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ABSTRACT 

Electronic cigarettes (“e-cigs”) have recently gained in popularity, but their health risks, 

including dependence potential are unclear. This study analyzed the adult database from the 

Wave 1 Population Assessment of Tobacco and Health (PATH) Study, a nationally 

representative survey of tobacco use in the United States, to assess the relative level of 

dependence among adult, exclusive everyday users of e-cigarettes and cigarettes.  

Of the total 32,320 observations from the Wave 1 PATH adult database, 3586 (5.9%, 

weighted) were eligible for our analysis population. Among those who met the eligibility criteria, 

156 (4.6%) were exclusive e-cig users, and 3430 (95.4%) were exclusive cigarette smokers. Our 

results show that e-cig users reported a significantly longer time-to-first-use of the day after 

waking (measured in minutes) compared to cigarette smokers after adjusting for confounders 

(adjusted Geometric Mean  [95% Confidence Limits (CL)]: 29.2 [24.4-34.9] vs. 20.0 [18.7, 

21.5]). In addition, cigarette smokers were significantly more likely to consider themselves 

addicted (Adj. Odds Ratio [95% CL]: 6.9 [4.5-10.7]); have strong cravings (2.9 [1.9-4.2]); find it 

difficult in the past 12 months to refrain from using their product in places where it was 

prohibited (6.4 [2.9-14.3]); and feel like they really needed to use their product (3.9 [2.4-6.4]). 

These results are consistent with previous studies, in finding that exclusive daily e-

cigarette users are less dependent on their respective product than comparable cigarette smokers.   
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INTRODUCTION 

Tobacco smoking is the leading preventable cause of premature morbidity and mortality 

in the U.S. (1) and cessation offers immediate and sustained improvement in health and quality 

of life (2). Over the past 10 years, a new inhaled nicotine device, popularly referred to as an 

electronic cigarette ( “e-cig”) has become increasingly popular around the world (3-5), 

particularly in the United States where more than 79% of adults are currently aware of e-

cigarettes and 3.7% are using one on a regular basis (6). Current everyday or some-day e-

cigarette use is most prevalent among current cigarette smokers (15.9%) and recent former 

smokers (22.0%) and is very uncommon among adults who have never smoked cigarettes (0.4%) 

(6-8). E-cigarettes are battery-powered devices that heat and vaporize a liquid mixture (e-liquid), 

typically containing a vehicle such as propylene glycol and/or vegetable glycerin, and often but 

not always nicotine and/or flavorings, to produce an aerosol that is inhaled by the user (9, 10).   

 As of 2016, there were more than 250 brands of e-cigs on the United States market alone, 

with sales of approximately $3.5 billion (11). Per the recent Surgeon General’s report (12), as of 

2015 e-cig use on one or more of the past 30 days among middle school students, high school 

students, young adults (18-24 years of age) and adults (aged 25 or older) are 5.3%, 16.0%, 13.6% 

and 5.7%, respectively; and the prevalence of e-cig use among young adults more than doubled 

from 2013 to 2014 (12). In May 2016, the FDA ruled that e-cigs, among other products, are 

subject to regulation. The new regulation prohibits marketing and sale of e-cigarettes to minors 

(under age 18), and restricts marketing and selling of e-cigs in many ways (13).   

Despite the steady decline in cigarette smoking among adults and adolescents (14), the 

emergence of new tobacco products such as e-cigs has brought new uncertainties about the likely 

public health impact (9, 15-17).  Studies have yielded mixed results regarding the effects of e-

cigs on smoking cessation (18-21). In addition, electronic cigarettes are generally perceived as a 

less harmful alternative for smokers because rather than burning tobacco (22), liquids containing 

nicotine and flavorings are heated and vaporized. On the other hand, numerous studies have 

raised concerns that e-cigs may have more appeal to non-tobacco users who might otherwise not 

be attracted to the use of tobacco products (9, 15-17). Like any new product entering the 

mainstream and gaining popularity, there is still a lack of knowledge about e-cigs. The recent  

Surgeon General’s report states that there is a lack of knowledge about the harmfulness of e-cigs 
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and that “strategic, comprehensive research is critical to identify and characterize the potential 

health risks from e-cigarette use” (12). 

One important aspect of health consequences of a tobacco or nicotine delivery product is 

their tendency to result in dependence. Dependence, also referred to as addiction, is characterized 

by a perceived loss of control, including compulsive use and a difficulty abstaining. The present 

study aims to assess nicotine dependence among e-cig users in comparison with dependence 

among a comparable group of traditional tobacco cigarette smokers. Previous studies have 

utilized convenience samples recruited via internet surveys to compare dependence on e-cigs 

with that of cigarettes (23-25) and nicotine gum (23). Etter & Eissenberg concluded that e-cigs 

were less addictive than tobacco cigarettes and may be less addictive than nicotine gum. 

Farsalinos et al (24) reported that among 111 former-smoking current e-cig users,  participants 

currently had a longer time-to-first-use of the day and rated themselves as less dependent on e-

cigs relative to their prior cigarette use.  

Foulds et. al. (25) studied self-reported dependence in a large sample (n=3,609) of current 

exclusive e-cig users who had successfully quit cigarette smoking. Having assessed their e-cig 

dependence using the 10-item Penn State (PS) Electronic Cigarette Dependence Index, these 

scores were retrospectively compared with those on the Penn State Cigarette Dependence Index. 

The current e-cig users reported less dependence on e-cigs than on their cigarettes prior to 

switching. However, despite the large sample size, there are potential limitations in that study. 

For example, recall bias could be of particular concern in reference to retrospective dependence 

measures on a product they claim to no longer use. In addition, the study sample was a volunteer 

convenience sample recruited online, and could have attracted individuals with a more positive 

view of e-cigs relative to cigarettes.  

One previous study examined dependence symptoms in participants drawn from a large 

representative sample in the United States(26). They examined the 2012-13 National Adult 

Tobacco Survey and found that exclusive daily e-cigarette users reported significantly fewer 

symptoms of dependence than exclusive daily cigarette smokers.  

The aim of our study is to compare dependence among e-cig users and cigarette smokers. 

The Population Assessment of Tobacco and Health (PATH) database provides the opportunity to 

assess dependence in exclusive e-cig users and cigarette smokers using a nationally 
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representative sample. We chose to study exclusive product users in order to prevent any 

contamination of other product use with regard to survey responses pertaining to nicotine 

dependence.  

METHODS 

Data Source  

The PATH Study is a national longitudinal study of tobacco use among youth and adults 

designed for use in evaluating the health effects on people in the United States (27). The first 

wave of data consists of baseline information for the study population. Continued follow-up data 

will become available as the consortium collects subsequent waves of data in future years.  

PATH Study data collection involves a rigorous, multi-layered sampling and weighting scheme 

to ensure that data are representative nationwide (28).  

Ascertainment of Study Population 

Our study focused on the adult population of the PATH database contained in the Wave 1 

Adult Interview [September 12, 2013 to December 14, 2014] (28). The PATH Study classifies 

study participants into various types of tobacco users according to algorithms of responses to 

relevant survey questions. These are referred to as derived variables that already exist in the 

study’s Public-Use Files. Given that these classifications have already been ‘pre-defined’ by the 

PATH survey construction, these derived variables were heavily involved in defining our 

analysis population of interest.  Not only were these algorithms used to categorize all participants 

interviewed in the PATH Study, but they were also used to determine and delegate which 

participants were routed to each survey question. This allowed for comprehensive data collection 

while minimizing the burden of participation on the subjects. 

As previously mentioned, we focused on the dependence of e-cig and cigarette users, 

whose use of each product is exclusive, daily, established and current.  To isolate these exclusive 

users, we excluded any past 30-day users of e-cigarettes and cigarettes who were classified as 

past 30-day, current established, or current experimental users of any other tobacco product. 

Of particular interest to our analysis were participants’ responses to items within the 

Nicotine Dependence questionnaire (29). Because use within the past 12 months was not 

originally involved in the criteria defining our analysis population, further exclusions were 
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necessary for the cigarette cohort in order to capture the responses that pertained only to their 

cigarette use. By design, if a participant reported using other products within the last 12 months, 

the survey was built to capture responses solely pertaining to the use of e-cigarettes; therefore 

this further refinement was not needed for the e-cig cohort.   

To further delineate the dependence responses for the cigarette cohort and ensure that 

they were responding to this section with respect to their addiction to cigarettes only, we needed 

to further remove those classified as a Former Established Past 12 Months User of any other 

tobacco product. A more comprehensive summary of our analysis population and eligibility 

criteria is depicted in Figure 1, providing the hierarchical unweighted frequencies of each layer 

of criteria used to isolate these cohorts of interest. In total, 3586 unweighted (5.9% weighted) 

observations were eligible for our analysis population. Of these, 156 (4.6% weighted) were 

exclusive e-cigarette users, and 3430 (95.4% weighted) were exclusive cigarette smokers. 

Interestingly, of the 156 (unweighted) e-cigarette users, 151 (96.3% weighted) reported 

that the e-cig they used most of the time was rechargeable, 124 (76.5% weighted) reported that 

they were able to refill their e-cigarette or e-cigarette cartridges with e-liquid, and 150 (95.8% 

weighted) reported using e-cigarettes that usually contained nicotine. Of the 151 that used 

rechargeable e-cigarettes most of the time, 52 (37.9% weighted) reported that their e-cigarettes 

used cartridges. 

Outcomes and covariates 

The PATH nicotine dependence survey includes a number of questions relating to 

dependence, withdrawal and quit attempts. Most of these items used a numerical, ordinal 

response scale from 1 to 5, with anchors for the endpoints but no labels for intermediary levels, 

making interpretation difficult. We therefore selected four universally interpretable items with 

direct relevance to dependence with clear yes/no response options. Also of interest as a proxy for 

assessing dependence is the self-reported time-to-first-use (measured in minutes), as it has a very 

strong track record as a predictor of quitting difficulty. The four survey response questions are 

listed below: 

 “Do you consider yourself addicted to cigarettes/e-cigarettes?” 

 “Do you ever have strong cravings to smoke cigarettes/use e-cigarettes?” 
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 “In the past 12 months, did you find it difficult to keep from smoking cigarettes/using e-

cigarettes in places where it was prohibited?” 

 “Have you ever felt like you really needed to smoke cigarettes/use e-cigarettes?” 

In order to account for potential confounders in our analysis, we considered the following 

covariates: Race/Ethnicity [Non-Hispanic White; Hispanic Blacks/Other Races]; Education [Less 

Than High School; High School Graduate/GED; Post-Secondary Education]; Age [18-24; 25-34; 

35-44; 45-54; 55-64; 65-74; 75+]; Sex [Male; Female]; Poverty Status [Below Poverty Level; At 

or Above Poverty Level] (29). 

For time-to-first-use of the day, we consider the addition of another covariate that 

accounts for rules about smoking a combustible tobacco product/using non-combustible tobacco 

products inside the home, which had the following possible options: 

 Not allowed anywhere or at any time inside the home 

 Allowed in some places or at some times inside the home  

 Allowed anywhere and at any time inside the home 

Data analysis 

SAS Version 9.4 (SAS Institute, Cary, NC, USA) SURVEY Procedures were used in all 

analyses to account for the complex sampling design and weighting of the observations in the 

PATH Study. The replicate weights provided within the PATH database were used to obtain 

accurate variance estimations using Fay’s Method of Balanced Repeated Replication (BRR), 

with the Fay coefficient specified at the value of 0.30, as recommended by the PATH Study (29). 

Rao-Scott Chi-Square tests were performed to evaluate the association of the binary group (e-

cigarette vs. cigarette) variable with all binary and categorical variables. Binary logistic 

regression models, as implemented by PROC SURVEYLOGISTIC, were used to assess both the 

unadjusted and adjusted group effect on each of the binary nicotine dependence outcomes, while 

PROC SURVEYREG was used to fit unadjusted and adjusted linear regression models of the 

continuous time-to-first-use of the day variable. A natural log transformation of this response 

was needed in order to meet the normality assumption. 
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We compared the distributions of time-to-first-use (in minutes) in two ways. We 

categorized this continuous variable according to the Fagerstrom Test for Nicotine Dependence 

cut points (30), and also analyzed it continuously. A significance level of 0.05 was used for all 

analyses.  

RESULTS 

The unweighted frequencies and weighted percentages for demographic characteristics 

are presented in Table 1.  The two cohorts are similar in age and gender distributions, and the e-

cig group is comprised of more non-Hispanic whites than the cigarette group (84.8% vs. 74.0%). 

Most of the e-cigarette users have received some sort of post-secondary education (57.1%), 

while most of the cigarette smokers have not (59.3%).  In addition, more than one-third of 

cigarette smokers (35.0%) are below poverty level in comparison to less than one-sixth (14.6%) 

of e-cig users. Notably, the majority of e-cigarette users live in a place that allows the use of their 

product anywhere and at any time inside their home (61.9%), compared to only 26.5% of the 

cigarette smokers. Almost halfof the cigarette smokers are not allowed to smoke anywhere or at 

any time inside the home (47.8%). This will likely have a confounding effect on their time-to-

first-use of the day, as those who are allowed to use the product in the home have greater 

opportunity to use their product sooner after awakening. 

For all qualitative measures of nicotine dependence, e-cig users consistently reported 

lower dependence on their product than cigarette smokers (Table 2). In particular, compared with 

cigarette smokers, fewer e-cig users considered themselves addicted (77.2% vs. 94.0%); had 

strong cravings (72.8% vs. 86.9%); found it difficult to keep from using (5.6% vs. 28.6%); and 

felt like they really need to use (71.5% vs. 88.5%).  When assessing dependence with an 

established quantitative measurement using time-to-first-use of the day, 15.1% of e-cig users 

reported first use within 5 minutes of waking compared to 24.0% of cigarette smokers.  

Unadjusted regression analyses showed consistent results with those reported above. 

Cigarette smokers reported significantly higher dependence on their product than e-cig users 

(Table 3). After adjusting for age, gender, race/ethnicity, education and poverty level, the group 

effect remained statistically significant. Specifically, cigarette smokers were significantly more 

likely to consider themselves addicted (Adj. OR [95% CL]: 6.92 [4.46-10.73]); to have strong 

cravings (2.85 [1.92-4.23]); in the past 12 months, to find it difficult to keep from using their 
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product in places where it was prohibited (6.39 [2.85-14.32]); and to feel like they really needed 

to use their product (3.89 [2.36-6.40]). Moreover, the group effect on time-to-first use became 

larger after adjusting for the aforementioned covariates in addition to rules of smoking inside the 

home. Cigarette smokers had significantly shorter time-to-first-use compared to e-cig users (Adj. 

GM [95% CL]: 20.03 [18.66-21.49] vs. 29.16 [24.39-34.87]). 

In the multivariable regression models, most of the covariates were significantly 

associated with the nicotine dependence outcomes. Specifically, race, age, and gender were 

significant covariates in modeling three nicotine dependence questions: “Do you consider 

yourself addicted to e-cigarettes/cigarettes?”, “Do you ever have strong cravings to use e-

cigarettes/smoke cigarettes?”, and “Have you ever felt like you really needed to use e-

cigarettes/smoke cigarettes?”  Consistently, non-Hispanic whites and females were more likely 

to respond “Yes” to these survey questions. Additionally, compared to those in the oldest group 

(75 years or older), subjects in younger groups felt more nicotine dependent, with age group 35-

44 being the strongest.  Poverty status was significant when modeling “Do you consider yourself 

addicted to e-cigarettes/cigarettes?” with those at or above poverty level more likely to report 

“Yes.”  Interestingly, poverty status was the only significant covariate when modeling “In the 

past 12 months, did you find it difficult to keep from using e-cigarettes/smoking cigarettes in 

places where it was prohibited?”  with those below poverty level more likely to report “Yes.”  

In the regression analysis of time-to-first-use, all covariates (race/ethnicity, education, 

age, poverty status, and additionally, home smoking rules) except for gender were significant in 

the model. Non-Hispanic Whites, those with less than a high school education, and those below 

poverty level used their products sooner after waking compared to Hispanic Blacks/Other races, 

those with post-secondary education, and those at or above poverty level, respectively. All 

younger age groups used their product sooner compared to those 75 years old or older with age 

groups 35-44 and 45-54 taking the shortest time-to-first-use. Additionally, less stringent home 

smoking rules are associated with shorter time-to-first-use of the product.  

Discussion 

The results from this study consistently showed that established, everyday exclusive e-

cigarette users have lower nicotine dependence than established, everyday exclusive cigarette 

users, as supported by all five outcome variables that we used as markers of dependence. 
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Considered as an extension to the work of Foulds et al (25), our study has shown that while there 

are differences between the reported dependence on each product, it is worth noting that the e-cig 

users’ reported dependence on their product is not negligible. Over three quarters of the e-cig 

users considered themselves addicted to e-cigs. The pattern of results is consistent with the 

known nicotine delivery of different types of e-cigarettes (lower), relative to tobacco cigarettes 

(31). 

It should also be noted that in PATH Wave 1, while almost a quarter (23.8%) of adults 

who have ever tried a cigarette are currently daily cigarette smokers, under 7% (6.8%) of ever e-

cig users are daily e-cig users (including both exclusive and dual-product e-cigarette users). This 

same difference in transfer to daily use occurs in young adults (ages 18-24), and is itself 

suggestive of differential dependence potential (27). This also means that in selecting 

comparable groups of exclusive daily users in order to compare ‘like-with-like’, we are in fact 

selecting the most extremely dependent subgroup of daily e-cig users to compare with cigarette 

smokers exhibiting a fairly common pattern of daily cigarette use. Of the 156 exclusive daily e-

cigarette users eligible for our analytical cohort, 145 (92.9%) of them were former established 

cigarette smokers, 10 (6.7%) were former experimental cigarette users and 1 (0.4%) was a never 

cigarette user, who was also a never user of any other tobacco product. 

Study limitations 

Ideally, for this analysis, we would have liked to have compared the frequency of use per 

day between these two groups; however the units of measure for e-cigs and cigarettes were non-

comparable within the PATH survey. In particular, for e-cig users, there are a wide variety of e-

cig product characteristics such as refillable cartridges, disposables, e-liquid with varying 

concentrations of nicotine, flavors, etc. Each e-cig product type requires a different metric in 

evaluating this frequency of use, making a quantitative comparison between e-cigs and cigarettes 

impossible.  

As shown in Figure 1, the vast majority of past 30-day e-cig users are dual or poly-

product users, rather than exclusive users. While it may therefore be of interest to examine 

dependence among dual users, it becomes difficult to interpret and attribute dependence to a 

specific product in those using multiple nicotine delivery products. 
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In hopes of utilizing the length of time e-cig users and cigarette smokers have been using 

their products, we considered the PATH-derived ‘Age range when first started using every day’ 

variable. However, given that both age variables (at time of screening and when first started) are 

categorical, the duration of use for each respective product could not be reliably calculated or 

assessed. We were unable to adequately account for this use history in our analyses.   

Conclusions 

Our results are consistent with those of previous studies based on convenience samples 

(23-25),  and the one previous study based on a representative national sample (26) in finding 

that established, everyday exclusive e-cig users report lower dependence than comparable 

cigarette users. Future studies should examine exposure biomarkers (e.g. cotinine) and assess the 

development of dependence on e-cigarettes over time and how this differs by device and liquid 

characteristics. The longitudinal design of the PATH Study will also facilitate study of the 

development of dependence on e-cigarettes over time. 
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Figure 1. Flowchart: derivation of the study population.  

* Please note that the PATH adult survey intentionally oversampled tobacco users, young adults and 

black persons. While performing weighted analyses accounts for this, the unweighted observation 

frequencies presented in this figure are solely used for illustration purposes and are not meant to be 

interpreted as representative proportions.  
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Table 1. Demographics by Group 
 E-cigarette Users 

N=156 

Cigarette Smokers 

N=3430 

Age   

18-24 11 (3.6) 341 (5.8) 

25-34 39 (27.5) 688 (19.9) 

35-44 29 (16.8) 681 (19.7) 

45-54 39 (24.4) 794 (24.5) 

55-64 27 (18.9) 609 (19.5) 

65-74 8 (6.1) 249 (8.2) 

75+ 3 (2.6) 68 (2.4) 

Gender   

Male 70 (46.7) 1475 (46.8) 

Female 86 (53.3) 1955 (53.2) 

Race/Ethnicity*   

Non-Hispanic White 129 (84.8) 2446 (74.0) 

Hispanic Blacks/Other Races 27 (15.2) 984 (26.0) 

Education*   

Less Than High school  12 (8.2) 605 (16.5) 

High school Graduate/GED 47 (34.6) 1346 (42.9) 

Beyond  High School (Post-Secondary)  97 (57.1) 1479 (40.7) 

2-Level Poverty Status*    

Below poverty level  24 (14.6) 1304 (35.0) 

At or above poverty level 132 (85.4) 2126 (65.0) 

Home Smoking Rules Inside the Home*   

Not allowed anywhere/at any time 34 (21.0) 1617 (47.8) 

Allowed in some places/at some times 26 (17.1) 893 (25.7) 

Allowed anywhere/at any time 96 (61.9) 920 (26.5) 
Unweighted frequency (Weighted Column Percent) 

  *P < 0.01 (Rao-Scott Chi-Square Test).  
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       Table 2. Nicotine Dependence Outcomes by Group 
 E-cigarette Users 

N=156 

Cigarette Smokers 

N=3430 

Do you consider yourself addicted to cigarettes/e-

cigarettes?* 
  

No 38 (22.8) 204 (6.0) 

Yes 118 (77.2) 3226 (94.0) 

Do you ever have strong cravings to smoke 

cigarettes/use e-cigarettes?* 
  

No 46 (27.2) 437 (13.1) 

Yes 110 (72.8) 2993 (86.9) 

In the past 12 months, did you find it difficult to 

keep from smoking cigarettes/using e-cigarettes in 

places where it was prohibited?* 

  

No 148 (94.4) 2449 (71.4) 

Yes 8 (5.6) 981 (28.6) 

Have you ever felt like you really needed to smoke 

cigarettes/use e-cigarettes?* 
  

No 43 (28.5) 379 (11.6) 

Yes 113 (71.5) 3051 (88.5) 

Time-to-First-Use   

Within 5 Minutes 21 (15.1) 825 (24.0) 

      6-30 Minutes 77 (49.4) 1541 (44.7) 

    31-60 Minutes 39 (24.6) 643 (19.2) 

      > 60 Minutes 19 (10.9) 421 (12.1) 
Unweighted frequency (Weighted Column Percent) 

*P < 0.0001 (Rao-Scott Chi-Square test).  
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Table 3. Regression Analysis Results for Nicotine Dependence Questions 
 Unadjusted Adjusted

 

Outcome
3
 OR (95% CL) OR (95% CL)

1 

Do you consider yourself addicted to  

cigarettes/e-cigarettes?
 4.63 (3.05, 7.02) 6.92 (4.46, 10.73) 

Do you ever have strong cravings  

to smoke cigarettes/use e-cigarettes?
 2.48 (1.66, 3.70) 2.85 (1.92, 4.23) 

In the past 12 months,  

did you find it difficult to keep from  

smoking cigarettes/using e-cigarettes  

in places where it was prohibited?
 

6.80 (3.08, 15.04) 6.39 (2.85, 14.32) 

Have you ever felt like you really needed  

to smoke cigarettes/use e-cigarettes?
 3.06 (1.92, 4.86) 3.89 (2.36, 6.40) 

 GM (95% CL) GM (95% CL)
2 

Time-to-first Use (minutes)    

E-Cigarette Users 23.46 (19.47, 28.27) 29.16 (24.39, 34.87) 

Cigarette Smokers 19.25 (18.25, 20.30) 20.03 (18.66, 21.49) 
1Adjusting for Race/Ethnicity, Education, Age, Sex, and Poverty Status 
2Adjusting for Race/Ethnicity, Education, Age, Sex, Poverty Status and Smoking Rules in the Home 
3Modeling the probability of a ‘Yes’ response to the Nicotine Dependence questions 

OR: Odds ratios reflect the relationship of cigarette smokers to e-cigarette users 

GM: geometric mean, rough approximate of median 
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Figure 1 
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Highlights 

 E-cig users report less dependence on their product than cigarette smokers 

 Cig smokers are more likely to consider themselves addicted  

 To have strong cravings, and to feel like they really needed to use their product 

 Cig smokers found it more difficult not to use in places where prohibited   

 E-cig users report a longer time-to-first-use after waking 
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