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ABSTRACT
Objectives: This study investigated the prevalence
and correlates of electronic cigarettes (e-cigarettes) use
in Taiwan.
Design and setting: We studied a nationally
representative random sample in the 2015 Taiwan
Adult Smoking Behavior Survey.
Participants: This study included 26 021 participants
aged 15 years or older (51% women, 79% non-
smokers, 16% aged 15–24 years), after excluding
31 persons (0.1%) who had missing information on
e-cigarette use.
Primary outcome measures: The prevalence of
ever having used e-cigarettes was calculated in the
overall sample and by smoking status (current, former
and never) or age (15–24, 25–44 and ≥45 years). We
performed multivariable log-binomial regression to
assess correlates of ever having used e-cigarettes
among all participants and separately for subgroups by
smoking status and age.
Results: Approximately 3% of all participants had
ever used e-cigarettes. The prevalence of ever having
used e-cigarettes was high in current smokers (14%)
and people aged 18–24 years (7%). E-cigarette use
was particularly common in people aged 15–24 years
who were current (49–52%) or former (22–39%)
smokers. Ever having used e-cigarettes was positively
associated with tobacco smoking (adjusted
prevalence ratio (aPR): 21.5, 95% CI 15.4 to 29.8,
current smokers; aPR: 8.3, 95% CI 15.2 to 13.1,
former smokers), younger age and high
socioeconomic status. Age remained a significant
factor of ever having used e-cigarettes across
smoking status groups. Among non-smokers, men
had a 2.4-fold (95% CI 1.5 to 3.8) greater prevalence
of e-cigarette use than women.
Conclusions: E-cigarette use was uncommon in the
general population in Taiwan, but prevalence was
high among smokers and young people. This study
highlights challenges that e-cigarettes pose to
tobacco control, which warrant high priority action
by policymakers and public health professionals.
E-cigarette regulations should focus on young
people.

INTRODUCTION
Electronic cigarettes (e-cigarettes or vapour)
have changed tobacco smoking behaviours
and contemporary concepts of tobacco
control. E-cigarettes deliver a nicotine aerosol
by heating a solution that usually contains
nicotine, propylene glycol, glycerol and fla-
vouring agents.1 2 E-cigarette use has
increased substantially,3 4 especially among
young adults in most,4–11 but not all, coun-
tries.12 Marketed as alternatives to conven-
tional cigarettes, e-cigarettes lower users’
exposure to toxins by delivering nicotine
without burning tobacco.1 13 14 However, data
on the long-term health effects of chemicals
in e-cigarette aerosols are lacking.2 13 15 16

Furthermore, concerns have been raised
about diacetyl and acetyl propionyl in solu-
tions of certain e-cigarette products.17

E-cigarettes may hinder tobacco control
efforts. E-cigarette use has been associated
with a lower likelihood of quitting smoking
among cigarette smokers,18 and might be a
gateway for non-smokers to initiate tobacco

Strengths and limitations of this study

▪ This is the first study with a nationally represen-
tative sample in Taiwan investigating the preva-
lence and correlates of e-cigarette use.

▪ This was a cross-sectional survey with only
one question that assessed ever having used
e-cigarettes. Respondents may have under-
reported e-cigarette use. Information about
specific e-cigarette products, such as their
flavour or design, was unavailable.

▪ The time trend and change of e-cigarette use
warrant further research.

▪ The relatively small sample size of adolescents
and young adults may restrict the application of
our findings.
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smoking,1 particularly among adolescents or young
adults.1 19–21 The prevalence of e-cigarette use may differ
between smokers and non-smokers and between younger
and older adults. A meta-analysis study has demonstrated
that smoking status is a determinant of e-cigarette use,22

and the behaviour of e-cigarette use is also greatly
influenced by age.10 22 It is essential for public health
professionals and policymakers to understand the epi-
demiology of e-cigarette use and relevant correlates
within each subgroup of age and smoking status.
E-cigarette use is increasing in the USA,6 Canada5 and

Europe.7 Epidemiological studies in Asia have suggested
a relatively low prevalence of e-cigarette use: prevalence
in Hong Kong was 2.3% in 2014,11 and <1% in
Indonesia and Malaysia in 2011.12

No laws in Taiwan are specifically designed to regulate
e-cigarettes and the Taiwan government has not yet
approved any nicotine-containing e-cigarettes. Only
nicotine-free products can be sold legally, but these
nicotine-free products cannot claim to be smoking
cessation aids, and cannot be sold in a form resembling
tobacco products. There are no published studies on
e-cigarette use in Taiwan. Such research is essential for
tobacco control and policy design.
The current study used a 2015 Taiwanese national

survey of individuals aged 15 years and older to: (1)
describe the epidemiology of e-cigarette use overall and
by smoking status; and (2) investigate the prevalence of
e-cigarette use in relation to socioeconomic character-
istics in each subgroup of smoking status and age.

METHODS
Taiwan Adult Smoking Behaviour Survey data
The Adult Smoking Behavior Survey, 2015 was an annual
computer-assisted telephone surveillance conducted by
the Health Promotion Administration in Taiwan, to survey
a nationally representative sample of non-institutionalised
individuals aged 15 years or older.23 The sampling frame
was the residential telephone directory of 25 administra-
tive districts. The survey sample size for each district was
probability proportional to the district population size.
Within each district, the random digit dialling principle
was followed to select the telephone number; the prefix
of the telephone numbers was selected first, and the last
two digits of the selected area codes were randomly
selected. Once the call was picked up, an individual aged
15 years or older was randomly selected to answer the
survey. A computer-assisted telephone interviewing system
was used to elicit participants’ demographic data, as well
as information about the smoking behaviours, environ-
mental tobacco smoke exposure and awareness of tobacco
control interventions. At least 1068 telephone interviews
were conducted for each administrative district except for
Lianjiang County, where only 300 interviews were con-
ducted due to its small population size. The response rate
of the 2015 Adult Smoking Behavior Survey was 70.7%,
resulting in 26 052 respondents who participated in the

survey. Nationally representative estimates were produced
using sampling weight, based on the sex, age, education
level and population size of each district in 2014.
Informed consent was waived.

Variables
Ever having used e-cigarettes
Ever versus never having used e-cigarettes was assessed
by the question: ‘Have you ever used an e-cigarette?’. Of
26 052 respondents, 31 (0.1%) who provided the answer
‘I don’t know’ to the question were excluded, resulting
in 26 021 respondents eligible for calculation of the
prevalence of e-cigarette use.

Smoking status
Smoking status categories included: never smoker,
former smoker and current smoker. Current smokers
were defined as those who had smoked at least 100 cigar-
ettes and reported smoking every day, or some days, in
the 30 days preceding the interview. People who had
smoked at least 100 cigarettes but had not smoked in
the past 30 days were designated as former smokers.
Never smokers comprised people who had never
smoked or had smoked fewer than 100 cigarettes. Ever
smokers included former and current smokers.

Demographic and socioeconomic characteristics
Demographic variables included age in category (15–17,
18–24, 25–44, 45–64 and ≥65 years), sex, marital status
and residing in municipal areas (six major cities:
Kaohsiung, New Taipei, Taichung, Tainan, Taipei and
Taoyuan). Socioeconomic variables included education
level, employment status and monthly household
income (in New Taiwan Dollar, NTD).

Statistical analysis
We described demographic characteristics for the overall
population and for three smoking subgroups: current,
former and never smokers. Distributions of character-
istics by smoking status were compared by χ2 test. We
estimated the prevalence and 95% CIs of ever using
e-cigarettes by demographic and socioeconomic vari-
ables for the overall population and for each smoking
subgroup. Prevalence ratios and 95% CIs were estimated
using multivariable log-binomial regression models for
prevalence of ever using e-cigarettes in relation to socio-
demographic factors in the overall population and by
three smoking subgroups. These regression models
included smoking status (for the entire population only),
age groups, sex, residing in municipal area, marital status,
education level and monthly household income. We also
performed stratified analyses by smoking status (ever or
never smokers) and age groups to investigate factors asso-
ciated with e-cigarette use for each subgroup. The final
sample for regression modelling included 25 112 respon-
dents after we excluded 909 respondents who had missing
information on age (n=766), marital status (n=159) or edu-
cation level (n=106).
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Analyses were conducted in STATA V.12.1
(StataCorp. 2011, College Station, Texas, USA). The ‘svy’
command was used for sampling weight and ‘svy: pro-
portion’ command was used to estimate 95% CIs of
e-cigarette use prevalence.

RESULTS
Sample characteristics
The study sample included 26 021 respondents after
excluding 31 persons (0.1%) who had missing informa-
tion on e-cigarette use. Among the study sample,
approximately half were women, and the majority were
aged 25–64 years (67.7%), resided in municipalities,
were married, were employed and had an education of
high school or above (table 1). Approximately one-third
of respondents self-reported a monthly household
income between NTD 20 001 and 60 000 and one-third
NTD 60 001 or more. Demographics of never smokers
differed from current and former smokers. Compared

with current or former smokers, never smokers were
more likely to be women (63.0% vs 8.4–10.1%), younger
than 25 years (18.9% vs 2.0–6.6%), reside municipally
(43.5% vs 38.4–40.1%), be unmarried (44.3% vs 24.2–
41.6%) and have a college or higher education level
(46.0% vs 26.6–31.7%) (all p<0.001).

E-cigarette use in the overall population
The prevalence of ever using e-cigarettes in the total
population was 2.7% (95% CI 2.5% to 3.0%; table 2):
highest among current smokers (14.2%, 95% CI 12.4%
to 16.0%) and below 1.0% among never smokers.
Participants aged 18–24 years had the highest prevalence
(6.5%, 95% CI 5.2% to 7.9%) compared with people of
other age groups. Overall, men (4.6%) had a greater
prevalence than women (0.9%); however, among current
smokers, men and women appeared to have a similar
prevalence of e-cigarette use (14.1% in men and 15.3%
in women). Participants with a monthly household

Table 1 Demographics of respondents in Taiwan Adult Smoking Behavior Survey, 2015, overall and by smoking status

Smoking status

Entire

population

(n=26 021)

Current smokers

(n=2573)

Former smokers

(n=2817)

Never smokers

(n=20 621)

Variable n (%) n (%) n (%) n (%) p Value

Age (years) <0.001

15–17 958 (3.7) 13 (0.4) 3 (0.1) 942 (4.7)

18–24 1894 (12.0) 107 (6.2) 24 (1.9) 1763 (14.2)

25–44 6376 (33.4) 799 (44.5) 337 (20.3) 5239 (33.3)

45–64 10 792 (34.3) 1218 (39.4) 1406 (50.3) 8166 (31.5)

≥65 5235 (13.6) 404 (8.3) 988 (24.9) 3839 (13.0)

Missing 766 (2.9) 32 (1.2) 59 (2.5) 672 (3.3)

Sex <0.001

Female 14 398 (50.9) 281 (10.1) 204 (8.4) 13 907 (63.0)

Male 11 623 (49.2) 2292 (89.9) 2613 (91.6) 6714 (37.0)

Residing in municipal area <0.001

No 16 369 (57.5) 1698 (61.6) 1830 (59.9) 12 834 (56.5)

Yes 9652 (42.5) 875 (38.4) 987 (40.1) 7787 (43.5)

Married <0.001

No 9238 (42.0) 955 (41.6) 593 (24.2) 7685 (44.3)

Yes 16 624 (57.4) 1609 (58.2) 2206 (75.2) 12 805 (55.0)

Missing 159 (0.6) 9 (0.2) 18 (0.6) 131 (0.7)

Education level <0.001

Middle school or

below

7468 (27.0) 808 (32.5) 980 (35.1) 5674 (25.0)

High school 7728 (30.5) 976 (40.8) 833 (32.5) 5914 (28.6)

College or above 10 719 (42.1) 785 (26.6) 989 (31.7) 8944 (46.0)

Missing 106 (0.4) 4 (0.1) 15 (0.6) 86 (0.4)

Employed <0.001

No 12 947 (44.4) 837 (26.0) 1405 (41.4) 10 700 (47.8)

Yes 13 074 (55.6) 1736 (74.0) 1412 (58.6) 9921 (52.2)

Monthly household income (NTD) <0.001

≤20 000 3882 (11.9) 385 (11.1) 540 (15.9) 2954 (11.6)

20 001–60 000 8785 (33.7) 951 (38.7) 905 (33.4) 6926 (33.0)

60 001–100 000 4899 (19.9) 475 (18.8) 515 (19.2) 3909 (20.2)

≥100 001 3584 (13.8) 382 (15.7) 431 (15.4) 2771 (13.3)

Unknown 4871 (20.7) 380 (15.8) 426 (16.1) 4061 (22.0) 　
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income above NTD 100 001 (4.5%) also had a higher
prevalence of e-cigarette use, compared with those with a
lower monthly household income (0.8–3.6%).
Current and former smokers were more likely than

never smokers to report ever having used e-cigarettes
(table 3). Participants younger than 45 years had a greater
prevalence ratio of ever using e-cigarettes relative to the
45–64 years age group, after adjusting for smoking status,
sex, residing in municipal areas and other socioeconomic
variables. Ever using e-cigarette was also associated with
not being currently married, having a college or higher
education and monthly household income ≥NTD60 001.
Sex, employment status or residing in municipal areas was
not associated with ever having used e-cigarettes.

E-cigarette use by smoking status
Stratified by smoking status, age remained associated with
ever having used e-cigarettes, with a high prevalence
among people aged 24 years or younger. For example,
the prevalence of ever having used e-cigarettes was 49.3%
(95% CI 38.5% to 60.1%) among current smokers aged

18–24 years and 39% among former smokers of the same
age (table 2). Compared with people aged 45–64 years,
those aged 18–24 years had a 6-fold to 10-fold higher
prevalence of ever having used e-cigarettes, irrespective of
smoking status (table 3). Among current and former
smokers, men and women had a similar prevalence ratio
of ever having used e-cigarettes; yet among never
smokers, men were more than twice as likely as women to
self-report ever having used e-cigarettes. Associations
between ever having used e-cigarettes and socioeconomic
variables were not observed in smoking subgroups,
except that education in current or former smokers and
monthly household income in current smokers were each
associated with ever having used e-cigarettes.

Associations of e-cigarette with other characteristics by
age and different smoking status
Ever having used e-cigarettes in association with age and
smoking status prompted us to perform analyses strati-
fied by three age groups (18–24, 25–44, ≥45 years) in
ever smokers and in never smokers (figures 1 and 2).

Table 2 Prevalence (95% CI) of ever having used e-cigarettes, overall and by smoking status, among participants in Taiwan

Adult Smoking Behavior Survey, 2015

Entire population

(n=26 021)

Current smokers

(n=2573)

Former smokers

(n=2817)

Never smokers

(n=20 621)

Prevalence (95% CI) Prevalence (95% CI) Prevalence (95% CI) Prevalence (95% CI)

Ever having used e-cigarettes 2.7 (2.40 to 2.99) 14.2 (12.38 to 16.02) 3.2 (2.23 to 4.19) 0.8 (0.59 to 0.92)

Age (years)

15–17 2.2 (1.15 to 3.19) 52.4 (21.99 to 82.87) 22.4 (0.00 to 64.28) 1.5 (0.67 to 2.32)

18–24 6.5 (5.16 to 7.91) 49.3 (38.52 to 60.11) 39.1 (17.20 to 61.03) 2.9 (1.99 to 3.91)

25–44 3.8 (3.12 to 4.39) 16.8 (13.64 to 19.92) 7.3 (3.90 to 10.74) 0.6 (0.39 to 0.88)

45–64 1.5 (1.20 to 1.82) 8.1 (6.23 to 10.01) 1.6 (0.81 to 2.36) 0.1 (0.06 to 0.24)

≥65 0.4 (0.21 to 0.58) 3.1 (1.16 to 4.95) 0.6 (0.15 to 1.06) 0.1 (0.00 to 0.16)

Missing 0.2 (0.00 to 0.49) 2.6 (0.00 to 7.75) 0.8 (0.00 to 2.30) n/a

Sex

Female 0.9 (0.66 to 1.09) 15.3 (10.05 to 20.58) 7.7 (2.78 to 12.67) 0.4 (0.24 to 0.52)

Male 4.6 (4.03 to 5.13) 14.1 (12.14 to 16.01) 2.8 (1.83 to 3.76) 1.4 (1.01 to 1.78)

Residing in municipal area

No 2.4 (2.09 to 2.80) 12.3 (10.17 to 14.35) 3.1 (1.88 to 4.27) 0.6 (0.42 to 0.81)

Yes 3.0 (2.54 to 3.54) 17.3 (14.00 to 20.62) 3.4 (1.75 to 5.07) 0.9 (0.64 to 1.24)

Married

No 4.0 (3.44 to 4.60) 19.1 (15.79 to 22.49) 8.3 (4.94 to 11.64) 1.4 (1.05 to 1.76)

Yes 1.7 (1.46 to 2.03) 10.6 (8.68-12.58) 1.6 (0.92 to 2.28) 0.2 (0.14 to 0.34)

Missing 1.0 (0.00 to 2.40) 21.8 (0.00 to 49.30) n/a n/a

Education level

Middle school or below 1.2 (0.76 to 1.65) 6.6 (3.94 to 9.25) 0.6 (0.00 to 1.33) 0.2 (0.02 to 0.34)

High school 3.7 (3.04 to 4.26) 16.9 (13.84 to 19.95) 3.7 (1.90 to 5.49) 0.6 (0.33 to 0.80)

College or above 3.0 (2.52 to 3.44) 19.4 (15.72 to 23.08) 5.7 (3.37 to 7.96) 1.2 (0.87 to 1.52)

Missing n/a n/a n/a n/a

Employed

No 1.6 (1.26 to 1.91) 10.8 (7.92 to 13.68) 2.5 (1.16 to 3.79) 0.7 (0.43 to 0.91)

Yes 3.6 (3.12 to 4.04) 15.4 (13.15 to 17.62) 3.7 (2.34 to 5.12) 0.8 (0.60 to 1.07)

Monthly household income (NTD)

≤20 000 0.8 (0.39 to 1.19) 5.4 (2.48 to 8.37) 0.8 (0.00 to 2.00) 0.1 (0.00 to 0.19)

20 001–60 000 2.3 (1.79 to 2.73) 10.9 (8.22 to 13.55) 2.6 (1.20 to 4.00) 0.6 (0.31 to 0.82)

60 001–100 000 3.6 (2.87 to 4.32) 18.8 (14.44 to 23.10) 4.1 (1.67 to 6.57) 1.2 (0.71 to 1.73)

≥100 001 4.5 (3.50 to 5.57) 23.3 (17.49 to 29.07) 2.1 (0.54 to 3.73) 1.3 (0.75 to 1.88)

Unknown 2.4 (1.76 to 3.05) 14.0 (9.23 to 18.82) 6.8 (2.87 to 10.73) 0.6 (0.32 to 0.95)
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Among ever smokers aged 25–44 years, marriage was
associated with a lower prevalence of ever using
e-cigarettes while those who lived in a municipal area had
a greater prevalence (figure 1). Ever smoking men aged
25–44 years were less likely to self-report ever using e-
cigarettes, which was not observed in other subgroups.
Among never smokers aged 18–24 years, having a higher
education level was associated with a decreased prevalence
of ever using e-cigarettes, while living in a municipal area
and having a higher household income were associated
with increased prevalence (figure 2). Non-smoking men
aged 25–44 years were 2.71 times more likely than women
aged 25–44 years to ever use e-cigarettes. We did not
perform the stratified analysis for ever smokers aged 18–
24 years due to the small sample size. Results of never
smokers aged 45 years or older were all non-significant
(see online supplementary table S1).

DISCUSSION
In 2015, 2.7% of a nationally representative sample of
Taiwan residents aged 15 years or older reported that
they had ever used e-cigarettes. This prevalence was

similar to that of Hong Kong (2.3% in 2014)11 and
other Asian countries,12 but lower than the rate of
12.6% in the USA in 2014.6 Smoking status was the main
determinant of ever having used e-cigarettes. Similar to
countries where e-cigarette use is common,6 7 the preva-
lence of ever having used e-cigarettes was <5% among
individuals who were never and former smokers. In
current smokers, the prevalence of ever having used e-
cigarettes was 14.2% in Taiwan, lower than the preva-
lence among smokers in Europe (20.3%, 2012),7

Australia (23.7%, 2013) and the UK (43.3%, 2013).8

The low prevalence of ever having used e-cigarettes in
Taiwan could be partly due to the relatively low tobacco
smoking rates (30% in men and 4% in women, 2015)24

and a restricted e-cigarette market. Of note, the preva-
lence among young smokers in Taiwan was as high as
that in the western countries: 38–50% of former and
current smokers aged 15–24 years had ever used
e-cigarettes, suggesting that young adults in Taiwan who
have ever smoked tend to experiment with e-cigarettes.6 7

The high prevalence in the young population signals the
need for regulations in Taiwan and worldwide.

Table 3 Adjusted prevalence ratios for ever having used e-cigarettes, overall and by tobacco smoking status, in Taiwan, 2015

Entire population

(n=25 112)

Ever smokers

(n=5276)

Never smokers

(n=19 843)

Adjusted PR (95% CI) Adjusted PR (95% CI) Adjusted PR (95% CI)

Smoking status

Never smokers 1.0 (Reference) n/a n/a

Former smokers 8.3 (5.21 to 13.1) n/a n/a

Current smokers 21.5 (15.4 to 29.8) n/a n/a

Age (years)

15–17 4.4 (2.53 to 7.68) 7.0 (3.71 to 13.4) 8.5 (2.96 to 24.1)

18–24 5.2 (3.73 to 7.26) 6.1 (4.24 to 8.67) 10.7 (4.11 to 28.1)

25–44 2.1 (1.57 to 2.81) 2.4 (1.75 to 3.23) 2.7 (1.21 to 5.80)

45–64 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

≥65 0.4 (0.22 to 0.66) 0.3 (0.18 to 0.56) 0.5 (0.09 to 3.03)

Sex

Female 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

Male 1.3 (0.96 to 1.87) 1.0 (0.70 to 1.36) 2.4 (1.48 to 3.80)

Residing in municipal area

No 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

Yes 1.2 (0.94 to 1.41) 1.1 (0.90 to 1.45) 1.4 (0.91 to 2.19)

Married

No 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

Yes 0.7 (0.54 to 0.89) 0.7 (0.50 to 0.84) 0.6 (0.32 to 1.13)

Education level

Middle school or below 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

High school 1.5 (0.97 to 2.30) 1.5 (0.97 to 2.42) 0.7 (0.19 to 2.28)

College or above 1.6 (1.04 to 2.51) 1.4 (0.90 to 2.31) 1.1 (0.32 to 4.05)

Employed

No 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

Yes 0.9 (0.70 to 1.17) 1.0 (0.72 to 1.29) 1.3 (0.73 to 2.25)

Monthly household income (NTD)

≤60 000 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

≥60 001 1.6 (1.22 to 1.97) 1.5 (1.12 to 1.94) 1.8 (1.09 to 3.09)

Unknown 1.1 (0.81 to 1.50) 1.2 (0.86 to 1.73) 0.9 (0.45 to 1.70)

PR, prevalence ratio.

Chang H-C, et al. BMJ Open 2017;7:e014263. doi:10.1136/bmjopen-2016-014263 5

Open Access

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-014263 on 27 M

arch 2017. D
ow

nloaded from
 

http://dx.doi.org/10.1136/bmjopen-2016-014263
http://bmjopen.bmj.com/


E-cigarette may create nicotine dependency and initi-
ate tobacco smoking among individuals who never
smoked, particularly in adolescents.21 Among individuals
aged 15–17 years in this study, up to 50% of smokers
and 1.5% of individuals who never smoked had ever
used e-cigarettes. These findings suggested that ∼49 000
smoking and 12 100 non-smoking adolescents have ever
used e-cigarettes in Taiwan, given the reported smoking
rate of 10.4%23 among 900 000 adolescents aged 15–
17 years in 2015.25 More importantly, a prospective
cohort of non-smoking adolescents has shown a 16%
increase in initiation of tobacco smoking after
12 months among individuals who have ever used
e-cigarettes (25% vs 9%).19 We estimate that 2000 ado-
lescents in Taiwan may potentially initiate tobacco
smoking. E-cigarette regulations and public education
regarding nicotine dependency, particularly targeting
adolescents, will be essential for tobacco control.
E-cigarette policies and regulations vary around the

world. According to the Institute for Global Tobacco
Control, e-cigarette sales are banned in 26 countries and
there are age or other restrictions on their purchase in
38 countries.26 In Taiwan, several existing laws apply to
e-cigarettes based on their nicotine content or shape;
however, regulations are not applicable to e-cigarettes
that contain no nicotine, claim no therapeutic proper-
ties or do not resemble cigarettes. Some concerns have

been raised. First, the safety of chemicals in aerosols or
solutions remains to be established.2 13 15 Second,
e-cigarette use in public may weaken the effect of smoke-
free policies,1 20 decrease the quitting motivation of
smokers1 and potentially diminish the denormalisation
of smoking.1 Impacts of e-cigarette use on tobacco
smoking in populations with a low smoking prevalence,
such as Taiwan, warrant prospective investigation.
E-cigarette use is more prevalent among people with

high socioeconomic status in Asia,12 but not in Europe.7

Likewise, people in Taiwan with higher education levels
or high household incomes, especially former and
current cigarette smokers, are more likely to self-report
ever using e-cigarettes. This pattern is consistent with
the observation that people with high socioeconomic
status tend to adopt new technology or knowledge
quickly. In addition, our study suggests that women and
men who have ever smoked had a similar likelihood of
trying e-cigarettes, although men had a higher rate than
women overall.
This study reported the prevalence of ever having

used e-cigarettes in a nationally representative sample in
Taiwan. Previous studies have mostly reported the preva-
lence of e-cigarette use within specific regions. With a
larger sample size, we were able to report prevalence
stratified by smoking status and age groups. This study
has some notable limitations. First, information about

Figure 1 Prevalence ratio (95% CI) for e-cigarette use among ever smokers aged 25–44 years and 45 years or older.
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specific e-cigarette products, such as their flavour,
content, solution or design, was unavailable. Second, the
relatively small sample size of adolescents and young
adults may limit the generalisation of these findings.
Third, this was a cross-sectional survey with only one
question that assessed ever having used e-cigarettes.
Respondents may have under-reported e-cigarette use.
E-cigarettes may pose some challenges to tobacco

control. For example, the correlates of ever having used
e-cigarettes differed by smoking status and age and seemed
to vary by country. Regulations of e-cigarettes should be
based on country-specific research. Furthermore,
e-cigarettes may serve as a gateway to initiating tobacco
smoking in the young population.19 In this study, 1.5%
of never smokers aged 15–17 years in Taiwan, ∼12 100
adolescents, had ever used e-cigarettes. They may be sus-
ceptible to tobacco smoking.

Conclusion and public health implications
This national representative study in Taiwan suggests
that people with higher education level and income are
more likely to use e-cigarettes. Among smokers, women
have a prevalence of using e-cigarettes similar to or even
greater than that of men. The overall rate of ever having
used e-cigarettes in Taiwan is lower than that in western
countries; however, adolescents and young adults have
the highest prevalence of ever using e-cigarettes—almost

half of the ever-smokers aged 15–24 years reported
having tried e-cigarettes. The emergence of e-cigarettes
may have raised new challenges for tobacco control.
Public health administrators and policy developers need
to implement preventive measures against nicotine
dependence among e-cigarette users, especially in
the younger population. Future investigations of regular
e-cigarette use, changes in tobacco smoking behaviours
among e-cigarette users as well as underlying reasons for
high prevalence of e-cigarette use among young adults
are needed to guide public policy.
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