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Abstract

Introduction: Studies largely focus on nicotine-containing e-cigarettes (NiCE) though non-nicotine-
containing e-cigarettes (NoCE) exist; NoCE prevalence and patterns of use are largely unknown. 
This study examines self-reported prevalence and patterns of NiCE/NoCE use.
Methods: We analyzed adult (18+ years) data from the Population Assessment of Tobacco and 
Health (PATH) study from Wave 1 (2013–2014, n = 32,320), Wave 2 (2014–2015, n = 28,632), and 
Wave 3 (2015–2016, n = 28,148). We test associations between Wave 1 self-reported current NoCE/
NiCE use status and demographic characteristics and assess the proportion of self-reported cur-
rent NoCE/NiCE users at Wave 1 or Wave 2 who continue to use NoCE or NiCE, switch to NiCE or 
NoCE, discontinue e-cigarette use, switch to use other nicotine products (ONP), or add ONP use 
1 year later (i.e., at Wave 2 or 3).
Results: Maintaining the same self-reported NiCE/NoCE and ONP use status 1 year later was the 
most common use pattern between waves. However, 15.65% of exclusive NoCE users in Wave 2 
transitioned to NoCE plus nicotine product use in Wave 3. Also, some exclusive NoCE users tran-
sitioned to exclusive NiCE use (17.77% Waves 1–2; 11.55% Waves 2–3).
Discussion: Some exclusive NoCE users transitioned to NiCE or added nicotine product use, sug-
gesting there may be other factors (e.g., familiarity with using an aerosolizing device) in addition 
to the presence of nicotine in influencing initiation or sustained use of nicotine products.
Implications: Studies largely focus on nicotine-containing e-cigarettes (NiCE) though non-nicotine-
containing e-cigarettes (NoCE) exist; this study adds to the literature by describing demographic 
characteristics and tobacco use of adult self-reported NoCE users. In addition, the study examines 
transitions in self-reported NoCE/NiCE use, revealing that some exclusive NoCE users transition to 
other nicotine product use 1 year later.

Introduction

Most studies on e-cigarette use do not differentiate between 
nicotine-containing e-cigarettes (NiCE) and non-nicotine-containing 
e-cigarettes (NoCE). One study estimated that among adult 
e-cigarette users, 69.2% reported usually using NiCE.1 An analysis 

of 2015 Nielson data reports that 99% of all U.S. e-cigarette sales 

are NiCE.2 However, these data exclude purchases from tobacco 

specialty shops, vape-shops, and online sources, potentially resulting 

in underreporting of true NoCE market share. Additional research 

can shed light on NoCE use prevalence. In addition, demographic 
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characteristics of NoCE users are unknown, and it is unclear 
whether NoCE use is associated with later use of NiCE or other 
nicotine product use (ONP).

Product characteristics, including nicotine level, may determine 
risk for and severity of e-cigarette dependence3; thus, it is important 
to fully characterize likely NoCE user groups and their transitions 
to NiCE and ONP use. If exclusive NoCE users do not use nicotine, 
their likelihood of initiating later ONP use may be lower compared 
with exclusive NiCE users, yet this has not been previously exam-
ined. The aims of this study are to (1) describe the demographic 
characteristics and tobacco use of adult self-reported NoCE and 
NiCE users; (2) examine transitions in self-reported NoCE/NiCE 
use, including discontinuation and ONP use over 1 year; and (3) as-
sess whether Wave 1 self-reported NoCE/NiCE status was associated 
with any new tobacco product use in Wave 2 or 3.

Methods

The Population Assessment of Tobacco and Health (PATH) Study is 
an ongoing, nationally representative longitudinal cohort study of 
U.S. civilian, noninstitutionalized adults and youth ages >12 years. 
Additional study details are published elsewhere.4 Adult (18+ years) 
PATH Study data for this analysis are from Wave 1 (2013–2014; 
n = 32,320), Wave 2 (2014–2015; n = 28,632), and Wave 3 (2015–
2016; n = 28,148). Only adults with data at all three waves were 
included in our analysis (n = 23,670).

Measures
Current NoCE and NiCE use was assessed among current 
e-cigarette users (used e-cigarettes “fairly regularly” and “some days 
or every day”) in Waves 1 and 2 with the self-reported item, “Do/
Did the [e-cigarette products]a you usually use/used contain nico-
tine?” Adults responding “no” were defined as NoCE users and 
those responding “yes” were defined as NiCE users. For consist-
ency across waves, our analytic sample is restricted to adult current 
e-cigarette users in Wave 1 (n = 1137), Wave 2 (n = 1464), and Wave 
3 (n = 1440) who responded to the NoCE/NiCE item.

E-cigarette discontinuation was defined as respondents who re-
ported current e-cigarette use at an earlier wave and reported not 
using 1 year later.

Current users of ONP were adults using any of the following 
products “fairly regularly” and “some days/every day”: cigarettes, 
cigars (traditional cigars, cigarillos, and filtered cigars), hookah, 
smokeless tobacco (pouched snus, loose snus, moist snuff, dip, spit, 
and chewing tobacco), dissolvables, or pipe tobacco. Categorization 
of current smoking also required lifetime smoking of at least 100 
cigarettes.5,6 Respondents who answered “yes” to “Are you currently 
using a nicotine patch, gum, inhaler, nasal spray, lozenge or pill?” 
were also categorized as current users of ONP.

Any new tobacco product use was assessed by first asking re-
spondents if they had used a particular product in the past 12 months 
at each time point. New tobacco product use was defined as any use 
at wave 2 or wave 3, where no use of that product had been reported 
previously. Any new tobacco product use was determined if respond-
ents reported new tobacco product use for any of the following: 
cigarettes, cigars, hookah, smokeless tobacco, dissolvables, or pipe 
tobacco (does not include nicotine replacement therapy products, as 
past 12-month use is not captured).

Sociodemographic measures included sex (male or female), age 
in years (18–24; 25–44; 45–64; 65+), education (less than high 

school/GED; high school graduate; some college or associate’s de-
gree; bachelor’s degree, and beyond), urban/rural, annual house-
hold income (<$25,000; $25,000–49,999; $50,000–74,999; and 
$75,000+), and sexual orientation (lesbian/gay/bisexual/something 
else; straight).

Analysis
We conducted analyses using replicate weights and balanced repeated 
replication methods to account for the PATH Study’s complex survey 
design.4 We conducted descriptive analyses on demographic charac-
teristics stratifying by Wave 1 current NoCE/NiCE use status. We re-
port chi-square analyses to test associations between Wave 1 current 
NoCE/NiCE use status and demographic characteristics. Next, we de-
scribe patterns of transitions for current NoCE/NiCE use to e-cigarette 
discontinuation or ONP use. Specifically, we report the proportion of 
current NoCE/NiCE users at Wave 1 or Wave 2 who continue NoCE 
or NiCE use, switch to NiCE or NoCE use, discontinue e-cigarette 
use, switch to use ONP, or add ONP use 1 year later (i.e., at Wave 2 or 
3). Transitions for Wave 1 to Wave 2 follow adult current e-cigarette 
users at Wave 1 who responded to NoCE/NiCE and ONP use items 
during at least Waves 1 and 2 and remained in the study through Wave 
3. Transitions for Wave 2 to Wave 3 follow adult current e-cigarettes 
users who responded to NoCE/NiCE and ONP use items during 
Waves 2 and 3 but also had participated in Wave 1. Due to changes in 
the wording and participant routing of the item assessing NiCE/NoCE 
use (Supplementary Table A) as well as low or zero counts associated 
with transitions across all three waves, these transitions were limited 
to two waves. Finally, we conducted unadjusted logistic regression 
analyses of Wave 1 adult current e-cigarette users to assess whether 
Wave 1 NoCE status was associated with any new tobacco product 
use; we stratified analyses by ONP use.

Results

Sociodemographic Characteristics of NoCE and 
NiCE Users
Table 1 presents sociodemographic characteristics comparing NiCE 
and NoCE users. Compared with NiCE users, a higher proportion of 
NoCE users were non-Hispanic (NH) Black (15% vs. 7%), Hispanic 
(19% vs. 9%), and have an income less than $25,000 (55% vs. 
41%). Compared with NoCE users, a higher proportion of NiCE 
users were aged 25–44 years (49% vs. 29%) and NH White (78% 
vs. 52%). Also, a higher proportion of NoCE users were females 
(60%) compared with males (40%).

Transitions to Nicotine-Containing Product Use Over 
a 1-Year Period
As shown in Table 2, some exclusive NoCE users transitioned to 
NoCE plus nicotine product use (15.65% Waves 2–3). In 1  year, 
more than 17% of exclusive NoCE users transitioned to exclusive 
NiCE use (17.77% Waves 1–2; 11.55% Waves 2–3).

Maintaining the same NiCE/NoCE and ONP use status 1 year 
later was the most common use pattern. Of exclusive NoCE users, 
25% of Wave 1 users and 27.30% of Wave 2 users remained exclu-
sive NoCE users 1 year later. Of exclusive NiCE users, 60.09% of 
Wave 1 users and 58.59% of Wave 2 users remained exclusive NiCE 
users 1 year later. Also, 20.78% of Wave 2 users remained NoCE 
plus ONP users at Wave 3, whereas 39.69% of Wave 2 NiCE plus 
ONP users remained NiCE plus ONP users at Wave 3.

http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntz215#supplementary-data
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Overall, a higher proportion of NoCE users discontinued 

use of all products (including e-cigarettes) 1  year later at Wave 2 

(11.88% NoCE vs. 5.32% NiCE) and Wave 3 (17.46% NoCE vs. 

6.65% NiCE) compared with NiCE users. This finding is especially 

pronounced among exclusive NoCE users. Compared with other 

e-cigarette user status groups (NoCE plus nicotine product users, 

exclusive NiCE users, and NiCE plus ONP users), exclusive NoCE 

users had the highest proportion of discontinuation of all products. 

Among Wave 1 exclusive NoCE users, 27.13% discontinued all 

products in Wave 2. Among Wave 2 exclusive NoCE users, 38.80% 

discontinued all products in Wave 3. Overall, a higher proportion of 

NiCE users used NiCE plus ONP 1 year later at Wave 2 (19.75% 

NoCE vs. 44.27% NiCE) and Wave 3 (14.81% NoCE vs. 33.46% 

NiCE) compared with NoCE users.

Table 1. Demographic Characteristics of Wave 1 (2013–2014) PATH Adults by Non-nicotine-Containing E-cigarette (NoCE) or Nicotine-
Containing E-cigarette (NiCE) Usea

Wave 1 non-nicotine-
containing e-cigarette 

(NoCE) users
Wave 1 nicotine-containing 

e-cigarette (NiCE) users χ 2c

Count (weighted %) [SE] 133 (10.80%) [0.95] 1004 (89.20%) [0.95]

 
 
 

Weighted population 436,640 3,604,883

 %b 95% CI %b 95% CI

Sex     5.66, p = .03
 Male 39.96 31.12; 49.51 51.33 47.94; 54.70
 Female 60.04 50.49; 68.88 48.67 45.30; 52.06
Age group (years)     18.12, p = .004
 18–24 27.96 20.99; 36.20 18.76 16.31; 21.49
 25–44 29.28 21.02; 39.18 48.84 45.28; 52.40
 45–64 34.87 25.97; 44.97 27.91 24.77; 31.29
 65+ 7.88† 3.92; 15.21 4.49 2.93; 6.81
Race/ethnicity     37.64, p < .0001
 NH White 52.13 42.62; 61.49 77.59 74.85; 80.10
 NH Black 15.46 9.92; 23.29 6.92 5.46; 8.74
 Hispanic 18.86 12.14; 29.08 8.77 7.15; 10.71
 NH Asian 5.5† 1.98; 14.35 2.43 1.40; 4.19
 NH other/multiraced 8.04 4.51; 13.96 4.29 3.20; 5.74
Education     8.13, p = .15
 < hHigh school diploma 13.46 8.02; 21.71 9.48 7.66; 11.66
 GED 8.13f 4.09; 15.51 8.06 6.44; 10.02
 HS diploma 33.33 26.26; 42.14 24.64 21.26; 28.37
 Some college/associate degree 33.14 24.36; 43.27 42.54 38.77; 46.39
 Bachelor’s + advanced degree 11.95 6.92; 19.85 15.29 12.98; 17.94
Urban–rural status     0.03, p = .86
 Urban 78.71 70.18; 85.31 79.38 74.89; 83.24
 Rural 21.29 14.69; 29.82 20.62 16.76; 25.11
Sexual orientation     3.11, p = .10
 Straight 83.99 70.18; 85.31 89.34 86.93; 91.35
 Lesbian, gay, bisexual, something else 16.01 14.69; 29.82 10.66 8.65; 13.07
Household income     8.68, p = .04
 < $25,000 54.69 45.29; 63.77 41.14 37.61; 44.76
 $25,000–49,999 18.28 12.44; 26.03 26.90 23.70; 30.37
 $50,000–$74,999 9.86 5.74; 16.40 14.06 11.98; 16.43
 ≥$75,000 17.18 10.73; 26.37 17.90 15.28; 20.87
Other current nicotine product usee     3.10, p = .08
 Does not currently use other nicotine products 28.83 21.44; 37.54 21.48 19.36; 25.91
 Currently uses other nicotine products 71.17 62.46; 78.56 77.53 74.06; 80.64

The Wave 1 cross-sectional weights were used for analyses presented in this table.
aCurrent e-cigarette use is defined as having ever used, has regularly used, and using every day or some days.
bProportions and 95% confidence intervals are weighted.
cChi-square analyses test the association between Wave 1 NoCE/NiCE user status and sociodemographic items.
dOther race/ethnicity includes American Indian/Alaskan Native, non-Hispanic; Native Hawaiian or Other Pacific Islander, Non-Hispanic; and more than one race, 
Non-Hispanic.
eOther nicotine product use includes current use of cigarette, cigars (traditional, filtered, and cigarillos), smokeless tobacco (including snus), hookah, pipe, 
dissolvables, and nicotine replacement therapy.
fEstimate should be interpreted with caution because it has low statistical precision. It is based on a denominator sample size of less than 50, or the coefficient of 
variation of the estimate or its complement is larger than 30%.
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New Tobacco Product Use in Subsequent Waves
We examined whether Wave 1 current NiCE use (compared with cur-
rent NoCE use) was associated with any new tobacco product use in 
Wave 2 or 3 using unadjusted logistic regression. We stratified these 
analyses by ONP use. The relationship between Wave 1 current NiCE 
status and any new tobacco product use was nonsignificant both for 
those who did not currently use ONP (odds ratio = 1.43; 95% con-
fidence interval: 0.64; 3.18, p = .38) and for those who currently use 
ONP (odds ratio = 1.15; 95% confidence interval: 0.53, 2.48; p = .72).

Discussion

This study describes characteristics of self-reported NoCE and NiCE 
users and transitions in self-reported NoCE/NiCE use, including 
discontinuation and ONP use over 1  year. Compared with NiCE 
users, a higher proportion of NoCE users were from some racial/
ethnic groups, had lower incomes, and were female. Given that little 
is known about the NoCE marketing or appeal, it is unclear why 
use in these groups is higher. Of adult e-cigarette users, 89.2% were 
NiCE users and 10.8% were NoCE users. Our estimates of NiCE use 
are higher than those found by Weaver et al.,1 who estimated that 
among adult users, 69.2% reported usually using NiCE. In our ana-
lysis, a higher proportion of NoCE users were NH Black, Hispanic, 
and had the lowest annual household income assessed, whereas a 
higher proportion of NiCE users were 25–44 years and NH White.

The most common pattern of NiCE/NoCE use status at an earlier 
wave was to maintain the same status at a later wave; many transitional 
patterns were also observed. Using PATH data, Coleman et al. found 
that nearly two-thirds of PATH Wave 1 e-cigarette users (including in-
frequent, moderate, and daily users) either decreased or discontinued 
e-cigarette use by Wave 2.7 Similarly, our findings showed that a large 
proportion of current e-cigarette users discontinued use in later waves; 
however, there were important distinctions between NiCE and NoCE 
users. Compared with NiCE users, a higher proportion of NoCE users 
transitioned to discontinuation of all nicotine products. Exclusive NoCE 
users had the highest proportions of those who discontinued all prod-
ucts compared to all other e-cigarette user status groups. Compared 
with NoCE users, a higher proportion of NiCE users used NiCE plus 
ONP 1 year later. Findings indicate the important role of nicotine in 
sustaining later e-cigarette and ONP use and provide support for the 
consideration of nicotine use when defining e-cigarette user status.

The association between Wave 1 current NiCE status and 
subsequent new tobacco product addition in Wave 2 or 3 was 
nonsignificant regardless of ONP use, showing no initial evidence 
that NoCE users are less likely to initiate later product use com-
pared with NiCE users. Also, a non-negligible proportion of exclu-
sive NoCE users transitioned to nicotine product use in later waves. 
In addition to nicotine, other factors (such as familiarity of using the 
actual device) may predispose NoCE users to NiCE use with impli-
cations for later nicotine dependence.

Study limitations included inability to examine youth, as items 
assessing whether users’ e-cigarettes contain nicotine were not in-
cluded in the Waves 1 and Wave 2 youth instruments. These items 
were added to the youth instrument starting in Wave 3, so future ana-
lyses may ascertain youth NoCE use and transitions. Also, reliance on 
NiCE/NoCE self-reported items may lead to misclassification; some 
e-cigarette may inaccurately believe their products to be non-nicotine 
containing, leading to overreporting of use.8 However, our low esti-
mates of NoCE use prevalence are closer to findings from Nielsen data 
estimates2 than those by Weaver et al.1 Additionally, the item used to 
define NiCE/NoCE does not permit detection of dual use of NoCE 
and NiCE. Also, we were unable to assess new tobacco product use of 

specific product types by Wave 1 NoCE/NiCE status due to low cell 
counts. As noted, there were subtle changes in items assessing NoCE/
NiCE status with each wave; thus, our analysis considered separate 
1-year period assessing transitions in NoCE/NiCE and ONP use. 
However, we found similar transition patterns from analyses exam-
ining Wave 1 to Wave 2 (Table 2a), Wave 2 to Wave 3 (Table 2b), and 
Wave 1 to Wave 3 (a 2-year period; results not shown).

In conclusion, most adult e-cigarette users self-report using 
NiCE. Although nicotine may be an important factor influencing 
trajectories of use over time, a non-negligible portion of exclusive 
NoCE users transition to NiCE and/or ONP use. Future research 
may confirm the role of other factors, in addition to nicotine, that 
may influence e-cigarette use trajectories.
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Funding
This work was supported by Federal funds from the National Institute on 
Drug Abuse, National Institutes of Health, and the Center for Tobacco 
Products, Food and Drug Administration, Department of Health and Human 
Services, under a contract to Westat (Contract No. HHSN271201100027C). 
No funding was provided specifically for conducting the analysis, drafting the 
manuscript, or submitting this paper for publication.

Acknowledgments
The findings and conclusions in this report are those of the authors and 
do not necessarily represent the official position of the Food and Drug 
Administration.

Declaration of Interests
The authors declare there is no conflict of interest.

References
 1. Weaver SR, Kemp CB, Heath JW, Pechacek TF, Eriksen MP. Use of nico-

tine in electronic nicotine and non-nicotine delivery systems by US adults, 
2015. Public Health Rep. 2017;132(5):545–548.

 2. Marynak KL, Gammon DG, Rogers T, Coats EM, Singh T, King BA. Sales 
of nicotine-containing electronic cigarette products: United States, 2015. 
Am J Public Health. 2017;107(5):702–705.

 3. National Academies of Sciences Engineering and Medicine. Public Health 
Consequences of E-cigarettes. Washington, DC: The National Academies 
Press; 2018.

 4. Hyland A, Ambrose BK, Conway KP, et  al. Design and methods of the 
Population Assessment of Tobacco and Health (PATH) Study. Tob 
Control. 2017;26(4):371–378.

 5. Jamal  A, Phillips  E, Gentzke  AS, et  al. Current cigarette smoking 
among adults – United States, 2016. MMWR Morb Mortal Wkly Rep. 
2018;67(2):53–59.

 6. Bonhomme  MG, Holder-Hayes  E, Ambrose  BK, et  al. Flavoured non-
cigarette tobacco product use among US adults: 2013–2014. Tob Control. 
2016;25:ii4–ii13.

 7. Coleman  B, Rostron  B, Johnson  SE, et  al. Transitions in electronic cig-
arette use among adults in the Population Assessment of Tobacco 
and Health (PATH) Study, Waves 1 and 2 (2013–2015). Tob Control. 
2018;28(1):50–59.

 8. Willett  JG, Bennett  M, Hair  EC, et  al. Recognition, use and per-
ceptions of JUUL among youth and young adults. Tob Control. 
2019;28(1):115–116.


