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Abstract

Objective.—Under US law, tobacco product marketing may claim lower exposure to chemicals, 

or lower risk of health harms, only if these claims do not mislead the public. We sought to examine 

the impact of such marketing claims about potential modified risk tobacco products (MRTPs).

Methods.—Participants were national samples of 4,797 adult and 969 adolescent US smokers 

and nonsmokers. We provided information about a potential MRTP (heated tobacco product, 

electronic cigarette, or snus). Experiment 1 stated that the MRTP was as harmful as cigarettes or 

less harmful (lower risk claim). Experiment 2 stated that the MRTP exposed users to a similar 

quantity of harmful chemicals as cigarettes or to fewer chemicals (lower exposure claim).

Results.—Claiming lower risk led to lower perceived quantity of chemicals and lower perceived 

risk among adults and adolescents (all p<0.05, Experiment 1). Among adults, this claim led to 

higher susceptibility to using the MRTP (p<0.05). Claiming lower exposure led to lower perceived 

chemical quantity and lower perceived risk (all p<0.05), but had no effect on use susceptibility 

(Experiment 2). Participants thought that snus exposed users to more chemicals and was less safe 

to use than heated tobacco products or electronic cigarette MRTPs (Experiments 1 and 2).

Corresponding author: Noel T. Brewer, Department of Health Behavior, Gillings School of Global Public Health, University of 
North Carolina, 325 Rosenau Hall CB 7440, Chapel Hill, NC 27599, ntb@unc.edu, 919-966-3282.
Author contributions:
NTB, KMR, SAB, and MJB designed the experiment. SAB conducted the analyses and SE-T led writing of the manuscript. All 
authors were involved with analysis and interpretation of data, as well as critical revision of the manuscript for important intellectual 
content.
*Joint first author

Competing interests: None of the authors have received funding from tobacco product manufacturers. Drs. Brewer and Ribisl have 
served as paid expert consultants in litigation against tobacco companies. The other authors declare no conflicts of interest.

Disclaimer: The content is solely the responsibility of the authors and does not necessarily represent the official views of the 
Department of Health and Human Services, The National Institutes of Health, or the Food and Drug Administration.

Ethics approval: The Institutional Review Board at the University of North Carolina approved study protocol and materials.

HHS Public Access
Author manuscript
Tob Control. Author manuscript; available in PMC 2019 November 01.

Published in final edited form as:
Tob Control. 2018 November ; 27(Suppl 1): s62–s69. doi:10.1136/tobaccocontrol-2018-054315.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Discussion.—Risk and exposure claims acted similarly on MRTP beliefs. Lower exposure 

claims misled the public to perceive lower perceived risk even though no lower risk claim was 

explicitly made, which is impermissible under US law.
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INTRODUCTION

Attempts to market products as safer alternatives to conventional cigarettes or as smoking 

cessation tools date back to the 1950s. The tobacco industry aimed to appeal to health-

conscious consumers1 and respond to declining cigarette smoking rates2,3 attributable to 

tobacco control efforts (e.g., smoke-free laws, media campaigns, taxation)4 and growing 

anti-smoking norms.5 Some tobacco companies made claims that their tobacco products 

cause less harm or deliver lower levels of chemicals than conventional cigarettes. For 

example in the early 2000s, Brown & Williamson advertised their Advance Lights as ‘A step 

in the right direction. All of the taste … Less of the toxins’6 and Vector claimed their Omni 

cigarettes to be ‘The only cigarette to significantly reduce carcinogens that are among the 

major causes of lung cancer.’7 More recently, electronic cigarette (e-cigarette) marketing has 

often claimed e-cigarettes to be safer than combusted cigarettes.8–10 Such advertising claims 

of reduced exposure to harmful chemicals and reduced risk of harm lower public perceptions 

of harm and increase willingness to try these products.11–17

After decades of misleading reduced risk claims,18 the 2009 US Family Smoking Prevention 

and Tobacco Control Act (Tobacco Control Act) provided a regulatory framework in which 

tobacco companies could introduce and market tobacco products with lower exposure or risk 

claims only after a review and obtaining a marketing order from the US Food and Drug 

Administration (FDA).19 Under the law, products with these claims are ‘modified risk 

tobacco products’ (MRTPs), defined as products ‘sold or distributed for use to reduce harm 

or the risk of tobacco-related disease associated with commercially marketed tobacco 

products.’20

According to US law, applicants for MRTP status can qualify through one of two legal 

pathways.21 For the first pathway, a manufacturer can qualify by demonstrating that the 

product, as used by consumers, lowers harm or risk of tobacco-related diseases compared 

with other tobacco products (modified risk pathway, Section 911(g)(1)).22,23 Alternatively, 

for the second pathway, a manufacturer can qualify by demonstrating that the product or its 

smoke is free of or contains reduced levels of harmful chemicals, but only if such claims do 

not mislead the public to believe the product poses less harm than other commercially 

available products (modified exposure pathway, Section 911(g)(2)).22,23 In 2014, Swedish 

Match North America filed the first MRTP application for 10 of their General snus products.
24 The FDA did not grant the Swedish Match request for MRTP status.24,25 In 2016, Philip 

Morris International filed an MRTP application for its IQOS heated tobacco product.26 In 

January 2018, FDA’s Tobacco Product Scientific Advisory Committee voted that Philip 

Morris International’s application did not demonstrate reduced risks of disease. The FDA is 
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also reviewing an MRTP application by Reynolds American for its Camel Snus.27 E-

cigarettes are another tobacco product for which future modified-risk applications are likely.

The purpose of our study was to examine the impact of marketing claims about exposure and 

risk for potential MRTPs. We hypothesized that modified risk claims would lower 

perceptions of chemical quantity and health harm, and increase susceptibility to use an 

MRTP. Similarly, we hypothesized that modified exposure claims would lower perceptions 

of chemical quantity, lower perceived risk of health harm and increase use susceptibility. Of 

particular importance would be whether exposure claims lower perceived risk in the absence 

of explicit claims of lower risk, which would prevent a product from gaining an MRTP 

status under US law.

METHODS

Participants

Participants were national samples of US adults and adolescents. The Carolina Survey 

Research Laboratory (CSRL) used sampling frames with coverage for 96% of US 

households, oversampling geographic areas, households, and individuals to ensure adequate 

representation of smokers. CSRL recruited 4,964 adults aged 18 years or older using both 

random digit dialing (of landlines and cell phones) and respondent-driven sampling 

approaches from August 2016 to May 2017. Separately, CSRL recruited 975 adolescents 

aged 13–17 years using random-digit-dial and list-assisted sampling frames from November 

2016 to June 2017. The response rate was 39% for adults and 33% for adolescents. Adults 

provided consent verbally; adolescents’ parents or guardians provided consent verbally on 

behalf of their adolescents, who provided their assent verbally. The analytical sample 

comprised the 4797 adults and 969 adolescents who were correctly randomized and 

responded to all outcomes. Additional details about the survey methodology are available 

elsewhere.28,29

Procedures

We conducted two between-subjects factorial experiments. In Experiment 1, we randomized 

2352 adults and 480 adolescents to receive one message that varied by (a) risk claim (less 

harmful than cigarettes, as harmful as cigarettes, no statement [control]) and (b) potential 

MRTP type (IQOS heated tobacco product, Apollo e-cigarette, Swedish snus), which we 

also refer to as product type. For example, a message about snus read, “I am going to 

describe a new type of moist tobacco called Swedish snus. It comes in a small pouch that 

goes under your lip. Suppose the FDA approves a label saying that Swedish snus is less 

harmful than cigarettes.”

In Experiment 2, we randomized 2445 adults and 489 adolescents to receive one message 

that varied by (a) exposure claim (20% less than cigarettes, 90% less than cigarettes, similar 

to cigarettes [control]) and (b) potential MRTP type (same as in Experiment 1). To increase 

the generalizability of the findings, the scenarios used one of three randomly selected 

chemicals (arsenic, carbon monoxide, formaldehyde). An example message about IQOS 

was, “I am going to describe a new type of cigarette called IQOS. It makes less smoke 
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because it warms the tobacco without burning it. Suppose the FDA approves a label saying 

that IQOS exposes you to 90% less arsenic than cigarettes.”

Measures

We adapted survey items from previous studies, or for new items, cognitively tested them.30 

The survey measured perceived chemical quantity with the following item, “Do you think 

that using [product] would expose you to…” The 4-point response scale ranged from 

“almost no harmful chemicals” (coded as 1) to “a lot of harmful chemicals” (coded as 4). 

The survey assessed perceived risk of health harm using the following item, “If you used 

[product] regularly for the next 10 years, how likely do you think it is that you would 

eventually develop serious health problems?” The 4-point response scale ranged from “not at 

all likely” (1) to “extremely likely” (4). This item includes the four components required to 

accurately gauge perceived risk: who is at risk, for what hazard, over what period of time, 

given a person’s behavior.31 The survey measured susceptibility to use the potential MRTP, 

“If one of your best friends were to offer you [product], would you try it?” The 4-point 

response scale ranged from “definitely not” (1) to “definitely yes” (4).

The survey also collected demographic data including education (for adolescents, maternal 

education). The survey assessed numeracy (ability to understand and use numeric 

information) using the item: “In general, which of these numbers shows the biggest risk of 

getting disease?” Response options were: one in 10, one in 100, or one in 1000.32 We 

categorized adults as current smokers if they had smoked 100 or more cigarettes in their 

lifetime and currently smoke some days or every day.33 We categorized adolescents as 

current smokers if they had smoked at least 1 day in the past 30 days.34

Data analysis

We analyzed the data using R (V.3.4.3).35 All statistical tests were two tailed and used a 

critical alpha of 0.05. In randomization checks, only 25 associations of 80 models were 

significant (p<0.05) confirming that demographics, numeracy and smoking status were 

equally distributed across experimental conditions.

We conducted 2×3 between-subjects analyses of variance. Analyses combined categories for 

risk claim (less harmful than cigarettes vs. as harmful as cigarettes or no statement) in 

Experiment 1 and exposure claim (similar to cigarettes vs. 20% less or 90% less) in 

Experiment 2 because the combined categories showed the same pattern of results. We 

further examined statistically significant main effects of potential MRTPs with post hoc t-

tests comparing IQOS and the e-cigarette to Swedish snus, using Bonferroni adjustments. 

Finally, we used linear regression models to examine whether perceived quantity and 

perceived risk mediated the relationship between independent variables and susceptibility to 

use MRTPs as a dependent variable. Analyses bootstrapped total, direct and mediated effects 

with 1,000 iterations.

RESULTS

The samples were 55% female, 67% white, 91% non-Hispanic, and 70% non-smokers 

(Table 1). Less than one-third had a high school diploma or equivalent or earned US$25,000 
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or less in annual income. Mean age for adults was 46 (SD = 17) years and 45 (SD = 17) 

years in Experiments 1 and 2, respectively. Mean age for adolescents was 15 (SD = 1) years 

in both Experiments 1 and 2.

Experiment 1: lower risk claim

Perceived chemical quantity.—Among adults, claims that an MRTP was less harmful 

than cigarettes led to lower perceived chemical quantity compared with claims that an 

MRTP was as harmful as cigarettes or when there was no statement (p<0.001) (Table 2; 

Figure 1). Perceived chemical quantity differed among the products (p<0.001); post hoc t-

tests showed higher perceived chemical quantity for Swedish snus than for IQOS (p<0.001) 

and the e-cigarette (p<0.001) (Figure 2). Adolescents showed the same pattern of results for 

the experimental manipulations.

Perceived risk of health harm.—Lower risk claims led to lower perceived risk of harm 

among adults (p<.001). Perceived risk differed among the products (p<0.001); post hoc t-

tests showed Swedish snus elicited higher perceived risk of harm than IQOS (p<0.001) and 

the e-cigarette (p<0.001). Adolescents again showed the same pattern of results as adults 

except that snus and IQOS did not differ.

Susceptibility to use potential MRTP.—Lower risk claims elicited higher susceptibility 

to use the product among adults (p<0.001). Use susceptibility differed among the products 

(p<0.001); post hoc t-tests showed use susceptibility was lower for Swedish snus than for 

IQOS (p<0.001) and the e-cigarette (p<0.001). Among adolescents, risk claims and product 

type had no effect on use susceptibility. Interactions with smoking status were not 

statistically significant.

Mediation.—Claims that an MRTP was less harmful than cigarettes elicited lower 

perceived chemical quantity, which in turn, was associated with greater use susceptibility 

among adults (mediated effect=0.07, p<0.001; Table 3). Similarly, the claims elicited lower 

perceived risk, which was associated with greater use susceptibility (mediated effect=0.05, 

p<0.001). The two constructs also mediated the effect of product type on susceptibility 

among adults. Although risk claims and product type did not change adolescents’ 

susceptibility to use, analyses showed the same pattern of mediation as among adults. The 

correlation between the mediators, perceived chemical quantity and perceived risk, was 

r=0.53 among adults and r=0.54 among adolescents (both p values<0.001).

Experiment 2: lower exposure claim

Perceived chemical quantity.—Among adults, claims that an MRTP exposed users to 

fewer chemicals led to lower perceived chemical quantity compared with the claim that an 

MRTP had chemical quantities similar to cigarettes (p<0.001) (Table 2; Figure 1). Perceived 

chemical quantity differed among the products (p<0.001); post hoc t-tests showed higher 

perceived chemical quantity for use of Swedish snus than IQOS (p=0.002) and the e-

cigarette (p<0.001). Adolescents showed the same pattern of results as adults.
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Perceived risk of health harm.—Claims that an MRTP exposed users to less chemicals 

lowered adults’ perceived risk of health harm (p<0.001). Perceived risk differed among the 

products (p<0.001); post hoc t-tests showed perceived risk was higher for use of Swedish 

snus than IQOS (p=0.005) and e-cigarettes (p<0.001). Exposure claims had a similar effect 

on adolescents, but product type had no effect.

Susceptibility to use MRTP.—Exposure claims did not change use susceptibility among 

adults or adolescents. Among adults, use susceptibility differed among the products 

(p<0.001); post hoc t-tests showed lower susceptibility to use Swedish snus than IQOS 

(p<0.001) or the e-cigarette (p<0.001). Among adolescents, use susceptibility did not vary 

among the products. Interactions with smoking status were not statistically significant.

Mediation.—Although claims of lower exposure did not change adults’ susceptibility to 

use an MRTP, the claims led to lower perceived chemical quantity, which was associated 

with greater use susceptibility (mediated effect=0.09, p<0.001; Table 3). Similarly, claims of 

lower exposure led to lower perceived risk, which was associated with greater use 

susceptibility (mediated effect=0.06, p<0.001). The two constructs also mediated the effect 

of product type on use susceptibility among adults. While risk claims and product type did 

not change adolescents’ susceptibility to use, lower exposure claims and product type 

showed similar mediation effects as among adults. The correlation between perceived 

chemical quantity and perceived risk was r=0.47 among adults and r=0.49 among 

adolescents (both p values<0.001).

DISCUSSION

Tobacco product claims about reduced exposure to harmful chemicals and health risk had 

similar impact on the beliefs of four diverse samples of US adults and adolescents. A key 

finding was that claims of lower exposure led to lower perceived risk of harm from MRTP 

use, even in the absence of an explicit claim of reduced risk. This linkage makes it extremely 

unlikely that, absent actual evidence of reduced risk, reduced exposure claims can be 

allowed under the Tobacco Control Act without misleading consumers. Adults’ 

susceptibility to use MRTPs increased in response to lower risk claims but not in response to 

lower exposure claims whereas adolescents were not affected by either claim, suggesting 

some impact of claims on behavior.

With respect to policy, a modified exposure claim would probably not satisfy US regulations 

for MRTP marketing.23 The intent of the law is to proactively ensure ‘that statements about 

MRTPs are complete, accurate and relate to the overall disease risk of the product’ because 

of the ‘dangers of products sold or distributed as MRTPs that do not in fact reduce risk are 

so high.’36 National samples of adults and adolescents misinterpreted modified exposure 

claims as showing reduced risk. Accordingly, the modified exposure pathway (section 

911(g)(2)) is not likely to be a viable legal mechanism to introduce and market MRTPs that 

reduce exposure without actually reducing risk. In contrast, in our studies the public 

interpreted modified risk claims as intended, which suggests a modified risk claim for a 

product that truly does reduce risk compared with other products would appear to satisfy US 

regulatory requirements with respect to public understanding.23 In addition, per the law, 

El-Toukhy et al. Page 6

Tob Control. Author manuscript; available in PMC 2019 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



applications would need to back up the risk claim with clear evidence of reduction in health 

harms to support an issuance of a risk modification order under section 911(g)(1).23 Finally, 

our findings about use susceptibility suggest that, should the FDA issue a risk or exposure 

modification order, the agency should first require measures to minimize initiation among 

non-users and multiple tobacco product use among current users.

Several risk perception findings in our studies are likely to be generalizable beyond the 

context of MRTPs. First, the public infers that both risk and exposure are lower when they 

hear that either one is lower. Our participants perceived lower risk claims for MRTPs as 

indicating lower quantities of harmful chemicals and less health harm, consistent with 

previous studies.11,13,16 Our findings and previous studies also show claims of reduced 

quantities of chemicals is associated with lower perceived harm.12–14,17 Perceived risk and 

perceived chemical quantity were also highly correlated in our studies. Second, perceived 

risk is surprisingly responsive to claims about products and chemical amounts even in the 

absence of explicit reduced risk claims. Perceived risk is fairly insensitive to pictorial 

warnings and many other persuasion approaches.37,38 Yet, perceived risk changed in 

response to our experimental manipulations of exposure and risk claims, and MRTP type. It 

is reasonable for the public to think of lower exposure claims to be relevant to and influence 

the assessment of MRTP harm.39 Third, the public is quite susceptible to being misled about 

tobacco products. Exposure claims were misleading to our study participants. Tobacco 

companies have successfully misled the public on many topics for decades.12,13,16 

Disclaimers are unlikely to remedy these misperceptions as evidenced by industry-sponsored 

studies26 and by external scientists.40

Exposure and risk beliefs mediated all pathways to susceptibility to use MRTPs in both 

experiments and age groups, which is broadly consistent with our hypotheses. However, 

only risk claims changed use susceptibility and only among adults. Nonetheless, the results 

raise some concerns about uptake of MRTPs given that susceptibility is a risk factor for 

tobacco use behavior.41 This is concerning given the detrimental health effects of multiple 

(vs. single) tobacco product use42 and those of any tobacco use compared to non-use.43 

Among current tobacco users, MRTP marketing claims might encourage multiple tobacco 

product use. Previous studies show that users of non-cigarette tobacco products are less 

likely to quit44 and are more likely to progress to smoke cigarettes in addition to or instead 

of these alternative tobacco products.45,46 Among non-users, MRTP marketing claims might 

encourage initiation of tobacco use. This is particularly relevant to youth and their 

perceptions of potential MRTPs such as IQOS and e-cigarettes. Existing evidence on e-

cigarettes show that they appeal to youth because of their trendiness, youth-oriented flavors, 

and social appeal.47 Literature on adolescents’ tobacco use shows that experimentation with 

non-cigarette tobacco products is a predictor of future cigarette smoking48 and multiple 

tobacco product use,49 and that adolescents who initiate tobacco use are more likely to 

continue using tobacco in their adulthood and experience its negative health effects over a 

longer period.50

Our studies’ strengths include national samples, inclusion of adults and adolescents, use of 

experimental designs, and replication of many of our findings across the samples. 

Limitations include the use of brief descriptions of the products, some of which may have 
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been new to participants, and not examining actual product use. Using three tobacco 

products currently on the market increases the relevance of our results. Additional research 

is needed to replicate our findings with other candidate MRTPs, both existing and proposed.

CONCLUSION

Accuracy of claims and public comprehension of health risks associated with MRTPs are a 

requirement of US law.19 At long last, the Tobacco Control Act shifts the burden to tobacco 

manufacturers to demonstrate with scientific evidence that the issuance of an MRTP order 

under the Tobacco Control Act section 911 would be appropriate for the protection of the 

public health. Our national samples of adults and adolescents understood modified risk 

claims as intended. However, they misinterpreted modified exposure claims as 

communicating lower risk even when there was no explicit claim of lower risk, suggesting 

that this may not be a viable pathway under the law.
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WHAT THIS PAPER ADDS

• The US Tobacco Control Act allows marketing of tobacco products as 

causing less exposure to harmful chemicals only if this claim does not 

mislead the public into believing the product presents reduced risk of health 

harm.

• Claims of lower exposure and lower risk acted similarly, with both leading to 

lower perceived quantity of harmful chemicals and lower perceived risk of 

health harm.

• Absent concurrent evidence of reduced risk, claims of lower exposure are 

intrinsically misleading.

• Claims of lower exposure do not satisfy US legal requirements for modified 

risk tobacco products.
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Figure 1. 
Impact of lower risk claim (Experiment 1) and lower exposure claim (Experiment 2). Error 

bars show standard errors.
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Figure 2. 
Impact of potential modified risk tobacco product. Error bars show standard errors.
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Table 1.

Sample characteristics.

Experiment 1 Experiment 2

Adults Adolescents Adults Adolescents

(n=2352)
%

(n=480)
%

(n=2445)
%

(n=489)
%

Age (years)

    13–17 - 100 - 100

    18–25 15.2 - 17.5 -

    26–34 14.5 - 16.0 -

    35–44 16.7 - 16.2 -

    45–54 18.2 - 17.3 -

    55–64 21.6 - 19.4 -

    65+ 13.7 - 13.6 -

Male 45.0 50.0 45.5 49.0

Race

    White 67.1 79.2 67.2 82.4

    Black or African-American 21.6 14.0 22.3 11.5

    American Indian or Alaska native 3.9 1.3 3.6 1.0

    Asian or Pacific islander 2.4 2.0 2.3 0.6

    Other 5.0 3.5 4.6 4.5

Hispanic 8.7 6.7 8.1 5.7

Education

    < High school 12.0 4.8 9.6 5.1

    High school diploma or equivalent 26.2 18.8 25.7 17.5

    Some college 20.3 12.4 21.7 11.2

    Associate degree 10.4 11.0 10.6 12.1

    Bachelor’s degree 19.1 33.0 19.8 34.0

    Master’s degree 9.3 15.8 9.1 15.4

    Professional or doctorate degree 2.7 4.3 3.5 4.7

Low numeracy 31.8 24.2 29.7 21.4

Income per year

    US$0-US$24,999 31.0 - 29.8 -

    US$25,000-US$49,999 24.6 - 26.5 -

    US$50,000-US$74,999 17.9 - 18.5 -

    US$75,000-US$100,000 11.5 - 10.5 -

    >US$100,000 15.0 - 14.7 -

Current smoker 26.7 3.5 25.7 2.0

Note. Among adults, missing data for income and education were 5% in Experiments 1 and 2. Among adolescents, missing data were less than 5% 
for age in Experiment 2 and 9% and 8% for mother’s education in Experiments 1 and 2, respectively. Missing data for other characteristics were 
minimal.

Tob Control. Author manuscript; available in PMC 2019 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

El-Toukhy et al. Page 15

Table 2.

Impact of lower risk and lower exposure claims.

Perceived quantity Perceived risk Use susceptibility

Adults Adolescents Adults Adolescents Adults Adolescents

df F F F F F F

Experiment 1

Risk claim 1 31.8** 21.5** 12.9** 10.1* 14.1**     .4

Product 2 50.0** 10.6** 19.7**   8.6** 31.4**     .5

Risk claim × Product 2   1.6     .7     .3   1.5     .2   1.2

Experiment 2

Exposure claim 1 82.6** 35.3** 21.6**   5.2*   3.1     .0

Product 2   8.4**   5.5*   8.9*   2.9 30.6**   1.3

Exposure claim × Product 2   1.9     .4   2.1     .7     .6   1.9

Note. Experiment 1: n=2352 adults and 480 adolescents. Experiment 2: n=2445 adults and 489 adolescents. df = degrees of freedom.

*
p<0.05

**
p<0.001
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