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Abstract

Recent youth trends in the prevalence of e-cigarette and traditional cigarette use in Florida
were examined in a cross-sectional, representative state sample from 2011 to 2014. Tradi-
tional cigarette use among youth declined during the study period. Experimentation with
and past 30-day use of e-cigarettes among Florida youth tripled over 4 years. Past 30-day
e-cigarette use exceeded traditional cigarette use in 2014; 10.8% of high school and 4.0%
of middle school students reported recent e-cigarette use, compared with 8.7% of high
school and 2.9% of middle school students for traditional cigarettes (P<0.001). By 2014,
20.5% of high school and 8.5% of middle school students reported ever use of e-cigarettes.
Among ever e-cigarette users in 2014, 30.3% of high school and 42.2% of middle school
students had never smoked traditional cigarettes. Given the concern that significant rates of
e-cigarette use by U.S. adolescents may have a negative effect on public health, further re-
view of e-cigarette advertising, marketing, sales, and use among U.S. youth is warranted.

Introduction

Electronic cigarettes (e-cigarettes) are battery-powered devices that deliver nicotine in the form
of an aerosol [1]. E-cigarettes that are not marketed for therapeutic purposes are currently un-
regulated by the Food and Drug Administration (FDA). Concurrent with increasing rates of
adult e-cigarette use [2,3], youth e-cigarette use has also risen. National data found increased e-
cigarette use from 2011 and 2012, with 2.7% of middle school students and 10.0% of high
school students reporting ever use. Potential concerns about youth e-cigarette use have been
raised, including the negative impact of nicotine on adolescent brain development [4-9], the
potential risk for nicotine addiction, and the possibility of initiation of traditional cigarette or
other tobacco product use [4,10,11]. This study examines recent trends in the prevalence of
e-cigarette use among youth in Florida from 2011 to 2014.
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Materials and Methods

Data are from the annual 2011-2014 Florida Youth Tobacco Survey (FYTS), a school-based,
pencil-and-paper questionnaire given to Florida middle (grades 6-8) and high school (grades
9-12) students. FYTS is a cross-sectional, representative state sample based on a two-stage
cluster probability sample design [12]. A random sample of public middle and high schools
was selected. Within each selected school, a random sample of classrooms was selected; all
students in selected classes were eligible to participate. Data were statistically weighted to repre-
sent state-level estimates using the study sampling frame from the U.S. Department of Educa-
tion. Post-stratification weights were based on population totals for each combination of
students’ grade, race, and gender. Yearly sample sizes ranged from 5,972 to 38,972 for middle
school students and from 6,097 to 36,578 for high school students over the study period. Over-
all participation rates ranged from 73% to 83%. The study was reviewed and exempted as ongo-
ing public health surveillance by the Florida Department of Health institutional review board.

We estimated the prevalence of ever and current use of e-cigarettes, traditional cigarettes,
and both. Ever use of e-cigarettes was defined as an affirmative response to the item “Have you
ever tried once using electronic cigarettes?” (yes/no); current use was defined as an affirmative
response to the item “During the past 30 days have you used an electronic cigarette?” (yes/no).
Ever use of traditional cigarettes (experimentation) was measured with the item “Have you
ever tried cigarette smoking, even one or two puffs?” (yes/no) and defined as students who re-
sponded affirmatively. Current traditional cigarette use (past 30-day use) was measured with
the item “During the past 30 days, on how many days did you smoke cigarettes?” (0, 1 or 2, 3 to
5,609, 10 to 19, 20 to 29, all 30 days) and defined as reported use on 1 or more days.

We conducted analyses using Stata 13.1 with complex survey design estimators to account
for sample weights. We conducted descriptive analyses of e-cigarette use by plotting yearly
rates of ever and current use among middle and high school students separately. We conducted
logistic regressions to examine the change in ever use, current use, and concurrent use of prod-
ucts over time. Logistic regressions were also used to examine current e-cigarette use among
never smokers over time. To examine the trend in the prevalence of ever use and current use,
we estimated a logistic regression model including survey year indicators with 2011 as the ref-
erent. The demographic variables grade, gender, and race/ethnicity were examined as potential
control variables in the models and did not alter the findings. A t-test using a cluster robust
standard error to account for intercorrelations was conducted to examine the difference be-
tween 2014 current traditional cigarette and e-cigarette use. T-tests (with Bonferroni correction
to p-values as appropriate) were used to examine the differences in past 30-day use of e-
cigarettes within each demographic subgroup (e.g., comparisons between grade 6 and 7, grade
7 and 8, grade 6 and 8); similarly, differences in past 30-day use of traditional cigarettes by de-
mographics were examined. Statistically significant results were reported at P<0.05 or less.

Results
Trends among Middle School Students

Traditional cigarette and e-cigarette use among youth from 2011 to 2014 is shown in Figs 1
and 2. Logistic regression models indicate that, among middle school students, ever e-cigarette
use increased threefold over the 4-year period (OR = 2.96, P<0.001, Table 1), from 3.0% in
2011 to 8.5% in 2014 (Fig 1). Current use (past 30-day use) also significantly increased over 4
years, from 2011 (1.5%) to 2014 (4.0%) (Fig 2, Table 1). Both ever and current use of traditional
cigarettes declined from 2011 to 2014 (Figs 1 and 2, Table 1).
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Fig 1. Ever electronic cigarette and traditional cigarette use among middle and high school students,
by year—Florida Youth Tobacco Survey, 2011-2014. The largest increase in ever use of electronic
cigarettes occurred between 2013 and 2014 for middle and high school students. MS = middle school.

HS = high school.

doi:10.1371/journal.pone.0124385.g001

In 2014, 4.0% of middle school students reported past 30-day use of e-cigarettes, compared
with 2.9% for current traditional cigarette use (P<0.001). Among middle school students in
2014, 42.2% of ever e-cigarette users reported never smoking traditional cigarettes, whereas
33.6% of current e-cigarette users reported currently smoking traditional cigarettes. Similar to
trends among all middle school youth, logistic regression models indicate that past 30-day use
of e-cigarettes among never smokers of traditional cigarettes was more than four times higher
in 2014 (1.7%) than in 2011 (0.4%, OR = 4.62, P<0.01). Concurrent use of e-cigarettes and tra-
ditional cigarettes in the past 30 days was also higher in 2014 (1.3%) than in 2011 (0.8%,
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Fig 2. Past 30-day electronic cigarette and traditional cigarette use among middle and high school
students, by year—Florida Youth Tobacco Survey, 2011-2014. The largest increase in past 30-day use
of electronic cigarettes occurred between 2013 and 2014 for middle and high school students. MS = middle
school. HS = high school.

doi:10.1371/journal.pone.0124385.9g002
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Table 1. Logistic regression models examining change over time in traditional cigarette use and e-cigarette use among Florida youth—Florida

Youth Tobacco Survey, 2011-2014.

Ever use traditional cigarettes  Past 30-day use traditional cigarettes  Ever use e-cigarettes = Past 30-day use e-cigarettes

OR
(95% Cl)
Middle School
Year 2011 Reference
Year 2012 0.88
(0.76-1.02)
Year 2013 0.81*
(0.67-0.99)
Year 2014 0.69 ***
(0.59-0.80)
High School
Year 2011 Reference
Year 2012 0.87*
(0.79-0.97)
Year 2013 0.72%**
(0.63-0.83)
Year 2014 0.67***
(0.60-0.74)

doi:10.1371/journal.pone.0124385.1001

OR OR OR

(95% Cl) (95% Cl) (95% Cl)
Reference Reference Reference
0.99 1.30% 1.20
(0.81-1.22) (1.04-1.64) (0.89-1.61)
0.81 1.43* 1.24
(0.62-1.05) (1.06-1.93) (0.86-1.80)
0.69** 2.96%** 2.77*%**
(0.55-0.86) (2.36-3.73) (2.06-3.71)
Reference Reference Reference
0.87 1.44 *** 1.14
(0.75-1.00) (1.21-1.70) (0.93-1.41)
0.74%* 2.16%** 1.79%*x*
(0.61-0.89) (1.76-2.65) (1.40-2.30)
0.63*** 4,04 *** 3.79%**
(0.55-0.73) (3.44-4.76) (3.09-4.64)

OR = 1.50, P<0.05). Among middle school students, current e-cigarette use was higher for stu-
dents in grade 8 than grade 6 (P<0.001) and among students living in households with other
tobacco users (P<0.001) or with e-cigarette users (P<0.001) (Table 2). Fewer black, non-
Hispanic students were current e-cigarette users compared with white, non-Hispanic
(P<0.001) and Hispanic students (P<0.001) (see Table 2).

Trends among High School Students

Among high school students, ever e-cigarette use increased fourfold during the study period
(OR =4.04, P<0.001, Table 1). Ever use increased from 6.0% in 2011 to 20.5% in 2014, with
the largest increase occurring between 2013 and 2014 (8.4 percentage points) (Fig 1). Current
e-cigarette use also increased from 2011 (3.1%) to 2014 (10.8%) (Fig 2, Table 1). In comparison,
8.7% of high school students were current traditional cigarette users in 2014 (significantly dif-
ferent from 2014 e-cigarette use at P<0.001). Both ever and current use of traditional cigarettes
declined over the study period (Figs 1 and 2, Table 1).

Among high school ever e-cigarette users in 2014, 30.3% reported never smoking traditional
cigarettes. Among high school current e-cigarette users, 43.1% also reported current traditional
cigarette smoking. Among high-school never smokers, models indicate that past 30-day use of
e-cigarettes increased sixfold between 2011 (0.6%, OR = 6.33, P<0.01) and 2014 (3.7%). Con-
current use of e-cigarettes and traditional cigarettes in the past 30 days was also higher in 2014
(4.5%) than in 2011 (2.4%, OR = 1.96, P<0.01).

Findings for high school student demographic subgroups were similar in pattern to those
found among middle school students with notably larger differences by gender and race/
ethnicity (Table 2). Males reported current e-cigarette use more often than females (P<0.001).
Fewer black, non-Hispanic students were current e-cigarette users compared with white, non-
Hispanic and Hispanic students (P<0.001) (Table 2).
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Table 2. Current (past 30-day) use of electronic cigarettes and traditional cigarettes among middle and high school students, by demographic
characteristics—Florida Youth Tobacco Survey, 2014.

Demographic Characteristic Sample Size Electronic Cigarette Use in Past 30 Days Traditional Cigarette Use in Past 30 Days
Weighted % Weighted %
Middle School
Overall 36,993
Grade
6 12,020 1.9% 1.7%°
7 12,520 3.6%° 2.6%°
8 12,012 5.8% 3.7%°
Gender
Female 18,430 3.6% 2.8%
Male 17,937 4.2% 3.0%
Race/Ethnicity
White, non-Hispanic 17,645 4.3%° 3.0%
Black, non-Hispanic 5,930 3.1%P° 2.6%
Hispanic 8,431 4.4%° 3.1%
Other race, non-Hispanic 3,455 3.9%° 3.2%
Household Tobacco Use
Yes 13,353 8.0%° 5.5%°
No 18,975 1.7%° 1.2%°
Household E-cigarette Use
Yes 4,180 16.4%° 8.5%"°
No 28,004 2.3%° 1.9%°
High School
Overall 32,930
Grade
9 9,944 8.8%° 6.0%%
10 8,525 10.7%° 7.4%°
11 7,608 11.6%° 8.8%"°
12 6,403 11.8%° 11.6%°
Gender
Female 16,330 8.7%! 7.6%
Male 16,084 12.6% 9.4%
Race/Ethnicity
White, non-Hispanic 16,853 14.2%' 10.6%°
Black, non-Hispanic 5,311 4.0%' 3.6%°
Hispanic 7,531 11.1%' 9.0%°9
Other race, non-Hispanic 2,596 11.2% 11.2%°
Household Tobacco Use
Yes 12,951 18.6%° 14.4%°
No 17,170 5.7%° 4.3%°
Household E-cigarette Use
Yes 4,233 33.0%° 21.7%°
(Continued)
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Table 2. (Continued)

Demographic Characteristic Sample Size Electronic Cigarette Use in Past 30 Days Traditional Cigarette Use in Past 30 Days
Weighted % Weighted %
No 25,734 7.3% 6.1%°

2 Statistically significant differences between each grade level (P<0.01).

b Statistically significant difference between white, non-Hispanic and black, non-Hispanic and also between black, non-Hispanic and Hispanic (P<0.01).

“Other race” category includes Asian, American Indian or Alaskan Native, Native Hawaiian or other Pacific Islander, and Other race.

¢ Statistically significant difference (P<0.001). Use defined as cigarettes, cigars, chewing tobacco, snuff, dip, or hookah.

d Statistically significant difference (P<0.001). Use defined as electronic cigarettes regardless of other tobacco product use.

¢ Statistically significant difference between grade 9 and each other grade level (grade 10, grade 11, and grade 12) (P<0.001). No differences between
grade 10, grade 11, and grade 12.

f Statistically significant difference (P<0.001).

9 Statistically significant difference between all groups (P<0.02), except white, non-Hispanic and Other (not significant).

h Statistically significant differences across all groups (P<0.01), except Hispanics and Other (not significant).

doi:10.1371/journal.pone.0124385.1002

Discussion

Experimentation with and past 30-day use of e-cigarettes increased threefold among

Florida middle and high school students from 2011 to 2014. Between 2013 and 2014, current

e-cigarette use doubled among middle and high school students in Florida. An estimated

105,900 Florida youth in grades 6 through 12 used one or more e-cigarettes in the past 30 days
in 2014. The 2014 prevalence rates for current e-cigarette use are unprecedented, exceeding tra-
ditional cigarette use among middle and high school students. In 2014, 30.3% of high school
students and 42.2% of middle school students who experimented with e-cigarettes had never
tried traditional cigarettes. More males than females reported past 30-day e-cigarette use, while
fewer black, non-Hispanic students reported use compared with white, non-Hispanic and His-

panic students. In contrast to rising e-cigarette experimentation among Florida youth, both

ever and current use of traditional cigarettes declined steadily over the study period for middle

and high school students.

Limitations of the data include the use of cross-sectional surveys, which cannot determine
the extent to which each type of product use influences the other. Also, these are self-reported
behaviors, which may include inaccuracies and cannot be validated. In addition, ever and cur-

rent use are not mutually exclusive as assessed and do not fully capture patterns of use. Past
30-day use of products does not reflect regular or daily use, and our study does not assess
whether patterns of use differ between youth cigarette smoking and e-cigarette use. Howeve
these limitations were stable across years and do not affect study trends over time.

This descriptive study is the first to document the rise in statewide e-cigarette prevalence

r)

rates in recent years, which tripled between 2011 and 2014 and resulted in an unprecedented

number of Florida youth using e-cigarettes. Given FDA’s concern that significant rates of

e-cigarette use by U.S. adolescents could have a negative effect on public health [13], this study

underscores the need for rapid regulatory action to prevent advertising, marketing, sales, an
use of e-cigarettes among youth.

Supporting Information

d

S1 File. The file includes variables that were used to conduct the analysis reported in this

study.
(XLSX)

PLOS ONE | DOI:10.1371/journal.pone.0124385 May 13,2015

6/7


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0124385.s001

@' PLOS ‘ ONE

Electronic Cigarette Use in Florida

Acknowledgments

We would like to thank the staff at IRC International for their Florida Youth Tobacco Survey
data collection efforts. The views expressed herein are those of the authors and do not necessar-
ily reflect the views of the Florida Department of Health.

Author Contributions

Analyzed the data: JD LP GH DD. Contributed reagents/materials/analysis tools: JD LP GH
DD MH. Wrote the paper: LP JD EC MF GH.

References

1.

10.

1.

12

13.

Pepper JK, Brewer NT (2014) Electronic nicotine delivery system (electronic cigarette) awareness,
use, reactions and beliefs: a systematic review. Tob Control 23: 375-384. doi: 10.1136/
tobaccocontrol-2013-051122 PMID: 24259045

Zhu SH, Gamst A, Lee M, Cummins S, Yin L, Zoref L (2013) The use and perception of electronic ciga-
rettes and snus among the U.S. population. PLoS One 8: €79332. doi: 10.1371/journal.pone.0079332
PMID: 24250756

Giovenco DP, Lewis MJ, Delnevo CD (2014) Factors associated with e-cigarette use: a national popu-
lation survey of current and former smokersunder embargo until may 28, 2014, 04:00 am ET. Am
J Prev Med.

U.S. Department of Health and Human Services (USDHHS) (2014) The health consequences of
smoking—50 years of progress: a report of the Surgeon General. Atlanta, GA: U.S. Department of
Health and Human Services, Centers for Disease Control and Prevention, National Center for Chronic
Disease Prevention and Health Promotion, Office on Smoking and Health.

Dwyer JB, McQuown SC, Leslie FM (2009) The dynamic effects of nicotine on the developing brain.
Pharmacol Ther 122: 125-139. doi: 10.1016/j.pharmthera.2009.02.003 PMID: 19268688

Fountain SB, Rowan JD, Kelley BM, Willey AR, Nolley EP (2008) Adolescent exposure to nicotine im-
pairs adult serial pattern learning in rats. Exp Brain Res 187: 651-656. doi: 10.1007/s00221-008-1346-
4 PMID: 18478215

Counotte DS, Spijker S, Van de Burgwal LH, Hogenboom F, Schoffelmeer AN, De Vries TJ, et al.
(2009) Long-lasting cognitive deficits resulting from adolescent nicotine exposure in rats. Neuropsycho-
pharmacology 34:299-306. doi: 10.1038/npp.2008.96 PMID: 18580873

Trauth JA, Seidler FJ, Slotkin TA (2000) Persistent and delayed behavioral changes after nicotine treat-
ment in adolescent rats. Brain Res 880: 167—172. PMID: 11033001

Smith LN, McDonald CG, Bergstrom HC, Brielmaier JM, Eppolito AK, Wheeler TL, et al. (2006) Long-
term changes in fear conditioning and anxiety-like behavior following nicotine exposure in adult versus
adolescent rats. Pharmacol Biochem Behav 85: 91-97. PMID: 16919320

Grana RA (2013) Electronic cigarettes: a new nicotine gateway? J Adolesc Health 52: 135-136. doi:
10.1016/j.jadohealth.2012.11.007 PMID: 23332475

Glynn TJ (2014) E-cigarettes and the future of tobacco control. CA Cancer J Clin 64: 164—168. doi: 10.
3322/caac.21226 PMID: 24633865

ICF International (2014) 2014 FYTS—Sampling, weighting, and participation rate report. Durham, NC:
ICF International.

Food and Drug Administration (2014) Deeming tobacco products to be subject to the Federal Food,
Drug, and Cosmetic Act, as amended by the Family Smoking Prevention and Tobacco Control Act; reg-
ulations on the sale and distribution of tobacco products and required warning statements for tobacco
products. Fed Regist 79: 23141-23207.

PLOS ONE | DOI:10.1371/journal.pone.0124385 May 13,2015 7/7


http://dx.doi.org/10.1136/tobaccocontrol-2013-051122
http://dx.doi.org/10.1136/tobaccocontrol-2013-051122
http://www.ncbi.nlm.nih.gov/pubmed/24259045
http://dx.doi.org/10.1371/journal.pone.0079332
http://www.ncbi.nlm.nih.gov/pubmed/24250756
http://dx.doi.org/10.1016/j.pharmthera.2009.02.003
http://www.ncbi.nlm.nih.gov/pubmed/19268688
http://dx.doi.org/10.1007/s00221-008-1346-4
http://dx.doi.org/10.1007/s00221-008-1346-4
http://www.ncbi.nlm.nih.gov/pubmed/18478215
http://dx.doi.org/10.1038/npp.2008.96
http://www.ncbi.nlm.nih.gov/pubmed/18580873
http://www.ncbi.nlm.nih.gov/pubmed/11033001
http://www.ncbi.nlm.nih.gov/pubmed/16919320
http://dx.doi.org/10.1016/j.jadohealth.2012.11.007
http://www.ncbi.nlm.nih.gov/pubmed/23332475
http://dx.doi.org/10.3322/caac.21226
http://dx.doi.org/10.3322/caac.21226
http://www.ncbi.nlm.nih.gov/pubmed/24633865

