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ABSTRACT
INTRODUCTION Cigarette package inserts that describe quitting benefits and tips 
may promote cessation; however, research is needed to understand better their 
effects, including potentially enhancing the effects of pictorial health warning 
labels (PHWLs). 
METHODS A randomized trial with a 2×2 factorial design was conducted with adult 
smokers (n=356) assigned to either small text-only health warning labels (HWLs; 
control); inserts with cessation messages, and the small text-only HWLs (inserts-
only); large PHWLs (PHWLs-only); both inserts and PHWLs (inserts + PHWLs). 
Participants received a 14-day supply of their preferred cigarettes with packs 
labeled to reflect their group. Upon finishing the trial, participants reported their 
past 14-day frequency of noticing, reading, thinking about smoking harms and 
cessation benefits, talking about labels, and forgoing cigarettes because of the 
labels. Ordered logistic models regressed these outcomes on labeling groups, and 
mediation analyses assessed whether attention (i.e. noticing, reading) to labels 
mediated effects of labeling exposure on other outcomes (i.e. thinking about 
harms/benefits, talking, forgoing).
RESULTS The inserts + PHWLs group reported higher frequencies than the control 
group for all outcomes. Compared to the control group, both the inserts-only 
and PHWLs-only groups reported higher frequency of noticing (AOR=3.53 and 
2.46, respectively) and reading labels (AOR=2.89 and 1.71), thinking about 
smoking risks because of the labels (AOR=1.93 and 1.82), and talking about 
labels (AOR=2.30 and 2.70). Participants in the inserts-only group also reported 
more frequent thinking about quitting benefits (AOR=1.98). Attention mediated 
all labeling effects except for the contrast between PHWLs only and control.
CONCLUSIONS Compared to text-only HWLS, cigarette labeling that involves inserts, 
PHWLs, or both appears more effective at drawing attention to warnings, which 
mediated the effects on cessation-related psychosocial and behavioral outcomes. 
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INTRODUCTION
Pictorial health warning labels (PHWLs) on cigarette packages are a key policy 
promoted by the World Health Organization’s Framework Convention on Tobacco 
Control, with over 120 countries implementing them1. Relative to text-only 
warnings, PHWLs influence smoking cessation behaviors by promoting more 
attention toward and engagement with messages (e.g. noticing and reading), 
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encouraging more thinking about the risks of smoking, 
catalyzing more conversations about warnings, and 
increasing motivation to quit2-6. PHWLs also increase 
rates of forgoing cigarettes that one would normally 
smoke, a behavior that predicts subsequent quit 
attempts7,8.

Package inserts – small-printed leaflets inside or 
attached to the outside of product packaging – have 
received much less attention from public health 
researchers. Canada is the only country that requires 
inserts for health messaging, which, in their case, 
describes the benefits of quitting and provides tips 
to quit. Observational studies9 and a randomized 
trial10 suggest that such inserts can promote smoking 
cessation behaviors. However, more research is 
needed to understand better the effects of these 
messages, including how they interact with the effects 
of PHWLs. The current study analyzes additional data 
from the aforementioned trial10, which was designed 
to assess how exposure to inserts, either alone or 
in combination with PHWLs, was associated with 
smoking-related behaviors and cognitions.

Observational, experimental, and qualitative 
studies have evaluated inserts with efficacy messages 
about cessation benefits (i.e. response efficacy) and 
tips to quit (i.e. self-efficacy), which is the content 
implemented in Canadian inserts. In Canada, post-
implementation observational studies found that, 
compared to smokers who reported not reading 
inserts, smokers who read them had higher subsequent 
self-efficacy to quit and were more likely to both try 
to quit and abstain from smoking for more than 30 
days9. Additionally, smokers previously unexposed 
to inserts report that efficacy messages motivate 
them and would help them quit11,12. Similarly, in a 
randomized case-crossover field trial, US smokers 
reported higher negative effects toward smoking, 
self-efficacy to quit, response efficacy beliefs, and 
motivation to quit in the week when their packs 
included inserts13. Indeed, separate analyses from 
this current study – a Randomized Controlled Trial 
(RCT) among US smokers over two weeks – found 
that insert exposure was associated with both more 
frequent thinking about the benefits of cessation 
and greater likelihood of forgoing or stubbing out 
cigarettes before they were finished10, both of which 
are consistent precursors to cessation attempts8.

In summary, there is strong evidence to support 
the use of PHWLs, and a growing body of evidence 
suggests that inserts with efficacy messages may also 
be effective. Few studies, however, have tested how 
these two tobacco labeling interventions interact. 
The potential effectiveness of combining inserts 
with PHWLs is supported by theories highlighting 
the importance of efficacy messages when messages 
arouse fear. For instance, many behavior-change 
theories posit that fear-based messages – such as 
those commonly used in PHWLs – are most effective 
when they also increase people’s confidence to engage 
in the recommended behavior (self-efficacy)14,15. 
Relative to text-only warnings, PHWL effects on 
cessation outcomes are mediated primarily by 
negative affect16-18. The ‘spotlight’ function of affect19 
and theories of ‘emotional flow’20 posit that, when 
exposed to fear-arousing content, people search for 
further information about the source of their fear. As 
such, fear-arousing PHWLs should increase attention 
to insert content. Indeed, meta-analyses indicate that 
the inclusion of self-efficacy messages enhances the 
effects of fear appeals21.

The current study evaluates follow-up data from the 
RCT that found null results for labeling enhancement 
by combining PHWLs and inserts10. The analyses here 
extend and complement this previous evaluation by 
analyzing labeling effects on self-reported responses 
to labeling in the end-of-trial survey. Unlike the data 
used to test our primary outcomes, this survey asked 
participants to report their attention and responses 
to cigarette package labeling over the study period. 
We expect the strength of participant responses 
to outcomes to be strongest for the intervention 
groups (compared to control). Furthermore, we also 
expected that indicators of attention to labels (i.e. 
frequency of noticing and reading) would mediate 
any labeling effects on cessation-related responses to 
labeling messages (i.e. elaboration of smoking harms, 
elaboration of cessation benefits, talking about labels, 
forgoing cigarettes).

METHODS 
Study design 
Detailed study methods have been reported 
elsewhere10,22. Briefly, the RCT implemented a 2×2 
between-subject factorial design, with participants 
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Figure 1. Labeling stimuli assigned to participants in a randomized controlled trial of adults who smoke from 
New York, South Carolina, and North Carolina, 2019-2021 (N=356) 
 

Inserts Pictorial health warning labels Example pack

Self-efficacy (quit tips)

Self-efficacy (quit tips)

Response efficacy (quit benefits)

Response efficacy
(quit benefits)
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assigned to one of four cigarette packet labeling 
groups: small text-only health warning labels on 
pack sides (control); inserts with cessation messages 
and the small text-only warning (inserts-only); large 
PHWLs (PHWLs-only); and both inserts and PHWLs 
(inserts + PHWLs). Packs in all groups had four 
different HWL texts specified for implementation in 
the US in 2012 (Figure 1). In the control and inserts-
only groups, the current US HWL size and location 
were used (i.e. 50% of one pack side). In the PHWL 
groups – PHWLs-only, PHWLs + insert – imagery 
was selected based on prior research17,23-26, with labels 
affixed to the lower half of the front and back of packs. 
Message content for the four inserts was developed 
from prior studies11,12,27 and used low-literacy phrasing 
(4.6–5th grade).  

On the first day of the trial, participants completed 
a baseline survey and received a 14-day supply of 
their preferred cigarette brand variety, with packs 
modified to reflect their experimental group. For 
the 14 days of the trial, participants were trained to 
record every cigarette they smoked using project-
provided smartphones and to complete a daily 
evening report (see Thrasher et al.10 for details). 
On the 15th day of the study, participants completed 
a final end-of-study survey, which provides the data 
for the current study.

Participants
Eligible adults (aged ≥18 years) had to report smoking 
at least 100 cigarettes in their lifetime and 10 cigarettes 
per day in the previous month, with exhaled CO ≥8 
ppm, to verify smoking status. The latter criterion 
was removed after mid-way through recruitment 
due to the COVID-19 pandemic. People who used 
other nicotine products in the previous month were 
ineligible due to challenges with the assessment of 
nicotine compensation (e.g. vaping more to offset 
smoking less). Initial quotas for education (50% 
≤ high school education) and sex (50% male, 50% 
female) were relaxed due to recruitment difficulties 
and delays caused by COVID-19. Participants were 
recruited in New York, South Carolina, and North 
Carolina using ads (e.g. flyers, social media) and, 
during the pre-COVID period in New York, by using 
intercept recruitment methods at smoke-shops in low-
income neighborhoods10,22.   

Measurement
On the final day of the two-week study, participants 
self-administered a survey that included their 
responses to pack labeling over the study period, 
using or adapting questions from the International 
Tobacco Control Policy Evaluation Survey28. To 
assess attention, we queried how often participants 
reported noticing (one item) and reading or looking 
at (a second item) the warning labels over the prior 
two weeks (responses:  1 = ‘Never’ to  5 = ‘All the 
time’). For evaluating cognitive elaboration of labeling 
messages, participants reported how much the health 
warnings made them think about the health risks of 
smoking and, separately, had made them think about 
the benefits of quitting smoking (response options:  
1 = ‘Not at all’ to 5 = ‘Extremely’). Participants also 
were asked about the past two-week frequency of 
forgoing a cigarette they were about to smoke because 
of the health warnings (responses:  1 = ‘Never’ to 4 
= ‘Many times’), and the frequency of talking with 
others about the health warnings (responses:  1 = ‘Not 
at all’ to 5 = ‘Very often’)29.

Analysis
Chi-squared tests were mostly used to assess 
differences across study groups, with Mann-Whitney 
U tests used for labeling outcomes given their 
non-normal distributions. Ordinal logistic models 
were estimated for the frequency of each of the six 
outcomes: noticing health warnings, reading/looking 
at health warnings, thinking about smoking risks, 
thinking about the benefits of cessation, talking about 
labels, and forgoing cigarettes. Indicator variables 
were used for each experimental group (vs the control 
group). For each outcome, we estimated adjusted 
models, controlling for baseline sociodemographics 
(i.e. age, race, education level, health literacy) and 
smoking-related variables (i.e. cigarettes smoked per 
day, intention to quit, recent quit attempt, self-efficacy) 
that predict smoking cessation attempts (Table 1). 
Ordinal regression models of categorical outcomes 
estimated coefficients that were exponentiated to 
allow interpretation of odds ratios. For these models, 
odds ratios signify the relative log odds of an outcome 
level or lower versus all higher outcome levels, such 
that odds ratios >1 indicate increased odds. All models 
met the proportional odds assumption.
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Next, adjusted ordinal logistic regression models 
were used to evaluate whether attention (i.e. frequency 
of noticing or reading/looking at labels) mediated the 
effects of experimental groups on the remaining four 
outcomes. The two attention items were averaged 
(i.e. summed and then divided by two) to form a 
single attention measure for these models. Mediation 
was assessed separately for each outcome using the 
Karlson-Holm-Breen (KHB) method that extends the 
linear regression framework to the ordinal logistic 
regression framework30. The KHB method estimates 

mediation for categorical outcomes by separating the 
scaling factor from the actual effect, enabling valid 
comparisons of coefficients across different models 
while allowing decomposition of the predictor (i.e. 
labeling group) on the categorical outcome into both 
an ‘indirect effect’ that passes through and, hence, 
can be explained by the mediating variable (i.e. 
attention), as well as a ‘direct effect’ whose effect on 
the outcome is independent of the mediating variable. 
Though these coefficients could be exponentiated as 
in the standard ordinal logistic regression models 

Table 1. Characteristics of participants by experimental group in a randomized controlled trial of adults who 
smoke from New York, South Carolina, and North Carolina, 2019–2021 (N=356)  

Characteristics Control 
(N=98)

%

Insert-only 
(N=83)

%

PHWLs-only 
(N=88)

%

Insert + PHWLs 
(N=87)

%

Total sample 
(N=356)

%

Age (years) 18–35 27.6 31.3 29.6 24.1 28.1

36–55 52.0 47.0 50.5 54.0 50.8

≥56 20.4 21.7 20.5 21.8 21.1

Gender Male 39.8 39.8 42.1 31.0 38.2

Female 60.2 60.2 58.0 69.0 61.8

Race Non-White 23.5 14.3 18.9 19.5 19.2

White 76.5 85.7 81.1 80.5 80.8

Education level ≤ High school 45.9 42.2 34.5 43.7 41.7

> High school 54.1 57.8 65.5 56.3 58.3

Health literacya Limited 6.1 4.8 5.6 5.8 7.6

Possibly limited 26.5 22.6 21.1 21.8 22.6

Adequate 67.4 72.6 73.3 72.4 69.8

Cigarettes per 
day

10–15 30.6 25.3 30.7 29.9 29.2

16–20 44.9 44.6 34.1 41.3 41.3

>20 24.5 30.1 35.2 28.7 29.5

Intend to quit in 
next 6 months

32.7 34.9 35.2 29.9 29.8

Quit attempt in 
last year

30.6 31.3 33.0 24.1 29.8

Recruitment 
period

Pre COVID-19 42.9 46.4 50.0 42.5 45.4

During COVID 57.1 53.4 50.0 57.5 54.6

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Frequency of noticing labelsb 3.1 (1.3) 3.8 (1.3)*** 3.7 (1.2)*** 4.4 (0.9)*** 3.7 (1.3)***

Frequency of reading labelsb 2.8 (1.3) 3.5 (1.4)*** 3.1 (1.3) 4.0 (1.1)*** 3.3 (1.3)***

Thinking about smoking risksb 2.2 (1.2) 2.6 (1.3) 2.6 (1.2)* 3.1 (1.3)*** 2.6 (1.3)***

Thinking about cessation benefitsb 2.6 (1.4) 3.0 (1.4) 2.8 (1.4) 3.4 (1.3)*** 2.9 (1.4)***

Frequency of talking about labelsb 1.9 (1.2) 2.3 (1.2)** 2.4 (1.2)** 2.7 (1.2)*** 2.3 (1.2)***

Frequency of forgoing cigarettesb 1.4 (0.8) 1.6 (0.9) 1.6 (0.9) 1.8 (1.0) 0.6 (0.9)*

a Measured using Newest Vital Sign36. b Collected during the follow-up survey. Mann-Whitney U test (compared to control group): *p<0.05; **p<0.01; ***p<0.001. Chi-squared 
tests to assess differences in baseline characteristics of participants were not statistically significant.
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(see above), we present unexponentiated indirect and 
direct effects to illustrate the direction (i.e. positive 
effects increase the outcome and negative effects 
decrease the outcome) and relative magnitude of 
influence. We accounted for the covariates within 
each mediator model as in the adjusted models. For 
each contrast between the experimental and control 
groups, the indirect effects (i.e. through the mediating 
variable) were estimated along with the direct effect 
(i.e. controlling for the mediator and adjustment 
variables). All statistical tests were two-tailed, with a 

p<0.05 significance level. All analyses were conducted 
using Stata v 16.1.

RESULTS
The study sample (n=356) was mostly female and 
White, with about half of participants aged 36–55 
years (Table 1). Most participants had more than a 
high school education, adequate health literacy, and 
did not intend to quit smoking (Table 1). Of the three 
intervention groups, only participants in the inserts 
+ PHWLs group self-reported significantly more 
forgoing cigarettes throughout the study than those 
in the control group (Table 1). The self-reported 
frequency of noticing labels and reading label 
items was significantly higher in the intervention 
groups than in the control group (Table 1). The 
only exception to this finding was that participants 
in the PHWLs-only group had similar self-reported 
frequencies of reading labels compared to those in 
the control group. Overall means of the two attention 
items were similar (Table 1), and responses to the 
two items were strongly correlated (r=0.73, p<0.001), 
supporting the decision to combine the two items for 
subsequent mediation modeling.

Table 2 shows the results of the adjusted ordinal 
logistic regression models. After adjusting for 
covariates, participants in all three experimental 
groups (vs control) were more likely to notice and 
read labels, with the strongest effects among those in 
the insert + PHWLs group compared to those in the 
control group, participants in the inserts + PHWLs 
group had 6.9 times the odds of reporting a higher 
frequency of noticing warning labels and 5.4 times 
the odds of reading them (Table 2). A similar pattern 
of results was found for models assessing participants’ 
thinking about smoking risks, thinking about cessation 
benefits, and frequency of talking about labels; 
however, the contrast between the PHWLs-only group 
and the control group was not statistically significant in 
either the unadjusted (Supplementary file Table 1) or 
adjusted models for thinking about cessation benefits. 
Finally, models predicting the frequency of forgoing 
cigarettes indicated that only the contrast between the 
insert + PHWLs group and control was statistically 
significant, echoing differences observed by comparing 
mean values in Table 1. In other terms, compared to 
those in the control group, participants in the inserts 

Table 2. Adjusted ordinal logistic regression results 
for labeling group effects on self-reported attention 
and responses to cigarette labeling in a randomized 
controlled trial of adults who smoke from New York, 
South Carolina, and North Carolina, 2019–2021 
(N=356)

Outcome Treatment group AOR (95% CI)

Frequency of 
noticing 

Control ® 1

Insert-only 3.53 (1.99–6.26)***

PHWLs-only 2.46 (1.43–4.23)**

Inserts + PHWLs 6.89 (3.86–12.29)***

Frequency of 
reading ®

Control ® 1

Insert-only 2.89 (1.64–5.10)***

PHWLs-only 1.71 (1.00–2.93)*

Inserts + PHWLs 5.38 (3.08–9.38)***

Frequency of 
thinking about 
smoking risks ®

Control ® 1

Insert-only 1.93 (1.10–3.38)*

PHWLs-only 1.82 (1.06–3.12)*

Inserts + PHWLs 3.36 (1.94–5.81)***

Frequency of 
thinking about 
cessation benefits 

Control ® 1

Insert-only 1.98 (1.14–3.44)*

PHWLs-only 1.44 (0.84–2.48)

Inserts + PHWLs 3.03 (1.76–5.19)***

Frequency of talking 
about labels 

Control ® 1

Insert-only 2.30 (1.33–4.25)**

PHWLs-only 2.70 (1.53–4.77)**

Inserts + PHWLs 3.77 (2.11–6.73)***

Frequency of 
forgoing cigarettes 
due to labels  

Control ® 1

Insert-only 1.63 (0.82–3.22)

PHWLs-only 1.27 (0.63–2.56)

Inserts + PHWLs 2.47 (1.28–4.79)**

AOR: adjusted odds ratio; adjusted by age, sex, race, education level, health literacy, 
cigarettes per day, intent to quit, quit attempt, and self-efficacy (all assessed at 
baseline). PHWL: pictorial health warning label. *p<0.05. **p<0.01. ***p<0.001. ® 
Reference categories. 
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+ PHWLs group had 2.5 times the odds of reporting 
a higher frequency of forgoing cigarettes (Table 2).

Given the observed differences between the 
experimental groups, we re-estimated the models to 
assess the contrast between the PHWL + insert group 
and the insert-only and PHWL-only groups, which 
were evaluated separately. These exploratory models 
are presented in Supplementary file Table 2. In most 
outcomes, the effect of the PHWL + insert group was 
significantly stronger than that observed in either the 
PHWL-only or inserts-only groups.  

The frequency of attention to health warnings 
fully mediated the labeling effects found for inserts-
only and inserts + PHWLs; however, none of the 
mediation effects (i.e. indirect effects) was statistically 
significant for the contrast between PHWL only and 
control (Table 3). The same pattern of results was 
found when the two attention items were analyzed 
separately (Supplementary file Table 3). 

DISCUSSION
The current study was designed to assess how 
exposure to inserts, both alone and in combination 
with PHWLs, was associated with smoking cessation-
related behaviors and cognitions. We expected 
participants exposed to inserts – alone or combined 
with PHWLs – to fare better than those in the 
control group. Furthermore, we also expected that 
attention to labels would mediate these effects. The 
results obtained were largely consistent with these 
hypotheses. Our exploratory analyses suggest that 
the combination of inserts and PHWLs produces a 
greater impact on the outcomes tested than either 
intervention alone, consistent with theory and 
empirical evidence19-21.

With some exceptions, inserts and PHWLs 
produced significantly better outcomes individually 
than control labeling. The inserts-only and PHWLs-
only groups were positively associated with more 

Table 3. Indirect (mediated a via self-reported attention) and direct effects of labeling group on cigarette 
labeling responses in a randomized controlled trial of adults who smoke from New York, South Carolina, and 
North Carolina, 2019–2021 (N=356)

Outcome Treatment groups Mediation by Attention b

Indirect effect Direct effect

B (95% CI) B (95% CI)

Frequency of 
thinking about 
smoking risks 

Control ® 1

Insert-only 0.91 (0.15–1.67)* -0.10 (-0.70–0.49)

PHWLs-only 0.64 (-0.12–1.39) 0.16 (-0.41–0.72)

Inserts + PHWLs 1.47 (0.68–2.26)*** 0.12 (-0.47–0.72)

Frequency of 
thinking about 
cessation benefits 

Control ® 1

Insert-only 0.69 (0.09–1.29)* 0.16 (-0.41–0.74)

PHWLs-only 0.48 (-0.10–1.07) -0.01 (-0.56–0.55)

Inserts + PHWLs 1.15 (0.52–1.77)*** 0.22 (-0.36–0.80)

Frequency of talking 
about labels 

Control ® 1

Insert-only 0.71 (0.13–1.28)* 0.27 (-0.35–0.89)

PHWLs-only 0.47 (-0.09–1.03) 0.69 (0.09–1.30)*

Inserts + PHWLs 1.14 (0.53–1.74)*** 0.48 (-0.14–1.10)

Frequency of 
forgoing cigarettes 
due to labels

Control ® 1

Insert-only 0.92 (0.18–1.66)* -0.35 (-1.14–0.45)

PHWLs-only 0.60 (-0.12–1.32) -0.25 (-1.03–0.52)

Inserts + PHWLs 1.49 (0.69–2.29)*** -0.29 (-1.05–0.48)

a All models adjusted by: age, sex, race, education level, health literacy, cigarettes per day, intent to quit, quit attempt, and self-efficacy (all collected at baseline). b Attention 
calculated as the average of two attention variables: how often participants reported noticing warning labels over the prior two weeks and how often participants reported 
reading or looking at warning labels over the prior two weeks (Response options for both items: 1 = ‘Never’ to 5 = ‘All the time’). *p<0.05. **p<0.01. ***p <0.001. ® Reference 
categories.
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frequent talking about labels and thinking about 
smoking risks. These associations are consistent with 
other studies of PHWLs effects on elaborating risks 
and talking about warnings2,3. 

Participants in the inserts-only group reported 
more frequent thinking about the benefits of 
quitting, which makes sense given that the inserted 
content described these benefits. That the PHWLs-
only group was not significantly associated with this 
outcome is unsurprising, given that the depiction of 
consequences only implies these benefits. Indeed, a 
previous experimental study found that exposure to 
PHWLs did not affect response efficacy or perceived 
benefits of quitting relative to exposure to standard 
text-only warnings2. Further research is needed to 
determine the longer term consequences of messages 
that aim to promote perceived cessation benefits, 
including when combined with PHWL messages 
about smoking-related risks.

Notably, the results reported here differ from the 
primary analyses from this same RCT10: as noted in 
the Introduction, the primary analyses – conducted 
using data collected from participants in real-
time during the study (i.e. Ecological Momentary 
Assessment around smoking sessions) – generally 
did not find statistically significant effects of labeling 
groups on psychosocial variables. Conversely, here 
we found that neither the inserts-only nor PHWLs-
only groups were significantly associated with greater 
forgoing of cigarettes. Yet, the primary analyses found 
that these labeling groups were associated with 
forgoing smoking10. These differences could be due 
to methodological differences in data collection (e.g. 
real-time assessment vs end-of-study retrospective 
recall) or, perhaps more likely because our primary 
analyses were ultimately underpowered10. Study 
designs, like the Solomon four-group design, that 
systematically vary data collection approaches may 
be necessary to ascertain the effects of different 
measurement approaches. 

We also found support for the hypothesis that 
indicators of attention to labels would mediate the 
effects of labeling. The frequency of noticing and 
reading HWLs fully mediated the labeling effects 
we found for inserts only or inserts + PHWLs. This 
is consistent with the argument that people who 
engage with HWLs are, in general, more likely to be 

influenced by them. Also, attention was significantly 
higher in the insert + PHWL group than in the 
groups exposed to either label type by itself, perhaps 
indicating that more information on labels promotes 
more message engagement. It is also noteworthy that 
attention did not mediate PHWL-only effects for 
any of the outcomes assessed. This could be due to 
greater avoidance of PHWLs than for inserts, perhaps 
due to their more aversive content and defensive 
response. However, some observational studies 
have found that avoidance of PHWLs is positively 
associated with subsequent quit attempts3,31-33 or 
unassociated34. As such, avoidance may indicate ‘ironic 
processing’, whereby attempts to suppress thoughts 
make them more likely to occur. Indeed, some 
research suggests that the negative effect that PHWLs 
generate promotes cessation behaviors directly and 
indirectly by promoting psychosocial and behavioral 
responses, including avoidance35. In the end, PHWLs 
with graphic imagery that illustrates smoking 
harms may promote smoking cessation through less 
effortful engagement than is required for processing 
information on cessation benefits and tips, like that 
we included on inserts. Further research would be 
necessary to confirm these speculations.

Limitations
Our study has some limitations. Our end-of-
trial measures asked participants about warning 
labels but did not specifically refer to inserts, as 
half of the participants did not receive inserts; 
hence, some participants may not have considered 
inserting messages when answering these questions. 
Nevertheless, the pattern of results suggests that they 
did. As described above, more research is needed to 
understand the effect of the timing of assessments 
and whether measures that ask directly about message 
responses are more or less accurate than those that do 
not. We changed our recruitment protocols midway 
through the study due to the COVID-19 pandemic 
(e.g. dropped smoking status confirmation through 
expired CO); however, as with other potential 
confounders, our randomized design resulted in 
proportional allocation of participants to labeling 
groups before and after the onset of COVID-19. 
Indeed, a major strength of our study was its 
experimental design and multisite recruitment, which 
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limited potential confounding of the relationships 
we assessed by factors other than exposure to the 
messages. Our study was originally powered based on 
having multiple observations from each individual10, 
and the current study had lower power due to each 
individual contributing only one observation – that 
we found consistent, statistically significant effects 
indicates that the effects described in the current 
study were reasonably large. Nevertheless, studies 
with larger samples and longer follow-up periods are 
needed to evaluate better labeling effects on cessation 
outcomes, including the potential for differential 
effects across smoker subgroups (e.g. sex, nicotine 
dependence, quit intention). Research on this topic is 
also needed in other countries to determine whether 
regulatory context influences labeling effects, 
including prior PHWL implementation and other 
factors we did not consider. 

CONCLUSIONS
Results from this RCT contribute to the evidence 
that inserts, both alone and in combination with 
PHWLs, can be an effective tobacco control strategy. 
Our measures of attention to health warnings that 
mediated – partially or fully – the majority of the 
labeling effects found, is evidence that the effects 
seen are driven by the health warnings utilized. 
Researchers and policymakers should continue to 
explore new and novel ways to package tobacco health 
warnings for smokers and to use theory and research 
to design the optimal ways to combine these labeling 
strategies to boost their combined effectiveness.    
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