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BACKGROUND: Electronic nicotine-delivery systems have been increasing in prevalence among
young adults. Although these devices are marketed to aid in quit smoking, young adults who do not
smoke traditional cigarettes are using these devices. This study explored associations between
individuals’ quit type (ie, no plans to quit, plans to quit, or quit > 6 months ago) and perceived
health status, perception of harm compared to cigarettes, perception of secondhand vapor harm,
and reasons for first use. METHODS: We utilized a cross-sectional study design using a 33-item
electronic survey questionnaire. The total sample size was 2,792. Out of these the ENDS users were
1,217. The survey was distributed to university students in 5 areas in 3 countries: the United States
(ie, Florida, Alabama, and Illinois), Germany (ie, Hamburg) and South Africa (ie, Potchefstroom).
RESULTS: Quantitative data analysis indicated that, regardless of quit status, there was a general
lack of knowledge regarding secondhand vapor effects. Additionally, young adults are utilizing
these products primarily due to peer influence and stress relief. Harm perception may factor into
quit attempts using electronic nicotine-delivery systems. CONCLUSIONS: Education provided by
respiratory therapists (and to respiratory therapy students) would be valuable as they inform
patients and communities of the scholarly literature on vaping devices. Key words: electronic nicotine
delivery systems (ENDS); e-cig; vaping; harm perception; health status; reason for first ends use; student
population. [Respir Care 2020;65(3):355–361. © 2020 Daedalus Enterprises]

Introduction

Traditional cigarette smoking has declined among young
adults in the United States through educational campaigns
and statewide efforts. This celebrated decline has been met
with an unfortunate increase in vaping among both young
adults wanting to quit smoking and those who are ciga-
rette-naïve (ie, never smoked a traditional cigarette). Con-

cerns are mounting that these nicotine-laden products will
lead to a reversal in this decline.

Vaping is the use of electronic nicotine-delivery sys-
tems (ENDS), which encompass a wide variety of delivery
devices that produce vapors (aerosols) typically containing
nicotine, propellants, and additive flavorings. The ENDS
are patented and advertised as a mechanism to help tradi-
tional cigarette smokers quit smoking. Young adults are
drawn to these devices for other reasons. Since 2014, ENDS
are the most widespread nicotine product used among the
18–25 y-old age group, and their use continues to in-
crease.1 The prevalence is not new: there has been an
increasing trend of ever-use of ENDS from 6.9% in 2011
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to 7.8% in 2013 and almost doubling to 14.3% in 2014.1

The most current prevalence of ever-use and current-use
of ENDS among young adults 18–24 y old is 35.8% and
13.6%, respectively.1 In some areas there has been a 10%
increase in ENDS use in a single year.2 College student
data in California indicated a 49% ever-use and 10% cur-
rent-use rate.3 Other studies have reported 29.0–30.7%
ever-use and 7.1–14% current-use among college stu-
dents.4-6 As compared to older adults, these prevalence
rates are significantly higher; adult prevalence approxi-
mates 16.4% for ever-use and 5.7% for current-use.1

The prevalence of ENDS users in some countries is
limited. A recent national survey among the South African
population of persons age � 15 y reported that 2% of
women and 3% of men use ENDS.7 In Germany, preva-
lence data of ENDS users among young adults, specifi-
cally, is limited. In one study, 3,000 subjects age 14–45 y
were interviewed by telephone; 20% had previously used
ENDS, of which 80% used liquids advertised as contain-
ing nicotine.8 In a 2016 study in Germany, of 1,051 adults
surveyed between the ages of 20–39 y, 16.% had ever-
used ENDS and 2.5% were current regular users.9 Glob-
ally, 11.4% ever-use was reported in the United King-
dom,10 23.0% ever-use and 5.7% current-use in France,11

22.6% ever-use and 1.7% current-use in Spain,12 and in
Malaysia among university students, 74.8% reported cur-
rent use.13

From a demographic perspective, the prevalence is con-
sistently higher in men across all states in the United
States.1,14 However, there are a few studies that have
shown higher usage among female college students than
males.3,15-18 Demographic predictors of ENDS use include
male gender, current cigarette use, non-Hispanic white eth-
nicity, and college education level.4 In Germany, men,
younger people, people with a migrant background, and
people with a lower education level were more likely to
have used e-cigarettes.8

Reported reasons for increased use of ENDS include the
concept of enjoyment, the rights of an individual, a means of
quitting cigarettes or a reduction in the number of cigarettes
used, less toxic compared to cigarettes, no associated smell,
cheaper than conventional cigarettes, exploration of newer
products, and a mechanism to socialize with friends.4,6 Adult
and youth ENDS users also perceive it as less addictive and
as a means of evading smoking restrictions, while also being
a low-cost “cool” product that mimics smoking but is more
socially acceptable and safer for bystanders.19 Flavor options,
intense marketing strategies, and the ability to purchase on-
line are well known enabling factors attracting youth to elec-
tronic cigarette smoking. The increased marketing of ENDS
has led to increased awareness, popularity, and use of e-cig-
arettes among college students.4

The rise in ENDS use poses public health concerns
among young adults who are cigarette-naïve. Although

most ENDS do not contain the magnitude of toxic con-
stituents found in traditional cigarettes (eg, tars, carbon
monoxide), many ENDS products contain potentially toxic
and carcinogenic substances such as propylene glycol, for-
malin, acetylaldehyde, acrolein, lead, and diacetyl.20-25 It
has been documented that the flavor additives in e-ciga-
rettes contain aldehydes and, when consumed in higher
concentration, could irritate the respiratory mucosal lin-
ing.4,22 ENDS devices have been reported to cause burns
and explosive and chemical injuries due to device mal-
function from battery alterations and charging.26,27 Further-
more, different routes of exposure to the ENDS fluids, such
as skin contact or oral or parenteral ingestion have been linked
to seizures, anoxic brain injuries, lactic acidosis, and death in
children due to accidental nicotine poisoning.28 For young
adults, particular health concerns include nicotine dependence,
which could ultimately lead to traditional tobacco use, and
adverse respiratory symptoms or conditions such as cough,
bronchitis, and asthma.29-32

This study explored associations in quit type (ie, no
plans to quit, plans to quit, and quit � 6 months ago) with
perceived health status, perception of harm as compared to
cigarettes, perception of secondhand vapor harm, and rea-
sons for first use. To our knowledge, this is the first study
to look at associations among no plans to quit vaping,
plans to quit vaping, and those who quit � 6 months ago
in a multi-country study.

Methods

We utilized a cross-sectional study design for primary
data collection. A 33-item electronic survey questionnaire

QUICK LOOK

Current knowledge

Electronic nicotine-delivery systems (ENDS) use is pro-
lific among youth and young adults. These devices con-
tain high levels of nicotine, carcinogens, and pollutants
affecting both the person vaping and those who are
exposed to the secondhand vapor. These devices are
being considered in indoor air policies in various states.

What this paper contributes to our knowledge

Young adults take part in vaping due to peer influence.
Young adults view secondhand vapor as not harmful
even though devices emit heavy metals, carcinogens
and nicotine. More information needs to be made avail-
able to educate all patients on what is known about
these products. ENDS are harm reduction, but not harm-
free.
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was prepared following a review of the literature by a
group of experts focused on ENDS usage. Each author’s
institutional review board approved the study design. Data
were collected from voluntary participants through an on-
line link to a Google Forms survey either accessed via
iPad or emailed to the student bodies at 5 universities. By
reading the introduction to the survey, participants clicked
on the survey link if they agreed to participate in the
research study. Descriptive statistics were conducted on
the entire sample. Associations were assessed between type
of quitter and harm perception of secondhand vapor, per-
ceived health status, and reasons for first use among re-
spondents who used ENDS.

Participant Demographics

Subjects for this study were recruited from 3 U.S uni-
versities, 1 university in Germany, and 1 university area in
South Africa; 9% of the subjects were from Germany,
3.5% were from South Africa, and the remaining were
from the 3 U.S universities. The total sample size for this
study was 2,792 subjects after data cleaning. Individuals
were excluded if they did not denote one of the universi-
ties listed or if they answered no to the final question on
the survey regarding honesty in responses. A total of 10 in-
dividuals were removed from the sample. Subject demograph-
ics indicated that 84% identified as white, 4.4% identified as
black/African, 3.2% identified as Hispanic/Latino, 2.7% iden-
tified as multi-ethnic, 2.4% identified as Asian/Pacific Island-
ers, and the remaining identified as other ethnicities. The
majority of subjects were female (62%), with males compris-
ing 36% of the total sample. The mean age of the participants
was 21 years of age as noted in Table 1.

Data Analysis

We analyzed the data collected from universities across
3 countries: the United States (Florida, Alabama, and Il-
linois), Germany (Hamburg), and South Africa (Potchef-
stroom) with SPSS 24 (IBM, Armonk, New York). The
overall sample size was assessed for demographics. From
this overall sample, the data were sorted for assessing just
those individuals who had ever used ENDS. This infor-
mation was assessed by asking the respondents “Have you
ever smoked an electronic device such as an electronic
cigarette, e-cigar, or e-hookah, even one or two puffs?”
The data were analyzed for the variables of interest after
removing those individuals who reported having never
vaped. The sample size decreased to 1,217 subjects after
cleaning of these 2 variables (Table 2). The survey asked
respondents to describe their behavior in terms of current
use and plans to quit. The data were grouped into those
individuals who currently vape and do not plan to quit,
those who currently vape but do plan to quit, and those

who vaped in the past and quit � 6 months ago. Based on
these 3 groups, we assessed primary initiation, harm per-
ception, and perception of their own health status. Primary
initiation was assessed categorically by most reported rea-
sons. Harm perception was based on a comparison to tra-
ditional cigarettes as well as perception of secondhand
vapor.

Results

This survey consisted of 2,792 respondents from 2 in-
ternational universities and 3 universities in the United
States. The study assessed associations between type of
quitter and harm perception of secondhand vapor, per-
ceived health status, and reasons for first use among re-
spondents who used ENDS. When assessing these cate-
gorical variables, we conducted chi-square tests. First, we
examined the association between type of quitter and pri-
mary reason for initiation as noted in Table 3. The results
indicated statistically significant results (ie, P � .001).
The outcomes identified 2 primary initiation factors: friends
who were vaping and stress relief; these primary factors
were cited by the majority of participants who reported
being former vapers. For those respondents who had no

Table 1. Demographics of Total Sample

University location
Germany 256 (9.2)
South Africa 98 (3.5)
United States of America 2,438 (87.4)

Gender
Male 995 (36.4)
Female 1,703 (62.4)
Transgender/gender nonconforming 32 (1.2)

Age, y
18 323 (13.5)
19 531 (22.1)
20 420 (17.5)
21 447 (18.6)
22 254 (10.6)
23 107 (4.5)
24 and older 267 (2.6)

Race/ethnicity
White 2,333 (85.9)
Black/African 119 (4.4)
Hispanic/Latino 87 (3.2)
Asian/Pacific Islander 64 (2.4)
Native American 12 (0.4)
African/Caribbean 6 (0.2)
Middle Eastern/North African 15 (0.6)
Multi-ethnic 74 (2.7)
Other 6 (0.2)

Data are presented as n (%).
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plans to quit vaping, their primary influence was that they
are trying to quit vaping and that vaping helps relieve
stress.

When analyzing the type of user for association with
perception of harm, we analyzed 2 different questions.
First was the perception of harm as compared to cigarettes.
The results indicated statistically significant results (ie,
P � .001). Those who had no plans to quit viewed elec-
tronic devices as less harmful than traditional cigarettes,
and those who quit � 6 months ago perceived them as
being equally as harmful.

The analysis was also statistically significant (P � .001)
among the 3 groups when we assessed the perception of
secondhand vapor. Those who did not plan to quit found it
to be safe for others to be around, and those who quit
� 6 months ago reported being unsure.

Finally, we assessed the health perception of the 3 groups.
These results were not statistically significant (P � .09).
Overall, subjects viewed their own health status as average
or excellent on a scale of poor, fair, average, or excellent.
There were no statistically significant associations between
type of quitter and how a student perceived their own
health status.

Discussion

Over the past 10 years, ENDS have gained popularity
with young adults and college students for reasons other
than using these devices as a mechanism to quit smoking
traditional cigarettes. While rates of traditional cigarette
usage have decreased, various alternative forms of ENDS
devices have increased primarily due to the novelty of the
devices and the benefits that students feel they receive
from using such devices.

Multiple studies have looked at the factors related to
initiation of ENDS use in young adults. Leading reasons in
such studies include curiosity, flavorings and pleasant taste,
low perceived harm compared to cigarettes, enjoyment,
calming effect, watching the exhaled vapor, possibility of
indoor smoking, peer pressure and friends’ influence, per-
sonal desire, easily concealed, social influence, emotional
factors such as boredom and loneliness, to avoid smoking
restrictions, and to reduce tobacco smoking.1,3,11,13,19,33 In
a German study of young adults age 20–39 y, 62.6% cited
curiosity as their main reason for use while 29.4% reported
using ENDS to quit tobacco.9 In our study, one of the
primary reasons for initiation of ENDS was for stress re-
lief and influence by friends. Respondents who had no
plans to quit vaping indicated that trying to quit smoking
was their main reason for initiation. ENDS companies
often promote ENDS as a healthy product to quit cigarette
smoking, yet there is evidence to suggest otherwise.34 On
an individual level, there is also very limited evidence to
suggest that ENDS are effective at reducing cigarette use
among adult smokers intending to quit.35-37 Our recent
study38 also reported that ENDS are not commonly used as
a tool to quit among college students but rather as a sec-
ondary source of nicotine among current cigarette smokers
and that ENDS use, as a tool to quit smoking, is not the
primary reason of use among young adults.

Furthermore, our study indicates that education and data
are needed to prevent initiation in this particular age group
because ENDS products are marketed strategically to ap-
peal to adolescents and young adults, including luring
themes and customer satisfaction through a wide variety of
media coverage such as television, radio, internet, and
point of sale.1 In particular, using appealing flavors is a
common strategy to enhance the initial experience and to
promote continuing use.

Long-term effects of ENDS remain unknown, and there
are limited studies on perceptions related to ENDS use
comparing international perspectives. Our study reported
significant findings in perceived harm and willingness to
quit among young adults across all 3 countries. Those who
had no plans to quit vaping perceived ENDS as less harm-
ful compared to those who quit � 6 months ago. These
findings correlate to previous studies reporting that beliefs
and impressions of novel products plays a part in deter-

Table 2. Demographics of ENDS Ever-Users Only

University location
Germany 75 (6.2)
South Africa 38 (3.1)
United States of America 1,104 (80.8)

Gender
Male 542 (45.2)
Female 641 (53.5)
Transgender/gender nonconforming 16 (1.4)

Age, y
18 146 (13.4)
19 261 (24.0)
20 212 (19.5)
21 197 (18.1)
22 106 (9.7)
23 46 (4.2)
24 and older 115 (10.6)

Race/ethnicity
White 1,040 (87.2)
Black/African 42 (3.5)
Hispanic/Latino 39 (3.3)
Asian/Pacific Islander 27 (2.3)
Native American 2 (0.2)
African/Caribbean 2 (0.2)
Middle Eastern/North African 7 (0.6)
Multi-ethnic 31 (2.6)
Other 2 (0.2)

Data are presented as n (%).
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mining use. Ever-users and current users of ENDS were
more likely to have positive impressions (eg, safer, healthy,
believed the vapor has no secondhand effect, and not likely
to consider ENDS as tobacco products).4,10 A longitudinal
evaluation of college students across one state found lower
risk perception predicted ENDS use for non-smoking col-
lege students. Additionally, research has shown that � 1
of 5 non-users try e-cigarettes in their initial college years.39

There are also public health concerns that the use of
ENDS will lead to renormalization of tobacco use in places
where cigarette smoking is not acceptable. This may dis-
courage the frequency and success of quit attempts, in-
crease tobacco initiation, and encourage relapse.40 Further-
more, ENDS use may also put young adults at high risk of
initiating other more harmful nicotine and tobacco prod-
ucts because nicotine exposure during adolescence can
cause addiction and harm in a developing brain.1,41

In our study, subjects reported less perceived harm with
ENDS compared to traditional cigarettes in certain quit
groups more so than others. While we understand that
risky behaviors in college students exist, for current users
in our study, the college-aged perception was that ENDS
vaping is not harmful. Another study documents that col-
lege students perceived ENDS, marijuana, and hookah as
less harmful to the environment than cigarettes and ci-
gars.3 Evidence obtained from longitudinal studies has de-

bunked such perceptions and portrayed the product as
equally harmful or even more harmful than cigarettes among
smokers, non-users, and the community as a whole.3,19

Another study has reported that about half of the studied
subjects believed ENDS were addictive, were not an ef-
fective aid for cessation or quitting smoking,12,13 and were
harmful to the user and bystanders.11 Increased awareness
of ENDS is associated with acceptance of smoking in
public places, positive attitude toward the product as an
innovation, the various flavors used, and risk perception
among the users.19,33 Young adults and college students
in our study generally used e-cigarettes as a form of ex-
perimentation rather than for smoking cessation, as claimed
by other researchers.42 This perception may ultimately af-
fect long-term use of ENDS in the college years.

Among our survey respondents, most users were unsure
about the secondhand effects of vapor. Mixed results have
been reported from other studies on this finding: some
users of ENDS perceived it as safer and not harmful to the
environment, bystanders, or other non-smokers (second-
or third-hand effects).4 However, other users perceived it
as a risk for the social environment, bystanders, unborn
children, and pregnant mothers due to the unsafe compo-
nents of the e-liquids.19,34 Ever-users and current users of
ENDS tended toward positive views of the product and
stated they would continue to use it in the future. Most

Table 3. Associations in Plans to Quit and Perceived Health Status, Harm Perception, and Reasons for First Use

No Plans to Quit Plans to Quit Quit � 6 Months Ago P

Health rating .09
Poor 3 (0.8) 3 (1.3) 4 (0.7)
Fair 32 (8.9) 21 (8.9) 55 (9.0)
Average 180 (50.1) 121 (51.3) 313 (51.3)
Excellent 144 (40.1) 91 (38.6) 238 (39.0)

Perception of secondhand vapor � .001
Safe for others to be around 222 (67.7) 117 (54.9) 196 (34.1)
Unsafe for others to be around 10 (3.0) 14 (6.6) 82 (14.3)
I am not sure 96 (29.3) 82 (38.5) 296 (51.6)

Perceptions of harm � .001
Less harmful than cigarettes 296 (82.2) 148 (62.7) 284 (46.5)
As equally harmful as cigarettes 52 (14.4) 66 (28.0) 220 (36.0)
More harmful than cigarettes 4 (1.1) 14 (5.9) 52 (8.5)
I am unfamiliar with these devices 8 (2.2) 8 (3.4) 55 (9.0)

Reasons for first use � .001
I am trying to quit regular cigarettes 81 (22.3) 34 (14.2) 43 (7.0)
Friends vaping 73 (20.1) 67 (28.0) 295 (48.0)
Looks cool 25 (6.9) 17 (7.1) 53 (8.6)
Smoke other products and wanted to try it 38 (10.5) 16 (6.7) 73 (11.9)
To lose weight 5 (1.4) 4 (1.7) 2 (0.3)
To enjoy the flavors that I love in food 17 (4.7) 13 (5.4) 41 (6.7)
To relieve stress 121 (33.3) 87 (36.4) 103 (16.7)
Weight management (not just to lose weight) 3 (0.8) 1 (0.4) 5 (0.8)

Data are presented as n (%).

ASSOCIATIONS BETWEEN ENDS USERS

RESPIRATORY CARE • MARCH 2020 VOL 65 NO 3 359



students used the product as an opportunity to thwart “no-
smoking policies” and co-used it with other substances
such as alcohol and other drugs.43 The Surgeon General
Report of 2016 documented that ENDS contain harmful
ingredients, including nicotine, which is addictive. ENDS
may harm brain development among young adults and
pose danger to pregnant mothers and their unborn babies.1

This study has several limitations, including the use of
data from several universities which may not be general-
izable to other populations. Additionally, the study used
self-reported data, so we acknowledge the possibility of
socially desirable responses that may lead to inaccuracy in
responses to the survey questions. However, to mediate
this we added a question regarding self-report of honesty
in the survey. Lastly, the study was cross-sectional in na-
ture and cannot show behavior changes or longitudinal
predictive responses. Strengths of the study are the sample
size and multiple country exploration.

Conclusions

The motives for initiation and perception of ENDS use
among young adults are of particular concern to clinicians
in the field of respiratory care as the popularity and use of
ENDS continues to rise in young adults. There is a lack of
consistent education and messaging regarding the known
negative health effects of ENDS and secondhand vapor in
the scholarly literature. Respiratory therapists are in ideal
position to become the experts on these novel devices and
to develop position statements regarding these products
for smoking cessation. Respiratory therapists are valued
resources in the community and in the clinical setting.
Having firsthand knowledge about these devices is of ut-
most importance as patients begin to explore options for
smoking cessation. Additionally, indoor air ordinances can
be influenced by respiratory therapy organizations by shar-
ing sound research on what is known. Most recently, the
state of Florida included ENDS products in the indoor air
ordinance. Influencing policymakers in other states would
be an avenue that therapists and respiratory organizations
could take to be at the forefront of advocacy for the re-
spiratory health of the public.
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