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Differences’in use of electronic nicotine delivery systems by smoking status and

demographic characteristicsamong Australian young adults

Abstract
| ssue addr essed:sElectronic nicotine delivery systems (ENDS) continue to grow in
popularity, particularly among young adults. Understanding by whom various ENDS are
being usedrandwhy within this population segment can assist the development of appropriate
interventions targeting those most vulnerable to use and inform policy decisions in this area.
Accordingly;this study asse=sthe demographic characteristics associated with ENDS use
among Australian young adults, and reasons for current e-cigarette use.
Methods: An‘online survey was administered to 1116 Australians aged 18-25 years (59%
female).
Results: Smokers were more likely than non-smokers to report (i) ever use of ENDS (67%
vSs. 28%), (ii) ever use of an e-cigarette (64% vs. 24%), e-cigar (17% vs. 8%), or e-hookah
(15% vs, 8%), and (iii) current use of e-cigarettes (19% vs. 6%). Male smokers were more
likely than:female smokers to be current e-cigarette users. The most common reason for
current e-cigarette use was enjoyment.
ConclusionsisYoung male adults appear to be particularly vulnerable to both trialling ENDS
and becoming.regular e-cigarette users. This demographic group may need to be a primary
focus of prevention and intervention efforts. Contrary to popular belief, smoking cessation
was not a primary reason for e-cigarette use.
So What? Greater efforts are needed to educate young adults on the harms associated with

ENDS use, especially if use is being driven by the perception that they are a harmless means
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of amusement. Maintaining existing regulations limiting the accessibility of these products is
crucial to ensuring widespread use is minimised.

Summary:

Results from an online survey of 1116 Australian young adults aged 18-25 yearsesliggest
that young male adults are particularly vulnerable to both trialling ENDS and becoming
regular e-gigarette users. The most common reason for current e-cigarette use among both

smokers and non-smokers was enjoyment.

Keywords. electronic nicotine delivery systems; e-cigarettes; smoking; young adults.

I ntroduction
Despite insufficient data on the long-term health consequences of tHeielesaonic
nicotine delivery systems (ENDS) have grown rapidly in popularity around the®world
Multiple types‘of ENDS are now available, including e-cigarettes, e-cigars, e-hookahs, and e-
pipes. Of thesepe-cigarettes are the most commonly.uselustralia, National Drug
Strategy Household Survey (NDSHS) data skda significant increase in ever use of e-
cigarettes from2013 to 2016 among adult smokers (18 to 31%) and non-smokers (2 to 5%)
Rateswere‘especially high among 18-24 year-olds, with 49% of smokers and 14% of non-
smokers.in‘this age group reporting ever use of e-cigarettes in 2016. By contrast, use of

traditional cigarettes continues to decline in this age group (14% in 2013 vs. 13% in 2016).

While it hassbeen suggested that e-cigarettes may represent an effective approach to smoking
cessation by addressing the biochemical and behavioural aspects of smoking traditional
tobacco cigarettésevidence of actual cessation efficacy is mieth addition, the use of

ENDS has'beenrlinked with a number of individual and population-level harms. In terms of
individual harms, although less harmful than traditional tobacco cigarettes, ENDS use is
associated with substantial health risior example, these devicesncontain ingredients

such as aldehyde, tobacco-specific nitrosamines, nicotine, and additives that are cytotoxic and

carcinogénic in nature and especially unsafe when héated
At the population level, concerns have been raised that the widespread introduction of ENDS

may renormalise smoking-related behaviours and undermine decades of successful tobacco

control that have seen smoking rates decrease substantially around tHé fdtltas also
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been suggested that ENDS experimentation and ongoing use may contribute to a new
population of smokers by serving as a gateway to traditional cigaretfe Tisis is of

particular concern for young adults who are especially vulnerable to tobacco smoking
initiation'”, with evidence suggptng that use of ENDS by young adults increases the
likelihoodrof'subsequent initiation of traditional cigarette smoKirigse of ENDS among
members Of this population segment is therefore particularly important to assess, especially

as ENDS continue to proliferate.

The NDSHS results provide no data for ENDS other than e-cigarettes and only limited
information,relating to the demographic characteristics of e-cigarette rsaddition,

although the NDSHS assesses reasons for e-cigarette use by e-cigarette user status and
smoking status, this information is not stratified by age. Understanding by whom various
ENDS are being used can assist the development of appropriate interventions designed to
target those who may be most vulnerable to trial and use, and assessing reasons for e-
cigarette use in young adults is needed to ensure efforts to minimise use are relevant to this
population.segment. In recent years, calls have been made to relax Australian regulations
relating to'e-cigarettes to improve access to these devices and facilitate smoking cessation
attempt&>2%*HeWwever, it has been noted that such changes have the potential to result in
unintended harms among youth and that further research is needed to better understand the

nature of US€ in this group to inform policy decisions in this*area

To address theeresearch gaps, the present stagyessethe demographic characteristics
(gender, SES) associated with ENDS use among smoking and non-smoking young adults to
provide greater insight into those who are experimenting with and regularly using these
devices. To provide evidence that can be used by policy makers to determine whether a
relaxation/of existing Australian regulations on e-cigarettes has the potential to increase
smoking cessation rates in this population segment or result in unintended harm, reasons for

e-cigarettesuseswere alassessednd compared between smokers and non-smokers.

Method
Sample
An ISO-accredited web panel provider (PureProfile) was commissioned to recruit Australian
young adults. PureProfile has an established panel of approximately 350 000 Australians
recruited via internet and radio advertising, word of mouth referrals, and general publicity.
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In total, 1116 Australians aged 18-25 years (mean age = 21.56 years, SD = 2.32, 59%
females) completed the survey, which was accessible via an invitation email distributed to
panel members or a link on PureProfile’s website. Of those who provided their postcode (n =
1095), 33% were from a low SES background, 41% mid SES, and 26% high SES (calculated
using theAustralian Bureau of Statistics’ Socio-Economic Indexes for Areas (SEIFA)
classification 201%).

M easur es

Respondents reported whether they had smoked at least 100 traditional cigarettes in their
lifetime and.whether they had smoked in the last 30 days. Consistent with Hafmond
respondents were classified as current smokers if they reported smoking >100 cigarettes in
their lifetime and had smoked in the past 30 days (25% of the sample). All other respondents
(never and former smokers and those who reported smoking in the last 30 days but not >100
tobacco cigarettes in their lifetimevere classified as non-smokers.

Respondents.were asked if they had ever used e-cigarettes, e-cigars, e-hookahs, and/or e-
pipes. Given e-gigarettes are the most common electronic nicotine delivery system and

central to the smoking cessation debate, those reporting ever use of these devices were further
asked if they.had used an e-cigarette in the last 30 days and, if so, how frequently (daily,
weekly, fortnightly, monthly, less than monthly). Current e-cigarette users were those who

had used an e-cigarette in the past 30 days, at a frequency of at least monthly. An open-ended

item was used to assess reasons behind current e-cigarette use.

Statistical Analysis

For analysis purposes, two composite variables were created. Thesa ete use of

ENDS’ variable. that accounted for use of any ENDS and an ‘ever use of alternative ENDS’
variable thatiincluded only those who had used ENDS other than e-cigarettes. Descriptive
analyses weresconducted to assess the proportions of those in each demographic group
reporting.ever use of ENDS, ever use of alternative ENDS, and current use of e-cigarettes.
Pearson chi-square analyses were used to assess for differences in use by smoking status,
gender, and SES.

Results
Differencesin ENDS Use by Smoking Status
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Ever use of ENDS was reported by a majority of smokers (67%) and a substantial minority of
non-smokers (28%) (see Table 1). Significantly more smokers than non-smokers reported
current use of e-cigarettes (p < .001), ever use of ENDS and ever use of alternative ENDS
(both p <.001), and ever use of an e-cigarette, e-@garhookah (all p <.001). The

difference invever use of e-pipes was not significant (p = .149).

DifferencesStn ENDS Use by Demographic Char acteristicsand Smoking Status

Several gender differences were observed in the data (Table 1). Compared to their female
counterparts(i)male smokers were more likely to have ever used e-pipes (p = .039) and be
current e-cigarette users (p = .009) and (ii) male non-smokers were more likely to have used
at least oné€ alternative ENDS (p = .014) and e-pipes (p = .039). There were no significant

SESdifferences’in ENDS use among either smokers or non-smokers.

Insert Table 1 about here

Frequency of,E-Cigar ette Use and Reasons for Use

Among thase currently using e-cigarettes (9% of the total sample), a quarter of both smokers
(27%) and non-smokers (23%) reported using them daily (significance testing was not
conducted due-to insufficient sample size). Only 13% of current users (14% smokers and
11% non-smokers) reported using e-cigarettes to quit smoking. The most common reason for
use among both smokers (23%) and non-smokers (26%) was that it was fun, enjoyable,

and/or cool.

Discussion
Significantly more smokers than non-smokers reported current use of e-cigarettes and ever
use of e-cigarettes, e-cigars, and e-hookahs. This is consistent with previous research linking
smoking statusito e-cigarette tsend additionally suggests that smokers are more amenable
than non-smokers to experimentation across a variety of ENDS products. Of concern, more
than one guarter of non-smokers reported ever use of at least one device and a non-trivial
proportion reperted current use of e-cigarettes, suggesting that these devices have widespread
appeal. Greater surveillance of use of all varieties of ENDS in both smokers and non-smokers
appears warranted to ensure use across the whole spectrum of available products is accurately
captured and to examine the extent to which multiple product use is occurring. Results from
the present study also suggest that young male adults may be particularly vulnerable to both
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trialling ENDS other than e-cigarettes and becoming regular e-cigarette Ttss
demographic group may therefore need to be a primary focus of prevention and intervention

efforts.

Around onequarter of smokers and non-smokers who were current users of e-cigarettes
reported using these devices daily. Given use of these devices presents unnecessary health
risks and has the potential to renormalise smoking-related behaviours by exposing users to
behavioural and sensory smoking c§esfforts are needed to educate young adults on the
harms associated with use, especially if use is being driven by the perception that these
devices are.a harmless means of amuséfhathis is supported by the results of the present
study highlighting that the most commonly repditeason for use of e-cigarettes was
enjoyment andfun, with only one in ten smokers and non-smokers using e-cigarettes for
smoking cessation purposes. Relaxing current Australian regulations on e-cigarettes is
therefore unlikely to result in substantial increases in smoking cessation in young adults. On
the contrary, increasing the accessibility of these products and, more specifically, nicotine-
containinge-liguids, may result in Australia observing more widespread use of e-cigarettes,
similar to that observed in the US where there are fewer restrictions on the marketing and sale
of these'devicds?

The results of this study should be interpreted in light of several limitations, especially the
cross-sectional design, use of an online panel provider to recruit respondents, and the non-
representative sample. The sample comprised lower proportions of young adults in the low
SES category (33% vs. 40%) and higher proportions in the high SES category (26% vs. 20%)
compared to the general population based on ABS SEIFA décilés sample also included

a larger proportion of ever e-cigarette users compared to the proportions obtained in the
nationally-representative NDSHS of smokers (64% cf. 49%) and non-smokers (24% cf.
14%). This'may:be due to the non-representative nature of online panels or the differing
survey methodologies employed (the NDSHS uses a combination dbféame, paper, and
online survey). Given previous research suggesting that NDSHS data underestimate illicit
drug usé®, the .explanation is likely to be a combination of these two factors. Replication in
representative samples is therefore needed to provide additional evidence relating to the

characteristics of those who are experimenting with and regularly using ENDS.
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To conclude, the growing range of electronic devices capable of delivering nicotine
represents new challenges for public hé4ltfhe present study suggests substantial levels of
ENDS trial and use are occurring among young adults, especially among males and those
also currently smoking cigarettes. Results also suggest that few young adult e-cigarette users
are using-these devices to quit smoking and that a substantial minority are using for
enjoyment purposes, supporting concerns that e-cigarettes are not discouraging use of
traditional ‘cigarettés and may be contributing to a new population of srfolkostinely
assessinguuse and reasons for use of all varieties of ENDS in representative population
surveys will.be,critical for informing the development of appropriate interventions designed

to target those most vulnerable to trial and use of these products.

Funding Statement: This work was supported by the Western Australian Health Promotion
Foundation (Healthway), research grant #24335. The funding source had no involvement in
study design; in the collection, analysis and interpretation of data; in the writing of the report;

and in the'decision to submit the article for publication.

Conflict of ‘knterest Statement: The authors declare no conflicts of interest.

References
1. Yong.HH, Borland R, Balmford J, McNeill A, Hitchman S, Driezen P, et al. Trends in
e-cigarette awareness, trial, and use under the different regulatory environments of Australia
and the United Kingdom. Nicotine Tob Res. 2015;17(10):1203-11.
2. Webb Hooper M, Kolar SK. Racial/ethnic differences in electronic cigarette use and
reasons far use among current and former smokers: Findings from a community-based
sample. Int J Environ Res Public Health. 2016;13(10).
3. Orellana-Barrios MA, Payne D, Mulkey Z, Nugent K. Electronic cigareftes-
narrative review/for clinicians. Am J Med. 2015;128(7):674-81.

4, Australian Institute of Health and Welfare. National Drug Strategy Household Survey
2016, onlinesdata tables. Canberra: AIHW; 2017.
5. Vardavas ClI, Filippidis FT, Agaku IT. Determinants and prevalence of e-cigarette use

throughout the,European Union: A secondary analysis of 26 566 youth and adults from 27
Countries. Tob Control. 2015;24(5):442-8.
6. National Academies of Sciences, Engineering, and Medicine. Public health

consequences of e-cigarettes. Washington, DC: The National Academies Press; 2018.

This article is protected by copyright. All rights reserved



7. Kalkhoran S, Glantz SA. E-cigarettes and smoking cessation in real-world and
clinical settings: A systematic review and meta-analysis. Lancet Respir Med. 2016;4(2):116-
28.

8. Malas M, van der Tempel J, Schwartz R, Minichiello A, Lightfoot C, Noormohamed
A, et al. Electronic cigarettes for smoking cessation: A systematic review. Nicotine Tob Res.
2016;18(10):1926-36.

9. Sundar 1K, Javed F, Romanos GE, Rahman I. E-cigarettes and flavorings induce
inflammatery and pro-senescence responses in oral epithelial cells and periodontal
fibroblasts. Oncotarget. 2016;7(47):77196-204.

10. Sassano MF, Davis ES, Keating JE, Zorn BT, Kochar TK, Wolfgang MC, et al.
Evaluationfofdtquid toxicity using an open-source high-throughput screening assay. PLoS
Biology. 2018;16(3).

11. El-Hellani A, Salman R, El-Hage R, Talih S, Malek N, Baalbaki R, et al. Nicotine and
carbonyl emissions from popular electronic cigarette products: Correlation to liquid
composition and design characteristics. Nicotine Tob Res. 2016.

12. Goniewiez ML, Knysak J, Gawron M, Kosmider L, Sobczak A, Kurek J, et al. Levels
of selected\carcinogens and toxicants in vapour from electronic cigarettes. Tob Control.
2014;23(2):133-9.

13. McMillen'RC, Gottlieb MA, Shaefer RM, Winickoff JP, Klein JD. Trends in

electronic cigarette use among U.S. adults: Use is increasing in both smokers and
nonsmokers. Nicotine Tob Res. 2015;17(10):1195-202.

14.  Voigt K. Smoking norms and the regulation of e-cigarettes. Am J Public Health.
2015;105(10):1967-72.

15. Gilreath TD, Leventhal A, Barrington-Trimis JL, Unger JB, Cruz TB, Berhane K, et
al. Patterns of alternative tobacco product use: Emergence of hookah and e-cigarettes as
preferred.products amongst youth. J Adolesc Health. 2016;58(2):181-5.

16. Primack BA, Soneji S, Stoolmiller M, Fine MJ, Sargent JD. Progression to traditional
cigarette smoking after electronic cigarette use among us adolescents and young adults.
JAMA Pediatf. 2015;169(11):1018-23.

17. Orlande,M, Tucker JS, Ellickson PL, Klein DJ. Developmental trajectories of
cigarette smoking and their correlates from early adolescence to young adulthood. J Consult
Clin Psychol. 2004;72(3):400-10.

18. Loukas A, Marti CN, Cooper M, Pasch KE, Perry CL. Exclusive e-cigarette use
predicts cigarette initiation among college students. Addict Behav. 2018;76:343-7.

This article is protected by copyright. All rights reserved



19. Krawitz M. We didn’t start this fireless vapour: E-cigarette legislation in Australia.
Journal of Law and Medicine. 2014;22(2):462-81.

20. Hall W, Gartner C. Should Australia reconsider its ban on the sale of electronic
nicotine delivery systems? Lancet Respir Med. 2014;2(8).602-4.

21. Wolfenden L, Stockings E, Yoong SL. Regulating e-cigarettes in Australia:
Implications for tobacco use by young people. Med J Aust. 2018;208(1):89.

22.  Australian Bureau of Statistics. SEIFA Census of Population and Housing: Socio-
Economicidndexes for Areas (SEIFA), Australia, 2011. Canberra: ABS;2011.

23. Hammand D. Smoking behaviour among young adults: Beyond youth prevention.
Tob Control. 2005;14(3):181-5.

24. Henkler F, Luch A. E-cigarettes in Europe: Does regulation swing from overcautious
to careless? Arch Toxicol. 2014;88(7):1291-4.

25.  Adkison SE, O'Connor RJ, Bansal-Travers M, Hyland A, Borland R, Yong HH, et al.
Electronic nicotine delivery systems: International tobacco control four-country survey. Am J
Prev Med. 2013;44(3):207-15.

26. Lim.MSgHellard ME, Hocking JS, Spelman TD, Aitken CK. Surveillance of drug use
among young people attending a music festival in Australia, 2005-R00§.Alcohol Rev.
2010;29(2):150-6.

27.  Measham F, O’Brien K, Turnbull G. “Skittles & Red Bull is my favourite flavour”: E-
cigarettes, smoking, vaping and the changing landscape of nicotine consumption amongst
British teepagers implications for the normalisation debate. Drug-Educ Prev Polic.
2016;23(3):224-37.

This article is protected by copyright. All rights reserved



Table 1.

Use of ENDS stratified by smoking status, gender, and socio-economic status

10

Overall Gender Socio-economic statfis
% % %
Male | Female| Low Mid High
Smokers (n=272) | (n=118) | (n=154)| (n=89) | (n=109) | (n=68)
Ever ENDS users 67 65 68 64 70 65
Ever altermativBENDS users| 29 34 26 25 32 32
Ever e-cigarette users 64 63 65 61 67 65
Ever e-cigar.users 17 20 14 14 19 18
Ever e-pipe‘users 7 10* 4 6 9 4
Ever e-hookah users 15 18 14 16 12 21
Current e-cigarette users 19 26** 14 18 19 22
Daily 27 23 33 31 19 33
Weekly 40 45 33 38 48 33
Fortnightly 17 16 19 13 19 20
Monthly 15 16 14 19 14 13
Non-smokers (n=835) | (n=335) | (h=500)| (n=266) | (n=335) | (n=219)
Ever ENDSwusers 28 31 26 27 28 30
Ever alternativeENDS users 16 20* 14 17 16 15
Ever e-cigarette users 24 25 24 22 25 26
Ever e-cigar users 8 10 8 8
Ever e-pipe users * 3 3 5
Ever e-hookah, users 8 8 8
Current e-cigarette users 4 5 6
Daily 23 24 23 14 15 42
Weekly 19 20 18 14 25 17
Fortnightly 28 20 36 21 35 25
Monthly 30 36 23 50 25 17

®Respondents'who had missing data on the postcode variable (n = 21; 2% of the sample) were

not included in these analyses.

PAlternative ENDS = ENDS other than e-cigarettes (i.e., e-cigars, e-hookahs, e-pipes).

Gender differences: *p < .05; **p < .01.
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