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A B S T R A C T   

Electronic cigarette use among American adolescents is a major public health concern given the negative health 
consequences of nicotine in youth. Recent literature has shown that weight control may be one motivation for 
use in this population. This study examined associations between intention to lose weight and e-cigarette use 
among adolescents having overweight or obesity from an ethnically diverse sample of Texas youth by gender. We 
performed a cross-sectional analysis of a state representative sample of 9056 eighth and eleventh grade students 
from the 2015–2016 Texas School Physical Activity and Nutrition (Texas SPAN) study. Validated survey items 
assessed weight intentions and e-cigarette use. Staff collected anthropometric measures. Logistic regression 
analysis was conducted to assess the relationship between e-cigarette use and weight intentions with gender 
interaction, adjusting for grade, race/ethnicity, economic status, weight-behaviors and stratified by BMI class. 
More than half (50.9%) of the weighted sample were Hispanic and 12.5% were Non-Hispanic Black; 8.5% used e- 
cigarettes; and 50.0% intended to lose weight. Of the 40.2% of the sample having overweight or obesity, 82.9% 
intended to lose weight. Among respondents with obesity, use of e-cigarettes was significantly higher among 
males intending to lose weight than among females intending to lose weight (12% versus 6%, p = 0.007). These 
findings contrast with previous research suggesting that e-cigarette use in females is more likely to be motivated 
by an intent to lose weight. The ethnic diversity of the Texas SPAN population may explain this discrepancy.   

1. Introduction 

Electronic cigarettes (e-cigarettes) are battery-powered devices that 
heat and aerosolize nicotine in a liquid solution to be inhaled by users. 
Introduced to American markets in 2007 as an alternative to traditional 
cigarettes, e-cigarettes have become increasingly popular with adoles-
cents and young adults, far exceeding use of traditional cigarettes in 
these populations (US Department of Health and Human Services, 
2016). Among U.S. high school students for example, e-cigarette use 
increased by over 900% between 2011 and 2018, from 1.5% to nearly 
21%, and increased by 78% from 2017 to 2018 (Cullen et al., 2018; US 
Department of Health and Human Services, 2016). These trends parallel 
those seen in other Western countries, according to survey data from 
Canada and 28 European countries (Cole et al., 2020; Kapan et al., 2020; 
Laverty et al., 2018). In 2016, the U.S. Surgeon General proclaimed e- 
cigarette use in American youth a major public health concern (US 

Department of Health and Human Services, 2016). Given the astounding 
increase in e-cigarette use, it is important to understand the motivations 
behind the use of electronic cigarettes among adolescents in order to 
implement interventions that effectively curtail their use. 

One major influence on adolescent behaviors is weight status and 
perception of weight (Harriger and Thompson, 2012). Adolescents that 
have overweight and those that perceive themselves as having over-
weight often adopt healthy and/or unhealthy behaviors in an attempt to 
achieve weight control (Haynes et al., 2018), including exercise, dietary 
choices, such as fasting or avoidance of high fat foods, purging, self- 
medication with laxatives or diet pills, and cigarette smoking (Alme-
nara et al., 2014; Frank et al., 2018; Ursoniu et al., 2011; Zhang et al., 
2011). Perversely, those with overweight or obesity have been shown to 
be more likely to engage in unhealthy eating behaviors such as eating in 
the absence of hunger, binge eating, and exercising less than those who 
have normal weight (Dressler and Smith, 2013a, 2013b; Opichka et al., 
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2019). Individuals with normal weight, on the other hand, have been 
shown to be more knowledgeable about and more often utilize nutrition 
information to inform their eating habits than those with overweight or 
obesity (Dressler and Smith, 2013b). Internalized weight bias, inter-
nalized negative beliefs about being overweight by persons with over-
weight, has been shown to be positively correlated with unhealthy 
weight behaviors (Durso et al., 2012; Wu and Berry, 2018). Body image 
dissatisfaction in adolescents is more common both in those with 
overweight or obesity and among females (Jiménez et al., 2017). 
Furthermore, girls and boys utilize different weight loss methods to 
control weight. Girls have been found to be more likely to engage in 
calorie restriction through avoidance of sweets or fatty foods, while boys 
have greater odds of skipping meals and exercising to control weight 
(Brown et al., 2016; Frank, et al., 2018). These findings suggest that the 
motivations for weight loss behaviors may be distinct in those with 
overweight and obesity and gender differences may be present. 

There is a long established association between cigarette use and 
weight status and weight control beliefs in adults (Bennett and Pokhrel, 
2018; French and Jeffery, 1995; Klesges et al., 1989; Napolitano et al., 
2018; Wee et al., 2001). The initiation of smoking is positively corre-
lated with beliefs that smoking controls weight (French and Jeffery, 
1995; Klesges et al., 1989). Substantial numbers of previous studies have 
shown that those that are overweight are more likely to be smokers, as 
compared to their counterparts with normal weight (French and Jeffery, 
1995; Klesges et al., 1989; Lanza et al., 2017; Schindler-Ruwisch et al., 
2015). Post-cessation weight concerns are not uncommon among ciga-
rette smokers (French and Jeffery, 1995) and adult e-cigarette users 
(Strong et al., 2015). Recent research investigating both e-cigarette and 
cigarette behaviors has found a relation between smoking either product 
and weight concerns (Bennett and Pokhrel, 2018; Napolitano et al., 
2018). Adult cigarette users, e-cigarette users, and dual users have been 
found to be more likely to have overweight or obesity (Lanza et al., 
2017; Morean and Wedel, 2017; Strong et al., 2015) and more likely to 
smoke cigarettes or e-cigarettes for weight control or to report beliefs 
that e-cigarettes help with weight control (Bloom et al., 2019; Morean 
and L’insalata, 2018; Morean and Wedel, 2017; Napolitano et al., 2018). 
Furthermore, among adults, a positive relationship has been found be-
tween weight concerns and increased frequency of e-cigarette use 
(Bennett and Pokhrel, 2018; Morean and Wedel, 2017). In the only 
longitudinal study described, Strong et. al. found that among current 
smokers, weight-related concerns at baseline were not associated with 
experimentation with e-cigarettes at one year follow up, despite signif-
icantly greater increases in rates of experimentation with e-cigarettes 
over time in smokers with overweight/obesity as compared to normal 
weight counterparts (2015). Compared to men, women are more likely 
to hold beliefs that e-cigarettes aid in weight control (Piñeiro et al., 
2016), which is consistent with gender differences noted with cigarettes 
and weight beliefs (Klesges et al., 1989). It is noteworthy that while 
several studies have measured smoking intentionally as a tool for weight 
control (Bloom et al., 2019; Morean and L’insalata, 2018; Morean and 
Wedel, 2017), many studies merely correlate e-cigarette use to beliefs 
that e-cigarettes aid in weight control (Napolitano et al., 2018; Piñeiro 
et al., 2016). 

There is an association between conventional cigarette use and BMI- 
status, as well as perceived weight among adolescents (Caria et al., 
2009; Cawley et al., 2004; Potter et al., 2004; Plotnikoff et al., 2006; Seo 
et al., 2009; Tomeo et al., 1999); however, research examining associ-
ations between e-cigarette use and weight status in adolescents is limited 
(Cho et al., 2018; Mantey et al., 2018). Current understanding of the 
appeal of e-cigarettes in youth include availability of appealing flavors 
(e.g., fruit flavors), ability to use e-cigarettes covertly, decreased to-
bacco use/addiction potential, decreased harm potential, cost savings, 
and social acceptability (Camenga et al., 2017; Gorukanti et al., 2017; 
Harrell et al., 2016; McKelvey et al., 2018; Temple et al., 2017). Several 
recent studies have examined associations among adolescent BMI-based 
weight status and e-cigarette use (Delk et al., 2018; Green et al., 2018; 

Cho et al., 2018). Cho et al. found that e-cigarette use was more prev-
alent in adolescents with perceived overweight and obesity, with female 
adolescents who perceived themselves as overweight more likely to use 
e-cigarettes than normal weight counterparts (2018). Delk et al. found 
that males with obesity had higher odds of past 30-day e-cigarette use, as 
compared to normal weight counterparts (2018). Mantey et al., the only 
study to date to examine weight intentions and e-cigarette use, analyzed 
data from the 2015 Youth Risk Behavior Survey (YRBS), a nationally 
representative survey of American high school students, and found an 
association between intention to lose weight and 30-day e-cigarette use 
(2018). Furthermore, gender differences were noted with e-cigarette use 
associated with greater odds of intention to lose weight among females, 
but among males, e-cigarette use was associated with greater odds of 
intentions to gain weight (2018). To date, no studies have examined this 
relationship in a diverse, middle school population. 

In order to address current gaps about weight intentions, weight 
status, and e-cigarette use in adolescents, the current study will assess 
for associations between e-cigarette use and weight intentions among 
adolescents from a representative sample of Texas youth, after con-
trolling for BMI, among other confounders. Our study builds upon pre-
vious research through evaluation of an ethnically diverse population of 
middle and high school students. We hypothesized that e-cigarette use is 
positively associated with intention to lose weight among adolescents 
with overweight or obesity, and that the relation is stronger among girls 
than boys, after adjustment for confounders. 

2. Methods 

2.1. Study design 

A cross-sectional analysis was performed using data drawn from the 
Texas School Physical Activity and Nutrition (Texas SPAN) project, a 
Texas state-wide surveillance system developed to assess nutrition and 
physical activity attitudes, knowledge, and behaviors among school- 
aged children. SPAN utilizes a stratified, multistage probability sam-
pling scheme in order to collect representative data from eight health 
service regions, with stratification of school district by urban center, 
other urban/suburban and rural, and Texas border and non-border 
areas. This design produces representative samples of 8th and 11th 
grade public school students in Texas. At the 8th grade level, 126 middle 
schools were targeted for sampling, representing 347,620 students, and 
152 high schools representing 311,688 students targeted for participa-
tion at the 11th grade level. Participation rates were 62% for 8th grade 
students and 34% for 11th grade students. Data were collected during 
the 2015–2016 school years. 

This study was reviewed and approved by the Institutional Review 
Board at the University of Texas Science Center at Houston, the Texas 
Department of State Health Services Institutional Review Board, as well 
as local school district review committees. Written active or passive 
informed consent was attained from all study participants. 

2.2. Survey administration 

Trained and certified project staff and state and county personnel 
administered the SPAN questionnaire and collected anthropometric 
measures. The survey was a pencil and paper questionnaire adminis-
tered using a standard protocol and completed by the student in 30–45 
min of provided time in a classroom setting. 

Staff measured height with a portable stadiometer (PE-AIM-101 
Stadiometer) to the nearest 0.1 cm and measured weight with a portable 
digital scale with remote display to the nearest 0.1 kg (Tanita DC-430U 
Dual Frequency Full Body Composition Monitor). 

2.3. Study measures 

Selection of confounders was guided by the literature on known 
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associations with e-cigarette use, weight intentions, and BMI-status 
(Gentzke et al., 2019; Mantey et al., 2018; Pérez et al., 2011; Peters, 
et al., 2018; Simon et al., 2018). Participants self-reported their grade 
level, sex, and ethnicity. Ethnicity was recoded as Black, Hispanic, or 
White/Other. Because none of the other ethnic groups exceeded 2% of 
the population, they were grouped together and included with the White 
ethnic group. Economic status was defined as the percentage of all 
students enrolled at each school eligible for free or reduced-price lunch 
(FRL). Eligibility for FRL is based upon federal poverty guidelines and a 
student’s family income. This metric has frequently been used as a proxy 
for individual economic status with SPAN and other data (Pérez et al., 
2011; Peters et al., 2018; Springer et al., 2010) given that student reports 
of individual economic status are frequently unreliable. One-third of the 
students, categorized as being in the lowest tertile of economic status, 
were from schools where >83.5% of their student population was 
eligible for FRL. Another third of students, categorized as being in the 
highest tertile of economic status were from schools that had 0 to 
<57.9% eligible for FRL, while students were characterized as being in 
the middle tertile of economic status if they were from schools with 
57.9% to 83.5% eligible. 

Dietary behavior was measured utilizing a previously created vari-
able, the SPAN Healthy Eating Index, which assesses previous day 
consumption of both healthy (e.g. fruits, brown rice, vegetables) and 
unhealthy (e.g. dessert items, salty fried snacks) marker foods, as re-
ported by the student (Ranjit, et al., 2015). Items were summed and 
scaled to a range of 0–100; higher values represent healthier diets. 
Physical activity behavior was measured through student reported 
participation in any organized sports team. This item was dichotomized, 
with all responses greater than 0 recoded as “Participates in organized 
physical activity.” 

Questions relating to weight loss behavior were adapted and vali-
dated previously by Hoelscher et al. (2003). Intention to lose weight was 
assessed through a single item asking: “What are you trying to do about 
your weight?: Lose weight, Gain weight, Stay the same weight, 
Nothing.” This item was dichotomized, with all responses other than 
“lose weight,” recoded as a single category: “not intending to lose 
weight.” 

Body Mass Index (BMI) was calculated based on the participant’s 
measured height and weight. Based on the U.S. Centers for Disease 
Control and Prevention (CDC) age- and sex-adjusted percentiles, stu-
dents were categorized as having normal weight, overweight, or obesity 
status if BMI was less than the 85th percentile, between the 85th and 
95th percentile, or greater than the 95th respectively (CDC, 2018). 
Underweight students, which represented a small percentage of partic-
ipants (2% of 8th grade and 2.5% of 11th grade students) were cate-
gorized as normal weight. 

Prevalence of electronic cigarette use was assessed using two items 
taken from the Population Assessment of Tobacco and Human Health 
(PATH) Study [United States]. Students were asked if they had ever used 
an e-cigarette, and how many of the previous 30 days they had used e- 
cigarettes, with responses ranging from 1 through 30. For this analysis, 
responses to these items were combined into one dichotomized variable, 
recoded as: never/past e-cigarette user or current e-cigarette user, 
following the CDC’s definition of a current smoker as any use in the past 
30 days (CDC, n.d; Wang et al., 2019). 

2.4. Data analysis 

Unweighted counts and weighted frequency statistics for each de-
mographic characteristic were calculated and reported among the full 
sample (n = 9056) and by e-cigarette use status. Description of intention 
to lose weight was further described with calculation and report of un-
weighted counts and weighted frequency statistics of weight intention 
by BMI class (n = 8589). 

We performed a series of logistic regressions to evaluate our hy-
potheses. First, bivariate analysis between e-cigarette use and each 

dependent variable was performed to test for association among the full 
sample. Next, we evaluated our hypothesis that e-cigarette use is a 
function of intention to lose weight through multivariable logistic 
regression among the BMI-class subpopulations with overweight (n =
1632) or obesity (n = 2142) with gender interaction, adjusted for several 
potential confounding variables: grade, gender, ethnicity, and economic 
status. Two additional multivariable logistic regressions were performed 
among the BMI-class subpopulation with overweight (n = 1564) or 
obesity (n = 2048), adjusted for all covariables including diet and 
physical activity to assess if our findings could be accounted for by these 
additional weight-related behaviors. To evaluate for gender interaction, 
marginal estimated probabilities for electronic cigarette use by gender 
categories were derived from each of the multiple logistic regression 
models by BMI-class, with tests for significance of difference in the 
strength of association (p < 0.05) across gender categories. Models for 
the normal weight subpopulation were omitted from analysis because 
their motivations may be distinct from those in the overweight and 
obese groups (Dressler and Smith, 2013a, 2013b; Durso et al., 2012; 
Opichka et al., 2019; Wu and Berry, 2018) and a substantially smaller 
proportion of normal weight students were intending to lose weight 
(about one quarter as compared to 75% or more in the overweight and 
obese groups). All statistical analyses were performed with Stata 16.0, 
using appropriate sampling weights to produce representative data for 
the entire state by grade, strata (the six urban/rural regions), race/ 
ethnicity, and gender. 

3. Results 

3.1. Descriptive statistics 

Overall, 9.4% of the weighted sample used e-cigarettes in the past 30 
days. The sample was composed of 59.8% students with normal weight/ 
underweight, 17.9% with overweight, and 22.3% with obesity. Among 
all students, nearly half (49.4%) intended to lose weight. Of the 40.2% of 
the sample with overweight or obesity, four in five (82.9%) intended to 
lose weight. More than half (50.9%) of the sample were Hispanic, 12.5% 
Non-Hispanic Black and 36.6% were Non-Hispanic White/Other. Par-
ticipants were evenly distributed by gender and by grade level. The 
mean age of participants by grade was 13.6 years and 16.5 years in the 
eighth and eleventh grades, respectively. Across the entire weighted 
sample, 65.6% of students were classified as economically disadvan-
taged at the school level on average. Further descriptive statistics can be 
found in Tables 1 and 2. 

3.2. Correlates of E-cigarette use 

In bivariate analyses, weight intentions and BMI-class (unadjusted) 
were not found to predict e-cigarette use (Table 3). Females were found 
to be less likely to use e-cigarettes as compared to males (OR = 0.60, 
95% CI: 0.42–0.86). Eleventh grade students were found to be 2.19 
(95% CI: 1.39–3.46) times more likely to use e-cigarettes as compared to 
8th grade students. No associations between e-cigarettes and race/ 
ethnicity or economic status were noted in bivariate analysis. Dietary 
and physical activity behaviors were not found to predict e-cigarette use. 

3.3. E-cigarette use and weight-related intentions 

In multivariable analyses, among the subpopulation with obesity, we 
found a gender difference predicated upon weight intention. Use of e- 
cigarettes was significantly higher among males intending to lose weight 
than among females intending to lose weight (11% versus 6%, p =
0.009), among students with obesity. Among the overweight subpopu-
lation, no association was found between e-cigarette use and weight- 
related intentions. These findings were consistent after controlling for 
weight-related behaviors (Fig. 1), physical activity and diet; among 
students with obesity, use of e-cigarettes was significantly higher among 
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males intending to lose weight as compared to females intending to lose 
weight (12% versus 6%, p = 0.007). As in bivariate analysis, neither 
sports participation nor dietary behavior significantly predicted e-ciga-
rette use in the multivariable models. Furthermore, a sensitivity analysis 
conducted to examine the impact of utilizing different definitions of the 

e-cigarette use variable (current smoker vs. never smoker, with past 
smokers excluded from analysis) revealed in all cases that results were 
comparable. 

In multivariable analyses, when adjusting for all covariables 
including weight-related intentions and a gender interaction, we found 
e-cigarette use was not associated with grade, race/ethnicity, sports 
participation, nor the SPAN Healthy Eating Index in either weight-based 
subpopulation. Among adolescents with overweight we found, the 
highest tertile of economic status to be 2.90 (95% CI 1.09–7.67) times 
more likely to use e-cigarettes compared to the lowest tertile after 
adjusting for all covariables. In contrast, among adolescents with 
obesity, the middle tertile of economic status was found to be 1.96 (95% 
CI: 1.09–3.53) times more likely to use e-cigarettes compared to the 
lowest tertile after adjusting for all covariables, while the highest tertile 
was not associated with e-cigarette use. 

4. Discussion 

Our findings indicate that among adolescents with obesity, males 
intending to lose weight were twice as likely to use e-cigarettes as fe-
males intending to lose weight. This is in contrast to previous research 
which has shown that females are more likely to be motivated to use e- 
cigarettes by an intent to lose weight as compared to males (Mantey 
et al., 2018). Key differences between our study and Mantey et al. may 
explain differences in our findings. Our study population was composed 
of a more ethnically diverse population, with both younger students 
(middle school students) and a larger percentage of students with 
overweight and obesity. After controlling for other weight-related be-
haviors that may impact or cluster with e-cigarette use or weight in-
tentions, we still found that e-cigarette use among those intending to 

Table 1 
Descriptive statistics by e-cigarette use (Texas School Physical Activity and 
Nutrition, 2015–2016 Texas SPAN): unweighted sample size and weighted 
percentages,a n = 9056.   

Full Sample 
n (weighted 
%) 

Uses e- 
cigarettes 
n (weighted 
%) 

Does not use e- 
cigarettes 
n (weighted %) 

Percent of sample 100 9.4 90.6  

Gender 
Male 4555 (51.1) 476 (62.4) 3733 (49.8) 
Female 4501 (48.9) 315 (37.6) 3913 (50.2)  

Grade 
8th grade 5421 (52.7) 395 (34.5) 4558 (53.7) 
11th grade 3635 (47.3) 396 (65.5) 3088 (46.4)  

Age by Grade (years) (mean (SD)) 
Age, 8th grade 13.6 (0.6) 13.8 (0) 13.6 (0.6) 
Age, 11th grade 16.5 (0.6) 16.7 (0.7) 16.5 (0.6)  

Race/ethnicity 
Non-Hispanic White/ 
Other 

1810 (36.6) 147 (40.4) 1557 (36.5) 

Hispanic/Latino 6630 (50.9) 593 (46.1) 5590 (51.9) 
Non-Hispanic Black 616 (12.5) 51 (13.6) 499 (11.6)  

Economic Status (mean (SD)) 
Lowest tertile 92.5 (4.7) 92.7 (5.6) 92.5 (4.6) 
Middle tertile 73.4 (6.9) 73.0 (6.9) 73.3 (6.9) 
Highest tertile 31.2 (10.3) 26.7 (10.4) 31.8 (10.2)  

Body Mass Index Class 
Normal Weight/ 
Underweight 

5002 (59.8) 430 (62.2) 4252 (60.2) 

Overweight 1695 (17.9) 127 (13.3) 1464 (18.0) 
Obese 2226 (22.3) 216 (24.5) 1855 (21.7)  

Weight Intentions 
Not intending to change 
weight 

744 (9.8) 78 (12.4) 639 (9.7) 

Intending to lose weight 4628 (49.4) 414 (45.5) 4051 (49.8) 
Intending to stay the 
same weight 

1702 (20.2) 130 (15.5) 1511 (21.0) 

Intending to gain weight 1617 (20.6) 161 (26.6) 1390 (19.5)  

Sports Participation 
No sports team 
participation 

2625 (34.1) 218 (35.3) 2307 (34.4) 

Participates on sports 
teams 

6192 (65.9) 569 (64.7) 5285 (65.6) 

SPAN Healthy Eating 
Index 

43.6 (7.0) 42.6 (7.0) 43.7 (6.9) 

Abbreviations: SD, standard deviation. 
a Data drawn from the 2015–2016 Texas School Physical Activity and Nutri-

tion Survey. 

Table 2 
Descriptive statistics of BMI-class by weight intentiona, n = 8589.   

Normal & 
Underweight Weight 
n (weighted %) 

Students with 
Overweight 
n (weighted %) 

Students with 
Obesity 
n (weighted %) 

Weight Intentions 
Intending to lose 
weight 

1511 (26.6) 1213 (75.6) 1856 (88.7) 

Not intending to 
lose weight 

3304 (73.4) 419 (24.4) 286 (11.3)  

a Data drawn from the 2015–2016 Texas School Physical Activity and Nutri-
tion Survey. 

Table 3 
Weighted univariate logistic regression evaluating the relationship between e- 
cigarette use and each covariate.a   

E-cigarette Use 

Independent Variable OR (95% CI) p-value 

Gender, n = 8437 
Male Ref  
Female 0.60 (0.42–0.86) **  0.005  

Grade, n = 8437 
8th grade Ref  
11th grade 2.19 (1.39–3.46) ***  0.001  

Race/ethnicity, n = 8437 
Non-Hispanic White/Other Ref  
Hispanic/Latino 0.80 (0.50–1.28)  0.343 
Non-Hispanic Black 1.06 (0.50–2.24)  0.880  

Economic Status, n = 8437 
Lowest tertile Ref  
Middle tertile 1.22 (0.79–1.88)  0.368 
Highest tertile 1.21 (0.58–2.50)  0.612  

Body Mass Index Class, n = 8344 
Normal Weight & Underweight Ref  
Overweight 0.71 (0.47–1.08)  0.108 
Obese 1.09 (0.58–2.06)  0.782  

Weight Intentions, n = 8374 
Not intending to change weight Ref  
Intending to lose weight 0.71 (0.40–1.25)  0.237 
Intending to stay the same weight 0.57 (0.31–1.09)  0.089 
Intending to gain weight 1.06 (0.53–2.11)  0.864  

Sports Participation, n = 8379 
No sports team participation Ref  
Participates on sports teams 0.96 (0.66–1.40)  0.839 

SPAN Healthy Eating Index, n = 8432 0.98 (0.95–1.01)  0.138 

Abbreviations: OR, odds ratio; CI, confidence interval; Ref, reference value. 
Bold indicates statistical significance: * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001. 

a Data drawn from the 2015–2016 Texas School Physical Activity and Nutri-
tion Survey. 
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lose weight was twice as likely among male students with obesity than 
among females with obesity. 

Interestingly, no association was found between e-cigarette use and 
weight-related intentions among the subpopulation with overweight. 
This may represent that further deviance from normal weight carries a 
greater risk of e-cigarette use. It is possible that this reflects greater 
internalized weight stigma in the subpopulation with obesity as 
compared to those with overweight, leading to a higher risk of engaging 
in unhealthy weight behaviors, such as e-cigarette use. 

Evaluation of e-cigarette use in middle school aged students is crit-
ical because in 2019, one in ten middle school students reported e- 
cigarette use in the past 30 days. Findings indicated there was an 
increased likelihood to use e-cigarettes among 11th graders as compared 
to 8th graders in bivariate analysis, but no differences between grades 
eight and eleven were found in multivariable models. This suggests that 
differences between these two age groups may be accounted for by the 
covariables. 

Given the diversity of this sample, it was surprising to find no racial/ 
ethnic group nor socioeconomic differences. Research by the CDC has 
shown that in 2018, e-cigarette use in high school students was highest 
among Non-Hispanic White students (26.8%) (Gentzke et al., 2019). In 
our sample, 8.9% of Hispanic students were e-cigarette users as 
compared to 8.1% of Non-Hispanic White students. Furthermore, data 
have shown e-cigarette use is more common in adolescents with higher 
socioeconomic status (Simon et al., 2018). In 2015, when our data was 
collected, the e-cigarette youth epidemic was in its infancy and prior to 
the introduction of the highly popular youth e-cigarette product, the 
JUUL, and explosion in advertising which may account for the lack of 
noted racial/ethnic and socioeconomic associations. 

4.1. Study limitations and strengths 

This paper has several limitations. Principally, we conducted cross- 
sectional analyses, so causal inferences cannot be made, nor can in-
ferences of directionality be made; it cannot be determined if weight 
intention and/or BMI-status proceeded and influenced e-cigarette use or 
if the associations were merely correlational. While our findings held 
after controlling for diet and physical activity, a longitudinal study is 
needed to further investigate these relationships and to determine if the 

relationships suggested in this study reflect a clustering of unhealthy 
behaviors this study did not measure (e.g., drug use), rather than a 
possible motivation for e-cigarette use. This is particularly important for 
interpretation of our findings for use in guiding e-cigarette prevention 
and cessation interventions in youth. 

As previously mentioned, the data for this analysis were collected 
prior to the sharp increase in e-cigarette use in youth. Small sample sizes 
in certain sub-categories may have affected our models. Since the 
number of female students with obesity not intending to lose weight was 
quite small, model estimates for this sub-category are unreliable in our 
adjusted multivariable models. Furthermore, our characterizations 
made may not adequately reflect the current state of affairs. The survey 
instrument in this study did not collect information on other important 
motivators or modifiers of e-cigarette use in youth, such as e-cigarette 
flavors or exposure to e-cigarette advertising (Harrell et al., 2016; Simon 
et al., 2018). Even so, it is possible that these motivators did not yet play 
a significant role in e-cigarette use because these marketing tactics were 
not as widespread. In addition, smoking behaviors were self-reported. 
Several studies have found adequately valid self-reported smoking 
rates measured by confidential surveys delivered in schools, as was the 
procedure for SPAN; however, these studies did not specifically evaluate 
e-cigarette smoking behaviors (Komro et al., 1993, 2004). 

Defining economic status at the school level may limit our ability to 
draw conclusions based on this variable and may have resulted in the 
inconsistent findings among the subpopulation with obesity as 
compared to the subpopulation with overweight related to economic 
status. However, this metric is frequently used in SPAN and other ana-
lyses as a proxy for individual economic status (Pérez et al., 2011; Peters 
et al., 2018; Springer et al., 2010). It is considered appropriate as public 
school attendance is determined by zoning that often overlaps with 
current or historical residential zoning that results in homogeneity of 
economic status among students at any one school (Pérez et al., 2011; 
Peters et al., 2018; Springer et al., 2010; US Congress Joint Economic 
Committee, 2019). 

Despite these limitations, this study has several strengths, including a 
multiethnic state representative sample at two grade levels, and the use 
of validated instruments. 

Fig. 1. Estimated Probability of Electronic Cigarette 
Use by Weight Intentions and Gender, Stratified by 
BMI-status. Gender difference estimates are derived 
from the weight-behavior adjusted logistic regression 
models for e-cigarette use with weight intention as a 
primary predictor, a gender interaction and adjusted 
for grade, race/ethnicity, economic status, sports 
participation and the SPAN Healthy Eating Index. A 
separate logistic regression model was performed for 
students with overweight (n = 1564) and students 
with obesity (n = 2048). Dashed lines indicate that 
the model estimate was unreliable for the indicated 
category due to small sample size (n = 67) among 
females with obesity not intending to lose weight. 
aData drawn from the 2015–2016 Texas School 
Physical Activity and Nutrition Survey. * indicates 
statistical significance p ≤ 0.05.   
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5. Conclusion 

With the relatively new public health concern of e-cigarette use in 
youth, it is important to understand the associations with use in this 
population. Building upon previous research indicating gender and BMI- 
based differences in patterns of use, the present study suggests that 
males with obesity who are intending to lose weight may be an impor-
tant group to target for intervention given their higher use of e-cigarettes 
as compared to females intending to lose weight. Future research should 
evaluate the role of weight control motivations for e-cigarette use in 
adolescents with measures of temporality to allow for interpretations of 
causality, especially given the evolving nature of youth vaping and body 
image. Elucidating the relations between body size and e-cigarette use 
can help to disentangle the motivations for vaping among youth, as well 
as offer strategies for addressing both behaviors in intervention 
programs. 

Funding 

This work was supported by Texas Department of State Health Ser-
vices with funds from the Title V Maternal and Child Health Block Grant 
to Texas (B04MC2937), and by the Michael & Susan Dell Foundation 
through the Michael & Susan Dell Center for Healthy Living. 

CRediT authorship contribution statement 

Ruth Sanchez: Conceptualization, Formal analysis, Writing - orig-
inal draft, Writing - review & editing. Nalini Ranjit: Software, Valida-
tion, Writing - review & editing, Supervision. Steven H. Kelder: 
Conceptualization. Montana Gill: Supervision. Deanna M. Hoelscher: 
Conceptualization, Writing - review & editing, Supervision. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgments 

The authors would like to acknowledge all the participating school 
districts, schools, families, research staff, and state-wide partners who 
contributed to the success of SPAN. This study was funded by the 
Michael and Susan Dell Foundation through the Michael and Susan Dell 
Center for Healthy Living and the Texas Department of State Health 
Services (DSHS) with funds from the Health Resources and Services 
Administration (HRSA) of the U.S. Department of Health and Human 
Services (HHS) as part of an award totaling $34,479,260 with 0.15% 
financed with non-governmental sources. The contents are those of the 
author(s) and do not necessarily represent the official views of, nor an 
endorsement, by Texas DSHS, HRSA, HHS, or the U.S. Government. 

References 
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