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A heterogeneous collection of battery-driven
nicotine inhalers—“e-cigarettes” or electronic
nicotine delivery systems (ENDS)—are emerging products receiving considerable advocacy,
policy, and media attention.1 ENDS have been
marketed as harm-reducing alternatives to
smoking and used as cessation aids, though
the US Food and Drug Administration (FDA)
has not reviewed these claims or devices.2,3
Independent testing of ENDS has demonstrated poor quality control,2,4 low-level toxic
contaminants,5 variable nicotine delivery,2,6,7
and insufﬁcient evidence of overall public
health beneﬁt.8 Packaging and Web sites for
ENDS reveal unsubstantiated health claims
and erroneous nicotine content labeling.4 In
addition, their wide combination of ﬂavorings
and “high-tech” image are potentially attractive to youths and young adults.2,4 In 2010,
the World Health Organization recommended
that ENDS products be regulated as combination drug and medical devices.1 Consistent
with this recommendation, several countries,
such as Australia and Canada, restricted or
banned ENDS until reviewed by their regulatory agencies.9,10 A 2009 court decision
(Sottera Inc v. Food and Drug Administration)11
blocked the FDA from regulating ENDS as
drug delivery devices in the United States,
ruling that products containing nicotine derived from tobacco are “tobacco products”
under the 2009 Family Smoking Prevention
and Tobacco Control Act unless they are sold
as therapeutic aids for cessation.12 In keeping
with this ruling, on April 25, 2011, the FDA
announced its intention to regulate ENDS as
tobacco products. The nature of the FDA’s
ENDS regulation procedure has yet to be
determined; until that time, ENDS will likely
continue to be sold to consumers without
regulation, raising serious concerns for public
health.
Although variations of ENDS have been on
the market since at least 2007,13 little is known
about the population prevalence of ENDS use

Objectives. We estimated e-cigarette (electronic nicotine delivery system)
awareness, use, and harm perceptions among US adults.
Methods. We drew data from 2 surveys conducted in 2010: a national online
study (n = 2649) and the Legacy Longitudinal Smoker Cohort (n = 3658). We used
multivariable models to examine e-cigarette awareness, use, and harm perceptions.
Results. In the online survey, 40.2% (95% confidence interval [CI] = 37.3, 43.1)
had heard of e-cigarettes, with awareness highest among current smokers.
Utilization was higher among current smokers (11.4%; 95% CI = 9.3, 14.0) than in
the total population (3.4%; 95% CI = 2.6, 4.2), with 2.0% (95% CI = 1.0, 3.8) of
former smokers and 0.8% (95% CI = 0.35, 1.7) of never-smokers ever using
e-cigarettes. In both surveys, non-Hispanic Whites, current smokers, young
adults, and those with at least a high-school diploma were most likely to perceive
e-cigarettes as less harmful than regular cigarettes.
Conclusions. Awareness of e-cigarettes is high, and use among current and
former smokers is evident. We recommend product regulation and careful
surveillance to monitor public health impact and emerging utilization patterns,
and to ascertain why, how, and under what conditions e-cigarettes are being
used. (Am J Public Health. 2012;102:1758–1766. doi:10.2105/AJPH.2011.
300526)

in representative samples. One study examined
Google searches and reported a sharp increase
from 2008 to 2010 in queries, with ENDS
search terms receiving more hits than nicotine
patches and snus.14 Although this suggests
relative increased interest, the denominators
are unknown. In a European study, Etter et al.15
posted a survey in French for 34 days on
a cessation Web site (http://www.stop-tabac.ch),
which typically obtains about 120 000 visitors
a month. Of 214 respondents, 81 eligible ENDS
users reported mainly using ENDS for cessation
or to avoid disturbing others; some were concerned about potential ENDS toxicity.16 Another
online survey17 of ﬁrst-time ENDS purchasers
yielded a response proportion of only 4.5%;
considering this low percentage, participants
are not likely representative of ENDS purchasers and results are difﬁcult to interpret. In
a 2009 Zogby opinion poll, 59% of Americans
supported FDA regulation of ENDS, with
almost half (47%) saying that ENDS should be
made available for people who want to quit
smoking.18
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There are several widely cited and as yet
unaddressed concerns regarding the effect of
ENDS on public health. First is the concern that
ENDS could act as a starter product for combustible cigarettes, especially among youths or
young adults who may be attracted to their
“tech” image or ﬂavorings.3,19 Other concerns
include that ENDS may lure former smokers to
return to nicotine dependence, delay cessation
among current smokers,2,3 serve as a dual-useproduct, or enable individuals to avoid smoking
restrictions.19 Despite these gaps in our knowledge, there are no reliable national estimates of
ENDS awareness, utilization, or harm perceptions in the peer-reviewed literature. Furthermore, other than the 2009 Zogby poll, no
investigation of ENDS among nonsmokers
is evident.18 This study makes an initial contribution to address some of these pressing
knowledge gaps by using cross-sectional data
from 2 separate surveys conducted in 2010, 1
nationally representative and 1 from the followup of a large cohort of current smokers and
recent former smokers, to estimate ENDS
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awareness, use, and harm perceptions in the
adult US population.

METHODS
We drew data for this study from items
within 2 cross-sectional surveys: a nationally
representative online sample (online survey)
and a large cohort of smokers (Legacy Longitudinal Smoker Cohort [LLSC]). Results from
these 2 surveys are presented separately because of their different sampling designs. Each
survey partially replicates and extends the
other, using virtually identical items to assess
ENDS awareness, use, and harm perceptions.
Utilizing both data sets permits investigation of
these subjects in a large cohort of smokers in
the LLSC (n = 3658 recent quitters and current smokers) while also presenting national
estimates from the online survey (n = 2649
never, former, and current smokers).

Nationally Representative Online Survey
We obtained data on never, former, and
current smokers from a cross-sectional survey
(June 2010) drawn from Knowledge Networks’
KnowledgePanel, a nationally representative
online panel of adults aged 18 years and older.
KnowledgePanel is a commercial online research panel that covers both the online and
ofﬂine populations in the United States. Panel
members were randomly recruited primarily
via address-based sampling, although some
panel members who were recruited during
earlier efforts with random-digit-dial sampling
remained in the panel. To address the bias
associated with online samples, members who
did not have access to the Internet were given
a computer with Internet access to facilitate
data collection. All new members completed
a separate proﬁle survey that collected demographic information used for determining eligibility for studies and statistical weighting.
This information is updated annually, with
members typically active for 3 years. Panel
members are rewarded for completing surveys
with points that are redeemable for cash, or
with free access to the Internet if not already
available in the household. Unsampled volunteers are not eligible to join the panel.
For this survey, we randomly sampled panel
members from the KnowledgePanel participant
list, with oversampling for African Americans

and Hispanics. Overall, we contacted 10 537
panel members for participation, of which
6792 (64.5%) completed the screening and
2649 never, former, and current smokers were
eligible and completed the survey. This study
was exempted by Independent IRB, an external
institutional review board (IRB) used by the
sponsor of this survey.

Legacy Longitudinal Smoker Cohort
The LLSC collected data over the phone
from a cohort of 5616 smokers aged 18 to 49
years living in 8 metro areas, selected to ensure
variation with respect to racial/ethnic composition, strength of tobacco control efforts (clean
indoor air legislation, state tobacco control
expenditures, and cigarette price), smoking
prevalence, and geographic location.20 After
purposeful selection of metro areas, the sample
was stratiﬁed by race/ethnicity to capture
sufﬁcient samples of African Americans and
Hispanics. Within each metro area, households
were selected via list-assisted random-digit-dial
methodology, generating a list of approximately 874 000 numbers. Of these numbers,
24% were residential telephone numbers and
6663 were for households containing at least
1 person who met age and tobacco-use eligibility criteria. Allowing up to 2 smokers per
household to participate, a total of 8489
eligible participants were identiﬁed and 5616
(66%) completed the baseline interview. Participants were interviewed using computerassisted telephone interviews in either English
or Spanish.
Of the original 5616 respondents who
completed the baseline interview between
February and April 2008, 73% completed the
ﬁrst follow-up (n = 4067) from August through
October 2008 and 64.8% (n = 3658) completed the second follow-up from January
through April 2010, which included items
for this analysis. This study was approved by
the institutional review board (IRB) of
Westat, the company that conducted the data
collection, and Copernicus Group IRB, an
external IRB used by the sponsor of this
survey. For more information about the
LLSC, see Vallone et al.20,21

Measures
The online survey and the LLSC contained
identical items except where otherwise noted.

September 2012, Vol 102, No. 9 | American Journal of Public Health

Smoking status in both samples was selfreported, with never-smokers classiﬁed as
having never smoked up to 100 cigarettes in
their lives, former smokers having smoked 100
cigarettes or more in their lives but currently
smoking “not at all,” and current smokers
having smoked in excess of 100 cigarettes in
their lives and currently smoking “every day”
or “some days.” Both surveys asked respondents about ENDS awareness, use, and harm
perceptions. Items included
1. “Have you ever heard of a product called an
electronic cigarette or e-cigarette, or brands
such as Smoking Everywhere, NJOY,
Gamucci, or others?”;
2. “Please indicate whether you have ever tried
or used the following product: electronic
cigarettes, or e-cigarettes”; and
3. “Now, based on your smoking experience,
we’d like your opinion about several tobacco
products. Compared to regular-strength
cigarettes, do you think that electronic or
e-cigarettes are a lot less harmful to a person’s health, a little less harmful, about the
same, a little more harmful, or a lot more
harmful to health?”
These items were identical in both surveys,
but the online survey included a picture of an
e-cigarette with the awareness item, whereas
the LLSC survey was administered over the
phone and thus did not include a visual cue. In
addition, the online survey included a question
about ENDS use in the past 30 days that was
not included in the LLSC. Respondents also
provided information on demographic variables, intention to quit, and perceived health.

Data Analysis
In the LLSC, response rates for all items were
greater than 98.9%. Despite this very low level
of nonresponse, we imputed missing values by
using nearest neighbor hotdeck imputation by
matching respondents who had missing data to
respondents who had answered the item. In the
online survey, the only variable with missing
data was perceived health, with 21 of 2649 or
0.8% of observations missing. The missing data
pattern was correlated with other variables in
the model at less than 5% and, thus, we treated
the missing values as missing completely at
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random, which assumes that the probability of
the value being missing is not related to the
value that would have been reported for that
variable or the value of any other independent
variable.22 In the online survey, we also conducted a sensitivity analysis to ascertain any
bias associated with participants quickly clicking through the survey and neglecting to read
the questions carefully. Removing participants
who took 7 minutes or less (median = 15
minutes) to complete the survey did not alter
our conclusions and, thus, we retained these
participants’ answers for statistical analysis.
Using Stata version 11.2 (StataCorp LP,
College Station, TX), we conducted both
a weighted and unweighted analysis to obtain
demographic and point estimates for awareness, use, and harm perceptions associated with
ENDS. We analyzed both samples by using
design-based population weights that adjusted
for the probability of selection into the sample.
We further constructed weights to reﬂect the
2009 US national population demographic
characteristics (online survey) or the 2007
population demographic characteristics for
each of the 8 sampled cities (LLSC) according
to the appropriate wave of the Current Population Survey.23,24 For the harm perception
analysis, we collapsed responses from a 5-point
Likert scale into “less harmful,” “about the
same,” and “more harmful.” We estimated
bivariate statistical signiﬁcance with the Rao-Scott
test. We used multivariable logistic regression
to estimate odds ratios (ORs) of outcome
variables adjusted for demographic and
smoking-related cognitions and behaviors.

RESULTS
The online survey and LLSC sample baseline characteristics are presented in Table 1.
Both samples included comparable percentages of African Americans (11.4% and 10.6%,
respectively), Hispanics (12.9% and 12.1%),
and non-Hispanic Whites (69.0% and 71.7%).
Because the LLSC is a younger (aged 18---49
years) smoker-only sample, the mean age,
particularly the mean age of smokers, is lower
in the LLSC than the online survey sample.
A higher proportion of participants in the LLSC
sample did not have a high-school diploma,
consistent with the proﬁle of smokers in the
United States.25 When we compared the online

survey weighted demographic characteristics
to the Current Population Survey 2010 estimates, we saw that it is reasonable to conclude
that the online survey is nationally representative of both the total population and smokeronly population.
Smoking characteristics were similar between
the samples. The majority in the online sample
(76.4%; 95% conﬁdence interval [CI] = 73.2,
79.6) and the LLSC (85.1%; 95% CI = 83.1,
87.2) were daily smokers who consumed
a median of 15 to 20 cigarettes a day. Nearly
identical proportions of participants smoked
within the ﬁrst 30 minutes of waking in both the
online survey (59%; 95% CI = 55.3, 62.7) and
the LLSC (60.7%; 95% CI = 58.7, 62.9). Two
thirds of all respondents in the online survey
(64.1%; 95% CI = 60.5, 67.6) and the LLSC
(66.6%; 95% CI = 64.4, 68.7) samples were
seriously considering a quit attempt within the
next 6 months. In the online survey, 31.8% of
smokers (95% CI = 28.3, 35.2) had made at
least 1 quit attempt within the past 3 months; in
the LLSC, 69.7% of smokers (95% CI = 67.7,
71.7) had tried to quit in the past 6 months.

Electronic Nicotine Delivery System
Awareness
Overall, 40.2% (95% CI = 37.3, 43.1) of
Americans aged 18 years and older had heard
of ENDS as assessed by the nationally representative online survey. Awareness increased
from never smokers (32.5%; 95% CI = 20.1,
37.2), to former smokers (41.5%; 95% CI =
36.5, 46.8), to current smokers (57.1%; 95%
CI = 53.3, 60.7; Table 2). When we compared
these results to ﬁndings in the LLSC, awareness
among current smokers in the LLSC was
virtually identical to the online survey sample
(58.2% vs 57.1%, respectively). However,
there was no difference in awareness between
current and recent former smokers in the LLSC
(58.0% vs 58.2%; P = .96).
In multivariable analysis of the online survey, the odds that current (3.18; 95% CI =
2.40, 4.18) and former (1.6; 95% CI = 1.26,
1.96) smokers were aware of ENDS were
higher than the odds that never-smokers were
aware of ENDS; this comparison was not statistically signiﬁcant in the online survey (P = .99).
Age was inversely related to awareness in the
online survey (adjusted OR = 0.99; 95% CI =
0.98, 0.99), but not the LLSC (P = .54).
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However, both surveys agreed that the odds of
awareness decreased for African Americans
(online survey: 0.56; 95% CI = 0.37, 0.84;
LLSC: 2.31; 95% CI = 1.72, 3.08) compared
with Whites, and increased for men (online
survey: 1.57; 95% CI = 1.26, 1.96; LLSC: 1.64;
95% CI = 1.35, 2.00) compared with women.

Electronic Nicotine Delivery System
Utilization
In the online survey sample, 3.4% (95%
CI = 2.6, 4.2) of the general population had
ever used an ENDS product. Of those who had
ever used ENDS, 35.9% (95% CI = 26.1,
44.8) had used one in the past 30 days. Use
was most common among current smokers
(11.4%; 95% CI = 9.3, 14.0; Table 2). However, 2.0% (95% CI = 1.0, 3.8) of former
smokers had also ever used an ENDS product,
2.5 times higher than use among never
smokers. Nationally, past-30-day use was
also higher among current smokers (4.1%;
95% CI = 3.0, 5.6) compared with former
(0.5%; 95% CI = 0.1, 1.8) or never smokers
(0.3%; 95% CI = 0.1, 0.8). Similar to data on
awareness, ENDS use was also inversely related to age in both samples (Table 3).
When we compared the LLSC and online
survey samples, there were several consistent
trends among current smokers (Table 3). In
both samples, non-Hispanic Whites were most
likely to use ENDS (online survey: 7.1%; 95%
CI = 5.9, 8.6; LLSC: 6.3%; 95% CI = 5.1,
7.7); the odds of use were statistically significantly different in the LLSC compared with
African Americans (adjusted OR = 0.10; 95%
CI = 0.03, 0.29). These racial/ethnic groups
were not statistically signiﬁcantly different
from each other in the online survey sample,
but the pattern of differences was the same.
Age was inversely related to ENDS use in both
samples, with the adjusted OR of use decreasing by 2% to 3% in both samples with
every year of increased age. Better self-reported
health status was found to be associated with
ENDS use in both samples, with statistically
signiﬁcant results in the online survey.
There were also some discrepant ﬁndings
between the 2 samples. In the online survey,
the odds of ENDS use was higher in respondents with an intention to quit within the next
6 months (adjusted OR = 1.74; 95% CI = 1.02,
2.98) compared with smokers with no plans
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7.4 (NA)
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10.3 (11.7)
30.2 (30.2)

...

28.4 (36.2)
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6.5 (19.2)
6.6 (4.6)
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...
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(CPS 2010)b
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37.8 (36.1, 39.6)
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...

19.5 (18.1, 21.0)

41.2 (39.1, 41.4)
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(95% CI)
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Note. CI = confidence interval; CPS = Current Population Survey; GED = general equivalency diploma; NA = not applicable. The sample size was n = 2649 for the online survey and n = 3658 for the Legacy Longitudinal Smoker Cohort.
a
Proportions were drawn from the April 2010 Current Population Survey24 and used to compute the final weighted proportions in the online survey.
b
The Legacy Longitudinal Smoker Cohort sample is not nationally representative. April 2010 Current Population Survey24 data are included to facilitate comparison of the online survey and Legacy Longitudinal Smoker Cohort samples.
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diploma or GED
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No.
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TABLE 1—Unweighted and Weighted Demographic Characteristics in the National Online Survey and Legacy Longitudinal Smoker Cohort Studies, United States, 2010
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TABLE 2—Point Estimates for Electronic Nicotine Delivery System Awareness, Use, and Harm Perceptions in the
National Online Survey and Legacy Longitudinal Smoker Cohort Studies, United States, 2010
Online Survey (n = 2649), % (95% CI)

ENDS aware

Legacy Longitudinal Smoker Cohort (n = 3658), % (95% CI)

Never Smoker

Former Smoker

Current Smoker

Never Smoker

Former Smoker

Current Smoker

32.5 (20.1, 37.2)

41.5 (36.5, 46.8)

57.1 (53.3, 60.7)

...

58.0 (50.4, 65.2)

58.2 (55.7, 60.5)

0.77 (0.35, 1.7)

2.0 (1.0, 3.8)

11.4 (9.3, 14.0)

...

3.1 (1.3, 7.1)

6.4 (5.3, 7.7)

0.29 (0.1, 0.8)

0.49 (0.13, 1.8)

4.1 (3.0, 5.6)

...

...

...

ENDS use
Ever
Past 30 d
ENDS harm perception
Less harmful

...

46.0 (40.9, 51.3)

43.2 (39.6, 46.9)

...

44.9 (37.5, 52.6)

46.0 (43.5, 48.5)

About the same

...

43.1 (37.9, 48.4)

18.0 (15.5, 20.9)

...

13.8 (9.5, 19.5)

11.3 (9.6, 13.0)

More harmful

...

9.1 (6.8, 12.0)

5.9 (4.2, 8.2)

...

3.2 (1.5, 6.6)

2.6 (2.0, 3.5)

Note. CI = confidence interval; ENDS = electronic nicotine delivery system.

to quit. In the same survey, the odds of ENDS
use were also higher among those who had
made a quit attempt in the past 3 months
(adjusted OR = 1.78; 95% CI = 0.90, 3.53)
compared with those who had not made a quit
attempt, though this ﬁnding was only marginally statistically signiﬁcant (Table 3); however,
quit intentions and attempts were not signiﬁcantly associated with ENDS use in the LLSC.
In addition, there was a strong positive association between ENDS use and education in
the LLSC, but no such association was evident
in the online survey.

Electronic Nicotine Delivery System
Harm Perception
Among smokers aware of ENDS, 70.6%
(95% CI = 65.0, 75.7) in the online survey and
84.7% (95% CI = 81.5, 87.4) in the LLSC
believed that ENDS were less harmful than
regular cigarettes (Table 4). In the online
survey, African Americans were more skeptical
of ENDS than were non-Hispanic Whites (adjusted OR = 0.37; 95% CI = 0.16, 0.82). Although the perception that ENDS were less
harmful than regular cigarettes decreased with
decreased perceived health status in the online
survey (adjusted OR of poor vs good perceived
health = 0.40; 95% CI = 0.17, 0.93); this pattern was not observed in the LLSC.

DISCUSSION
This is the ﬁrst large-scale report that examined ENDS awareness, use, and harm

perceptions in a nationally representative
sample of the US adult population and in
a large cohort of smokers and recent quitters.
National estimates of ENDS ever-use prevalence of 11.4% for smokers, 2.0% for former
smokers, and 0.8% for never smokers suggest
that, in absolute numbers, roughly 5 million
smokers and more than 1 million former and
never smokers have ever used ENDS.
(Estimates based on number of current [46
million], former [48.1 million], and never
smoking [136 million] adults aged 18 years
and older in 2008.5) Ever use is most heavily
concentrated among smokers, young adults,
and non-Hispanic Whites, with some suggestion that use is also popular among those with
a college degree; past-30-day use, a proxy for
current use, was most common among current
smokers (4.1%) and former smokers (0.5%).
Although the prevalence of past-30-day ENDS
use at the time of the surveys was moderate
to low, the fact that the absolute number of
ever-users among never, former, and current
smokers was more than 5 million is cause for
concern, given that ENDS have not been
adequately evaluated by the FDA and continue
to be sold in the United States despite the
World Health Organization’s recommendation
to regulate these products as drug (nicotine)
delivery devices.9,10
Our ﬁnding that 40.2% of Americans were
aware of ENDS products is similar to the 2009
Zogby poll estimate, which found that 48%
of Americans had heard of ENDS.18 Considering the lack of traditional mass media advertising
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for ENDS products, high awareness via word
of mouth, mall kiosk sales, retail outlets, and
Internet advertising is noteworthy.19 Proprietary data yield an estimate that a third of the
3 major mall chains (Westﬁeld, Simon, and
General Growth) host ENDS product kiosks
(D. Schlottmann; media strategist, PHD Media;
written communication; March 2011). At least
1 ENDS company has begun selling e-cigarette
starter kits at convenience stores nationwide
for less than $20.26a Most recently, Lorillard
Inc., maker of Newport cigarettes, acquired
Blu Ecigs and became the ﬁrst major US
tobacco company to move into the ENDS
market.26b With these developments, it seems
likely that ENDS awareness and use will
increase in the near future.
One concern that has been raised about
ENDS is their use as a starter product by
youths, young adults, and never-smokers.
Among never-smokers aged 18 years and
older, we found that 0.8% had ever tried
ENDS. This estimate has a wide conﬁdence
interval because of the small sample size of this
subgroup. Although age was inversely related
to awareness and use in both of our samples,
echoing the Zogby conclusion that young
adults aged 18 to 29 years were most open to
trying ENDS, it cannot be ascertained whether
ENDS, cigarettes, or other noncombustible
tobacco products came ﬁrst among those aged
18 to 24 years in our study. Additional
surveillance of young adults and youths aged
12 to 17 years is necessary to monitor ENDS as
a starter product. This is especially important,
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TABLE 3—Point Estimates and Adjusted Odds Ratios of Electronic Nicotine Delivery System Use for Current Smokers
in the National Online Survey and Legacy Longitudinal Smoker Cohort Studies, United States, 2010
Online Survey (n = 1308)

Overall

Legacy Longitudinal Smoker Cohort (n = 3239)

Use ENDS, % (95% CI) or Mean 6SE

Use ENDS, AOR (95% CI)

Use ENDS, % (95% CI) or Mean 6SE

Use ENDS, AOR (95% CI)

11.4 (9.2, 14.0)

...

6.4 (5.3, 7.7)

...

Gender
Male

12.6 (9.2, 16.9)

1.31 (0.81, 2.10)

7.3 (5.6, 9.5)

1.32 (0.93, 1.88)

Female (Ref)
Race/ethnicity

10.3 (7.7, 13.7)

1.00

5.3 (4.2, 6.7)

1.00

White (Ref)

11.8 (9.4, 14.7)

1.00

7.4 (6.1, 9.1)

8.2 (3.6, 17.7)

0.53 (0.23, 1.25)

0.8 (0.03, 2.0)

Hispanic

10.2 (5.1, 19.6)

0.55 (0.26, 1.17)

5.5 (3.2, 9.5)

0.69 (0.38, 1.27)

Other

18.1 (8.4, 34.6)

1.62 (0.63, 4.16)

6.0 (2.5, 13.6)

0.76 (0.30, 1.88)

African American

Age, y

40.2 61.59

31.3 60.64

0.98* (0.96, 0.99)

1.00
0.10* (0.03, 0.29)

0.97* (0.96, 0.99)

Education
< high school diploma (Ref)
High school diploma or GED

11.6 (6.5, 19.8)
8.5 (6.0, 11.9)

1.00
1.00 (0.41, 2.41)

3.4 (2.0, 7.7)
7.0 (5.3, 9.1)

1.00
1.96* (1.00 3.85)

Some college

13.6 (9.8, 18.5)

1.09 (0.50, 2.35)

7.4 (5.2, 10.4)

2.14* (1.05, 4.38)

College degree

13.7 (8.4, 21.6)

0.70 (0.33, 1.46)

9.4 (5.6, 15.5)

2.72* (1.33, 5.59)

Perceived health
Good (Ref)

6.2 (5.0, 7.8)

1.00

7.2 (5.8, 8.8)

1.00

Fair

7.1 (4.4, 11.1)

1.02 (0.56, 1.86)

4.6 (2.8, 7.6)

1.16 (0.35, 3.89)

Poor

3.1 (1.5, 6.4)

0.32* (0.12, 0.83)

3.4 (1.4, 8.0)

1.47 (0.82, 2.65)

Intention to quit
Not interested in quitting (Ref)

5.6 (4.0, 7.7)

1.00

Next 6 mo

14.1 (10.4, 18.8)

1.74* (1.02, 2.98)

6.6 (4.9, 8.7)

1.16 (0.70, 1.92)

Next 30 d

10.7 (7.0, 16.1)

1.00 (0.48, 2.08)

7.7 (5.1, 11.5)

1.47 (0.82, 2.65)

Quit attemptsa
None (Ref)
‡1

8.4 (5.8, 12.0)

7.5 (5.4, 10.4)
17.3 (12.5, 23.5)

1.00

1.00

6.2 (5.0, 7.6)

1.00

1.78 (0.90, 3.53)

7.1 (5.2, 9,6)

1.13 (0.74, 1.73)

Note. AOR = adjusted odds ratio; CI = confidence interval; ENDS = electronic nicotine delivery system; GED = general equivalency diploma. Adjusted for all other covariates in the model.
a
The Legacy Longitudinal Smoker Cohort item asked about quit attempts in the past 6 months, whereas the online survey item asked about quit attempts in the past 3 months.
*P < .05.

as ENDS are promoted via youth-dominated
channels such as social media and online
advertising.14 Moreover, ENDS are offered in
a variety of ﬂavors that may appeal to youths,
particularly because all ﬂavors excluding menthol have been eliminated from the cigarette
market under the 2009 Family Smoking Prevention and Tobacco Control Act.
In the online survey, smokers who were
considering quitting in the next 6 months were
more likely to have used ENDS than smokers
who were not interested in quitting. The national online survey data suggested that some
smokers who were interested in quitting
were using ENDS as cessation devices, possibly

discouraging the use of proven smoking cessation treatments, delaying cessation, and thus
prolonging exposure to harmful agents in combusted tobacco as an unintended consequence.
However, this ﬁnding in the online survey
sample was not echoed in the LLSC sample.
Without longitudinal data and survey items that
speciﬁcally address ENDS as cessation aids, we
cannot directly ascertain the popularity of
ENDS for smoking cessation or the unintended,
long-term harmful consequences of failure to
quit when using ENDS. More rigorous randomized trials with appropriate control conditions to evaluate ENDS as a cessation therapy are needed, using representative samples
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of smokers and with adequate follow-up as is
recommended under FDA approval of any
claim for a new cessation therapy.
In our 2 surveys, dual use of ENDS and
combustible tobacco among current smokers
who were considering quitting in the next 6
months was the most common pattern of use in
both ever users and past-30-day users. Our
research conﬁrms the popularity of dual use,
perhaps because ENDS are convenient, advertised as less expensive than cigarettes, have the
look and feel of a real cigarette, and are
perceived as not emitting second-hand smoke.
Another related concern is that ENDS may serve
as a means for smokers to avoid smoke-free air
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TABLE 4—Point Estimates and Adjusted Odds Ratios for Belief That Electronic Nicotine Delivery Systems Are Less
Harmful Than Regular Cigarettes Among Current Smokers Aware of Electronic Nicotine Delivery Systems in the National Online Survey
and Legacy Longitudinal Smoker Cohort Studies, United States, 2010
Online Survey (n = 1308)

Overall

Legacy Longitudinal Smoker Cohort (n = 1882)

Believe ENDS Less
Harmful, % (95% CI)
or Mean 6SE

Believe ENDS Less
Harmful, AOR
(95% CI)

Believe ENDS Less
Harmful, % (95% CI)
or Mean 6SE

Believe ENDS Less
Harmful, AOR
(95% CI)

70.6 (65.0, 75.7)

...

84.7 (81.5, 87.4)

...

Gender
Male (Ref)

70.6 (62.1, 78.0)

1.00

83.7 (78.5, 87.9)

1.00

Female

70.7 (63.2, 77.1)

1.08 (0.64, 1.84)

86.0 (82.2, 89.1)

1.06 (0.63, 1.77)

White (Ref)
African American

74.6 (68.9, 79.6)
50.8 (32.1, 69.3)

1.00
0.37* (0.16, 0.82)

86.8 (83.5, 89.5)
67.8 (54.1, 79.0)

1.00
0.31 (0.16, 0.58)

Hispanic

58.9 (37.1, 77.8)

0.59 (0.24, 1.46)

75.2 (52.4, 89.3)

0.48 (0.18, 1.31)

Other

74.5 (45.01, 91.2)

1.04 (0.26, 4.10)

89.6 (77.3, 95.6)

1.21 (0.43, 3.43)

47.2 60.80

1.01 (0.99, 1.03)

32.8 60.28

1.02 (0.99, 1.04)

< high-school diploma

46.3 (31.7, 61.5)

0.61 (0.26, 1.42)

81.6 (70.2, 89.3)

1.31 (0.57, 3.20)

High-school diploma or GED

75.3 (66.1, 82.6)

1.15 (0.53, 2.50)

86.6 (82.4, 89.9)

1.91 (0.95, 3.83)

Some college
College degree (Ref)

76.5 (68.5, 85.0)
71.6 (58.5, 81.8)

1.58 (0.75, 3.32)
1.00

86.7 (82.7, 89.8)
78.6 (67.2, 86.8)

1.76* (1.02, 3.05)
1.00

Good (Ref)

74.0 (67.8, 79.4)

1.00

85.3 (81.3, 88.6)

Fair

69.8 (58.1, 79.4)

0.81 (0.46, 1.43)

80.3 (73.3, 85.8)

0.68 (0.39, 1.20)

Poor

48.8 (27.4, 70.7)

0.40* (0.17, 0.93)

90.5 (79.3, 99.0)

1.50 (0.55, 4.08)

Race/ethnicity

Age, y
Education

Perceived health
1.00

Intention to quit
Not interested in quitting (Ref)

74.9 (65.8, 82.2)

1.00

83.3 (75.9, 88.8)

1.00

Next 6 mo
Next 30 d

72.3 (64.2, 79.1)
59.2 (44.0, 72.9)

0.94 (0.51, 1.74)
0.71 (0.34, 1.48)

86.5 (83.2, 89.2)
81.5 (75.1, 86.5)

1.47 (0.93, 2.30)
1.19 (0.71, 1.99)

None (Ref)

77.7 (69.8, 84.1)

1.00

86.1 (82.1, 89.3)

1.00

‡1

64.5 (54.7, 73.3)

0.96 (0.64, 1.43)

81.1 (74.5, 86.4)

0.83 (0.49, 1.40)

Quit attemptsa

Note. AOR = adjusted odds ratio; CI = confidence interval; ENDS = electronic nicotine delivery system; GED = general equivalency diploma. Adjusted for all other covariates in the model.
a
The Legacy Longitudinal Smoker Cohort item asked about quit attempts in the past 6 months, whereas the online survey item asked about quit attempts in the past 3 months.
*P < .05.

restrictions (a “bridge” product) and, thus, attenuate these policies’ effect on cessation or
delay a smoker’s desire to quit.2 Dual use may or
may not have long-term reduced-harm beneﬁts
to consumers and the population as a whole.
Such beneﬁts depend on the speciﬁc pattern of
dual use and the duration of exposure to the
harmful ingredients in both ENDS and conventional tobacco products over time. These concerns point out the importance of conducting
additional in-depth postmarket surveillance of
dual-use patterns, as well as the need for

laboratory studies in humans to evaluate exposure levels and biomarkers of harm of typical
dual-use patterns.2,6,7,8,27 Such studies are beyond the scope of this research, and additional
survey items that directly address the speciﬁc
patterns of use over time in any greater depth
were not included.
Consistent with and extending previous
work,1 these results show that ENDS are perceived as less harmful than combustible cigarettes. However, ENDS have not been adequately
tested under FDA standards. Although ENDS
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may well prove to be less harmful than combustible cigarettes, an unregulated product
may still pose a risk to the public’s health.2,3
Thus far, ENDS have avoided regulation because of their ambiguous status as neither a
drug delivery device nor a traditional tobacco
product.2,3 Trtchounian and Talbot examined
6 major ENDS brands and found that cartridge
labeling, such as nicotine concentration, ﬂavor,
and expiration date, were missing across all
brands.4 Four of the 6 brands listed ingredients, but the lists were not exhaustive. In
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addition, ENDS product quality varied greatly
within and between brands, orders were often
incorrectly ﬁlled, and actual nicotine content
in cartridges was much lower than claimed.2---4
Given the widespread availability, awareness,
and use of ENDS by millions of consumers,
ENDS should not be marketed until adequately
tested and regulated by the FDA. In addition,
ENDS and aftermarket reﬁll bottles of nicotine
in solution should not be sold to minors or sold
in ﬂavors outlawed in combustible cigarettes,
and should require childproof packaging to
avoid accidental ingestion by children.3,8

Strengths and Limitations
Although the results were consistent overall
between the 2 samples, there were some
notable differences that are likely associated
with the distinct target populations, sample
frames, selection criteria, and methods used in
the 2 studies. For example, although the surveys’ estimates of ENDS awareness were virtually identical among current smokers (online
survey: 57.1%; 95% CI = 53.3, 60.7; LLSC:
58.2%; 95% CI = 55.7, 60.5), awareness
prevalence for former smokers in the LLSC
(58.0%; 95% CI = 54.0, 65.2) was closer to
that of current smokers in the LLSC than
former smokers in the online survey (41.5%;
95% CI = 36.5, 46.8). This is likely attributable to the fact that former smokers in the
LLSC were recent quitters (in past 18 months)
and, thus, may resemble current smokers more
than the longer-term former smokers in the
online survey sample.
In addition, ENDS use was more popular
among current smokers in the online survey
sample. This may be attributable to differences
in socioeconomic status, marketing, or availability of ENDS products across the nation, or
other differences between the 2 samples. Other
differences may stem from the presence of
a visual cue of the products within the online
survey sample that was not presented in the
LLSC sample. Despite these limitations, this
analysis presents largely consistent estimates of
ENDS use between the 2 samples and compared with other reports available to date.

and raises issues of more general concern for
any emerging products with similar characteristics. Awareness of ENDS is widespread and
experimentation and use by millions of
smokers, especially young adults, is of concern.
Further research is needed to determine the
prevalence of consistent ENDS use, the role of
ENDS as a starter product, and the impact of
dual use on cessation. We also need FDA
premarket testing of ENDS products for safety
and efﬁcacy to protect public health and validate claims of safety and efﬁcacy. Related
concerns involve the need for more in-depth
postmarket surveillance of patterns of ENDS
use with other tobacco products, and for more
human laboratory studies to measure harm
exposure and risk reduction biomarkers in dual
users. Inclusion of ENDS-related items in national surveillance for both adults and youths is
required to assess the potential public health
impact of ENDS on the US population, quantify
degree of reduced harm if any, and to determine any unintended consequences on
overall population prevalence of smoking and
on morbidity and mortality. j
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