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Introduction

Sales, awareness, and public debate regarding electronic cigarette 
(e-cigarette) use have increased sharply and steadily since their advent 
in 2003 (Etter & Bullen, 2011; Herzog & Pokhrel, 2012; Pearson, 
Richardson, Niaura, Vallone, & Abrams, 2012; Wagener, Siegel, & 
Borrelli, 2012). E-cigarettes, which deliver nicotine through inhaled 
vapor, have been viewed as both a threat (Cobb & Abrams, 2012) 
and a potential benefit (Wagener et al., 2012) to public health. An 
examination of the evidence supporting these opposing views reveals 
several important lines of future research necessary to expand our 
understanding of these products.

To date, the literature includes several promising aspects of 
e-cigarettes. Large survey studies indicate that 67%–92% of 

e-cigarette users successfully reduce cigarette consumption and that 
49%–96% are successful in quitting traditional cigarette use com-
pletely (Dawkins, Turner, & Crowe, 2013; Etter & Bullen, 2011; 
Siegel et  al., 2012). Moreover, individuals who use e-cigarettes to 
quit smoking traditional cigarettes report improved breathing and 
decreased coughing (Dawkins et al., 2013). Clinical and crossover 
trials support these findings demonstrating that e-cigarettes appear 
to reduce craving for cigarettes and number of cigarettes smoked 
(Bullen et al., 2010; Vansickel, Cobb, Weaver, & Eissenberg, 2010); 
however, randomized clinical trials of smoking cessation demon-
strate more modest effects (Polosa et al., 2011). Lastly, ex-smokers 
reported that their time to first daily cigarette (when they were 
active smokers) was significantly shorter than their time to first daily 
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“vape” (use of e-cigarette), suggesting that e-cigarettes may be less 
addictive than traditional cigarettes (Dawkins et al., 2013).

Conversely, many potential concerns regarding e-cigarette use 
have been documented including data demonstrating that e-ciga-
rettes may contain varying levels of toxins; from levels lower than 
that of traditional cigarettes (Cahn & Siegel, 2011; “FDA Warns of 
Health Risks Posed by E-Cigarettes,” 2009; Goniewicz et al., 2013; 
Laugesen, 2008), to levels equal to and exceeding those found in 
traditional cigarettes (Williams, Villarreal, Bozhilov, Lin, & Talbot, 
2013). Furthermore, one study reported that individuals who used 
a state tobacco quitline and reported using or trying e-cigarettes 
in the past were significantly less likely to be tobacco abstinent at 
seven-month follow up than those who had never tried e-cigarettes 
(Vickerman, Carpenter, Altman, Nash, & Zbikowski, 2013). Several 
studies have also demonstrated that individuals often continue to 
use traditional cigarettes, albeit at a reduced level, after initiating 
e-cigarette use (e.g., Bullen et al., 2013; Caponnetto et al., 2013; Lee, 
Grana, Glantz, 2013; Popova & Ling, 2013; Vickerman et al., 2013). 
Lastly, there have been several unfortunate injuries related to e-cig-
arette use including e-cigarettes exploding as well as other safety 
issues surrounding the use of these products (e.g., Chen, 2013). 

Despite some advancements made in researching e-cigarettes over 
the last several years, many questions remain. It is still unclear how 
the prolonged use of e-cigarettes influences important factors that 
could affect the users’ health, such as frequency of e-cigarette use 
and e-cigarette dependence. In fact, only one study to our knowledge 
has examined the effects of duration of e-cigarette use (Dawkins 
et  al., 2013) and reporting on this variable was limited. Dawkins 
and colleagues (2013) reported that duration of e-cigarette use was 
significantly higher in current than ex-smokers, which suggests that 
dual use of both e-cigarettes and traditional cigarettes is the typi-
cal result of prolonged e-cigarette use. This is particularly notewor-
thy considering that approximately 76% of individuals in the same 
study reported the intention to use e-cigarettes as a complete alter-
native to smoking (Dawkins et al., 2013). In light of the substantial 
proliferation of e-cigarettes, the dearth of information regarding the 
long-term effects of their use on smoking behavior, nicotine depend-
ence, and frequency of use is cause for concern.

Therefore, the purpose of this study was to examine the effects 
of duration of e-cigarette use on several factors including current 
cigarette use, dependence to e-cigarettes, frequency of e-cigarette use, 
and the strength of nicotine solution used in e-cigarettes. Previous 
studies suggest that e-cigarette users often reduce or quit smoking; 
therefore, we hypothesized that increased duration of e-cigarette use 
would be associated with decreased smoking. Considering the lack 
of information regarding dependence, changes in nicotine levels, 
and frequency of use, no a-priori hypotheses were made for these 
variables. Examining these associations will provide much needed 
preliminary data on the effects of long-term e-cigarette use and will 
be helpful in identifying important relationships to consider in lon-
gitudinal studies.

Methods

All measures and procedures were approved by the universities’ 
institutional review board. Individuals were recruited at e-cigarette 
retail locations often referred to as “vape stores/vape shops” in a 
large metropolitan city in the Midwestern United States. Customers 
were asked to participate in the study prior to exiting the retail store. 
The managers of all retail “vape stores” in the metropolitan area 

were contacted and asked to participate in serving as a data col-
lection site for the study; 8 out of 10 stores contacted agreed to 
participate. Participants completed a brief (29-item) self-report 
measure assessing behaviors and perceptions regarding e-cigarette 
and traditional cigarette use as well as demographic information. 
Specifically, participants were asked to report the average number of 
cigarettes they smoked daily prior to initiating e-cigarette use as well 
as the average number of cigarettes they smoke currently. Past heavy 
and past light smoking groups were defined as ≥10 cigarettes daily 
or <9 cigarettes daily; a cutpoint previously used in several studies 
(Coady et al., 2012; Fagerström, Russ, Yu, Yunis, & Foulds, 2012; 
Kotz, Fidler, & West, 2012; Okuyemi et  al., 2002). Current ciga-
rette and e-cigarette dependence was measured via the Fagerström 
Test for Nicotine Dependence time to first cigarette (FTND TTFC) 
(Baker et al., 2007; Heatherton, Kozlowski, Frecker, & Fagerström, 
1991), which assesses the time from waking until first daily cigarette 
or e-cigarette. Duration of e-cigarette use was measured in days of 
reported e-cigarette use. Frequency of e-cigarette use was measured 
by asking participants to estimate their daily number of “puffs.” 
A puff was defined as each time the participant inhaled from the 
e-cigarette. Strength of nicotine in milligrams (mg) was assessed ret-
rospectively at initiation of e-cigarette use as well as currently at the 
time of data collection.

Participants
A sample of 159 current e-cigarette users was recruited. The major-
ity of the sample (78.7%) reported using refillable “tank” systems. 
Participants had a mean age of 35.7 (SD = 12.6), the majority were 
male (53.7%), employed full-time (72.0%), and reported an average 
household income of $30,000–$39,999. The sample primarily iden-
tified as Caucasian (84.8%), followed by African American (3.7%), 
Hispanic (1.2%), Asian (0.6 %), American Indian/Alaskan Native 
(4.3%), and other (3.0%), and most participants had obtained a 
high school/GED or higher education level (93.9%). Prior to using 
e-cigarettes, participants reported smoking an average of 19.8 
(SD  =  12.8) tobacco cigarettes per day; after initiating e-cigarette 
use, participants reported smoking an average of 2.87 (SD = 5.53) 
tobacco cigarettes per day. The mean number of previous quit 
attempts was 4.05 (SD = 4.78), and the majority of participants uti-
lized nicotine gum (64.3%) or a nicotine patch (61.3) to aid in their 
previous quit attempts (all percentages listed in Table  1). Average 
duration of e-cigarette use was 210 days or (6.8 months), with time 
to first daily use of e-cigarette ranging from 6 to 30 min. Additional 
descriptives regarding demographics, traditional cigarette use, and 
e-cigarette use are reported in Table 1.

Analytic Strategy
We conducted linear regression analyses to examine the effects of 
duration of e-cigarette use on current number of cigarettes smoked 
per day, dependence to e-cigarettes (FTND score), change in strength 
of nicotine (mg of nicotine), and estimated e-cigarette “puffs.” No 
issues with skewness or kurtosis were observed in the data. Visual 
examination of plotted residuals revealed linearity. Visual examina-
tion of the data for current number of cigarettes smoked per day 
by days of e-cigarettes use revealed a curvilinear rather than linear 
pattern. Therefore, post-hoc analyses of the curvilinear effects of 
traditional cigarette use were modeled using nonlinear regression 
to examine if this estimation provided a better fit of the data for 
this variable. Baron and Kenny’s (1986) moderation analysis was 
utilized to examine potential interactions between duration of use 
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and smoking history. No issues with multicollinearity were observed, 
VIF = 1.04. Significant interactions were followed using analysis of 
simple slopes (Aiken & West, 1991). We also conducted repeated 
measures analysis of variance to examine change in nicotine level 
over time, and logistic regression to examine participants smoking 
status (i.e., ex-smoker vs. smoker). Linearity of the logit was assessed 
and confirmed via the Box–Tidwell approach. Measures of effect size 
(pr2 for linear regression, η2 for repeated measures analysis of vari-
ance, and odds ratio for logistic regression) are listed for all analyses.

Results

Nonlinear regression analysis revealed that increased duration of 
e-cigarette use was associated with fewer cigarettes currently smoked 
(F(1, 146) = 102.559, p < .001); the data were better characterized 
by an inverse curve than by a linear relationship (see Figure  1). 
Increased duration of e-cigarette use increased the likelihood of 
being an ex-smoker as compared to being a dual user of cigarettes 

and e-cigarettes (β  =  .003, SE  =  .001, Wald  =  6.729, p  =  .012, 
odds ratio  =  1.003). Duration of e-cigarette use was not associ-
ated with addiction to e-cigarettes as measured by the FTND TTFC 
(β = −.118, t[149] = −.145, p =  .149, pr2 =  .118). However, when 
smoking history was considered, a significant interaction between 
past heavy smoking status (≥10 cigarettes/day) and past light smok-
ing status (<9 cigarettes/day) suggested that these groups may evince 
different patterns of addiction to e-cigarettes over time (β = −.548, 
t[152]  =  −2.20, p  =  .029, pr2  =  .174). The pattern of the simple 
slope analysis for past heavy smokers suggested small decreases in 
dependence over time, while the pattern for past light smokers sug-
gested small increases in dependence over time. However, neither 
slope was significantly different than zero, meaning that neither of 
the slopes represented significant change (see Figure 2). Duration of 
e-cigarette use did not predict change in the strength (mg of nicotine) 
of e-cigarettes used at initiation compared to strength of e-cigarettes 
currently used (β = −.058, t[106] = −.598, p = .551, pr2 = .058), and 
no significant interaction between smoking history and duration of 
use was observed (β  =  .568, t[105] = 1.843, p  =  .07, pr2  =  .179). 
Overall, the reported strength of e-cigarettes decreased from initia-
tion to current use, F(1, 108) = 32.686,  p < .001, η2  =  .232, and 
neither duration of use, F(1, 103) = .460, p = .499, η2 = .004, nor 
smoking history affected this change, F(1, 103)  =  .460, p  =  .760, 
η2 = .007. Conversely, duration of e-cigarette use was associated with 
estimated “puffs” on an e-cigarette per day, with increasing duration 
predicting more puffs (β = .186, t[120] = 2.068, p = .041, pr2 = .186), 
again no interaction of smoking history and duration of use was 
observed (β = .159, t[120] = .666, p = .507, pr2 = .060). However, 
when current traditional cigarette use was entered as a covariate, 
duration of e-cigarette use did not significantly predict puffs per day 
(β = .174, t[120] = 1.810, p = .073, pr2 = .162).

Discussion

This study examined duration of e-cigarette use in terms of several 
factors that may influence the health of the user, including current 
cigarette use, dependence to e-cigarettes, strength of nicotine used, 
and e-cigarette puffs per day. To our knowledge, this is the first study 
to focus directly on duration of e-cigarette use as a predictor of sev-
eral tobacco-related outcomes.

Results revealed that reported daily consumption of traditional 
cigarettes decreased with increasing duration of e-cigarette use. 
Although this information is distinct from previous studies, it sup-
ports the notion that individuals are often able to reduce or quit ciga-
rette use by using e-cigarettes (Dawkins et al., 2013; Etter & Bullen, 
2011; Siegel et  al., 2012). Furthermore, post-hoc analysis revealed 
that traditional cigarette use decreased with increasing duration of 
use in a pattern more consistent with an inverse curve rather than a 
linear relationship (see Figure 1). This suggests that individuals reduce 
cigarette use acutely after initiating e-cigarette use. It should be noted 
that reducing cigarette use alone may not be enough to prevent smok-
ing-related illness; results from previous studies suggest that light and 
intermediate smokers still carry significantly increased risk for a host 
of negative health outcomes (Bjartveit & Tverdal, 2005; Schane, 
Ling, & Glantz, 2010). Our analyses also revealed that with increas-
ing duration of e-cigarette use, the likelihood of being an ex-smoker 
(e-cigarette only user) increased modestly as compared to being a 
dual user of traditional cigarettes and e-cigarettes. Although the odds 
ratio for this finding was modest, the results contrast Dawkins and 
colleagues (2013) finding that current smokers (dual users) evinced a 

Table 1.  Participant Demographics

Variable M SD Frequency %

Age 35.7 12.6
Duration of e-cigarette use (days) 285 321.3
Daily cigarettes prior to e-cigarette use 19.8 12.9
Daily cigarettes current 2.87 5.53
Lifetime quit attempts 4.05 4.78
Mean FTND TTFC e-cigarettes 2.14 .9
Method of previous quit attempt
 Nicotine gum 64.3
 Nicotine lozenge 24.3
 Nicotine inhaler 7.8
 Nicotine nasal spray 2.6
 Nicotine patch 61.3
 Chantix 29.6
 Zyban 16.5
Gender
 Female 88 56.1
 Male 69 43.9
Ethnicity
 White 139 86.3
 Black 6 3.7
 Hispanic 2 1.2
 Asian 1 .6
 Native American 7 4.3
 Other 5 3.1
 Declined 1 .6
Education
 Grade 9–11 10 6.3
 High school/GED 40 25.0
 Technical school 12 7.5
 Some college 50 31.3
 College graduate 38 23.8
 Graduate school 10 6.3
Employment
 Employed full-time 118 74.7
 Employed part-time 12 7.6
 Unemployed 11 7.0
 Homemaker 6 3.8
 Retired 8 5.1
 Student 3 1.9

FTND TTFC = Fagerström Test for Nicotine Dependence time to first cigarette.
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longer duration of e-cigarette use as compared to ex-smokers in their 
sample (Dawkins et al., 2013). The results reported by Dawkins and 
colleagues (2013) is a potentially troubling finding in that it suggests 
that dual use is more likely with increased duration of e-cigarette use. 

The current results suggest that there may be a period of time when 
individuals are transferring from traditional cigarettes to e-cigarettes. 
During this transition period, individuals use both products, but with 
continued use, eventually transfer to e-cigarette use only.

Figure 1. Traditional cigarettes smoked by duration of e-cigarette use.

Figure 2. Interaction of smoking history and duration of e-cigarette use on dependence to e-cigarettes.
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Overall, we observed no main effect between dependence to e-cig-
arettes and duration of e-cigarette use. However, past heavy smok-
ers and past light smokers showed a significantly different pattern of 
dependence to e-cigarettes over time. Past heavy smokers demonstrated 
a pattern of slightly decreased dependence over time, while past light 
smokers demonstrated a pattern of slightly increased dependence over 
time. However, neither slope was significantly different from no change 
in dependence over time. The effect size for this interaction (pr2 = .179) 
was medium by convention (Cohen, 1988). If this significant interac-
tion is replicated in future studies and the slopes differ significantly 
from no change in dependence, treatment recommendations regarding 
e-cigarettes may differ for heavy versus light past smokers.

Additionally, we observed that duration of e-cigarette use did not 
predict change in the strength (mg of nicotine) of e-cigarettes used at 
initiation compared to strength of e-cigarette use currently reported. 
However, the reported strength of e-cigarettes did decrease from ini-
tiation to current use, regardless of duration of use or severity of 
smoking history. These findings suggest that individuals decrease the 
strength of nicotine in their e-cigarettes from initiation to current 
use, but that this change is not dependent on duration of use. That 
is, some individuals decreased nicotine strength very quickly, while 
others decreased strength after a longer period of e-cigarette use. It 
is important to note that previous studies have reported variations 
in levels of labeled nicotine concentrations (e.g., Goniewicz et  al., 
2013). Thus, the most meaningful information garnered from this 
result may be that individuals requested reduced nicotine concen-
trations in their nicotine liquid over time. Conversely, duration of 
e-cigarette use was associated with increased puffs on an e-cigarette 
per day, with increasing duration predicting more puffs, regardless of 
smoking history. However, individuals often report using both tradi-
tional cigarettes and e-cigarettes while transitioning to using e-ciga-
rettes exclusively (Dawkins et al., 2013). The increase in e-cigarette 
puffs per day observed in the current results may be confounded by 
this transition. After controlling for number of cigarettes currently 
smoked daily, the finding was no longer significant. This suggests 
that individuals report more puffs per day as they decrease tradi-
tional cigarette use and increase e-cigarette use over time.

Although this study has potential to provide valuable informa-
tion to the field, it must be considered in light of several noteworthy 
limitations. First, our data were collected at retail e-cigarette stores 
and included a sample of individuals who primarily used refillable 
“tank” systems. These results may differ from individuals using pri-
marily disposable e-cigarettes or buying their products online or at 
alternative store fronts. Second, the design of the study was cross-sec-
tional, precluding causal interpretations. Third, some of the current 
results relied on retrospective reporting of behaviors. Although this is 
standard practice for assessing smoking history, it can be problematic 
(Bernard, Killworth, Kronenfeld, & Sailer, 1984). Fourth, the current 
results are self-reported and therefore must be considered in light of 
the limitations associated with self-reported data (Schuler, Lechner, 
Malcolm, & Carter, 2009). A biologic marker such as cotinine would 
have been an ideal addition to the self-reported data. However, bio-
logic specimens were not collected due to a lack of funds necessary 
to conduct the necessary analyses and concern that specimen col-
lection would limit recruitment, especially because compensation 
was not provided for participation. Our interest in generalizability 
outweighed any reliability issues associated with unintentional or 
intentional errors in self-reported data. We believe the motivation 
for individuals to intentionally misrepresent self-reported data was 
low. Furthermore, we have no reason to believe that this motivation 

would differ systematically based on our main predictor (duration of 
e-cigarette use), which we believe limits any substantial confound-
ing effects. Additionally, we conducted several statistical tests in this 
study, which increases the likelihood of type 1 error. Lastly, the results 
reported regarding a reduction in the nicotine concentration of nico-
tine liquid over time must be interpreted in light of findings that sug-
gest that the nicotine concentration in nicotine liquid reported by 
retailers may fluctuate (e.g., Goniewicz, et al., 2013).

Future studies would improve upon this study by utilizing an 
experimental design. As mentioned previously, biologic markers of 
nicotine may increase the reliability of results. Additionally, the sig-
nificant interaction of duration of use and past smoking status in 
terms of dependence to e-cigarettes should be tested in a longitudinal 
study. If the current results are replicated, treatment recommenda-
tion regarding e-cigarettes as a tool for quitting may differ for heavy 
versus light smokers. Lastly, there appears to be a trend for tank 
systems to outperform traditional e-cigarettes in a number of con-
sumer preferences (Dawkins et al., 2013). Studies comparing these 
two forms of e-cigarettes in terms of the variables within this study 
will likely provide valuable information.
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