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Abstract

Introduction—The electronic cigarette (e-cigarette) market has evolved rapidly in recent years 

with exploding growth in brands and product types; however, e-cigarette use among priority 

(sexual minority and low-income) populations and its relationship with smoking cessation and 

tobacco control policies has yet to be fully characterized.

Methods—The authors conducted a nationally representative online survey of 17,522 U.S. adults 

in 2013. Participants were drawn from GfK's KnowledgePanel®. Logistic regression models were 

used to analyze relationships between e-cigarettes (awareness, ever use, current use) and cigarette 

smoking and cessation behaviors, tobacco control policies, and demographics. Analyses were 

conducted in 2014.

Results—Approximately 15% of participants reported ever use of e-cigarettes, 5.1% reported 

current use, and 34.5% of ever users reported current use. E-cigarette awareness was lower among 

women, minorities, and those with low education. Ever and current use of e-cigarettes was higher 

among current cigarette smokers, young adults, and those in low SES; both ever use and current 

use were correlated with current cigarette smoking status, particularly when combined with quit 

intentions or attempts.

Lesbian/gay/bisexual/transgender respondents had higher rates of ever use and current use. Ever 

use was lower in states with comprehensive smoking bans. No significant relationship between 

cigarette price and e-cigarette use was detected.

Conclusions—Ongoing surveillance of e-cigarette use among subpopulation groups and 

monitoring their use for combustible cigarette cessation are needed. Important variations in the 

patterns and correlates of e-cigarette awareness and use exist among priority populations. These 

findings have implications for future e-cigarette policy decisions.
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Introduction

Since their introduction to the U.S., awareness and use of electronic cigarettes (e-cigarettes) 

have grown exponentially among adults and youth,1–9 with pervasive marketing across 

media platforms.10–12 Annual e-cigarette sales could exceed $3.5 billion in 2015.13 

However, little is known about patterns of use across population subgroups or their long-

term health risks.14

Carroll Chapman and Wu15 conducted a comprehensive review of the literature on e-

cigarette prevalence and correlates of use. None of the reviewed papers reported prevalence 

data collected post-2012, a period when new generations of e-cigarette products proliferated. 

Six new studies have used nationally representative samples to look at e-cigarette use among 

U.S. adults in 2012–2013.5–9,16 However, extant studies have demonstrated mixed evidence 

regarding correlations between demographic characteristics and e-cigarette use (ever or 

current).3,6–9,16

With a notable exception,5 no study has examined correlates of ever and current e-cigarette 

use among sexual minorities. Agaku et al.5 in 2014 reported use of any tobacco product 

(including e-cigarettes) by lesbian/gay/bisexual/transgender (LGBT) individuals. 

Unfortunately, that study did not conduct multivariate analysis to examine how other factors 

may affect e-cigarette use among the LGBT community. More research is needed to identify 

correlates of awareness and use and explore how they relate to current e-cigarette use, 

particularly among priority populations such as LGBT, a population with high smoking 

rates.17–21

One of the current e-cigarette policy debates is whether they should be incorporated into 

clean indoor air laws. Proponents of such measures argue that studies have found bystanders 

are exposed to aerosols and vapors containing toxic metals.22–24 Opponents argue such 

measures would discourage smokers from switching combustible cigarettes to e-cigarettes.25 

Despite this policy context, no population-level studies have examined how existing tobacco 

control policies may influence e-cigarette awareness and use.

Another controversy is the role e-cigarettes play in smoking cessation. Although supporters 

argue e-cigarettes help smokers quit combustible cigarettes,26 more cautious observers point 

to their potential role in prolonging nicotine addiction and promoting dual/poly use. 

Empirical evidence is mixed.27 Population-level studies of adult smokers challenge the 

claim that e-cigarettes are effective aids for conventional smoking cessation.28 Findings 

from three recent studies indicated that e-cigarette use was not associated with successful 

quitting of conventional cigarettes,29–31 and another found that e-cigarette use was followed 

by neither greater quit rates nor reduction in cigarette consumption.32 However, a few recent 

studies did find evidence pointing to the potential role of e-cigarettes in smoking 

cessation.16,33,34 Given this mixed evidence, additional research examining the relationships 

between e-cigarette use and intentions and attempts to quit smoking combustible cigarettes 

is warranted.

The present research seeks to fill these gaps by examining patterns of ever and current use of 

e-cigarettes across demographic groups and by combustible cigarette smoking status and 
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tobacco control policies in a large nationwide survey of U.S. adults. It also examines 

relationships between cigarette smoking status and identification as LGBT and current use 

of e-cigarettes, as well as whether/how intentions and attempts to quit combustible cigarettes 

and the tobacco control policy context relate to e-cigarette use.

Methods

The authors designed an online survey to be conducted by The GfK Group between 

February 22 and March 5, 2013 for the target population of non-institutionalized U.S. adults 

aged ≥18 years. A stratified sample of households was drawn from GfK's KnowledgePanel® 

(KP), a probability-based panel designed to be representative of the U.S.35 Tobacco users 

were oversampled to ensure sufficient sample size for that group. The U.S. was stratified 

into 38 geographic areas by consolidating media markets to ensure:

1. a large enough sample of KP members to achieve statistical precision; and

2. exposure to a variety of tobacco control policy environments (smoke-free air laws, 

cigarette tax, and exposure to antismoking media campaign).

All of the continental U.S. states were represented in the 38 strata. Of the 20,907 sampled 

and screened KP members, 13,531 were eligible for the survey and 13,144 (97%) of those 

completed the survey. Owing to exhausting KP tobacco users in small population areas, 

4,378 off-panel participants were added to the sample for a total of 17,522. Off-panel 

participants were recruited by online ads and screened for eligibility. GfK made weighting 

adjustments to offset known deviations from equal probability sampling, and post-

stratification weights were developed to account for non-response, over-sampling of tobacco 

users, calibration of off-panel participants to probability-based sample, and other sources of 

non-sampling error. The IRB at the University of Illinois at Chicago approved the study.

Measures

All respondents were asked whether they had ever seen/heard of e-cigarettes. Participants 

responding yes to the question were coded as aware of e-cigarettes. Participants coded as 

aware of e-cigarettes were further asked whether they had ever used an e-cigarette. 

Participants who responded yes were defined as e-cigarette ever users. Those who responded 

no and those reporting never having heard of e-cigarettes were considered e-cigarette never 

users. Participants indicating they had ever used e-cigarettes were asked: Do you now (in the 

past 30 days) use e-cigarettes every day, some days, or not at all? Current e-cigarette users 

were defined as those who used e-cigarettes every day or some days in the past 30 days.

Respondents who had never smoked ≥100 cigarettes in their life were defined as never 

smokers. Of those who had smoked ≥100 cigarettes in lifetime, current smokers were 

defined as those who now (in the past 30 days) smoke some days or every day; remaining 

ever smokers were defined as former smokers.

Measures were constructed to capture intentions and attempts to quit smoking combustible 

cigarettes. Current smokers who responded that they planned to quit smoking combustible 

cigarettes for good in the next 30 days were regarded as having intention to quit. Those 
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indicating they had stopped smoking for ≥1 day during the past 3 months because they were 

trying to quit for good were coded as having attempted to quit. Various participant 

characteristics potentially related to e-cigarette awareness, ever use, and current use were 

considered, including age (18–24, 25–44, 45–64, ≥65 years), gender, race/ethnicity (non-

Hispanic white, non-Hispanic black, Hispanic, non-Hispanic other), highest completed 

education (less than high school, high school graduate, some college, bachelor's degree, any 

post college degree), annual household income (<$20,000, $20,000–$34,999, $35,000–

$49,999, $50,000–$74,999, $75,000–$124,999, ≥$125,000), and self-reported sexual 

orientation (heterosexual, LGBT, refused). Respondents were asked a separate gender 

identity question and 168 total respondents self-identified as transgender. These 168 

participants were included in the current analysis as LGBT.

This study included state-level tobacco control policies associated with cigarette smoking 

among adults: average price per pack of cigarettes and state-level smoke-free air laws in 

bars, restaurants, and private workplaces in 2013, measures widely used in tobacco control 

policy research.36,37 The study categorized cigarette price by quartiles ($0–<$5.6371, 

$5.6371–<$6.022, $6.022–<$6.7838, >$6.7838) and strength of smoke-free air laws into 

three categories (states without comprehensive smoking bans; states with bans in 

restaurants, bars, or private workplaces [but not in all three venues]; and states with 

comprehensive bans in restaurants, bars, and private workplaces).

Statistical Analysis

The weighted proportions and 95% CIs were calculated for outcome measures (e-cigarette 

awareness, ever use, current use, current use among ever users), cigarette smoking status, 

quitting behaviors, and demographic and socioeconomic variables. Current smokers were 

further broken down by intentions and attempts to quit. The authors created a set of cigarette 

smoking status variables by combining current use of cigarettes and intention to quit (never 

smoker, former smoker, current smokers with and without intention to quit) to look at their 

association with e-cigarette use. Survey logistic regression models with weights were used 

to examine the relationship of each outcome with explanatory variables. A logistic 

regression of current e-cigarette use among respondents who have ever used e-cigarettes was 

also modeled. Survey design was incorporated including weights and stratified sampling in 

the analysis. The weighted AORs and 95% CIs (controlling for all other covariates in the 

model) were estimated and Rao–Scott chi-square test p-values were calculated. SAS, version 

9.3 was used for all analyses, which were performed in 2014.

Results

Table 1 presents basic descriptive statistics. Overall awareness of e-cigarettes was very high 

(86.4%). Approximately 15% of respondents reported ever use of e-cigarettes, and 5.1% 

reported current use. Among those who ever used e-cigarettes, about one third (34.5%) 

reported current use. Combustible cigarette smoking prevalence in the sample was 20.8%, 

consistent with other national estimates.6,29 Among current smokers, 12% indicated that 

they wanted to quit smoking combustible cigarettes for good in the next 30 days, and 32.4% 
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of current smokers reported that they had stopped smoking for ≥1 day during the past 3 

months because they were trying to quit.

Table 2 presents e-cigarette awareness and use by smoking status and quitting behaviors. 

Current smokers had the highest rate of awareness and use among never smokers, former 

smokers, and current smokers. Prevalence of ever use of e-cigarettes among current smokers 

was five times higher than among former smokers (50.3% vs 10.1%), and current e-cigarette 

use among current smokers was ten times higher than within former smokers (20.9% vs 

1.8%). Awareness of e-cigarettes was high among both current and former smokers (95% vs 

90%). Awareness and use of e-cigarettes were lowest among never smokers. Current 

smokers who intended to quit smoking in the next 30 days had higher rates of ever use 

(54.9% vs 49.7%) and current use (34.7% vs 18.9%) than those without intention. Current 

smokers who had made quit attempts in the past 3 months had higher rates of ever use 

(56.5% vs 47.3%) and current use (30.2% vs 16.3%) than those who had not.

Table 3 examines how e-cigarette awareness and use differed by demographic 

characteristics. Young adults did not differ in use of combustible cigarettes from other 

adults, but were more likely to have ever used and currently use e-cigarettes. LGBT 

respondents had higher rates of both cigarette smoking (32.4% vs 20.3%) and of e-cigarette 

use than heterosexual respondents (25.1% vs 14.3% for ever use and 9.4% vs 4.9% for 

current e-cigarette use). Although there are no significant differences in e-cigarette 

awareness across income levels, a clear inverse relationship existed between income and 

rates of both e-cigarette use and smoking. Those with lower education levels tended to have 

higher rates of e-cigarette use and smoking than those with college education.

Multivariate logistic regression results are presented in Table 4. Current smokers who 

intended to quit in the next 30 days had higher odds of ever use, current use, and current use 

conditional on ever use than others; the odds of current use were more than two times 

greater for current smokers with intention to quit than for those without intention. Young 

adults had higher odds of ever and current use; the odds were less than half for older age 

groups. Men had 37% higher odds of e-cigarette awareness than women, but their rates of 

use did not differ. Whites were more likely to be aware of e-cigarettes than non-whites, and 

more likely to use e-cigarettes than blacks. Interestingly, those reporting the lowest 

education levels had the lowest odds of awareness yet highest odds of current use. Odds of 

current use were >70% higher among respondents with annual household income >$75,000 

compared with those at the lowest income level, everything else being constant. After 

controlling for smoking status, quitting behavior, and demographic/socioeconomic factors, 

there was no significant difference between LGBT and heterosexual respondents. Odds of 

ever use were 20% lower among individuals living in states with comprehensive smoking 

bans; however, the results were only significant at the margin. Cigarette price was not 

significantly associated with e-cigarette awareness and use, controlling for other factors.

Results from Appendix Table 1 are similar to those in Table 4. Current smokers who had 

made a quit attempt in the past 3 months had higher odds of ever use, current use, and 

current use conditional on ever use than other groups, with odds of current use two times 

greater for current smokers who had made a quit attempt than among those who had not.
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Discussion

This study is one of the first to report how combustible cigarette smoking status and tobacco 

control policies correlate with awareness and current use of e-cigarettes across demographic 

groups and sexual minorities. This research identifies important variations in e-cigarette 

awareness and use with respect to age, gender, education, income, and LGBT status. The 

authors found a high level of awareness (86.4%) of e-cigarettes among U.S. adults in 2013. 

By comparison, previous studies reported e-cigarette awareness rates in the U.S. as 40.9% in 

2010,8 58% in 2011, and 67.2% in 2012.6 Rate of ever use of e-cigarettes was 14.8% in the 

current sample, compared with rates of 3.3% in 2010, 6.2% in 2011, and 8.1% in 2012 in 

previous studies.3,4,6 The present analyses showed the overall rate of current e-cigarette use 

was 5.1%, compared with current e-cigarette use rates at 1.3% in 2010 and 2.9% in 2011.6,29 

This unabated increase in awareness, ever use, and current use of e-cigarettes is likely a 

result of marked increases in e-cigarette marketing and promotion expenditures across 

channels.12,38–40 The authors’ estimates of e-cigarette awareness and use in 2013 were 

higher than those reported by King et al.2 in 2015. The authors’ estimates capture use of 

various vaping products; additionally, sample selection and high non-response rates in King 

and colleagues may explain this difference.

Awareness of e-cigarettes was lower among never smokers, former smokers, women, older 

adults, minorities, and those with less than high school education. Consistent with earlier 

studies,2,6,9,16,41 this study found higher ever use and current use among current cigarette 

smokers, young adults aged 18–24 years (with an age gradient), and those in low SES (low 

level of education or income). African Americans were found less likely to ever use and 

currently use e-cigarettes. This finding is perhaps due partly to differential Internet access 

and exposure to online e-cigarette marketing across racial and ethnic groups42,43; other 

factors such as access to e-cigarettes,44 their price, and population beliefs about the products 

also may play a role. When holding income constant, the present analyses revealed that 

those with low levels of education (less than high school diploma) were more likely to be 

current e-cigarette users. When holding education constant, those with higher income (≥

$50,000) were found more likely to use e-cigarettes.

The analyses revealed that the LGBT subpopulation had higher rates of both ever and 

current e-cigarette use. However, after controlling for smoking status and quitting behaviors, 

the coefficient for LGBT respondents became statistically insignificant. Because current 

cigarette smokers are more likely to use e-cigarettes, higher rates of e-cigarette ever use and 

use among LGBT individuals were primarily driven by high cigarette smoking rates among 

sexual minorities.17–21 Nonetheless, future efforts to address the high rates of tobacco use 

among sexual minorities, including both combustible and electronic cigarettes, are 

warranted.

Cigarette smoking status—particularly in tandem with intentions and attempts to quit—is an 

important correlate of current e-cigarette use. Current smokers had higher levels of 

awareness and were more likely to have ever used and to currently use e-cigarettes than 

former and never smokers. Among current smokers, those with intention to quit and who 

had made quit attempts were more likely to have ever used and to currently use e-cigarettes. 
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Consistent with the literature,6,9,15,16,34 this finding suggests that smokers who intend to quit 

combustible cigarettes may perceive e-cigarettes as a cessation method, highlighting the 

potential role of e-cigarettes in reducing combustible cigarette consumption. This also 

underscores the need for ongoing surveillance and monitoring of how e-cigarettes are used 

as cessation tools, including dual use of e-cigarettes with combustible tobacco and its health 

implications.

The authors also found evidence that individuals living in states with comprehensive smoke-

free laws were less likely to ever use e-cigarettes than those living in states with weak or no 

laws. A recent study44 found retailers in states with comprehensive smoke-free policies were 

less likely to sell e-cigarettes than those in states with weaker smoke-free laws, which may 

in part explain the inverse relationship between e-cigarette ever use and smoke-free laws. As 

the U.S. Food and Drug Administration considers e-cigarette regulation, major public health 

organizations have called for the inclusion of e-cigarettes in smoke-free air laws and 

restrictions on marketing and flavors.45,46 These results offer evidence that comprehensive 

smoke-free air policies may deter ever use of e-cigarettes, thus implementing stronger 

smoke-free air policies that include e-cigarettes at state- and local-level may have the 

potential to reduce initiation, uptake, and experimentation with e-cigarettes.

No statistically significant or consistent relationships between cigarette price and e-cigarette 

awareness, ever use, or current use were discovered, consistent with other findings.47 This 

may reflect the complex dynamics between tobacco control policies and e-cigarette sales. 

Higher cigarette prices may offer incentives for cigarette smokers to try e-cigarettes. 

However, e-cigarette manufacturers may target markets where more cigarette smokers 

reside.

Limitations

This study is limited by its cross-sectional design, which does not allow examination of 

changes in patterns of e-cigarette use over time. Additionally, the sample in this study 

represented only U.S. adults; the findings cannot be generalized to youth (less likely to use 

e-cigarettes for smoking cessation). Future studies should explore dual and poly use of e-

cigarettes with combustible cigarettes and other tobacco products. Finally, the study did not 

assess the correlation between e-cigarette use and the types of e-cigarettes (e.g., tanks, 

mods), which limits the ability to draw conclusions about the differential efficacy of product 

types for smoking cessation. More research is needed to analyze potential differences.

Conclusions

This paper comprehensively examines patterns and correlates of current e-cigarette use 

among U.S. adults, identifying important variations among priority populations. 

Implications of this research highlight the need for policymakers to consider variations in e-

cigarette use by smoking status, quitting behaviors, socioeconomic characteristics, and 

tobacco control environments to avoid unintentionally creating or exacerbating health 

disparities. This study underlines the need for research examining longitudinal patterns and 

correlates of e-cigarette use.
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Table 1

Descriptive Statistics

Variable N %(Proportion) (95% CI)

Sample size 17,522

E-cigarette outcome measures

    Awareness (ever heard or seen) 15,571 86.4 (85.6 - 87.3)

    Ever use 3,910 14.8 (14.0 - 15.5)

    Current use (any use in the past 30 days) 1,605 5.1 (4.7 - 5.5)

    Current use among ever users 1,605 34.5 (32.2 - 36.9)

Cigarette smoking

    Never smoker 6,742 51.8 (50.6 - 52.9)

    Former smoker 4,157 27.5 (26.4 - 28.5)

    Current smoker 6,607 20.8 (20.0 - 21.5)

Intention to quit cigarette smoking (in the next 30 days) (N=6,607)

    Yes 897 11.9 (10.8 - 13.1)

Attempt to quit cigarette smoking (in the past 3 months) (N=6,607)

    Yes 2,255 32.4 (30.6 - 34.1)

Age (years)

    18-24 1,269 9.7 (8.9 - 10.5)

    25-44 4,957 34.4 (33.3 - 35.6)

    45-64 7,347 38.3 (37.2 - 39.4)

    65+ 3,949 17.5 (16.7 - 18.4)

Gender

    Male 7,819 48.0 (46.8 - 49.2)

    Female 9,703 52.0 (50.8 - 53.2)

Race/Ethnicity

    Non-Hispanic white 13,931 68.1 (67.0 - 69.3)

    Non-Hispanic black 1,317 11.5 (10.7 - 12.4)

    Hispanic 1,246 13.5 (12.6 - 14.4)

    Non-Hispanic other 1,028 6.9 (6.2 - 7.5)

Education

    Less than high school graduate 697 6.8 (6.1 - 7.5)

    High school graduate 3,901 36.1 (34.9 - 37.3)

    Some college 6,342 31.1 (30.1 - 32.2)

    Bachelor degree 4,092 15.7 (15.0 - 16.5)

    Any post college 2,490 10.2 (9.6 - 10.8)

Household income ($)

    <20,000 2,716 14.1 (13.3 - 15.0)

    20,000-34,999 2,923 14.9 (14.1 - 15.8)

    35,000-49,999 2,816 13.3 (12.5 - 14.0)

    50,000-74,999 3,613 19.6 (18.7 - 20.6)

    75,000-124,999 3,781 27.4 (26.4 - 28.5)
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Variable N %(Proportion) (95% CI)

    125,000+ 1,673 10.6 (9.9 - 11.3)

Sexual orientation

    Heterosexual 16,280 93.2 (92.6 - 93.8)

    Lesbian, gay, bisexual, and transgender 1,124 4.8 (4.3 - 5.3)

    Refused 286 2.0 (1.6 - 2.3)

Tobacco control policy

    Smoke-free air laws

        States do not have comprehensive smoking bans 4,156 26.9 (26.0 - 27.8)

        States with comprehensive smoking bans at restaurants, bars, or private workplaces (but not
in all three venues)

5,110 30.9 (30.0 - 31.8)

        States with comprehensive bans at restaurants, bars, and private workplaces (in all three
venues)

8,241 42.2 (41.2 - 43.1)

    Cigarette price quartiles ($)

        $0-<$5.6371 3,774 23.7 (22.8 - 24.5)

        $5.6371-<$6.022 4,068 22.4 (21.5 - 23.2)

        $6.022-<$6.7838 4,654 26.1 (25.2 - 26.9)

        >$6.7838 5,026 27.9 (27.1 - 28.8)
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Table 2

E-Cigarette Awareness and Use by Cigarette Smoking and Quitting Behavior

% of awareness (95% 
CI)

% of ever use (95% 
CI)

% of current use 
(95% CI)

% of current use 
among ever users (95% 
CI)

By cigarette use

    Never smoked 80.9 (79.5 - 82.4) 3.0 (2.4 - 3.6) 0.5 (0.3 - 0.8) 17.7 (9.4 - 25.9)

    Former smoker 90.3 (89.0 - 91.7) 10.1 (8.7 - 11.5) 1.8 (1.2 - 2.3) 17.5 (12.5 - 22.5)

    Current smoker 95.0 (94.1 - 96.0) 50.3 (48.4 - 52.2) 20.9 (19.4 - 22.4) 41.5 (38.9 - 44.1)

Intention to quit in next 30 days 
(among current cigarette 
smokers)

    Yes 94.4 (92.3 - 96.5) 54.9 (49.9 - 59.9) 34.7 (30.2 - 39.2) 63.2 (56.6 - 69.7)

    No 95.1 (94.0 - 96.1) 49.7 (47.6 - 51.8) 18.9 (17.4 - 20.5) 38.1 (35.3 - 40.9)

Attempts to quit in past 3 
months (among current 
cigarette smokers)

    Yes 94.7 (93.1 - 96.3) 56.5 (53.3 - 59.7) 30.2 (27.3 - 33.1) 53.5 (49.3 - 57.7)

    No 95.2 (94.0 - 96.4) 47.3 (44.9 - 49.8) 16.3 (14.7 - 18.0) 34.5 (31.3 - 37.7)

Notes: E-cigarette awareness: defined as those who have ever seen/heard e-cigarettes. Ever use e-cigarettes: defined as those who have ever used 
cigarettes. Current use e-cigarettes: defined as those who had any use of e-cigarettes in the past 30 days prior to the survey. Current use e-cigarettes 
among ever users: respondents who currently use e-cigarettes among those who have ever used e-cigarettes.
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