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Abstract

IMPORTANCE Debate is ongoing about whether the scientific evidence of the health risks of
electronic cigarettes (e-cigarettes) compared with combustible cigarettes (hereinafter referred to as
cigarettes) has been accurately communicated to the public. Large representative surveys are
needed to examine how the public perceives the health risk of e-cigarettes and how their perceptions
change over time.

OBJECTIVE To examine how US adults perceived the harm of e-cigarettes relative to cigarettes and
how their perception has changed from 2012 to 2017.

DESIGN, SETTING, AND PARTICIPANTS Survey study using data from 2 multiyear cross-sectional
nationally representative surveys—the Tobacco Products and Risk Perceptions Surveys (TPRPS) and
the Health Information National Trends Surveys (HINTS)—to assess perceived harm of e-cigarettes
relative to cigarettes among US adults in 2012, 2014, 2015, 2016, and 2017. Respondents were
selected via address-based sampling or random-digit dialing and consisted of adults 18 years or older.
Analyses were conducted from February through April 2018.

MAIN OUTCOMES AND MEASURES Self-reported perceived harm of e-cigarettes relative to
cigarettes.

RESULTS The analytical samples of TPRPS consisted of 2800 adults in 2012 (cumulative response
rate, 7.3%), 5668 in 2014 (cumulative response rate, 6.6%), 5372 in 2015 (cumulative response rate,
6.8%), 5245 in 2016 (cumulative response rate, 6.4%), and 5357 in 2017 (cumulative response rate,
5.8%). The analytical samples of HINTS consisted of 2609 adults in 2012 (response rate, 39.9%),
3301in 2014 (response rate, 34.4%), 2224 in 2015 (response rate, 33.0%), and 2683 in 2017
(response rate, 32.4%). The proportion of adults who perceived e-cigarettes as less harmful than
cigarettes decreased from 39.4% (95% Cl, 36.9%-41.9%) in 2012 to 33.9% (95% Cl, 32.7%-35.2%)
in 2017 in TPRPS and decreased from 50.7% (95% Cl, 48.8%-52.7%) in 2012 to 34.5% (95% Cl,
32.7%-36.3%) in 2017 in HINTS. During the same period, the proportion of adults who perceived
e-cigarettes to be as harmful as cigarettes increased from 11.5% (95% Cl, 10.0%-13.2%) in 2012 to
36.4% (95% Cl, 35.1%-37.7%) in 2017 (TPRPS) and from 46.4% (95% Cl, 44.5%-48.3%) in 2012 to
55.6% (95% Cl, 53.7%-57.5%) in 2017 (HINTS). Those who perceived e-cigarettes to be more harmful
than cigarettes increased from 1.3% (95% Cl, 0.8%-2.2%) in 2012 to 4.3% (95% Cl, 3.8%-4.9%) in
2017 (TPRPS) and from 2.8% (95% Cl, 2.2%-3.5%) in 2012 to 9.9% (95% Cl, 8.8%-11.1%) in

2017 (HINTS).

CONCLUSIONS AND RELEVANCE In this study, the proportion of US adults who perceived
e-cigarettes to be as harmful as or more harmful than cigarettes increased substantially from 2012 to
2017. The findings of this study underscore the urgent need to accurately communicate the risks of
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Abstract (continued)

e-cigarettes to the public, which should clearly differentiate the absolute from the relative harms of
e-cigarettes.

JAMA Network Open. 2019;2(3):e191047. doi:10.1001/jamanetworkopen.2019.1047

Introduction

Although combustible cigarettes (hereinafter referred to as cigarettes) continue to dominate the
tobacco product market in the United States, the emergence and rapid growth of electronic
cigarettes (e-cigarettes) in the past decade has led to a transformative change in the US tobacco
market—a rapid increase in awareness and use of e-cigarettes among youth and adults that coincided
with a decline in cigarette smoking." This transformation has been accelerated in recent years by
the emergence of new generations of e-cigarettes, such as JUUL e-cigarettes (JUUL Labs).** The
exponential growth in e-cigarettes has prompted a renewed interest in the tobacco harm reduction
approach, which aims to curb the smoking epidemic rapidly by encouraging smokers to switch to
low-risk tobacco products such as e-cigarettes.® The potential role that e-cigarettes may play in
reducing the harm caused by tobacco is still the subject of heated debate.®”

Although the long-term health effects of e-cigarettes are still unknown, growing evidence and
consensus among scientists and researchers suggest that the short-term health risks of completely
switching to e-cigarettes are substantially less than those of continued smoking for adults who are
unable or unwilling to quit cigarette smoking. For example, a recent comprehensive review
concluded that, for adult smokers, a complete switch to e-cigarettes would impose substantially less
harm than continuing to smoke cigarettes,® which remain the deadliest tobacco product.® Despite
the growing scientific evidence, whether the short-term relative health risks of using e-cigarettes
compared with cigarette smoking have been accurately communicated to the public is unclear. Some
researchers have voiced criticism that the dominant public health message in the United States still
focuses on the absolute risks of using tobacco products rather than the relative health risks between
low-risk products and cigarettes.'® Although the US Food and Drug Administration (FDA) has
acknowledged that nicotine, which is highly addictive, is delivered through products that represent a
continuum of risk,™ the FDA does not have active campaigns to communicate this message to the
public. As such, the risk communication of different tobacco and nicotine products was largely left in
the hands of tobacco industry, the e-cigarette industry, and the media.

Previous research has demonstrated that perception of risk plays a critical role in decisions to
use tobacco."? For example, studies have shown that concerns about the health risks are one of the
most cited reasons to quit smoking among current and former smokers.™ Similarly, consumers' risk
perception about e-cigarettes and other new and emerging tobacco products may also play an
important role in influencing how these products are used and who will use these products. For
example, one of the common cited reasons for e-cigarette use is the belief that e-cigarettes are less
harmful than cigarettes.”" A recent comprehensive review of consumers’ relative risk perceptions
about different tobacco products found that, among e-cigarette users, most respondents perceived
e-cigarettes as less harmful than cigarettes.'® In addition, studies have also shown that, in certain
population groups, the perception of e-cigarettes as less harmful was associated with future use of
e-cigarettes.'

Although research on the relative risk perception between e-cigarettes and cigarettes is
growing, many studies tend to focus on perception at a specific point, in a specific geographic area,
and among a specific subpopulation.' Little is known about how the overall risk perception of
e-cigarettes has evolved or changed over time. In addition, previous studies® used different
approaches to measure risk perception of e-cigarettes, making findings difficult to compare across
studies and over time. In the present study, we examine whether and to what extent the perceived
relative harm of e-cigarettes compared with cigarettes has changed during a 6-year period
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(2012-2017) in the United States. This study builds on previous research?' and uses data from 2
nationally representative surveys of noninstitutionalized US adults to examine the perceived relative
harm of e-cigarettes compared with cigarettes and how the perception has evolved over time.

Methods

The Tobacco Products and Risk Perceptions Surveys (TPRPS) were conducted by The Tobacco Center
of Regulatory Science at the School of Public Health, Georgia State University, Atlanta, in 2012, 2014,
2015, 2016, and 2017. TPRPS asked US adults about their perception of the risk of e-cigarettes
relative to cigarettes. The Health Information National Trends Surveys (HINTS) of the National Cancer
Institute, Rockville, Maryland, collect nationally representative data about the US public's knowledge
of, attitudes toward, and use of cancer- and health-related information and track changes in the
rapidly evolving health communication and information technology landscape. The target population
of HINTS consists of adults 18 years or older in the US civilian noninstitutionalized population. For
comparison with TPRPS, we used data from HINTS 4, cycle 2 (conducted in 2012); HINTS 4, cycle 4
(conducted in 2014); HINTS-FDA (conducted in 2015); and HINTS 5, cycle 1 (conducted in 2017).
HINTS was not conducted in 2016. This study received approval from the institutional review board
at Georgia State University and followed the American Association for Public Opinion Research (AAPOR)
reporting guidelines. This study did not require participant informed consent because of prior consent
to participate in the TPRPS and HINTS surveys.

Data Sources

Tobacco Products and Risk Perceptions Surveys

The TPRPS sample was drawn from KnowledgePanel, a probability-based online research panel
designed to be representative of noninstitutionalized US adults (18 years or older). KnowledgePanel's
eligibility is limited to those who were sampled via address-based sampling or random-digit dialing.
A computer with internet access is provided to those recruited panelists without internet access. The
sample used in this study combined a probability sample of US adults from KnowledgePanel and a
representative oversample of preidentified cigarette smokers. A total of 4170 respondents
completed TPRPS in 2012 (cumulative response rate, 7.3%), 5717 in 2014 (cumulative response rate,
6.6%), 6051in 2015 (cumulative response rate, 6.8%), 6014 in 2016 (cumulative response rate,
6.4%), and 5992 in 2017 (cumulative response rate, 5.8%). We constructed a poststratification
weight specific to this study using an iterative proportional fitting procedure (raking) to adjust for
survey nonresponse as well as for oversampling of smokers. The benchmarks for adjustment were
based on demographic and geographic distributions from the most recent Current Population
Surveys for the respective survey years. The raking factors included age, sex, race/ethnicity,
household income, educational attainment, US Census region, metropolitan area, and internet
access. More details on these surveys can be found in previous publications.???* Key demographic
characteristics of the samples are shown in the eTables 1through 5 in the Supplement.

Health Information National Trends Surveys
The sampling strategy for HINTS consisted of a 2-stage design. In the first stage, a stratified sample
of addresses was selected from a file of residential addresses. In the second stage, 1adult was
selected within each sampled household. The sampling frame of addresses was grouped in areas
with high and with low concentrations of minority populations. An equal-probability sample of
addresses was selected from within each explicit sampling stratum. The Next Birthday Method>® was
used to select the 1adult in each household.

HINTS 4, cycle 2 (2012), surveyed 3630 US respondents (response rate, 39.9%); HINTS 4, cycle
4 (2014), 3677 US respondents (response rate, 34.4%); HINTS FDA (2015), 3787 US respondents
(response rate, 33.0%); and HINTS 5, cycle 1(2017), 3285 US respondents (response rate, 32.4%).
Although the same individuals may be surveyed multiple times, HINTS was designed to be nationally
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representative cross-sectional surveys. The final replicate weights, which account for sampling
stratum, nonresponse adjustments, and calibration adjustments, were used in our analyses of the
HINTS data. HINTS was conducted exclusively by mail. More details on sampling methods of HINTS
can be found elsewhere.?*

Measures

Perceived harm of e-cigarettes relative to cigarettes was assessed in TPRPS using 2 questions. The
first question was “Have you ever heard of e-cigarettes/electronic vapor products?” For those who
answered “yes,” a follow-up question was asked: “Is using e-cigarettes/electronic vapor products less
harmful, about the same level of harm, or more harmful than smoking regular cigarettes?” Four
response categories were constructed based on the answer to the second question: “less harmful,”
“about the same level of harm,” “more harmful,” and “I don’t know," the last of which captures the
uncertainty in risk perception.2> Respondents who had missing responses for these 2 key measures
were dropped from analysis.

Perceived harm of e-cigarettes relative to cigarettes was assessed in HINTS using the following
question: “"Compared to smoking cigarettes, would you say that electronic cigarettes are... (1) much
less harmful; (2) less harmful; (3) just as harmful; (4) more harmful; (5) much more harmful; or (6) I've
never heard of electronic cigarettes.” Based on the answer to this question, 3 response categories
were constructed for those who have heard of e-cigarettes: “less harmful (including options 1and 2),"
"about the same level of harm [option 3], and “more harmful (including options 4 and 5)." Those who
indicated that they have never heard of electronic cigarettes were dropped from analysis. In addition,
respondents who had missing responses for this question were dropped from analysis. In 2015
HINTS-FDA, the response category “I don't know" was added to this question. Therefore, the 2015
HINTS classification has 1 more category than those of other years. To be consistent with other waves
of HINTS, we dropped those who responded "l don't know" in the analysis of 2015 HINTS-FDA data.

Statistical Analysis

Analyses were conducted from February through April 2018 using Stata software (version 14;
StataCorp) to obtain design-based (weighted) point estimates and 95% Cls of the response category
proportions for the risk perception items discussed above. We used the Mann-Kendall test for
monotonic trend to conduct statistical tests for trend analysis. We used the Wilcoxon-Mann-Whitney
test to examine the year-over-year differences. The level of statistical significance used was P = .05
for 2-sided tests.

Results

For TPRPS, the number of adult survey participants in our analytical samples was 2800 in 2012, 5668
in 2014, 5372 in 2015, 5245 in 2016, and 5357 in 2017, respectively. The analytical samples of HINTS
consisted of 2609 adults in 2012, 3301 adults in 2014, 2224 adults in 2015, and 2683 adults in 2017.

Figure 1 depicts the perceived harm of e-cigarettes relative to cigarettes using the TPRPS data.
The proportion of adults who perceived e-cigarettes as less harmful declined from 39.4% (95% Cl,
36.9%-41.9%) in 2012 to 33.9% (95% Cl, 32.7%-35.2%) in 2017. This decline occurred primarily from
2012 to 2015. Since 2015, the proportion of adults who perceived e-cigarettes to be less harmful than
cigarettes has stabilized at approximately 33%.

During the same period, the proportion of adults who perceived e-cigarettes as equally harmful
as cigarettes more than tripled from 11.5% (95% Cl, 10.0%-13.2%) in 2012 to 36.4% (95% Cl, 35.1%-
37.7%) in 2017. This increase occurred primarily from 2012 to 2015. Since 2015, the proportion of
adults who perceived e-cigarettes as harmful as cigarettes has hovered at approximately 36%.

Similarly, the proportion of adults who perceived e-cigarettes to be more harmful than
cigarettes also more than tripled from 1.3% (95% Cl, 0.8%-2.2%) in 2012 to 4.3% (95% Cl,
3.8%-4.9%) in 2017. This increase also occurred mainly from 2012 to 2015. Since 2015, the proportion
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of adults who perceived e-cigarettes to be more harmful than cigarettes has remained at the 4.1%
level with no substantial changes.

Over time, more adults have formed some opinions about the risk of e-cigarettes relative to
cigarettes, as evidenced by the decline in the "I don't know" category from 47.8% (95% Cl, 45.3%-
50.3%) in 2012 to 25.3% (95% Cl, 25.3%-26.5%) in 2017. The decline was most pronounced from
2012 to 2015; since then, the drop in this category has decelerated.

Figure 2 depicts the perceived harmfulness of e-cigarettes relative to cigarettes using the
HINTS data. Unlike the TPRPS data, the HINTS data do not have the "I don't know" category, with the
exception of the 2015 HINTS responses. Consequently, the estimated proportions of US adults who
perceived e-cigarettes as less harmful, equally harmful, or more harmful than cigarettes based on the
HINTS data are different from those based on the TPRPS data. However, the changes in risk
perception over time are consistent between both data sources.

Figure 1. Perceived Harm of Electronic Cigarettes Relative to Combustible Cigarettes in the Tobacco Products
and Risk Perceptions Surveys
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Figure 2. Perceived Harm of Electronic Cigarettes Relative to Combustible Cigarettes in the Health Information
National Trends Surveys
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Overall, in the HINTS data, the proportion of adults who perceived e-cigarettes as less harmful
than cigarettes declined from 50.7% (95% Cl, 48.8%-52.7%) in 2012 to 34.5% (95% ClI,
32.7%-36.3%) in 2017. Similar to Figure 1, this decline occurred primarily from 2012 to 2015. However,
the proportion of adults who perceived e-cigarettes to be equally harmful as cigarettes increased
from 46.4% (95% Cl, 44.5%-48.3%) in 2012 to 55.6% (95% Cl, 53.7%-57.5%) in 2017. This increase
occurred primarily from 2012 to 2014. The proportion of adults who perceived e-cigarettes as more
harmful than cigarettes more than tripled from 2.8% (95% Cl, 2.2%-3.5%) in 2012 t0 9.9% (95% Cl,
8.8%-11.1%) in 2017.

Table 1 presents perceived harm of e-cigarettes relative to cigarettes by tobacco use status
based on the TPRPS data. Compared with respondents who never smoked (never smokers), former
smokers, and current smokers, the percentage of e-cigarette users and dual users who perceived
e-cigarettes were less harmful than cigarettes was substantially and consistently higher across all
survey years. Among never, former, and current smokers, the percentage of those who perceived
e-cigarettes as equally harmful or more harmful than cigarettes increased significantly from 2012
(never smokers, 13.8% [95% Cl, 11.6%-15.3%]; former smokers, 11.9% [95% Cl, 9.9%-14.0%]; current
smokers, 11.7% [95% Cl, 8.3%-15.3%]) to 2017 (never smokers, 41.8% [95% Cl, 38.0%-45.2%];
former smokers, 39.6% [95% Cl, 36.1%-43.0%]; current smokers, 39.4% [95% Cl, 35.0%-43.5%]).
The proportion of never and current smokers who perceived e-cigarettes as less harmful than
cigarettes decreased significantly from 2012 (never smokers, 39.4% [95% Cl, 36.9%-41.9%]; current
smokers, 44.7% [95% Cl, 40.4%-49.0%]) to 2017 (never smokers, 34.9% [95% Cl, 33.1%-36.7%];
current smokers, 33.5% [95% Cl, 30.8%-36.2%]). Among former smokers, however, no significant

Table 1. Perceived Harm of e-Cigarettes Relative to Combustible Cigarettes in the Tobacco Products and Risk Perceptions Surveys

Survey Year, % of Respondents (95% CI)?
Perception of e-Cigarettes vs Cigarettes 2012 2014 2015 2016 2017
Never Smokers

Less harmful

About the same level
More harmful

Do not know

39.4(36.9-41.9)
12.1(10.5-13.8)
1.7 (1.1-2.4)

46.8 (44.2-49.3)

33.6(31.8-35.3)
31.2(29.5-32.9)
2.8(2.2-3.4)

32.4(30.7-34.1)

30.5(28.7-32.2)
37.8(35.9-39.6)
4.1(3.4-4.9)

27.7 (26.0-29.4)

33.4(31.6-35.2)
40.6 (38.7-42.5)
4.5(3.7-5.3)

21.5(19.9-23.1)

34.9(33.1-36.7)
37.4(35.6-39.2)
4.4 (3.6-5.1)

23.4(21.8-25.0)

Former Smokers
Less harmful

About the same level
More harmful

Do not know

34.9(31.7-38.2)
10.8 (8.6-12.9)
1.1(0.4-1.8)
53.2 (49.8-56.6)

32.1(29.8-34.5)
24.5(22.3-26.6)
2.6(1.8-3.3)

40.9 (38.4-43.3)

28.3(26.0-30.6)
34.1(31.7-36.5)
4.0 (3.0-5.0)

33.5(31.2-35.9)

30.9 (28.5-33.3)
34.8(32.4-37.2)
4.0 (3.0-5.0)

30.3(28.0-32.7)

32.5(30.1-34.8)
35.9(33.5-38.3)
3.7 (2.7-4.6)

27.9(25.7-30.2)

Current Smokers
Less harmful

About the same level
More harmful

Do not know

44.7 (40.4-49.0)
11.0(8.3-13.8)
0.7 (0.0-1.4)
43.5(39.2-47.9)

37.7 (35.1-40.3)
24.5(22.2-26.8)
2.9(2.0-3.8)

34.9(32.3-37.4)

36.0(33.3-38.8)
30.8(28.2-33.4)
4.3(3.1-5.4)

28.9(26.3-31.5)

34.0(31.2-36.7)
33.2(30.5-35.9)
5.0(3.7-6.2)

27.9(25.4-30.5)

33.5(30.8-36.2)
33.9(31.2-36.6)
5.5(4.2-6.9)

27.1(24.5-29.6)

Current e-Cigarette Users

Less harmful NA 60.1 (54.7-65.4) 63.2 (58.5-68.0) 66.6 (61.1-72.1) 61.6 (56.9-66.3)
About the same level NA 20.4 (16.0-24.8) 14.8 (11.3-18.3) 22.4 (17.6-27.3) 20.0(16.1-23.8)
More harmful NA 1.6 (0.2-3.0) 5.3(3.1-7.5) 2.0(0.4-3.7) 5.3(3.2-7.5)

Do not know NA 18.0(13.8-22.1) 16.6 (13.0-20.3) 9.0 (5.6-12.3) 13.1(9.8-16.4)
Dual Users (Cigarettes and e-Cigarettes)

Less harmful NA 56.5(50.4-62.6) 56.7 (51.0-62.5) 64.2 (57.4-71.0) 51.2 (44.9-57.5)
About the same level NA 23.4(18.2-28.6) 18.5(14.0-23.1) 24.3(18.2-30.4) 30.1(24.3-35.9)
More harmful NA 2.3(0.5-4.2) 4.5(2.1-6.9) 3.3(0.8-5.9) 6.1(3.1-9.2)

Do not know NA 17.8 (13.1-22.4) 20.2 (15.5-24.9) 8.2 (4.3-12.1) 12.5(8.4-16.7)

Abbreviations: e-cigarette, electronic cigarette; NA, not available.

@ All percentages are weighted. The 2012 Tobacco Products and Risk Perceptions

Surveys did not ask questions about current use of e-cigarettes.
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decline occurred in the percentage of those who perceived e-cigarettes as less harmful than
cigarettes during the same period (34.9% [95% Cl, 31.7%-38.2%] in 2012 vs 32.5% [95% Cl, 30.1%-
34.8%] in 2017). In contrast to never and current smokers, the proportion of e-cigarette users and
dual users who perceived e-cigarettes as less harmful than or equally harmful as cigarettes did not
change significantly from 2014 to 2017. Similar to never, current, and former smokers, the
percentages of e-cigarette and dual users who perceived e-cigarettes as more harmful than
cigarettes also increased significantly from 2014 (e-cigarette users, 1.6% [95% Cl, 0.2%-3.0%]; dual
users, 2.3% [95% Cl, 0.5%-4.2%]) to 2017 (e-cigarette users, 5.3% [95% Cl, 3.2%-7.5%]; dual users,
6.1% [95% Cl, 3.1%-9.2%]).

Table 2 presents the perceived harm of e-cigarettes relative to cigarettes by smoking status
based on the HINTS data, which did not ask questions about current use of e-cigarettes. Overall, the
percentage of never and former smokers who perceived e-cigarettes to be as harmful as cigarettes
was consistently and substantially higher than among current smokers across all survey years. In
contrast, the percentage of current smokers who perceived e-cigarettes as less harmful than
cigarettes was consistently and substantially higher than that among never smokers across all survey
years. Regardless of smoking status, the proportion of adults who perceived e-cigarettes as less
harmful than cigarettes decreased significantly from 2012 (never smokers, 45.9% [95% Cl, 43.3%-
48.5%]; former smokers, 49.5% [95% Cl, 45.7%-53.2%]; current smokers, 65.0% [95% Cl, 60.8%-
69.2%]) to 2017 (never smokers, 33.1% [95% Cl, 30.8%-35.4%]; former smokers, 33.3% [95% ClI,
29.7%-36.6%]; current smokers, 41.9% [95% Cl, 36.7%-47.1%]). During the same period, the
percentage of adults who perceived e-cigarettes as more harmful than cigarettes increased
significantly among all 3 subgroups (2012 among never smokers, 3.5% [95% Cl, 2.5%-4.4%]; 2012
among former smokers, 2.4% [95% Cl, 1.2%-3.5%]; 2012 among current smokers, 1.8% [95% Cl,
0.6%-3.0%]; 2017 among never smokers, 9.1% [95% Cl, 7.6%-10.5%]; 2017 among former smokers,
9.3% [95% Cl, 7.2%-11.4%]; 2017 among current smokers, 14.2% [95% Cl, 10.5%-17.8%]).

Discussion

Three principal findings emerged from this study. First, both national surveys show that from 2012 to
2017, the proportion of US adults who perceived e-cigarettes as less harmful than cigarettes
decreased significantly. Second, during the same period, the perception of e-cigarettes to be equally
or more harmful than cigarettes increased significantly. The changes in perception of harm of
e-cigarettes relative to cigarettes occurred primarily from 2012 to 2015. From 2015 to 2017, the

Table 2. Perceived Harm of e-Cigarettes Relative to Combustible Cigarettes in the Health Information National Trends Surveys

Survey Year, % of Respondents (95% CI)?

Perception of e-Cigarettes vs Cigarettes 2012 2014 2015 2017
Never Smokers

Less harmful
About the same level
More harmful

45.9 (43.3-48.5)
50.7 (48.0-53.3)
3.5(2.5-4.4)

38.3 (36.2-40.5)
54.9 (52.7-57.1)
6.7 (5.6-7.9)

36.3 (33.5-39.0)
57.9 (55.1-60.7)
5.8 (4.5-7.2)

33.1(30.8-35.4)
57.8 (55.4-60.3)
9.1(7.6-10.5)

Former Smokers
Less harmful
About the same level

More harmful

49.5 (45.7-53.2)
48.2 (44.4-52.0)
2.4(1.2-3.5)

45.4 (42.1-48.6)
50.7 (47.4-54.0)
3.9(2.6-5.2)

44.8 (40.9-48.6)
45.6 (41.8-49.4)
9.7 (7.4-11.9)

33.3(29.9-36.6)
57.4(53.8-61.0)
9.3(7.2-11.4)

Current Smokers
Less harmful

About the same level
More harmful

65.0(60.8-69.2)
33.2(29.0-37.4)
1.8 (0.6-3.0)

57.6 (53.1-62.1)
33.8(29.5-38.1)
8.6 (6.0-11.1)

52.0(46.6-57.4)
38.2(33.0-43.4)
9.8 (6.6-13.0)

41.9 (36.7-47.1)
43.9(38.7-49.2)
14.2 (10.5-17.8)

Abbreviation: e-cigarette, electronic cigarette.

@ All percentages are weighted. The Health Information National Trends Surveys did not
ask questions about current use of e-cigarettes.
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proportion of US adults who perceived e-cigarettes as equally or more harmful than cigarettes did
not change substantially. Third, compared with never, former, and current smokers, a higher
proportion of e-cigarette users perceived e-cigarettes as less harmful than cigarettes. However, even
among e-cigarette users, the percentage of those who perceived e-cigarette as more harmful than
cigarettes increased significantly from 2012 to 2017.

In addition, the results based on the TPRPS data also reveal that, over time, adults who were
uncertain about the health risks associated with e-cigarette use were more likely to consider
e-cigarettes to be as harmful as or more harmful than cigarettes. A quarter of respondents in 2017
TPRPS (25.3%; 95 Cl, 24.1%-26.5%) reported that they did not know the relative risks between
e-cigarettes and cigarettes, indicating that a large proportion of the population was still uncertain
about the risks of e-cigarette use. This finding suggests that future research or surveys should include
questions that capture the uncertainty associated with the risks of e-cigarette use.

Our finding that most US adults were not certain about the health risk of e-cigarettes or
perceived e-cigarettes to be as harmful as or more harmful than cigarettes is consistent with the
findings from a number of previous studies.'®2"?%?” However, this finding differs from that of a
recent review,'® which concluded that most study respondents perceived that e-cigarettes are less
harmful than cigarettes. The studies included in this review analyzed data before 2015, which may
explain the discrepancies. As our study shows, before 2015, a large proportion of adults indeed
perceived e-cigarettes as less harmful. However, over time, the proportion of US adults who
perceived e-cigarettes as less harmful declined significantly. In addition, those who were initially
uncertain about the health risk of e-cigarettes tended to form the perception that e-cigarettes were
as harmful as or more harmful than cigarettes.

Previous studies have shown that lower levels of perceived harm of e-cigarettes relative to
cigarettes were associated with ever trying and current use of e-cigarettes among adults*®2° and
exclusive e-cigarette use among smokers who completely switched from cigarettes.° Perception of
e-cigarette harm may deter current smokers from initiating or continuing use of e-cigarettes. This
perception may also deter a complete switch from cigarettes to e-cigarettes among smokers. In light
of this possibility, the observed upward trend of perceiving e-cigarettes to be as harmful as or more
harmful than cigarettes among US adults warrants heightened attention.

The increase in the proportion of adults who perceived e-cigarettes to be equally or more
harmful than cigarettes from 2012 to 2017 may reflect consumers’ concerns about the risk of
addiction and/or the uncertainty about e-cigarette’s long-term health effects. Importantly, this
increase may reflect the emergence of new evidence of substantial risk of heart®' and lung>? diseases
associated with e-cigarette use, as well as high levels of pulmonary toxic effects3 in e-cigarettes. This
increase may also be due to frequent media reports that link e-cigarettes and e-liquid to exposure to
toxicants,>* serious injuries,>® and other health-related problems.3® In addition, confusion between
relative risk and absolute risk of e-cigarettes may contribute to framing bias in risk communication
and result in media reports and press releases in which absolute harm is overstated and relative harm
is downplayed. Lack of accurate, consistent, and proactive risk communications to the public from
scientists may also contribute to the confusion about the health risks of e-cigarettes.

Our findings underscore the urgency to convey accurate risk information about e-cigarettes to
the public, especially to adult smokers who are unable or unwilling to quit smoking, and therefore
could benefit most by switching from cigarettes to e-cigarettes. Public health messages may be
beneficial by appropriately balancing the emphasis on the potential reduction in harm in completely
switching to e-cigarette use compared with continued smoking and an accurate interpretation of
the absolute harm of e-cigarette use.

Limitations

Our study has several limitations. In particular, the rapid product innovation and development in the
e-cigarette marketplace made it difficult to identify the accurate terminology to develop questions
about e-cigarettes. For example, in the 2012 and 2014 TPRPS, a generic term e-cigarettes was used to
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describe the product; however, in 2015, 2016, and 2017 TPRPS, electronic vapor products was used
to capture newer generations of vaping products and changing consumer terminology. This variation
in wording may influence the comparability across years. In addition, the perceived relative harm of
e-cigarettes was assessed using a generic question, similar to those of previous studies.'?"26-37 This
generic question may not capture various specific aspects of harm or health risks associated with
e-cigarette use. The risk perceptions of e-cigarettes associated with specific diseases, such as lung
and heart diseases and cancers, may differ from the overall risk perception associated with e-
cigarette use.

Conclusions

We analyzed 2 large nationally representative surveys of US adults to assess the perceived relative
harm of e-cigarettes compared with cigarettes and how the perceived relative harm of e-cigarettes
evolved from 2012 to 2017. Our analysis revealed a consistent pattern and a change in perceived
relative harm of e-cigarettes among US adults in both surveys, which showed that a large proportion
of US adults perceived e-cigarettes as equally or more harmful than cigarettes, and this proportion
has increased substantially from 2012 to 2017. Given the demonstration by previous studies that
perception of risk plays a critical role in decisions to use tobacco, our results imply that at least some
smokers may have been deterred from using or switching to e-cigarettes due to the growing
perception that e-cigarettes are equally harmful or more harmful than cigarettes. Our results
underscore the urgent need for accurate communication of the scientific evidence on the health risks
of e-cigarettes and the importance of clearly differentiating the absolute harm from the relative harm
of e-cigarettes.

ARTICLE INFORMATION
Accepted for Publication: January 27, 2019.

Published: March 29, 2019. doi:10.1001/jamanetworkopen.2019.1047

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2019 Huang J et al.
JAMA Network Open.

Corresponding Author: Jidong Huang, PhD, Department of Health Policy and Behavioral Sciences, School of
Public Health, Georgia State University, 140 Decatur St, Urban Life Bldg, Ste 859, Atlanta, GA 30303
(jhuangl7@gsu.edu).

Author Affiliations: Department of Health Policy and Behavioral Sciences, School of Public Health, Georgia State
University, Atlanta (Huang, Pechacek, Eriksen); Andrew Young School of Policy Studies, Georgia State University,
Atlanta (Feng); Currently with IMPAQ International, Columbia, Maryland (Feng); Department of Population Health
Sciences, School of Public Health, Georgia State University (Weaver); Decision Research, Eugene, Oregon (Slovic);
Department of Psychology, University of Oregon, Eugene (Slovic).

Author Contributions: Dr Huang had full access to all the data in the study and takes responsibility for the integrity
of the data and the accuracy of the data analysis.

Concept and design: Huang, Weaver, Slovic, Eriksen.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: Huang, Slovic.

Critical revision of the manuscript for important intellectual content: All authors.
Statistical analysis: Huang, Feng.

Obtained funding: Weaver, Eriksen.

Administrative, technical, or material support: Huang, Weaver, Pechacek.
Supervision: Huang, Eriksen.

Conflict of Interest Disclosures: Dr Huang reported grants from the National Institutes of Health (NIH), National
Institute of Drug Abuse (NIDA), and US Food and Drug Administration (FDA) during the conduct of the study. Dr
Weaver reported grants from the NIH, NIDA, and FDA during the conduct of the study. Dr Pechacek reported

[5 JAMA Network Open. 2019;2(3):e191047. doi:10.1001/jamanetworkopen.2019.1047 March 29, 2019 9/12

Downloaded From: https://jamanetwor k.com/ on 01/25/2023


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.1047&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.1047
https://jamanetwork.com/journals/jamanetworkopen/pages/instructions-for-authors#SecOpenAccess/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.1047
mailto:jhuang17@gsu.edu

JAMA Network Open | Public Health Changing Perceptions of Harm of e-Cigarette Use Among Adults in 2 US National Surveys, 2012-2017

grants from the NIH, NIDA, and FDA during the conduct of the study. Dr Eriksen reported grants from the NIH,
NIDA, and FDA during the conduct of the study and grants from Pfizer, Inc, outside the submitted work. Drs
Pechacek and Eriksen received unrestricted research funding support from Pfizer, Inc (“Diffusion of Tobacco
Control Fundamentals to Other Large Chinese Cities” [principal investigator, Dr Eriksen]). No other disclosures
were reported.

Funding/Support: This study was supported by grant PSODA036128 from the NIH, NIDA, and the FDA Center for
Tobacco Products.

Role of the Funder/Sponsor: The funders/sponsors had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Disclaimer: The content is solely the responsibility of the authors and does not necessarily represent the official
views of the NIH or the FDA.

REFERENCES

1. US Department of Health and Human Services. E-cigarette use among youth and young adults: a report of the
Surgeon General. Rockville, MD: US Department of Health and Human Services, Centers for Disease Control and
Prevention, National Center for Chronic Disease Prevention and Health Promotion, Office on Smoking and Health;
2016. https://e-cigarettes.surgeongeneral.gov/documents/2016_sgr full_report_non-508.pdf. Accessed May 15, 2018.

2. Jamal A, Gentzke A, Hu SS, et al. Tobacco use among middle and high school students—United States, 2011-
2016. MMWR Morb Mortal Wkly Rep. 2017;66(23):597-603. doi:10.15585/mmwr.mm6623al

3. Jamal A, Phillips E, Gentzke AS, et al. Current cigarette smoking among adults—United States, 2016. MMWR
Morb Mortal Wkly Rep. 2018;67(2):53-59. doi:10.15585/mmwr.mm6702al

4. Kavuluru R, Han S, Hahn EJ. On the popularity of the USB flash drive-shaped electronic cigarette JUUL. Tob
Control. 2019;28(1):110-112.

5. Huang J, Duan Z, Kwok J, et al. Vaping versus JUULing: how the extraordinary growth and marketing of JUUL
transformed the US retail e-cigarette market [published online May 31, 2018]. Tob Control.

6. Abrams DB, Glasser AM, Pearson JL, Villanti AC, Collins LK, Niaura RS. Harm minimization and tobacco control:
reframing societal views of nicotine use to rapidly save lives. Annu Rev Public Health. 2018;39:193-213. doi:10.
1146/annurev-publhealth-040617-013849

7. Glantz SA, Bareham DW. E-cigarettes: use, effects on smoking, risks, and policy implications. Annu Rev Public
Health. 2018;39:215-235. doi:10.1146/annurev-publhealth-040617-013757

8. National Academies of Sciences, Engineering, and Medicine. Public Health Consequences of e-Cigarettes.
Washington, DC: National Academies Press; 2018.

9. US Department of Health and Human Services. The Health Consequences of Smoking—50 Years of Progress:
A Report of the Surgeon General. Atlanta, GA: Centers for Disease Control and Prevention; 2014.

10. Kozlowski LT, Sweanor D. Withholding differential risk information on legal consumer nicotine/tobacco
products: the public health ethics of health information quarantines. Int J Drug Policy. 2016;32:17-23. doi:10.1016/].
drugpo.2016.03.014

11. US Food and Drug Administration. FDA announces comprehensive regulatory plan to shift trajectory of
tobacco-related disease, death. https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/
ucm568923.htm. Published July 28, 2017. Accessed August 1, 2018.

12. Slovic P. Smoking: Risk, Perception, and Policy. Thousand Oaks, CA: SAGE Publications Inc; 2001. doi:10.4135/
9781452232652

13. Romer D, Jamieson P. The role of perceived risk in starting and stopping smoking. In: Slovic P, ed. Smoking:
Risk, Perception, and Policy. Thousand Oaks, CA: Sage; 2001:65-80. doi:10.4135/9781452232652.n4

14. Hyland A, Li Q, Bauer JE, Giovino GA, Steger C, Cummings KM. Predictors of cessation in a cohort of current
and former smokers followed over 13 years. Nicotine Tob Res. 2004;6(suppl 3):5363-5369. doi:10.1080/
14622200412331320761

15. Farsalinos KE, Romagna G, Tsiapras D, Kyrzopoulos S, Voudris V. Characteristics, perceived side effects and
benefits of electronic cigarette use: a worldwide survey of more than 19,000 consumers. Int J Environ Res Public
Health. 2014;11(4):4356-4373. doi:10.3390/ijerph110404356

16. Rass O, Pacek LR, Johnson PS, Johnson MW. Characterizing use patterns and perceptions of relative harmin
dual users of electronic and tobacco cigarettes. Exp Clin Psychopharmacol. 2015;23(6):494-503. doi:10.1037/
pha0000050

[5 JAMA Network Open. 2019;2(3):e191047. doi:10.1001/jamanetworkopen.2019.1047 March 29, 2019 10/12

Downloaded From: https://jamanetwor k.com/ on 01/25/2023


https://e-cigarettes.surgeongeneral.gov/documents/2016_sgr_full_report_non-508.pdf
https://dx.doi.org/10.15585/mmwr.mm6623a1
https://dx.doi.org/10.15585/mmwr.mm6702a1
https://www.ncbi.nlm.nih.gov/pubmed/29654121
https://www.ncbi.nlm.nih.gov/pubmed/29654121
https://www.ncbi.nlm.nih.gov/pubmed/29654121
https://www.ncbi.nlm.nih.gov/pubmed/29853561
https://www.ncbi.nlm.nih.gov/pubmed/29853561
https://dx.doi.org/10.1146/annurev-publhealth-040617-013849
https://dx.doi.org/10.1146/annurev-publhealth-040617-013849
https://dx.doi.org/10.1146/annurev-publhealth-040617-013757
https://dx.doi.org/10.1016/j.drugpo.2016.03.014
https://dx.doi.org/10.1016/j.drugpo.2016.03.014
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm568923.htm
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm568923.htm
https://dx.doi.org/10.4135/9781452232652
https://dx.doi.org/10.4135/9781452232652
https://dx.doi.org/10.4135/9781452232652.n4
https://dx.doi.org/10.1080/14622200412331320761
https://dx.doi.org/10.1080/14622200412331320761
https://dx.doi.org/10.3390/ijerph110404356
https://dx.doi.org/10.1037/pha0000050
https://dx.doi.org/10.1037/pha0000050

JAMA Network Open | Public Health Changing Perceptions of Harm of e-Cigarette Use Among Adults in 2 US National Surveys, 2012-2017

17. Pepper JK, Ribisl KM, Emery SL, Brewer NT. Reasons for starting and stopping electronic cigarette use. Int J
Environ Res Public Health. 2014;11(10):10345-10361. doi:10.3390/ijerph111010345

18. Czoli CD, Fong GT, Mays D, Hammond D. How do consumers perceive differences in risk across nicotine
products? a review of relative risk perceptions across smokeless tobacco, e-cigarettes, nicotine replacement
therapy and combustible cigarettes. Tob Control. 2017;26(e1):e49-e58. doi:10.1136/tobaccocontrol-2016-053060

19. Brose LS, Brown J, Hitchman SC, McNeill A. Perceived relative harm of electronic cigarettes over time and
impact on subsequent use: a survey with 1-year and 2-year follow-ups. Drug Alcohol Depend. 2015;157:106-111. doi:
10.1016/j.drugalcdep.2015.10.014

20. Gibson LA, Creamer MR, Breland AB, et al. Measuring perceptions related to e-cigarettes: important principles
and next steps to enhance study validity. Addict Behav. 2018;79:219-225. doi:10.1016/j.addbeh.2017.11.017

21. Majeed BA, Weaver SR, Gregory KR, et al. Changing perceptions of harm of e-cigarettes among US adults,
2012-2015. Am J Prev Med. 2017;52(3):331-338. doi:10.1016/j.amepre.2016.08.039

22. Weaver SR, Majeed BA, Pechacek TF, Nyman AL, Gregory KR, Eriksen MP. Use of electronic nicotine delivery
systems and other tobacco products among USA adults, 2014 results from a national survey. Int J Public Health.
2016;61(2):177-188. doi:10.1007/s00038-015-0761-0

23. Weaver SR, Kemp CB, Heath JW, Pechacek TF, Eriksen MP. Use of nicotine in electronic nicotine and
non-nicotine delivery systems by US adults, 2015. Public Health Rep. 2017;132(5):545-548. doi:10.1177/
0033354917723597

24. Finney Rutten LJ, Davis T, Beckjord EB, Blake K, Moser RP, Hesse BW. Picking up the pace: changes in method
and frame for the Health Information National Trends Survey (2011-2014). J Health Commun. 2012;17(8):979-989.
doi:10.1080/10810730.2012.700998

25. Waters EA, Hay JL, Orom H, Kiviniemi MT, Drake BF. “Don't know" responses to risk perception measures:
implications for underserved populations. Med Decis Making. 2013;33(2):271-281. doi:10.1177/
0272989X12464435

26. Kiviniemi MT, Kozlowski LT. Deficiencies in public understanding about tobacco harm reduction: results from
a United States national survey. Harm Reduct J. 2015;12(1):21. doi:10.1186/5s12954-015-0055-0

27. Tan ASL, Bigman CA. E-cigarette awareness and perceived harmfulness: prevalence and associations with
smoking-cessation outcomes. Am J Prev Med. 2014;47(2):141-149. doi:10.1016/j.amepre.2014.02.011

28. Pokhrel P, Fagan P, Kehl L, Herzog TA. Receptivity to e-cigarette marketing, harm perceptions, and e-cigarette
use. Am J Health Behav. 2015;39(1):121-131. doi:10.5993/AJHB.39.1.13

29. Wackowski OA, Delnevo CD. Young adults' risk perceptions of various tobacco products relative to cigarettes:
results from the National Young Adult Health Survey. Health Educ Behav. 2016;43(3):328-336. doi:10.1177/
1090198115599988

30. Farsalinos KE, Romagna G, Voudris V. Factors associated with dual use of tobacco and electronic cigarettes:
a case control study. Int J Drug Policy. 2015;26(6):595-600. doi:10.1016/j.drugpo.2015.01.006

31. Alzahrani T, Penal, Temesgen N, Glantz SA. Association between electronic cigarette use and myocardial
infarction. Am J Prev Med. 2018;55(4):455-461. doi:10.1016/j.amepre.2018.05.004

32. Perez M, Atuegwu N, Mead E, Oncken C, Mortensen E. E-cigarette use is associated with emphysema, chronic
bronchitis and COPD. Am J Respir Crit Care Med. 2018;197:A6245. doi:10.1164/ajrccm-conference.2018.197.1_
MeetingAbstracts.A6245

33. Chun LF, Moazed F, Calfee CS, Matthay MA, Gotts JE. Pulmonary toxicity of e-cigarettes. Am J Physiol Lung Cell
Mol Physiol. 2017;313(2):L193-L206. doi:10.1152/ajplung.00071.2017

34. NG A. E-cigarette explosion breaks Memphis native's neck, almost paralyzes him for life. New York Daily News.
https://www.nydailynews.com/news/national/e-cigarette-explosion-breaks-man-neck-paralyzes-article-
1.2444620. Published November 23, 2015. Accessed August 1, 2018.

35. Mohney G. First child's death from liquid nicotine reported as “vaping” gains popularity. https://abcnews.go.
com/Health/childs-death-liquid-nicotine-reported-vaping-gains-popularity/story?id=27563788. Published December
12, 2014. Accessed February 16, 2016.

36. Brazier Y. E-cigarettes impair immune responses more than tobacco. Med News Today. https://www.
medicalnewstoday.com/articles/306444.php. Published February 15, 2016. Accessed May 15, 2018.

37. Tan ASL, Bigman CA. E-cigarette awareness and perceived harmfulness: prevalence and associations with
smoking-cessation outcomes. Am J Prev Med. 2014;47(2):141-149. doi:10.1016/j.amepre.2014.02.011

38. Salmon CT, Nichols JS. The next-birthday method of respondent selection. Public Opin Q. 1983;47(2):
270-276. doi:10.1086/268785

[5 JAMA Network Open. 2019;2(3):e191047. doi:10.1001/jamanetworkopen.2019.1047 March 29, 2019 1/12

Downloaded From: https://jamanetwor k.com/ on 01/25/2023


https://dx.doi.org/10.3390/ijerph111010345
https://dx.doi.org/10.1136/tobaccocontrol-2016-053060
https://dx.doi.org/10.1016/j.drugalcdep.2015.10.014
https://dx.doi.org/10.1016/j.addbeh.2017.11.017
https://dx.doi.org/10.1016/j.amepre.2016.08.039
https://dx.doi.org/10.1007/s00038-015-0761-0
https://dx.doi.org/10.1177/0033354917723597
https://dx.doi.org/10.1177/0033354917723597
https://dx.doi.org/10.1080/10810730.2012.700998
https://dx.doi.org/10.1177/0272989X12464435
https://dx.doi.org/10.1177/0272989X12464435
https://dx.doi.org/10.1186/s12954-015-0055-0
https://dx.doi.org/10.1016/j.amepre.2014.02.011
https://dx.doi.org/10.5993/AJHB.39.1.13
https://dx.doi.org/10.1177/1090198115599988
https://dx.doi.org/10.1177/1090198115599988
https://dx.doi.org/10.1016/j.drugpo.2015.01.006
https://dx.doi.org/10.1016/j.amepre.2018.05.004
https://dx.doi.org/10.1164/ajrccm-conference.2018.197.1_MeetingAbstracts.A6245
https://dx.doi.org/10.1164/ajrccm-conference.2018.197.1_MeetingAbstracts.A6245
https://dx.doi.org/10.1152/ajplung.00071.2017
https://www.nydailynews.com/news/national/e-cigarette-explosion-breaks-man-neck-paralyzes-article-1.2444620
https://www.nydailynews.com/news/national/e-cigarette-explosion-breaks-man-neck-paralyzes-article-1.2444620
https://abcnews.go.com/Health/childs-death-liquid-nicotine-reported-vaping-gains-popularity/story?id=27563788
https://abcnews.go.com/Health/childs-death-liquid-nicotine-reported-vaping-gains-popularity/story?id=27563788
https://www.medicalnewstoday.com/articles/306444.php
https://www.medicalnewstoday.com/articles/306444.php
https://dx.doi.org/10.1016/j.amepre.2014.02.011
https://dx.doi.org/10.1086/268785

JAMA Network Open | Public Health Changing Perceptions of Harm of e-Cigarette Use Among Adults in 2 US National Surveys, 2012-2017

SUPPLEMENT.

eTable 1. Descriptive Statistics for the Tobacco Products and Risk Perceptions Surveys (TPRPS) and the Health
Information National Trends Surveys (HINTS), 2012

eTable 2. Descriptive Statistics for the Tobacco Products and Risk Perceptions Surveys (TPRPS) and the Health
Information National Trends Surveys (HINTS), 2014

eTable 3. Descriptive Statistics for the Tobacco Products and Risk Perceptions Surveys (TPRPS) and the Health
Information National Trends Surveys (HINTS), 2015

eTable 4. Descriptive Statistics for the Tobacco Products and Risk Perceptions Surveys (TPRPS), 2016

eTable 5. Descriptive Statistics for the Tobacco Products and Risk Perceptions Surveys (TPRPS) and the Health
Information National Trends Surveys (HINTS), 2017

[5 JAMA Network Open. 2019;2(3):e191047. doi:10.1001/jamanetworkopen.2019.1047 March 29, 2019 12/12

Downloaded From: https://jamanetwor k.com/ on 01/25/2023



