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Abstract

Background—Tobacco use is the leading cause of preventable disease and death globally. The 

2014 Surgeon General’s Report included new diseases linked to smoking, including liver and 

colon cancer, diabetes and tuberculosis. As more diseases are linked to smoking, which diseases 

should we communicate to the public and what message source has the most impact?

Methods—Data were collected through a nationally representative phone survey of US adults 

(N=5,014), conducted from September 2014 through May 2015. We experimentally randomized 

participants to a 2 (new smoking disease messages- liver and colon cancers compared to diabetes 

and tuberculosis) by 4 (message sources-CDC, FDA, Surgeon General, and none) experiment. The 

outcome was message believability.

Results—About half the sample was female (51.5%) and 17.8% were a current smoker. Overall, 

56% of participants said the messages were very believable. Cancer messages (liver and colon 

cancer) were significantly more believable than messages about chronic disease (tuberculosis and 

diabetes), 61% vs. 52%. Smokers were less likely to report both sets of new disease messages as 
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very believable compared to non-smokers. Significantly more smokers intending to quit (44.5%) 

found the messages to be very believable compared to smokers not intending to quit (22.6%). 

Believability did not differ by message source.

Conclusion—Important differences exist in believability of disease messages about new 

tobacco-related information. Messages emphasizing the causal link between smoking and new 

diseases should be considered for use in mass media campaigns.
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Introduction

Mass media campaigns are integral to tobacco control efforts, and they have the potential to 

prevent initiation and reduce the prevalence of tobacco use.1–3 Research suggests messages 

about the negative health consequences of smoking can be effective at influencing message 

processing and quit behaviors.4 Negative health consequences of smoking include diseases 

such as lung, bladder and stomach cancers, cardiovascular disease, respiratory disease, and 

reproductive complications.1,5 Smoking can also exacerbate chronic diseases such as 

pneumonia and respiratory tract infections.1,6 Smoking can further result in increased risk of 

premature mortality.5

The 2014 Surgeon General’s Report included ten new diseases causally linked to smoking, 

including liver and colon cancers, diabetes and tuberculosis.5i While previous Surgeon 

General’s Reports have reviewed some of those diseases (diabetes, for example),1 the 2014 

report was the first to establish a direct, causal relationship between those diseases and 

smoking.5 As more diseases are linked to smoking, which diseases should we communicate 

to the public? Studies from other tobacco prevention research suggests when information 

about new diseases linked to smoking is communicated to the public, increases in 

awareness,7 smoking-related knowledge,8 risk perceptions,9 and quit behaviors follow.9 

Messages about new diseases can potentially draw upon prior knowledge and beliefs to 

persuade smokers that smoking is even more dangerous than previously thought. Thus, it is 

important to investigate which messages about new diseases causally linked to smoking the 

public finds most believable.

Message believability, a component of the elaboration likelihood model,10,11 has been 

shown to influence perceived and actual message effectiveness.12,13 Message believability is 

also associated with knowledge, attitudes and beliefs,14 and is an important mediator 

between message exposure and subsequent smoking-related behaviors.12,13 One study 

assessing the effects of message believability showed that message believability was 

associated with intention to engage in smoking cessation behaviors.12 This suggests that 

assessing message believability during formative research could aid in the development of 

iThe Surgeon General’s report included to new health consequences with casual links to smoking: Liver cancer, colorectal cancer, age-
related macular degeneration, congenital defects, tuberculosis, diabetes, ectopic pregnancy, male sexual function, rheumatoid arthritis, 
and immune function.
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better promotion or marketing messages for smoking education campaigns, especially if 

those campaigns communicate the source or sponsor of the messages.14 Large-scale 

smoking campaigns, in turn, can impact downstream smokers’ behaviors such as cessation 

and quit behaviors.3,4 Thus, one way to increase message processing is through message 

believability.12

Source factors also affect message effectiveness.15,16 Messages from more believable 

sources may be more persuasive, and thus have more impact, than those from sources 

deemed not believable.11,16 The processes by which source factors influence message 

processing are also explicated in the elaboration likelihood model of persuasion.11 In prior 

research, message source influenced the perceived impact of tobacco education messages.17 

However, the effect of source factors have mainly been investigated between contrasting 

sources such as non-profits and the tobacco industry.

So, does source matter in the believability of new information about tobacco-caused chronic 

diseases? And if so, from which source should messages be attributed in a communication 

campaign?.18 In this study, we investigated believability of messages communicated from 

three government sources. The Surgeon General and Centers for Disease Control and 

Prevention (CDC) have wide-ranging experience communicating smoking health risks to the 

public.3,5,19,20 And, while both the CDC and the Food and Drug Administration (FDA) have 

conducted national mass media campaigns aimed at preventing smoking in the past few 

years,3 the FDA has only recently started communicating about the health consequences of 

smoking. Lastly, outside of a few nonprofit organizations, government sources are the ones 

most likely to communicate about the health consequences of smoking to the wider public.15 

The public, therefore, may have differing perceptions about messages communicated from 

these government sources, and this is important to understand to aid government agencies in 

making their communications as impactful as possible.

We posit that considering information about new diseases was included in the 2014 Surgeon 

General’s report, the public may be most likely to believe the messages if they were 

attributed to the Surgeon General.19–21 It is also possible other sources could be equally or 

even more persuasive, such as the CDC or FDA.15 To that end, we conducted an experiment 

to 1) determine the believability of messages about new diseases linked to smoking in the 

2014 Surgeon General’s report and 2) examine the influence of message source on 

believability of those messages among US adults.

Methods

Sample and measures

Data were collected through a nationally representative phone survey of US adults, which 

used two independent and non-overlapping random digit dialing frames (both landline and 

cell-phone), representing ~98% of total households. The survey was conducted from 

September 2014 through May 2015, and assessed regulatory constructs such as tobacco 

product use, tobacco constituent perceptions, and tobacco regulatory agency credibility. 

Low-income respondents, individuals living in higher cigarette use regions were 

oversampled. Specifically, both random digit dialing frames were stratified by household 
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income and smoking rates at the county-level, where the poorest counties with the highest 

smoking rates were oversampled. In addition, to maximize the number of young adults (<25 

years), cell phone numbers were oversampled. Within the landline frame, if more than one 

eligible adult resided in the household, young adults and smokers were sampled at a higher 

rate than older adult nonsmokers. A total of 5,014 participants over the age of 18 completed 

the survey. The weighted response rate—calculated using American Association for Public 

Opinion Research (AAPOR) Response Rate 4—was 42%, which is comparable to other 

national tobacco surveys.22,23 Using AAPOR standards, the response rate is the number of 

respondents who completed the survey as a proportion of all eligible and likely-eligible 

persons. Sample weights were computed to adjust for non-response and calibrate the sample 

to population counts on the following variables: census region, age, education, gender, 

ethnicity, phone type, and regional smoking rates. For more details on the sampling and data 

collection procedures, please refer to Boynton et al., 2016.24

The survey included a 2 (disease type) by 4 (source) experiment. For disease type, we tested 

two new cancers (liver and colon) and two new well-known chronic diseases (diabetes and 

tuberculosis) reported as causally linked to smoking in the 2014 Surgeon General’s report. 

Both of these chronic diseases and cancers the public has had heard about and likely has 

concerns.25–27 Participants were randomly assigned to one of two messages: Message 1(The 

[source] recently linked smoking cigarettes to more diseases, such as liver cancer and colon 

cancer) or Message 2 (The [source] recently linked smoking cigarettes to more diseases, 

such as tuberculosis and diabetes).

For source type, messages were from one of four randomly assigned sources: Surgeon 

General, FDA, CDC, or no source as a control. The no source message began, “Smoking 

cigarettes was recently linked to more diseases, such as…”. Believability of these messages 

was assessed with the question “how believable is this message?” with response options of 

very (coded as 3), somewhat (2), or not at all (1).

Current cigarette use was measured with two items, asking participants “have you smoked at 

least 100 cigarettes in your entire life?” and “do you now smoke cigarettes every day, some 

days, or not at all?”. Participants who reported smoking at least 100 lifetime cigarettes and 

reported current smoking every day or some days were classified as smokers. Otherwise, 

participants were classified as non-smokers. Quit intentions were measured with the item 

“are you planning to quit smoking…” with response options for “within the next month”, 

“within the next 6 months”, “sometime in the future beyond 6 months”, or “are you not 

planning to quit”. This item was only asked of smokers. Participants who responded they 

were planning to quit within the next month or within the next 6 months were compared 

with smokers intending to quit sometime in the future and smokers not intending to quit.

Covariates included gender, age, race, ethnicity, education, household poverty status (above 

or below the 2014 poverty line based on household size and income reported by 

participants), and smoking status by quit intention.
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Data Analysis

We used SAS version 9.4 survey procedures to account for the complex survey design and 

sampling weights. Since there were three ordered response options to the outcome variable 

(i.e., very, somewhat, not at all believable), we initially conducted an ordinal logistic 

regression analysis to assess predictors associated with warning believability. However, since 

the proportional odds assumption was violated (Χ2 = 148.94, DF = 20, p<0.0001) and few 

respondents chose the option “not at all believable” (n=435, 7.9%),28 we conducted analyses 

utilizing a multivariate logistic regression model, comparing adults who reported the 

warnings to be very believable with adults who reported the warnings to be somewhat or not 

at all believable. We conducted further analyses comparing smokers intending to quit with 

smokers not intending to quit.

We entered control variables (i.e., race, ethnicity, age, sex, education, household poverty 

status, smoking status, quit intentions), message warning, and message source 

simultaneously in the multivariate logistic regression model. Only individuals with complete 

data across all relevant variables were included in the analyses. In our final model, 141 

observations (approximately 2.8% of the sample) were deleted because they were missing 

on one or more of the explanatory variables, which resulted in a final sample size of 4,873. 

Results include weighted percentages, adjusted odds ratios (AOR), and confidence intervals 

(CI). For all analyses, significance was set at p < 0.05.

Results

Table 1 provides weighted percentages for our sample (N=5,014). Most participants were 

female (51.5%), over the age of 25 (85.1%), White (67.9%) and non-Hispanic (85.8%). 

Participants tended to have some college education or higher (57.4%) and most were above 

the poverty line (75.3%). About one sixth reported being a current smoker (17.8%), and 

among current smokers, 19.5% reported not intending to quit.

Table 2 shows the weighted logistic regression results (N=4,873). Overall, 56.4% said the 

messages were very believable; the remainder said the messages were somewhat (n=1690, 
35.71%) or not at all (n=435, 7.86%) believable. A higher proportion of participants 

reported new tobacco-related cancer messages (liver and colon cancer) to be very believable 

than new tobacco-related disease messages (tuberculosis and diabetes), 61.1% vs. 52.3%. 

These results were confirmed in our final model where new tobacco-related cancer messages 

(liver and colon cancer) had significantly higher odds of being reported as very believable 

compared to other tobacco-related disease messages (tuberculosis and diabetes), (AOR: 

1.45, 95% CI: 1.17, 1.80). No significant differences existed in message believability by 

message source (i.e., Surgeon General, FDA, CDC, no source).

Participants who reported being a high school graduate or having a GED (AOR, 0.54, 95% 

CI: 0.33, 0.90) or having an associate’s degree (AOR, 0.50, 95% CI: 0.29, 0.87) had 

significantly lower odds of reporting the messages as very believable than individuals with 

professional or doctoral degrees. There were no statistical differences in message 

believability by race, ethnicity, age, sex, or household poverty status. There were also no 

significant interactions between message believability and age, smoking status, or sex.
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Current smokers not intending to quit (AOR: 0.22, 95% CI, 0.12, 0.39), smokers intending 

to quit in the future beyond 6 months (AOR: 0.48, 95% CI: 0.32, 0.71), and smokers 

intending to quit in the next month or the next 6 months (AOR: 0.57, 95% CI, 0.42, 0.76) 

had lower odds of reporting messages as very believable, compared to non-smokers. When 

the referent group was changed, smokers intending to quit in the next month or the next 6 

months (48%) had significantly higher odds of reporting the messages as very believable 

compared to smokers not intending to quit (22.6%) (AOR: 3.09, 95% CI: 1.60, 5.95) (data 

not shown in tables).

Discussion

Tobacco smoking has been causally linked to a range of diseases, and the 2014 Surgeon 

General’s Report included ten new diseases caused by smoking.5 To motivate reduction in 

smoking behaviors, what new messages should we communicate to the public and from 

what source? Our results indicate participants found new cancer messages more believable, 

regardless of message source, with 61% saying a liver/colon cancer message was very 

believable. The cancer-related messages were one and a half times more believable than the 

chronic disease messages (tuberculosis and diabetes). This higher believability is likely 

because smoking’s association with cancer is more familiar than with other chronic 

diseases.3 These results are consistent with communication research which suggests that 

augmenting prior information with new information influences message processing and 

beliefs.2

No effect of source on message believability was detected. The lack of effect could be the 

result of the somewhat similar sources used (Surgeon General, FDA, CDC),15 the existing 

credibility of those sources,16 or data collection mode (sources were heard and not seen). 

Message source has been found to influence the perceived impact of tobacco education 

messages in previous studies.17 However, in some cases this has been between contrasting 

sources such as a non-profit compared to a tobacco industry source.18 More importantly, in a 

communication campaign, the source depiction is likely to involve visual imagery that could 

augment source impact on message outcomes.16 Future research could compare different 

types of sources (e.g. government, tobacco industry, individuals impacted by smoking) to 

further explicate the effect of source attribution on message effectiveness in the context of 

new and existing tobacco communication. Studies should assess participants’ familiarity and 

prior knowledge of each source in addition to assessing message believability.

Non-smokers found the messages to be more believable than smokers. While expected, 

emerging research suggests non-smokers play an important role in communicating the 

effects of campaigns and other tobacco education messages.3 That is, there may be an 

indirect effect of tobacco education messages on current smokers through important others, 

some of whom are non-smokers.3,4,29,30 In one study, cessation support behaviors from non-

smokers and the prevalence of people talking to family and friends about smoking increased 

after exposure to the Tips campaign.3 Therefore, influencing non-smokers could not only 

prompt social interactions and increase cessation support but could also influence quit-

related behaviors among current smokers, especially among those intending to quit.
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Smokers intending to quit in the next 6 months found the messages much more believable 

than smokers not intending to quit. Those intending to quit may be in an advanced readiness 

stage and may be more open to new information,31 attending to the messages more 

closely.32 This in turn, increases message believability. Smokers intending to quit may also 

find the message more personally relevant than those not intending to quit.12 This finding 

bodes well for future smoking prevention campaigns by providing preliminary experimental 

evidence for possible effective smoking prevention messages targeted at smokers intending 

to quit.

Individuals with lower levels of education found the messages less believable than those 

with higher levels of education. Although other studies have found differences in perceived 

effectiveness of smoking prevention messages by socioeconomic status (measured by 

education and income),33 caution should be taken when interpreting these results. As has 

been suggested, the visual content of the messages may be an important determinant of 

message believability and effectiveness among those less educated.33 Thus, future studies 

should consider testing visuals to accompany statements about new diseases caused by 

smoking.

No differences in message believability were found by race, ethnicity, age, sex, or household 

poverty status. One potential implication is that messages about new diseases linked to 

smoking targeted to these groups could work equally well across these sociodemographic 

characteristics. Further work is needed to fully ascertain which messages about new diseases 

certain subgroups find most believable. Such research could yield valuable evidence for 

which messages should be included in larger campaigns targeted at the general public.

Our findings have implications for smoking-related mass media campaigns. New mass 

media tobacco campaigns should continue to consider messages about newer diseases 

caused by smoking. Such messages activates a person’s prior knowledge, influence message 

processing and prompt quit behaviors.3 Evaluations of campaigns suggest repeated cycles of 

messages are necessary to sustain high levels of quit behaviors.34 For example, the CDC-led 

Tips from Former Smokers campaign begin in 2012 with advertisements depicting patients 

with smoking-related heart disease, head and neck cancer, and stroke.3 That campaign 

reached 78% of US smokers and 74% of non-smokers, and quit attempts among smokers (of 

1 day or more in the prior three months) increased by 12%.3 To maintain the effects of Tips, 

the CDC launched additional advertisements in 2013 featuring other negative health 

consequences of smoking such as chronic obstructive pulmonary disease, and lung and 

colorectal cancer.3,35 Advertisements about new cancers linked to smoking such as those 

tested in this study could be used to expand the current Tips campaign and might have 

greater impact, building on public knowledge of smoking as a cause of lung cancer.

The study has some limitations. The phone survey allowed for a nationally representative 

sample of adults. However, messages were read to participants, and may have been 

processed differently when heard (versus being viewed). We were not able to assess 

participants’ familiarity or prior knowledge of the diseases or sources. We also did not assess 

perceived prevalence of the diseases under study among the public. Familiarity, prior 

knowledge and perceived prevalence are factors that should be considered in future studies. 
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The experiment included four new diseases caused by smoking—two cancers and two other 

types of diseases—and they were grouped in pairs. For practical reasons, we combined 

cancer vs. non-cancer conditions. Although not ideal, this allowed us to test certain cancers 

compared to other diseases. Further studies are needed on other new health consequences of 

smoking. In this study, we used the term “linked” to test the messages. It is possible that 

using more definitive language such as “cause” could have influenced the findings. Research 

is needed to determine if other types of cancers or diseases provide similar findings. Another 

limitation is the use of a single item to measure believability. Whenever possible, multi-item 

measures should be used to evaluate message content, including topic relevance and 

knowledge about the topic.10 Other message effectiveness measures such as cognitive 

elaboration should also be included in future studies. We did not evaluate full campaign 

advertisements; rather, this study evaluated believability of specific messages that could later 

be tested as part of future smoking prevention campaigns. To that end, we used single 

sentences to describe these new diseases caused by smoking. Our findings can serve as 

quantitative, experimental formative research to guide future message development. Studies 

should also be conducted to ascertain the believability and persuasiveness of messages 

among adolescents.

Conclusion

This study highlights important differences in the types of information about new diseases 

caused by smoking that the public finds believable. Smoking as a cause of novel cancers was 

more believable to smokers and non-smokers. Messages emphasizing the casual link 

between smoking cigarettes and a variety of new diseases should be considered for use in 

mass media campaigns, especially those that build on prior knowledge such as novel 

cancers.
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Highlights

• New tobacco-caused cancer message was more believable than a message 

about other new tobacco-caused diseases.

• Message believability did not differ by message source.

• Mass media campaigns that focus on new diseases caused by smoking may be 

particularly effective.
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Table 1

Unweighted and weighted percentages for demographic and smoking-related variables, n=5014

Variable All adults
Unweighted n

All adults
Unweighted %

All adults
Weighted %

Gender

  Male 2372 47.3 48.5

  Female 2640 52.7 51.5

Age

  Young Adult, < 25 years 809 16.1 14.9

  Adult, 25+ years 4205 83.9 85.1

Race

  White 3473 69.6 67.9

  Black or African American 978 19.6 18.3

  Other or unknown 541 10.8 13.7

Ethnicity

  Hispanic 432 8.6 14.2

  Non-Hispanic 4568 91.4 85.8

Education

  12th grade, no diploma or less 524 10.5 11.2

  High school graduate or GED 1232 24.7 31.4

  Some college 1034 20.7 20.7

  Associate’s degree 496 9.9 10.5

  College degree 1060 21.2 15.7

  Master’s degree 507 10.2 8.1

  Professional or doctoral degree 144 2.9 2.4

Household poverty status

  Below the poverty line 868 17.3 15.9

  Above the poverty line 3772 75.2 75.3

  Refused to answer 374 7.5 8.8

Smoking Status

  Current Smoker 1151 23.0 17.8

  Not a current smoker 3856 77.0 82.2

Quit Intentions

  Current smoker who intends to quit in the next month or 6 months 528 46.4 48.2

  Current smoker who intends to quit in the future beyond 6 months 361 31.8 32.3

  Current smoker who does not intent to quit 248 21.8 19.5

Prev Med. Author manuscript; available in PMC 2018 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Francis et al. Page 13

Table 2

Weighted logistic regression results comparing adults who reported the messages to be very believable vs. not 

at all or somewhat believable, n=4873

Variable N (%) Reported
very believable

Very believable vs. not at all or
somewhat believable

Adjusted Odds Ratio (95% CI)

Message

  Message 1: Liver cancer and colon cancer 1552 (61.1) 1.45 (1.17, 1.80)

  Message 2: Tuberculosis and diabetes 1285 (52.3) REF

Source

  Source 1: FDA 672 (53.7) 0.78 (0.57, 1.06)

  Source 2: CDC 747 (58.8) 0.98 (0.72, 1.32)

  Source 3: Surgeon General 699 (55.5) 0.85 (0.64, 1.14)

  Source 4: No source 719 (58.4) REF

Gender

  Male 1283 (54.3) 0.85 (0.68, 1.06)

  Female 1557 (58.4) REF

Age

  Young Adult, < 25 years 449 (55.1) 0.98 (0.73, 1.30)

  Adult, 25+ years 2393 (56.7) REF

Race

  White 1937 (55.0) REF

  Black or African American 586 (57.4) 1.17 (0.88, 1.56)

  Other or unknown 304 (59.5) 1.05 (0.74, 1.48)

Ethnicity

  Hispanic 260 (61.8) 1.38 (0.94, 2.02)

  Non-Hispanic 2576 (55.5) REF

Education

  12th grade, no diploma or less 290 (56.8) 0.60 (0.30, 1.20)

  High school graduate or GED 656 (52.9) 0.54 (0.33, 0.90)

  Some college 579 (58.4) 0.68 (0.41, 1.12)

  Associate’s degree 263 (51.1) 0.50 (0.29, 0.87)

  College degree 636 (58.6) 0.63 (0.39, 1.03)

  Master’s degree 321 (63.3) 0.77 (0.46, 1.28)

  Professional or doctoral degree 87 (67.3) REF

Household poverty

  Below the poverty line 465 (53.9) 0.93 (0.66, 1.32)

  Above the poverty line 2176 (57.5) REF

  Refused to answer 202 (51.5) 0.80 (0.55, 1.17)

Smoking status, by quit intentions

  Current smoker who intends to quit in the next month or 6 months 270 (48.0) 0.66 (0.46, 0.96)

  Current smoker who intends to quit in the future beyond 6 months 149 (39.7) 0.48 (0.32, 0.71)

  Current smoker who does not intend to quit 55 (22.6) 0.22 (0.12, 0.39)
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Variable N (%) Reported
very believable

Very believable vs. not at all or
somewhat believable

Adjusted Odds Ratio (95% CI)

  Non-smoker 2357 (59.6) REF
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