analyses, only data

for that country were analyzed, whereas for cross-

country analyses, data were pooled from the three

countries. Pooled data were used to conduct �2 tests

to assess differences in wave 1 sample characteris-

tics across countries, and country-stratified data

were used to conduct �2 tests to assess within-

country differences from wave 1 to wave 2.

Generalized estimating equation (GEE) models

with binomial distribution and logit link function

were estimated to assess significant within-country

changes over time and cross-country differences in

agreement with health effects and toxins in tobacco

smoke. These models adjusted for the non-inde-

pendence of repeated observations through estima-

tion of an exchangeable correlation for repeated

observations from subjects. Apart from the covari-

ates mentioned above, all GEE models also adjusted

for time-in-sample effects (i.e. 1 for observations at

wave 2 for which there was a prior observation from

the same individual at wave 1; all other observations

were coded as 0). To assess changes in agreement

over time, data from each country were analyzed

separately in fully adjusted models that estimated

predicted probabilities for all outcomes at each

wave. We hypothesized that agreement with any

particular disease would be higher in countries

whose HWLs included content related to that

topic. Hence, a country that had that specific
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pictorial HWL content for the longest time was

chosen as the comparison country. Finally, a separ-

ate set of models with interactions between survey

wave and country were tested to assess whether

change in agreement over time differed across

countries.

Results

Sample characteristics

After combining data from both waves 1 and 2, the

overall response rates to invitation emails sent to

potential participants were 19% in AU, 15% in CA

and 17% in MX. At wave 2, 65% of the Australian

sample, 58% of the Canadian sample and 49% of the

Mexican sample were re-contacted and completed a

second survey. Table II shows the sample character-

istics for each of the three countries at both waves.

At wave 1, compared with the Australian smokers,

Mexican smokers were more likely to be male,

younger in age, have higher educational attainment,

be ‘lighter’ smokers, and were less likely to have

attempted to quit in the prior 4 months. For most

characteristics assessed, Canadian smokers were

very similar to Australian smokers at wave 1,

Table II. Sociodemographics and smoking behaviors of smokers from AU, CA and MX at wave 1 and wave 2

Socio-demographics and smoking behavior

AU (n¼ 1001) CA (n¼ 1001) MX (n¼ 1000)

Wave 1 Wave 2 Wave 1 Wave 2 Wave 1 Wave 2

Age (years)

18–24 12% 8%* 14% 13% 20%bb 20%

25–34 21% 22% 22% 22% 30% 30%

35–44 20% 23% 22% 22% 20% 20%

45–54 24% 24% 20% 21% 15% 15%

55–64 23% 23% 22% 23% 15% 15%

Gender

Male 42% 42% 41% 43% 55%bb 55%

Female 58% 58% 60% 57% 45% 45%

Education

High school or less 34% 38%* 30% 33%** 35%bb 39%**

College or some university 41% 42% 44% 47% 19% 22%

Completed university or higher 25% 20% 26% 20% 46% 39%

Income

29 999 or les 23% 24% 28%aa 28% 20% 17%

$30 000–59 999 28% 25% 33% 32% 27% 26%

$60 000 or more 49% 51% 39% 40% 54% 57%

Smoking intensity

Non-daily 21% 12%** 22% 16%** 51%bb 53%

Daily, 10 cig or less per day 22% 23% 24% 29% 34% 30%

Daily, >10 cig per day 57% 65% 54% 55% 15% 17%

Quit intentions in next 6 months

Yes 45% 40%* 47% 43% 41% 48%**

No 55% 60% 53% 57% 59% 52%

Quit attempts in the past 4 months

Yes 60% 66%** 58% 60% 52%bb 47%*

No 40% 34% 42% 40% 48% 53%

aaP-value< 0.01 for CA w1 versus AU w1. bbP value< 0.01 for MX w1 versus AU w1. *P-value< 0.05 for within-country
differences from wave 1 to wave 2; **P-value< 0.01 for within-country differences from wave 1 to wave 2.
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except that the Canadian sample had significantly

lower household income. Compared with the wave

1 samples, wave 2 samples in all the three countries

had lower educational attainment. Within both AU

and CA, the wave 2 samples consisted of fewer non-

daily smokers than their baseline samples. Fewer

smokers from the Australian wave 2 sample

intended to quit but more had attempted to quit in

the prior 4 months compared with the Australian

wave 1 sample. The wave 2 sample in MX contained

a higher percentage of smokers who intended to quit

in the next 6 months but fewer had attempted to quit

in the prior 4 months in comparison to the Mexican

wave 1 sample.

Agreement with health effects

Figure 1 presents proportion of agreement with

health effects caused by smoking at each country

for each time point.

Smoking-related health outcomes present on
HWLs at both survey waves

Agreement with the risk of ‘emphysema’ from

smoking in AU, CA and MX was high at wave 1

(i.e. 86%, 85% and 95%, respectively) and not sig-

nificantly different at wave 2 (i.e. 86%, 84% and

94%, respectively). A similar pattern of results

was found for perceived risk of ‘heart attack’ from

smoking at wave 1 (i.e. 81%, 88% and 88%, respect-

ively) and wave 2 (i.e. 78%, 87% and 85%, respect-

ively). In cross-country comparisons, at baseline,

agreement with emphysema was significantly

lower in CA than in MX (P< 0.0001) and agree-

ment with heart attack was higher in CA than AU

(P< 0.0001). The change in agreement with these

health outcomes from wave 1 to wave 2 was not

significantly different across countries.

In AU, newly introduced HWLs included content

for gangrene and blindness, both of which had been

Fig. 1. Proportion of agreement with health effects caused by smoking among smokers from AU, CA and MX at wave 1 and wave 2.
Notes: W warning currently on the pack; P warning previously on the pack; N waning not present on the pack. *P-value< 0.05 for
within-country differences from wave I to wave II; **P-value< 0.01 for within-country differences from wave I to wave II.
aP-value< 0.05 for CA w1 versus AU w1; aaP-value< 0.01 for CA w1 versus AU w1. bP-value< 0.05 for MX w1 versus AU w1;
bbP-value< 0.01 for MX w1 versus AU w1. cP-value< 0.05 for AU w1 versus CA w1; ccP-value< 0.01 for AU w1 versus CA w1.
dP-value< 0.05 for MX w1 versus CA w1; ddP-value< 0.01 for MX w1 versus CA w1.
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in prior HWLs. Agreement with gangrene was high

at wave 1 and was not significantly different at wave

2 (i.e. 76% and 78%, respectively). Agreement with

blindness increased significantly from wave 1 to

wave 2 (e.g. 59–74%, respectively; P� 0.0001). In

MX, two different HWLs about gangrene had circu-

lated between 2011 and 2012, including a second

HWL that was circulating at both survey assess-

ments. Agreement with smoking-related gangrene

was moderately high at wave 1 and not significantly

different at wave 2 (i.e. 50% at wave 1 and 45.5% at

wave 2). In CA, HWLs about smoking-related blad-

der cancer and blindness were introduced for the

first time immediately prior to the wave 1 survey,

and agreement increased for both outcomes (bladder

cancer, 38–51%, P� 0.0001; blindness, 34–46%,

P� 0.0001).

Smoking-related health outcomes not present
on HWLs at either waves

For disease outcomes that were not listed on the

HWLs, agreement with smoking-related risk re-

mained stable at wave 1 and wave 2 (e.g. bladder

cancer in AU 29% and 31%, respectively; and in

MX 22% and 23%, respectively and blindness in

MX 16% and 19%, respectively), except for a sig-

nificant increase in agreement with gangrene in CA

(16% at wave 1 and 21% at wave 2, P¼ 0.004).

In cross-country comparisons, countries that did

not have specific health outcome content on HWLs

showed lower agreement with that particular disease

than countries that have the specific health outcome

on HWLs. For example, at wave 1, the agreement

with ‘bladder cancer’ was higher in CA than AU

(P< 0.0001) and MX (P< 0.0001) and the increase

in this agreement from wave 1 to wave 2 was sig-

nificantly greater in CA than AU (P¼ 0.0003) and

MX (P¼ 0.0017). Likewise, at wave 1, the agree-

ment with ‘blindness’ was higher in AU than CA

(P< 0.0001) and MX (P< 0.0001). From wave 1 to

wave 2, there was a greater increase in agreement

with smoking-related blindness in AU than MX

(P¼ 0.0127) but not CA. Similarly, at wave 1, the

agreement with ‘gangrene’ was significantly higher

in AU than CA (P< 0.0001) and MX (P< 0.0001).

One of the HWLs in CA prior to wave 1 addressed

impotence and even though the latest round of HWL

in CA does not include content about ‘impotence’,

agreement with this outcome remained relatively

high and stable (i.e. impotence in CA 78% at wave

1 and 77% at wave 2). Also, at wave 1, agreement

with impotence was higher in CA than AU

(P< 0.0001) and MX (P< 0.0001), neither of

which included impotence-related content on their

HWLs in current or previous HWL rounds. There

were no significant changes in agreement over time

for smoking-related impotence.

Agreement with toxic constituents in
tobacco smoke

Figure 2 presents proportion of agreement with

toxic constituents in tobacco smoke by country for

each time point. In general, agreement with carbon

monoxide was higher than any other toxic constitu-

ent for the smokers in AU and MX.

For toxic constituents that were included in prior

HWL rounds as well as in the HWLs that were in

effect during survey period, agreement with the spe-

cific toxic constituent was high at wave 1 and it

remained high or increased significantly at wave 2:

benzene in CA (55% at wave 1 and 60% at wave 2,

P¼ 0.005), cyanide in AU (35% at wave 1 and 43%

at wave 2, P< 0.0001), radioactive polonium and

carbon monoxide in MX (17% and 24%, P< 0.0001

and 70% and 72%, respectively).

For toxic constituents that were listed on prior

HWLs but were not rotated or revised in the newly

introduced HWLs, agreement with the specific toxic

constituent was similarly prevalent or increased sig-

nificantly from wave 1 to wave 2: a significant

increase in agreement was observed for cyanide in

CA (64% at wave 1 and 69% at wave 2, P¼ 0.011),

nitrosamines in AU (19% at wave 1 and 23% at

wave 2, P¼ 0.017) and in CA (20% at wave 1 and

25% at wave 2, P¼ 0.008) and formaldehyde in CA

(60% at wave 1 and 65% at wave 2, P¼ 0.003). The

agreement with toxic constituents remained similar

for cyanide in MX (45% at wave 1 and 47% at wave

2), carbon monoxide in AU (64% at wave 1 and 67%

at wave 2) and CA (79% at wave 1 and 78% at wave

HWLs and knowledge of health effects
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2). For toxic constituents included in newly

introduced HWLs, agreement with specific constitu-

ent increased significantly over time (i.e. benzene in

AU, 35–42%; P< 0.0001).

In cross-country comparisons, agreement with

specific toxic constituents was higher in countries

that had included the content on HWLs for the long-

est period of time than countries that had it for

shorter periods of time or that did not include it.

For example, at wave 1, the agreement with radio-

active polonium was higher in MX (17%) than AU

(10%; P¼ 0.0001) and CA (8%, P< 0.0001). For

all the remaining toxic constituents of interest in this

study except for nitrosamines, agreement was higher

in CA than AU and MX. No interaction term be-

tween survey and country was significant suggesting

that the changes in agreement with toxic constituent

from wave 1 to wave 2 were not significantly differ-

ent between AU, CA and MX.

Discussion

This longitudinal study provides evidence for the

specific influence of HWL content on adult smo-

kers’ knowledge of health effects and toxic constitu-

ents of tobacco smoke, even as new HWL content is

included after populations are exposed to prominent

pictorial HWLs for a number of years. Smokers

from countries where HWLs contained information

about specific tobacco-related diseases or toxins

showed higher knowledge about those topics than

smokers from countries where HWLs do not include

that specific content. This was most evident for

blindness in AU, gangrene in AU and MX, benzene

in CA and radioactive polonium in MX.

Furthermore, the introduction of new HWL content

was associated with increases in knowledge of the

corresponding health outcome (i.e. blindness and

bladder cancer in CA and benzene in AU), which

Fig. 2. Proportion of agreement with toxic constituents in cigarette smoke among smokers from AU, CA and MX at wave 1 and wave 2.
Notes: W warning currently on the pack; P warning previously on the pack; N waning not present on the pack. *P-value< 0.05 for
within-country differences from wave I to wave II; **P-value< 0.01 for within-country differences from wave 1 to wave 2.
aP-value< 0.05 for CA w1 versus AU w1; aaP-value< 0.01 for CA w1 versus AU w1. bP-value< 0.05 for MX w1 versus AU w1;
bbP-value< 0.01 for MX w1 versus AU w1. cP-value< 0.05 for AU w1 versus CA w1; ccP-value< 0.01 for AU w1 versus CA
w1. dP-value< 0.05 for MX w1 versus CA w1; ddP-value< 0.01 for MX w1 versus CA w1. eP-value< 0.05 for AU w1 versus MX
w1; eeP-value< 0.01 for AU w1 versus MX w1. fP-value< 0.05 for CA w1 versus MX w1; ffP-value< 0.01 for CA w1 versus MX w1.
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is consistent with previous literature [3, 6, 7, 10, 12].

Indeed, information novelty promotes attention to

and processing of health messages and governments

should consider inclusion of novel content.

The study results also show that knowledge about

smoking-related risk for diseases that are relatively

well-known and which have been included in prior

HWL rounds (i.e. emphysema, heart attack) was

high and did not change across all the three coun-

tries. This may indicate a ceiling effect for these

outcomes that has been found for other communica-

tion interventions [4, 26, 27]. We also found a higher

prevalence of this knowledge in MX than CA and

AU, which may be due to the relatively higher edu-

cational attainment of the Mexican study sample.

The higher prevalence in CA than AU may be due

to the longer period of time over which warnings on

these topics have been included in HWL in CA.

Future research should determine how much reiter-

ating and revising messages about well-known

smoking-related risks, such as including testimonial

text or changing design elements, can spur cessation

behavior, above and beyond knowledge, perhaps by

enhancing the relevance of this information. Indeed,

some research suggests that testimonial text on

HWLs, independent of type of pictorial content, is

more effective than didactic text [8], although its

increased efficacy may work best among less edu-

cated groups [28]. Furthermore, messages about

well-known smoking-related outcomes may still

be necessary to educate the next generation of

smokers. The findings suggest that revision of con-

tent used in prior rounds may be particularly effect-

ive if knowledge about that content is not

particularly high (i.e. gangrene and blindness in

AU), perhaps because it generates a new wave of

attention to that warning, or that it is memorable to a

different sub-set of smokers. There is also no clear

explanation for results around increases in know-

ledge of impotence and blindness in MX or gan-

grene knowledge increase in CA. This could

reflect a general tendency for new content to en-

hance perceptions of the range of smoking risks.

Study results also showed no indication of decay

in knowledge over time in CA even after the content

for a specific disease or toxic constituent was

removed from the HWL (i.e. impotence, cyanide,

nitrosamine, carbon monoxide and formaldehyde).

The 11 year period of time over which this content

appeared on pictorial HWLs, and the relatively short

period (months) since it was dropped, likely ac-

counts for this stability. If awareness does not

wear out, more frequent rotation provides an oppor-

tunity to communicate different health effects or to

change the design/message of warnings for the same

health effect over time. However, research should

aim to determine the optimal periodicity with which

content should be changed, if indeed there is an

optimum.

Strengths and weaknesses of the study

This study has several limitations. Health knowl-

edge can be assessed in various ways. The agree-

ment with a health effect as measured in the current

study is a low threshold for risk perception, and it

does not include any assessment of the personaliza-

tion of that risk. Unprompted recall of health effects

would have been an alternative. However, while it

reflects a deeper level of knowledge, it is more sub-

jective to smoker’s educational status. Future

research should examine the extent to which warn-

ings influence personal risk perceptions and the

influence of these on quit behavior.

There is a potential for acquiescence bias, also

known as ‘Yeah Saying’ [24]—a result of partici-

pants thinking that anything mentioned is plausible

so they tend to say yes to all. This could explain the

higher knowledge of impotence in MX and knowl-

edge of gangrene in CA. In order to control for

‘Yeah saying’, we analyzed all the knowledge of

health outcomes and knowledge of toxins control-

ling for bogus health outcome, i.e. hepatitis. The

belief that smoking is related to hepatitis in AU,

CA and MX was 9%, 11% and 11% respectively,

thus any reports at or below this level may represent

guessing.

The study results could be influenced by non-

response and attrition biases. However, the retention

rates in our study were moderate, about 50%. Also,

as shown in Table II, the wave 2 sample was
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significantly different from wave 1 sample on some

sociodemographic and smoking-related variables.

To adjust for measured differences in sample char-

acteristics, we calculated the predicted probabilities

of outcomes. Also, at wave 2, smokers who were

followed-up showed higher agreement with most of

the smoking-related risks than smokers who partici-

pated in only wave 2 (results not shown in tables). In

multivariate analysis, all the prevalence estimates

were adjusted for this time in sample effect.

The between-country differences in knowledge of

health effects may also partly reflect concomitant

efforts by government to inform the public about

health risks of smoking through other sources such

as media campaigns. During the period of data col-

lection in AU, at least two television ads were aired

in parts of the country: one on regret smokers feel for

not quitting earlier aired in September 2012, and the

other on a gangrene leg amputation ran in January–

February 2013. The analysis adjusted for exposure

to anti-smoking ads on TV and/or radio. However,

this adjustment might not account for exposure to

other campaigns or other sources of information

about risks of smoking.

Finally, this study used online consumer panels

with no clearly defined sampling frame. Although

the consumer panel sample is assembled to be com-

parable to the general populations, the generalizabil-

ity of the results to the broader population is

uncertain. People who participate in these panels

may be substantially different in beliefs and attitudes

from general, population-based samples. However,

Internet penetration rates are high in AU (90%) and

CA (82%) [23]. In MX, however, Internet penetra-

tion rate is substantially lower (37% according to

2013 estimates [23]) and our sample included con-

sumers with higher than average income and educa-

tion; indeed, the Mexican sample was more highly

educated than the Australian and Canadian samples.

This may account for the generally high prevalence

of knowledge about smoking-related risks in the

Mexican sample, for which educational attainment

has been shown to be positively associated.

Nevertheless, smoking and socioeconomic status

are generally unassociated in MX, so this is not as

significant of a problem as it might be in countries

where smoking is concentrated in lower socioeco-

nomic groups [29, 30]. Of critical importance, the

sampling strategy was constant across countries, and

our primary aim was to assess the relationship

between HWL content and respondent agreement

with health risks represented in that content over

time. We can think of no plausible mechanism by

which the sample characteristics could have pro-

duced any of the key results, except for the relatively

higher overall level of agreement among the more

educated sample in MX. Studies like ours are least

biased when assessing changes within country, and

cross-country differences in these changes may be

meaningfully compared. However, comparison of

prevalence between countries is less likely to be

valid due to concerns about their limited generaliz-

ability, especially in relation to MX, where the

sample appeared least representative of the broader

population.

Conclusions

Our study results suggest that HWLs increase smo-

ker’s knowledge of a range of health effects caused

by smoking and of the toxic constituents in cigarette

smoke. How pack warnings might complement

other sources of health risks information such as

mass media campaigns is an area that needs more

attention.
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Salud Pública de México 2012; 54: 254–63.

13. Frank E, Denniston M, Pederson L. Declines in smokers’
understanding of tobacco’s hazards between 1986 and
1998: a report from north Georgia. Southern Med J 2002;
95: 675–80.

14. Oncken C, McKee S, Krishnan-Sarin S et al. Knowledge and
perceived risk of smoking-related conditions: a survey of
cigarette smokers. Prev Med 2005; 40: 779–84.

15. Schoenbaum M. Do smokers understand the mortality effects
of smoking? Evidence from the Health and Retirement
Survey. Am J Public Health 1997; 87: 755–9.

16. Santillan EA. Impacto de politicas publicas en contra del
tabaquismo en una cohorte de fumadores adultos
Mexicanos. Mexico: Instituto Nacional de Salud Pública,
2012.

17. Stockwell TR, Rutley R, Clark K. Pesticides and other chem-
icals in cigarette tobacco. Med J Aust 1992; 157: 68.

18. Thrasher JF, Murukutla N, Pérez-Hernández R et al. Linking
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