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Abstract

Introduction: Health numeracy helps individuals understand risk information, but limited data 
exist concerning numeracy’s role in reactions to varying types of health warning labels (HWLs) for 
cigarettes.
Methods: A nationally representative online panel of adult current smokers received two expo-
sures (1 week apart) to nine HWLs with either text-only or pictorial images with identical mandated 
text. Following the second exposure, participants (n = 594) rated their beliefs in smoking myths 
(eg, health-promoting behaviors can undo the risks of smoking) and how much the warnings made 
them want to quit smoking. Generalized estimating equation regression examined the relation of 
objective health numeracy and its interaction with HWL type to smoking-myth beliefs and quit-
related reactions.
Results: Health numeracy was not significantly associated with smoking-myth beliefs; the inter-
action with HWL type was also nonsignificant. Adult smokers with lower health numeracy had 
higher quit-related reactions than those with higher numeracy following exposure to HWLs. The 
type of HWL significantly modified numeracy’s associations with quit-related reactions; no sig-
nificant association existed between text-only HWLs and quit-related reactions, whereas among 
those who viewed the pictorial warnings, lower numeracy was associated with greater quit-related 
reactions (β = −.23; p < .001).
Conclusions: Lower as compared to higher health numeracy was significantly associated with 
higher quit-related reactions to HWLs and especially with pictorial HWLs. Health numeracy and 
HWL type were not associated with the endorsement of smoking myths. The role of health numer-
acy in effectively communicating risks to smokers warrants thoughtful consideration in the devel-
opment of tobacco HWLs.
Implications: Health numeracy plays an important role in an individual’s ability to understand and 
respond to health risks. Smokers with lower health numeracy had greater quit-related reactions to 
pictorial health warnings than those who viewed text-only warning labels. Development and test-
ing of health warning labels should consider health numeracy to most effectively communicate 
risk to US smokers.
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Introduction

Health numeracy assists individuals to understand uncertain health 
outcomes and risk information, to make better health decisions, and 
to complete health tasks that require numeracy skills.1 Numerical 
information can only be useful for decision making if an individual 
sufficiently understands and acts upon their meaning. Reyna et al.2 
note that “low numeracy distorts perceptions of risks and benefits of 
screening, reduces medication compliance, impedes access to treat-
ments, and impairs risk communication (limiting prevention efforts 
among the most vulnerable).” Indeed, a 2011 systematic review con-
cluded that lower health numeracy is associated with poorer health 
outcomes.3 In the United States, higher health numeracy has been 
associated with increased odds of smoking cessation among smokers, 
where every 1-point increase in numeracy skills was associated with a 
24% increased odds of quitting smoking.4 Having lower skills is also 
associated with increased beliefs in various myths (eg, less educated 
smokers and smoking myths;1,5 less numerate patients and cancer 
myths).6 These relationships suggest that smokers with lower numer-
acy may accept smoking myths more too. Previous studies of smok-
ing myths have shown a relation with intentions to quit smoking.7

The less numerate often find health information too difficult and 
abstract,8 but evidence-based communications may reduce these 
numeracy differences. Health risk messages should convey risk mag-
nitude clearly and, ideally, alter perceived susceptibility to the condi-
tion to motivate risk-reduction behaviors in the target population. By 
definition, health warning labels (HWLs) on cigarettes are intended to 
serve this purpose. In 2009, the U.S. Congress mandated nine health 
warning messages and pictorial imagery on cigarette packages and 
advertisements, but legal issues have blocked their use.9 The proposed 
health warning text does not explicitly include numerical information. 
Nonetheless, HWLs may require numeracy skills for consumers to 
understand the probabilistic meaning of health risk information such 
as “cigarettes cause fatal lung disease” to motivate cessation. Visual 
displays, such as pictorial imagery, have shown promise within numer-
acy research to bridge gaps in risk comprehension between those with 
higher and lower numeracy skills.10 Health numeracy among regu-
lar smokers has not been extensively studied prospectively, but cross-
sectional comparisons of smokers to never smokers indicate smokers 
have lower numeracy (4.7 vs. 5.8; on a scale of 0–8).7

Despite robust examinations of HWL attributes, little is known 
about how health numeracy contributes to reactions to HWLs. In 
this study, we evaluated how health numeracy relates to incorrect 
beliefs about the effects of early or limited smoking (referred to here 
as smoking myths) and a measure of each warning’s ability to stimu-
late quit reactions was assessed as a measure of warning effective-
ness. Two hypotheses were tested:

Hypothesis 1: � Individuals with lower versus higher numer-
acy would report reduced acceptance of smok-
ing myths when shown a pictorial compared 
to text HWL.

Hypothesis 2: � Individuals with lower versus higher numeracy 
would have higher quit-related reactions when 
shown a pictorial compared to text HWL.

Methods

Sample
A US nationally representative sample of adult online panel partici-
pants was interviewed weekly for a total of 3 weeks, referred to here 
as waves 1 through 3.  Wave 2 data were included in the present 

analytic sample (n = 594) to examine reactions to warnings after a 
second exposure; wave 3 data focused on recall and other effects and 
were not germane to the present study hypotheses. Online surveys 
were administered in English and Spanish by the GfK Government 
& Academic Group (http://www.gfk.com/en-us/products-a-z/us/gov-
ernment-academic-north-america/). The GfK KnowledgePanel cov-
ers 97% of US households. Respondents were selected using random 
probability address-based sampling; computers and internet services 
were provided to respondents as needed to ensure fuller represen-
tation of the American public. Final data were weighted by gender, 
age, race, ethnicity, education, and smoking status according to the 
Behavioral Risk Factor Surveillance System 2013.

Eligibility criteria included adults aged 18 years or older who were 
current (past month) smokers or recent quitters and reported having 
smoked at least 100 cigarettes in their lifetime. At wave 1, a total of 
2542 adult participants were screened for study eligibility and 1380 
completed the screener (54.3% screener completion rate); 746 of 
those eligible and successfully screened completed the baseline sur-
vey (29.3% completion rate). The retention rate in wave 2 was high 
(79.6%), with a final sample of n = 594. Participants received a cash 
equivalent of $5 for wave 1 and $10 for wave 2; median survey com-
pletion time was 15 and 17 minutes, respectively, by wave. Surveys 
were pretested prior to the main study that occurred between April 
and May 2015. The University of Pennsylvania Institutional Review 
Board approved the study protocol. This experimental study was not 
preregistered.

Measures
The intervention in this study was type of HWL as participants were 
randomized to view one of two conditions: A text-only (control) or 
pictorial warning condition using seven of the pictorial warnings 
proposed by US Food and Drug Administration along with two that 
replaced images proposed by US Food and Drug Administration 
(intervention). Warning images were shown on screen independent 
of any product packaging. The two replacements were selected to 
be more memorable based on pretesting (paired with the “smok-
ing is addictive” and “quitting now reduces the risk of smoking” 
messages). Both conditions used all nine of the originally mandated 
health warning messages.

Two outcome variables were used in the present analyses. 
First, quit-related reaction to warnings was operationalized by a 
single item asked following exposure to each of the nine HWLs: 
“How much does this warning make you want to stop smoking?” 
Responses were measured with a 7-point rating scale from 1 = not 
at all to 7 = completely, and the mean rating taken across all HWLs 
represents this article’s quit-related reaction measure. The second 
outcome of smoking-myth beliefs was operationalized using two 
items related to lower smoking risk perceptions in past research:5 
“There is usually no risk to the person at all for the first few years,” 
and “Although smoking may eventually harm this person’s health, 
there is really no harm to him or her from smoking the very next 
cigarette” measured on a 7-point scale (1  =  strongly disagree to 
7 = strongly agree) and averaged for a smoking-myth rating (range 
1–7; Cronbach’s alpha = 0.84).

The primary independent variables were experimental condi-
tion (text-only or pictorial HWLs) and an objective numeracy score 
(range 0–8; modified from Weller et al.,4 a more difficult scale than 
used previously with smokers7). The numeracy test included eight 
items to measure the ability to manipulate and use numerical infor-
mation, such as “Suppose you have a normal, two-sided coin. If you 
flip it 60 times, how many times would you expect heads to turn 
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up?” Covariates included race (white or nonwhite), gender (male or 
female), and education (less than high school graduate or some col-
lege or greater).

Data Analysis
Summary and descriptive statistics were used to describe the sam-
ple; chi-square and t tests were used to evaluate differences between 
study conditions on participant characteristics (p < .05). Generalized 
estimating equations were used to test the stated hypotheses regard-
ing the relationship of study condition and numeracy with the out-
comes of quit intention and smoking myths. Bivariate associations 
between demographic factors were conducted for each outcome 
independently to evaluate potential confounders. The final regres-
sion models used post-stratification weights to achieve a nation-
ally representative sample, and all analyses used the dichotomized 
covariates of race, gender, and education. To decrease the risk of a 
Type II error when looking for statistical interactions, statistical sig-
nificance was taken to be p < .05 for these hypotheses. Analyses were 
conducted using SAS, v. 9.4 (SAS Institute, Cary, NC).

Results

Demographic characteristics of adult smokers who completed waves 
1 and 2 of data collection (n = 594) are shown in Table 1 using sam-
pling weights and stratified by study condition; there were no signifi-
cant differences in demographics by study condition. The mean and 
median objective numeracy scores were both 3.0 (out of 8 possible); 
45.5% of the sample scored below 3.0.

Figure 1 displays the regression results testing study hypotheses 
after adjustment for gender, race, and educational attainment. No 
significant association existed between numeracy and the endorse-
ment of smoking myths (p = .2). The two-way interaction between 
the type of warning label and numeracy also was not associated with 
the endorsement of smoking myths (p  =  .5). The relationship be-
tween objective numeracy and quit-related reaction was highly sig-
nificant; lower numeracy was associated with greater quit-related 
reaction (p < .001). Individuals with lower versus higher numeracy 

had particularly higher quit-related reactions when shown a pic-
torial compared to text HWL (interaction p < .0001). Among smok-
ers who viewed a text warning, no significant association was found 
between numeracy and quit-related reactions (β  =  −.05; p  =  .45), 
whereas among those who viewed the pictorial warnings, lower nu-
meracy was associated with greater quit-related reaction (β = −.23; 
p = <.0001).

Discussion

Health numeracy modifies reactions to risk communications 
intended to inform health decision making.11–15 In our nationally 
representative sample of adult smokers, participants with lower 
objective numeracy scores reported greater quit-related reaction 
to pictorial HWLs than to text-only HWLs. This article represents 
the first examination of the role of objective numeracy in reactions 
to HWLs.

Pictorial HWL are recommended for promoting health over 
text-only HWLs;16 graphic images may also impact smokers with 
lower health literacy or education.17 Our findings on reaction dif-
ferences by numeracy level may be particularly important to further 
promotion of cessation efforts, as greater health numeracy has been 
associated with increased odds of smoking cessation among smok-
ers in the United States where cigarette packages have text-only 
HWLs; every 1-point increase in numeracy skills was associated 
with a 24% increased odds of quitting smoking.7 This successful 
trend may mean that the remaining pool of smokers has become 
increasingly less health numerate and/or literate,7 pointing toward 
pictorial HWLs as a reasonable next step toward supporting ces-
sation efforts. In light of the inverse relationship between objective 
numeracy and quit-related reactions and the literature highlighting 
the relation of numeracy with health outcomes, we suggest that 
consideration of how numeracy influences smokers’ responses to 
health warnings is warranted for any revised HWL. The warnings 
proposed for use in the United States focus little on smoking myths. 
The failure to observe effects of numeracy on smoking myths in this 
study could imply that numeracy has greater effects on immediate 

Table 1. Demographics of Study Participants in an Online Panel Study of Health Warning Labels

Demographics
Total sample

(n = 594)
Text-only warning condition

(n = 291)
Pictorial warning condition

(n = 303)

Female 43.8% 39.5% 48.0%
Age (yrs)
  18–24 29.8% 31.6% 28.0%
  25–30 26.8% 26.8% 26.7%
  31–40 22.3% 21.7% 22.8%
  41–59 21.2% 19.9% 22.5%
Educational attainment
  Less than high school 20.6% 21.2% 20.0%
  High school graduate 34.9% 31.4% 38.3%
  Some college 32.3% 34.1% 30.4%
  Bachelor or higher 12.3% 13.2% 11.3%
Race/ethnicity
  White, non-Hispanic 67.1% 62.2% 72.1%
  Black, non-Hispanic 12.2% 15.1% 9.3%
  Other, non-Hispanic 5.2% 4.4% 6.0%
  Hispanic 13.3% 16.1% 10.6%
  2+ races, non-Hispanic 2.1% 2.3% 2.0%
Mean no. of cigarettes per day (SD) 12.4 (9.0) 11.6 (8.5) 13.3 (9.5)
Mean objective numeracy score, 0–8 (SD) 2.9 (1.9) 2.8 (2.0) 3.0 (1.9)
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reactions to warnings than on more distant implications of them. 
Future research on warnings for cigarettes could explore ways to 
correct such myths, which have been shown to undermine inten-
tions to quit smoking.

There are some important limitations in this study. Our defin-
ition of current smoking included individuals who did not smoke 
in the past 30  days (n  =  42); in a post hoc sensitivity analysis 
for the primary outcomes, no meaningful difference resulted when 
these individuals were excluded (data not shown). We used a 
nationally representative online sample methodology, which has 
been deemed to be more accurate than using nonprobability sam-
ples18 and adds to the strength of the present results. This study 
used two exposures to HWLs, which improves on single-exposure 
studies but does not replicate a naturalistic exposure to risk com-
munication messages. Quit-related reactions were higher among 
less numerate smokers in our sample. Although these results may 
appear counter to the finding that more numerate smokers quit 
more,7 our quit-related reactions are likely more similar to a risk 
perception than a quit intention or behavior, and the less numer-
ate tend to perceive more risks than the highly numerate across a 
variety of domains.2

Although insufficient evidence exists of a direct relationship 
between health numeracy and uptake of smoking,3 HWLs and 
other tobacco communication strategies for reducing uptake and 
increasing cessation should be tested and developed with health 
literacy and numeracy skills in mind. The proportion of smokers 
with inadequate numeracy is not precisely known, but current 
smokers are more likely to have lower numeracy, lower educational 
attainment, and other social disadvantages as compared to never 
smokers;7,19 thus, the estimated benefits of enhancing quit-related 
reactions among less numerate smokers may produce greater 
population-level benefits. As numeracy cannot be reliably inferred 
or assumed based on educational attainment or other observable 
characteristics, more consideration of health numeracy in risk com-
munications with clinical and community-dwelling populations is 
warranted.11,20
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