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Abstract

Background: Use of smokeless tobacco (ST, moist snuff and chewing tobacco) is elevated 

among male rural youth, particularly participants in certain sports, including baseball.

Objectives: This study aimed to assess factors associated with adolescent male athletes’ ST-

related behaviors over time, including: baseline use, initiation, and progression in use intensity in a 

school-based longitudinal cohort.

Methods: Baseline and one-year follow up questionnaires assessed socio-demographic 

characteristics, environmental factors, and tobacco-related perceptions and behaviors among 9–

12th grade interscholastic baseball players in 36 rural California schools. Population 

characteristics were compared among ST use categories (never, experimental, and experienced 

users). Multivariable models using generalized estimating equations were estimated for outcomes 

among baseline ST never-users (ST susceptibility and future initiation) and experimenters (ST 

expectations and progression in ST use).

Results: Of 594 participants, over half (57%) had ever tried a tobacco product and the most 

common products tried were ST (36%) and electronic cigarettes (36%). Being older, perceiving 

less ST harm, being Non-Hispanic White, using alcohol or other tobacco products, having family 

or friends who use ST, and being receptive to advertising were associated with greater baseline ST 

use. Baseline alcohol consumption, lower perceived ST harm, peer use, and susceptibility and 

expectations were predictive of ST initiation and/or progression at one-year follow-up.

Conclusion/Importance: Certain environmental, socio-demographic, cognitive, and behavioral 

factors predict ST susceptibility and later initiation and progression in use. Interventions 

addressing these factors have potential to prevent ST uptake and continued use within this high-

risk adolescent population.
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While cigarette use among adolescents in the United States (US) has declined to an all-time 

low, a similar decline has not been achieved for smokeless tobacco: approximately 8–9% of 

male high school students nationally currently use smokeless tobacco (ST, moist snuff and 

chewing tobacco), matching high school male cigarette smoking in prevalence (Kann et al., 

2018; Wang et al., 2018). ST use in adolescence is associated with increased risk of future 

cigarette smoking (Severson, Forrester, & Biglan, 2007), and ST use in general is associated 

with oral and pancreatic cancer (IARC Working Group on the Evaluation of Carcinogenic 

Risks to Humans, 2007; Wyss et al., 2016). ST use is notably higher in non-urban areas 

(Nelson et al., 2006; Pesko & Robarts, 2017): regions that are also frequently 

underrepresented in research and beyond the reach of tobacco control policies originating in 

urban centers (Doogan et al., 2017; Pesko & Robarts, 2017). Despite elevated risk of ST use 

among younger rural adolescents, relatively few longitudinal studies have examined risk 

factors for ST initiation and progression among rural youth, particularly under the present 

context of increasingly popular non-cigarette tobacco and nicotine products, such as tobacco 

waterpipe (hookah) and electronic cigarettes (e-cigarettes). New products may be viewed as 

superior alternatives to more traditional forms of tobacco, potentially drawing users away 

from conventional ST; in contrast, emerging product messaging might reinforce positive 

aspects of non-combustible tobacco relative to cigarettes that could normalize its use 

(Escobedo et al., 2018).

Adolescents participating in certain sports, including hockey, rodeo, and baseball, are 

especially vulnerable to ST initiation and continued use (Gansky, Ellison, Kavanagh, Isong, 

& Walsh, 2009; Severson, Klein, Lichtensein, Kaufman, & Orleans, 2005; Walsh, Hilton, 

Ernster, Masouredis, & Grady, 1994). Indeed, current ST use among US high school male 

athletes has remained persistently elevated, staying at approximately 17% from 2001–2013 

(Agaku et al., 2015). One study reported that ST use among high school baseball players 

was nearly 3 times higher than among peers not participating any sport or agriculture club, 

such as Future Farmers of America (Gansky et al., 2009). Marketing connecting ST to 

popular sports (Agaku, Odani, Sturgis, Harless, & Glover-Kudon, 2016; Ling, Haber, & 

Wedl, 2010), masculinity, outdoor activities, and athletic competition (Richardson, Ganz, 

Stalgaitis, Abrams, & Vallone, 2014), as well as real and perceived ST use among admired 

professional athletes (Chaffee, Couch, & Gansky, 2018), contributes to social acceptance 

and normalization of tobacco use, particularly for young rural males.

Adolescent athletes may prefer ST to combustible tobacco because they recognize the 

adverse effects of cigarette smoking on health and athletic performance (Agaku et al., 2015; 

Couch, Darius, Walsh, & Chaffee, 2017). Contrasted with cigarette smoking, adolescent 

athletes may perceive ST as less harmful and more socially acceptable. ST users may 

overlook potential long-term health consequences, including cancer, gum disease, tooth loss, 

and nicotine dependence (Boffetta, Hecht, Gray, Gupta, & Straif, 2008; Ebbert, Carr, & 

Dale, 2004; Warnakulasuriya et al., 2010).

Multiple existing studies have examined correlates and predictors of ST use among youth 

(Ary, Lichtenstein, & Severson, 1987; Gansky et al., 2009; Goebel, Crespo, Abraham, 

Masho, & Glover, 2000; Gottlieb, Pope, Rickert, & Hardin, 1993; Riley, Barenie, Mabe, & 

Myers, 1991; Walsh, Ellison, Hilton, Chesney, & Ernster, 2000). Few such studies were 
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longitudinal (Ary et al., 1987; Hu et al., 1996), and, of these, many either took place in 

urban areas (Dent, Sussman, Johnson, Hansen, & Flay, 1987; Hu et al., 1996) or followed a 

national sample (Tomar & Giovino, 1998), rather than focusing on high-risk rural 

communities. Studies have often considered ST use combined with cigarettes or alcohol 

(Ary et al., 1987; Dent et al., 1987; Walsh et al., 2000), but not with new and emerging 

products, such as e-cigarettes. Furthermore, studying youths’ ST susceptibility and future 

expectations, before unhealthy behaviors begin, may help to identify high-risk individuals 

for timely preventive interventions.

Existing theoretical models applied to adolescent tobacco use include the tobacco consumer 

response model (Rees et al., 2009) and theory of planned behavior (Ajzen, 1991). Common 

across theoretical models, socio-demographic, peer, and environmental variables combine 

with marketing exposure and past or present substance use to shape individuals’ tobacco-

related attitudes and perceptions, which in turn, predict tobacco use intentions and 

expectations. Intentions regarding whether or not to use ST in the future, one dimension of 

tobacco susceptibility, predict future tobacco behaviors, including initiation among non-

users and progression to established use among tobacco experimenters (Choi, Pierce, Gilpin, 

Farkas, & Berry, 1997; Pierce, Choi, Gilpin, Farkas, & Merritt, 1996).

Informed by this theoretical framework, the objectives of the present study were to examine 

smokeless tobacco use behaviors over time and identify risk factors associated with ST use 

among a relatively under-studied, but high-risk population – rural high school baseball 

athletes. Specifically, this investigation aimed to identify risk factors associated with ST-

related outcomes in three subsets of the study population: 1) baseline ST use in the overall 

population; 2) ST susceptibility and subsequent ST initiation among baseline ST never 

users; and 3) ST expectation and progression in ST use among baseline ST experimenters.

Methods

Recruitment and Study Sample

The present study follows a prospective cohort of male baseball players at rural California 

high schools. Interscholastic teams were enrolled during three spring seasons (2014: 9 

schools; 2015: 15 schools; 2016: 12 schools), with each school revisited one year later (i.e., 

2015–2017). At each school visit, participants completed in-person confidential surveys on 

tablet computers to record their tobacco-related beliefs, attitudes, and behaviors. Participants 

not present the day of one-year follow-up were contacted by email and telephone for an 

online follow-up survey.

Schools were invited to participate through purposeful sampling. Administrators and athletic 

coaches were contacted at schools deemed initially eligible, based on having an active 

baseball program, location in a California county with a population density <1000 persons/

mile2 and a municipality <50,000 residents (Hewitt, 1989), and previous participation in a 

similar research study (Gansky et al., 2009). Schools in the same interscholastic baseball 

leagues or recommended by coaches or administrators at previously enrolled schools were 

also contacted. Of 53 schools that met with the study team, 36 (68%) agreed to participate, 

representing 21 central and northern California counties. At each school, potential 
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participants either returned signed parental consent and granted assent (ages 14–17) or 

provided self-consent (age 18). Figure 1 depicts participant flow throughout the study. 

Recruitment targets were designed to estimate past 30-day ST use prevalence (expected: 

17%) with a precision of ±2.6% (half-width of 95% confidence interval). The actual baseline 

sample size (N=594) allowed precision of ±3.0%.

An Institutional Review Board of the University of California San Francisco approved all 

study procedures. Participating schools received $150 to $300, based on the percentage of 

signed consent forms returned (regardless of affirming or declining participation). Individual 

respondents received $10 credit to an online retailer at baseline and at follow-up, as well as a 

letter of commendation from the study.

Survey Instrument

Survey items were reproduced or slightly modified from existing national surveys (Hyland et 

al., 2017; Wang et al., 2018). Representative images and brief descriptions were shown in 

separate question blocks for 7 tobacco products: cigarettes, cigars (including premium 

cigars, little cigars, and cigarillos), e-cigarettes (including cigarette-like disposable, 

rechargeable, and larger refillable devices), waterpipe, snus, dissolvable tobacco, and 

conventional smokeless tobacco (oral snuff and chewing tobacco, listed in surveys as dip and 

chew, respectively). Dissolvable tobacco was excluded from analysis due to leaving the 

market and low reported baseline prevalence (past-month use: 0.3%).

For each tobacco product, questions related to use included: “Have you ever tried [tobacco 

product]?”; “During the past 30 days, on how many days did you use [tobacco product]?”; 

and “About how many times have you used [tobacco product] in your entire life?” (options: 

1, 2–10, 11–20, 21–50, 51–99, 100 times or more) (Hyland et al., 2017).

Three baseline ST behavior categories were defined. “Never” users had not used ST, even 

once. “Experimenters” had tried ST but had not used more than 20 times. “Experienced” 

users had used ST >20 times, including at least once in the past 30 days. A small number 

(n=8) of former users who had used ST >20 times, but not within the past 30 days, were not 

included in these categories. One individual with missing data for lifetime number of times 

used ST was excluded. Longitudinal outcomes of interest included ST initiation (conversion 

from ST never use to ST ever use between baseline and follow-up) and progression in ST 

use (conversion from baseline ST experimenter to current experienced ST user at follow-up). 

The selection of 20 times as the threshold to define a higher level of accumulated lifetime 

experience was made a priori based on subjective judgment. This threshold was high enough 

to require finishing multiple ST containers but low enough that a sufficient number of 

individuals were expected to reach this threshold within one year of follow-up to allow 

statistical analysis.

Adolescents who had never tried ST were asked whether they would use ST if “one of your 

best friends offered” (willingness), and all participants were asked whether they “will be 

using dip or chew a year from now” (expectation). Each of these items had four Likert-type 

response options: definitely yes, probably yes, probably not, and definitely not. Failure to 

strongly reject both of these items with an answer of “definitely not” was considered 
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susceptible to ST use. Questions were based on similarly worded items for cigarettes (Pierce 

et al., 1996), and this susceptible categorization has been shown to predict future smoking 

among adolescents (Forrester, Biglan, Severson, & Smolkowski, 2007; Nodora et al., 2014; 

Pierce et al., 1996). The present measures substitute the words “dip/chew” for “cigarettes.”

Individual and Environmental Covariates

Participants were asked to provide their age, grade in school, self-identified ethnicity and 

race (later categorized: Non-Hispanic White, Hispanic/Latino, other), the educational 

attainment of each parent (later dichotomized: ≥1 parent with a college degree vs. less), and 

whether they had used alcohol (ever and within the past 30 days). Family ST use included 

use by a father, mother, siblings, or grandparents, adapted for this study based on prior work 

(Ary et al., 1987; Chassin, Presson, Sherman, McLaughlin, & Gioia, 1985). Advertising 

receptivity was defined as being able to name the brand of a favorite or attention-grabbing 

tobacco advertisement (Pierce, Choi, Gilpin, Farkas, & Berry, 1998). Frequency of seeing 

tobacco warning labels (any tobacco product) was later combined into at least “sometimes” 

vs. “rarely” or “never.” Perceived ST use by friends (response options: none, few, some, 

about half, most) was asked regarding friends on or not on the baseball team, adapted from 

prior work (Ary et al., 1987). A visual analog scale assessed perceived ST harm. Participants 

were asked, “In your opinion, how harmful is using dip or chew to general health?” and 

moved a horizontal bar from 0 (not at all harmful) to 100 (extremely harmful) (Chaffee et 

al., 2015).

Statistical Analysis

To assess whether ST never-users, experimenters, and experienced users were different in 

individual and environmental characteristics at baseline, and if any of the baseline 

characteristics were associated with ST use initiation and progression at follow-up among 

baseline ST never-users and baseline ST experimenters, respectively, parametric (chi-square, 

ANOVA) and non-parametric (Kruskal-Wallis) tests compared baseline characteristics, as 

appropriate. The Benjamini-Hochberg procedure for multiple hypothesis testing was used to 

determine statistical significance while maintaining the overall false discovery rate (alpha) at 

0.05 (Benjamini & Hochberg, 1995).

Sensitivity and specificity values were calculated to assess whether baseline ST 

susceptibility predicted ST initiation and whether baseline ST expectation predicted 

progression in ST use. Sensitivity was defined as the percentage of all participants with the 

behavioral outcome at follow-up (i.e., ST use) who were identified as ST susceptible at 

baseline; whereas specificity was the percentage of all participants without the behavioral 

outcome (i.e., no ST use at follow-up) who were identified as not ST susceptible at baseline.

To identify additional potentially important factors associated with ST susceptibility, 

expectation, initiation, and progression, four separate multivariable models were estimated 

using generalized estimating equations (logit link; exchangeable working correlation 

structure for clustering within school) for the following outcomes: 1) baseline ST 

susceptibility among baseline ST never-users; 2) ST initiation at follow-up among baseline 

ST never-users; 3) baseline ST expectation among baseline ST experimenters; and 4) 
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progression in ST use at follow-up among baseline ST experimenters. Model covariates 

were based on a priori hypothesized risk factors for ST use, with exclusions for collinear 

variables (e.g., grade in school included while excluding age). Multiple imputation (chained 

equations, 25 replicates) was used for missing covariate information (5% of possible values). 

Covariate specification was identical across models with the exception of other tobacco 

product and alcohol use, which were categorized as ever use in the ST never-user sample 

due to relatively low prevalence of past 30-day alcohol use among ST never-users. Model 

robustness checks included fitting analogous logistic regression models with maximum 

likelihood, using listwise deletion for missing covariate information, and adding inverse-

probability of censoring weights to account for losses-to-follow-up. No substantial 

differences from the main analysis were observed in robustness checks.

Exploratory Analysis

To capture changes in ST behaviors occurring synchronously with changes in use of other 

tobacco products, we developed additional behavior categories at baseline and follow-up. 

These categories defined behaviors according to past 30-day use of smokeless (moist snuff, 

chewing tobacco, and/or snus), combustible (cigarettes, cigars, and/or hookah) and 

electronic (e-cigarettes) products, alone or in combination. Given the exploratory nature of 

this analysis, statistical hypothesis tests were not included (Supplemental Table 1).

Results

Baseline ST Use in the Overall Population

At baseline, the majority of study participants (57%) had ever tried a tobacco product; 

smokeless tobacco (36%) and electronic cigarettes (36%) were most commonly tried (Table 

1). Of those who tried ST, 31% were experienced users, having used ST >20 times, 

including in the past 30 days. Compared to ST never-users and experimenters, experienced 

users, on average, were older, perceived ST as less harmful, were more likely to identify as 

Non-Hispanic White, had used other tobacco products and alcohol, reported family ST use, 

were receptive to tobacco advertising, saw tobacco warning labels, reported that their friends 

use ST, and expected to be using ST within one year (Table 1).

ST Initiation Among Baseline Never Users

Many baseline variables associated with ST use cross-sectionally also predicted ST initiation 

before follow-up (Table 2). Among baseline ST never-users, 13% tried ST within one year 

(Figure 2). ST initiation was positively associated with perceiving ST as less harmful and 

having friends who use ST. Using any other tobacco products was associated with initiation 

(Table 2). Individually, hookah ever-use predicted ST initiation, while cigarette and e-

cigarette ever-use did not. Cigar and alcohol use were not statistically significant predictors 

under the Benjamini-Hochberg multiple testing procedure. The ST susceptibility measures 

were predictive of initiation: expectation (sensitivity: 58%; specificity: 75%), willingness 

(sensitivity: 60%; specificity: 72%), susceptible by either measure (sensitivity: 65%; 

specificity: 68%).
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Progression in ST Use Among Baseline Experimenters

Among baseline experimenters (i.e., had tried ST but not >20 times), 17% became current 

experienced ST users at one-year follow-up (Figure 2). Identifying as Non-Hispanic White 

and ST use expectation predicted progression at follow-up (Table 3). Perceived ST harm was 

not statistically significantly lower at baseline among those who progressed, but was lower 

at follow-up (Table 3). Baseline ST expectation was a sensitive but non-specific predictor of 

progression (sensitivity: 90%; specificity: 38%). Among baseline experienced ST users, 

89% remained current ST users at follow-up.

Multivariable Models

Among baseline ST never-users, adjusted for covariates, ever use of other tobacco products 

was associated with ST susceptibility cross-sectionally and with ST initiation prospectively 

(Table 4). Perceived ST harm was inversely associated with ST susceptibility and initiation. 

Alcohol use and grade in school were associated with ST susceptibility, and having friends 

who use ST was associated with initiation (Table 4).

Among baseline ST experimenters, in multivariable models, past 30-day alcohol use was 

associated with baseline expectation about future ST use, whereas Non-Hispanic White 

identity was associated with progression in ST use (Table 5). Perceiving low ST harm at 

baseline was associated with baseline ST expectation and future ST use progression (Table 

5).

Exploratory Analysis

Supplemental Table 1 shows patterns of tobacco use at baseline and follow-up, including use 

of products other than ST (e.g., e-cigarettes). Among baseline ST-only users, the most 

common follow-up tobacco behavior was ST dual-use with other products (40%).

Discussion

The present study confirms the persistence of elevated smokeless tobacco use among rural 

adolescent male athletes. Use was about double the prevalence reported for high school 

males nationally (Kann et al., 2018; Wang et al., 2018) and in agreement with other studies 

showing high ST and non-ST tobacco use among high school athletes (Agaku et al., 2015; 

Davis et al., 1997; Gansky et al., 2009; Walsh et al., 2000). Multiple socio-demographic, 

family, peer, behavioral (e.g., alcohol and other tobacco use), and psycho-social (e.g., 

advertising receptivity and tobacco harm perception) measures were associated with baseline 

ST use; of these, alcohol consumption, perceived ST harm, and peer use predicted ST 

initiation and/or progression in use within a year. These factors were similarly associated 

with ST susceptibility and expectations, which in turn, were also good predictors of future 

ST behaviors. These findings largely conform to a theoretical model, in which personal and 

environmental influences shape perceived acceptance and intentions related to tobacco and, 

ultimately, tobacco product use (Rees et al., 2009), as previously applied to ST in other 

settings (Brubaker & Loftin, 1987). While the present study population may not generalize 

to all adolescents, it identifies potential targets for ongoing and future interventions tailored 

to rural male athletes, for whom ST use is a particular public health concern.
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In this study, ST susceptibility (willingness to try and expectation to use within one year) 

was a useful predictor of future ST behavior. In a recent study of high school students in 

Ontario, similarly constructed susceptibility measures designed for cigarettes were 

reasonable proxies of susceptibility to other tobacco products (Cole, Kennedy, Chaurasia, & 

Leatherdale, 2017). A novel finding of the present study is that the ST-specific susceptibility 

measures demonstrated better sensitivity (at approximately the same specificity) for ST 

prediction as the cigarette susceptibility measures used in Canada. This suggests added value 

for product-specific measures. Furthermore, among participants who had already tried ST, 

most expected to continue using. No baseline experienced ST user expected to stop within a 

year. Among baseline experimenters, expectation predicted one-year progression in use with 

high sensitivity, supporting potential use of such a measure to identify at-risk adolescents for 

more intensive tobacco prevention or cessation interventions.

Having tried non-ST tobacco products was strongly associated with baseline ST use and 

with ST susceptibility and initiation among baseline never-users. The present data align with 

existing evidence that dual and poly use of multiple tobacco or nicotine products accounts 

for an increasing share of youth tobacco users (El-Toukhy, Sabado, & Choi, 2018). Also, it 

has been demonstrated that use of non-cigarette tobacco products predicts youth cigarette 

smoking initiation (Watkins, Glantz, & Chaffee, 2018). However, while use of at least one 

form of non-ST tobacco predicted ST initiation in this study, when products were considered 

individually, cigar and waterpipe use were associated with ST initiation but cigarette and e-

cigarette use were not. This differs from earlier data demonstrating that cigarette smoking 

predicted future ST uptake (Ary et al., 1987; Dent et al., 1987; Hu et al., 1996; Timberlake, 

2016; Tomar & Giovino, 1998). In the present study, conducted two decades later, results 

differed in that cigarettes were the least often used tobacco product. This may suggest a shift 

in how different forms of tobacco are used and perceived among rural adolescents: 

juxtaposed with the widely recognized health risks and decreased social acceptance of 

smoking, ST may be perceived relatively more favorably (Couch et al., 2017; Persoskie, 

O’Brien, Nguyen, & Tworek, 2017). As youth cigarette smoking declines, further research is 

needed to understand why increasingly negative attitudes toward cigarettes may not extend 

to ST and non-cigarette combustible tobacco products, like waterpipes and cigars.

Alcohol use was higher among more experienced ST users and was positively associated 

with ST susceptibility and expectation at baseline. Longitudinal associations between 

alcohol and ST use were not statistically significant. Studies have shown that high school 

team sport athletes are more likely to consume alcohol and consume in larger quantities than 

their non-athlete peers (Lisha & Sussman, 2010; Rainey, McKeown, Sargent, & Valois, 

1996). We speculate that the high prevalence of alcohol use observed among ST users may 

reflect simultaneous tobacco and alcohol use in social settings and that substance use 

prevention strategies may benefit from considering these behaviors together. Alcohol and 

tobacco in combination deserves particular attention as synergistic risk factors for oral 

cancer (Franceschi et al., 1990).

Social and cultural factors also play key roles in ST use among interscholastic athletes. 

Adolescents may see tobacco use as a way to strengthen group bonds with peers (Nemeth et 

al., 2012), and adolescents with friends, family, or coaches who use ST are more likely to 
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use themselves (Agaku, Ayo-Yusuf, Vardavas, Alpert, & Connolly, 2013; Walsh et al., 2000). 

In the present study, ST users perceived more ST use among their friends and family than 

did never-users. Never-users who reported that none of their friends used ST were least 

likely to initiate use before follow-up. A tobacco cessation program that included peer-led 

components was effective in promoting ST cessation among high school baseball athletes 

(Walsh et al., 2003). Further research examining how to incorporate family and peers into 

ST cessation and prevention may greatly benefit rural youth. In particular, further 

information on pathways through which culture, environment, and socioeconomic factors 

interact, potentially in ways specific to certain sports, would inform expanded interventions 

beyond baseball and into other geographic regions.

Perceiving less harm to health from ST use was strongly associated with experienced ST use 

at baseline and with ST susceptibility, initiation, and progression in use over time. While 

perceived harm, generally, serves as a good predictor of behavior, evidence suggests that 

youth conceptualize potential tobacco harm to include multiple types of health and non-

health consequences, including social risks (Halpern-Felsher, Biehl, Kropp, & Rubinstein, 

2004; Newman & Shell, 2005; Parsons, Siegel, & Cousins, 1997). Thus, both health and 

non-health consequences can be important components of youth anti-tobacco 

communication efforts.

Limitations of the outcome measures and sample size deserve mention. The number of one-

year ST progression events in this sample was relatively small, which limited statistical 

power to identify predictors. It is possible that progression takes place over a longer period. 

Presumably, additional progression events occurred prior to baseline, as evident by the larger 

number of ST users already designated as experienced users. Thus, interventions may be 

more effective if beginning earlier than high school. Additionally, the threshold for defining 

“experienced” use was based on an arbitrary minimum cut-point of using ST 20 times 

(approximately 2–5 tins of moist snuff); youth near this minimum may not go on to long-

term, regular ST use. Given the lack of previously defined measures of youth smokeless 

tobacco progress, this threshold was chosen subjectively; its relevance must be tested in 

independent samples. Notably, however, nearly 90% of baseline experienced ST users 

continued to use one year later. In future work, data-driven approaches to identify 

longitudinal behavioral categories, such as group trajectory analysis (Dutra, Glantz, Lisha, & 

Song, 2017), provide an alternative method to assess ST use patterns over time.

Several other study limitations should be considered. Study participants were exclusively 

male baseball players from a purposeful sample of rural California schools. Therefore, 

results do not necessarily generalize to all adolescents, all high school athletes, or other 

geographic regions. That said, results were congruent with published findings drawn from 

samples collected elsewhere, suggesting that the present sample was not unusual: behaviors 

and associations were not greatly divergent from those observed in other populations. 

Moreover, it is important to examine potential risk factors in high-risk groups facing specific 

social and environmental contexts, and thus inform potential interventions that may be 

tailored and targeted to that community. As another possible limitation, tobacco and alcohol 

use data were based on self-report, and participants may have been hesitant to answer some 

questions honestly. However, prior research suggests that given assurances of confidentiality, 
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adolescents report their tobacco use accurately (Walsh et al., 2000). Seeing ST warning 

labels was statistically significantly related to baseline ST use in the positive direction, 

plausible signifying reverse causation, in which warning labels were seen more often after 

beginning to engage in ST use. As mentioned, statistical power for some study outcomes, 

such as ST initiation and progression, was limited, contributing to non-statistically 

significant findings. Advantageously, the present study provided prospective data from a 

recent cohort with excellent retention between study waves. The survey instrument assessed 

multiple conventional and novel tobacco products in addition to ST use, and offered insight 

into ST susceptibility and future use expectations.

Conclusions

This study demonstrates that rural adolescent male athletes continue to be at elevated risk of 

smokeless tobacco use, despite living in a state (California) featuring a low prevalence of 

youth cigarette smoking and known for strong tobacco control policies. During a period of 

substantial reductions in youth smoking and rising public, academic, and policy interest in 

new and emerging tobacco and nicotine products, this finding highlights the importance of 

conventional non-cigarette tobacco products, including ST, as a persistent health risk for 

adolescents. In the present study population, certain socio-demographic, family, peer, 

behavioral, and psycho-social factors were readily identified as correlates of ST use and 

predictive of future ST use over time. Such findings may inform communication, 

educational, and regulatory strategies aimed at reducing ST use in especially susceptible 

subpopulations and improving the overall health of rural youth. The finding that much ST 

initiation had already occurred at baseline suggests a need for such interventions prior to 

high school.
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Figure 1. 
Participant Flow During the Study
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Figure 2. Longitudinal Changes in Smokeless Tobacco Use Status
Figure depicts smokeless tobacco (ST) use categories at baseline and follow-up 1 year later, 

as defined in the analysis; colors represent never user (light yellow; never tried ST, even 

once or twice), experimental user (beige; ever tried smokeless tobacco but not used >20 

times), experienced user (brown; used smokeless tobacco ≥20 times, including ≥1 days in 

the past 30 days), and former user (gold; baseline experienced user who had not used in the 

past 30 days at follow-up).
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Table 1.
Sample Characteristics at Baseline

Smokeless Tobacco Use Category at Baseline

Characteristic

Total

(N=585)
1

Never
(N=375) Experimenter

2

(N=145)
Experienced

3

(N=65)
p-value

4

Age in years, mean (SD) 15.8 (1.2) 15.6 (1.1) 16.1 (1.2) 16.5 (1.1) <0.001

Grade in school, n (%)

 9th 172 (29) 134 (36) 31 (21) 7 (11) <0.001

 10th 160 (27) 108 (29) 39 (27) 13 (20)

 11th 139 (24) 82 (22) 38 (26) 19 (29)

 12th 113 (19) 50 (13) 37 (26) 26 (40)

Race/ethnicity, n (%) 0.002

 Non-Hispanic White 279 (48) 164 (44) 69 (48) 46 (71)

 Hispanic/Latino 237 (41) 166 (44) 57 (39) 14 (22)

 Other 69 (12) 45 (12) 19 (13) 5 (8)

Parental education, n (%)

 ≥1 parent with college degree 321 (59) 197 (56) 88 (64) 36 (63) 0.22

Ever use, n (%)

 Smokeless Tobacco 210 (36) 0 (0) 145 (100) 65 (100) <0.001

 Cigarettes 126 (22) 31 (8) 55 (38) 31 (48) <0.001

 E-Cigarettes 208 (36) 78 (21) 84 (58) 46 (71) <0.001

 Cigars 182 (31) 44 (12) 81 (56) 57 (88) <0.001

 Hookah 180 (31) 56 (15) 74 (51) 50 (77) <0.001

 Any Tobacco 332 (57) 122 (33) 145 (100) 65 (100) <0.001

 Alcohol 359 (64) 177 (49) 122 (88) 60 (94) <0.001

Any family ST use, n (%) 182 (35) 87 (27) 59 (45) 36 (62) <0.001

Advertising receptivity, n (%) 131 (23) 54 (15) 40 (29) 37 (58) <0.001

Tobacco warning labels, n (%)

 See sometimes or more 346 (62) 194 (54) 97 (69) 55 (86) <0.001

Perceived ST harm, median (IQR) 80 (60–98) 89 (71–100) 71 (53–89) 42 (25–60) 0.001

Friends who use ST, n (%) <0.001

 None 160 (29) 143 (41) 15 (11) 2 (3)

 Few or some 306 (56) 175 (51) 95 (69) 36 (57)

 Half or most 81 (15) 28 (8) 28 (20) 25 (40)

ST Expectation, n (%) 264 (46) 103 (28) 96 (66) 65 (100) <0.001

1.
Number of observations for some variables may add to less than the total due to missing data

2.
Had ever tried smokeless tobacco but used less than 20 times

3.
Had used smokeless tobacco ≥20 times, including in the past 30 days

4.
Chi-square test (categorical variables), ANOVA (age), or Kruskal-Wallis test (ST harm score) for difference over the three smokeless tobacco use 

categories

Abbreviations: IQR = interquartile range; SD = standard deviation; ST = smokeless tobacco
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Table 2.
Unadjusted Associations with Smokeless Tobacco Initiation Among Baseline Never Users

Smokeless Tobacco Use Between Baseline and Follow-up

Consistent Never
1

(N=288)
5

Initiation
2

(N=43)
5

Percent

Initiation
3 p-value

4

Characteristic

Age in years, mean (SD) 15.5 (1.1) 15.5 (1.2) - 0.83

Baseline perceived ST harm, median (IQR) 90 (74 – 100) 77 (61 – 91) - 0.004

Follow-up perceived ST harm, median (IQR) 88 (72 – 100) 64 (47 – 82) - <0.001

Grade in school, n 0.89

 9th 107 17 14%

 10th 89 11 11%

 11th 64 10 14%

 12th 27 5 16%

Race/ethnicity, n 0.37

 Non-Hispanic White 126 23 15%

 Hispanic/Latino 125 17 12%

 Other 37 3 8%

Parental education, n 0.34

 Neither parent with college degree 114 15 12%

 ≥1 parent with college degree 153 28 15%

Ever use, n

 Cigarettes 0.81

  Never 264 40 13%

  Ever 23 3 12%

 E-Cigarettes 0.78

  Never 233 34 13%

  Ever 55 9 14%

 Cigars 0.037*

  Never 259 34 12%

  Ever 29 9 24%

 Hookah 0.002

  Never 252 30 11%

  Ever 36 13 27%

 Any non-ST Tobacco 0.018

  Never 205 23 10%

  Ever 82 20 20%

 Alcohol 0.024*

  Never 149 15 9%

  Ever 125 27 18%

Any family ST use, n 0.35

Subst Use Misuse. Author manuscript; available in PMC 2020 January 29.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chaffee et al. Page 18

Smokeless Tobacco Use Between Baseline and Follow-up

Consistent Never
1

(N=288)
5

Initiation
2

(N=43)
5

Percent

Initiation
3 p-value

4

Characteristic

 No 184 23 11%

 Yes 67 12 15%

Advertising receptivity, n 0.32

 No 231 33 13%

 Yes 42 9 18%

Tobacco warning labels, n 0.15

 Less than sometimes 130 15 10%

 See sometimes or more 143 27 16%

Friends who use ST, n 0.002

 None 119 7 6%

 Few or some 126 32 20%

 Half or most 20 3 13%

ST Expectation, n <0.001

 No 214 18 8%

 Yes 70 25 26%

ST Willingness, n <0.001

 No 204 17 8%

 Yes 80 26 25%

ST Susceptibility, n <0.001

 No 193 15 7%

 Yes 91 28 24%

1.
Reporting ST never use at both baseline and follow-up

2.
Converting from ST never use (baseline) to ST ever use (follow-up)

3.
Incidence of new ST use at follow-up among all baseline never users in the category (only applicable for categorical variables)

4.
Chi-square test (categorical variables), T-test (age), or Mann-Whitney U-test (ST harm score) for difference between smokeless tobacco initiators 

and non-initiators

5.
Number of observations for some variables may add to less than the total due to missing data

Abbreviations: IQR = interquartile range; SD = standard deviation; ST = smokeless tobacco

*
No longer statistically significant under the Benjamini-Hochberg procedure for multiple hypothesis tests

Subst Use Misuse. Author manuscript; available in PMC 2020 January 29.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chaffee et al. Page 19

Table 3.

Unadjusted Associations with Smokeless Tobacco Progression Among Baseline Experimenters

Characteristic

Smokeless Tobacco Use Between Baseline and Follow-up

Did not Progress
1

(N=102)
5

Progressed
2

(N=21)
5

Percent

Progressed 
3 p-value

4

Age in years, mean (SD) 15.9 (1.1) 15.6 (0.9) - 0.32

Baseline perceived ST harm, median (IQR) 71 (53 – 86) 61 (47 – 80) - 0.22

Follow-up perceived ST harm, median (IQR) 69 (52 – 93) 48 (27 – 70) - 0.008*

Grade in school, n 0.66

 9th 24 7 23%

 10th 32 6 16%

 11th 27 6 18%

 12th 19 2 10%

Race/ethnicity, n 0.020*

 Non-Hispanic White 44 16 27%

 Hispanic/Latino 43 3 7%

 Other 15 2 12%

Parental education, n 0.45

 Neither parent with college degree 32 8 20%

 ≥1 parent with college degree 65 11 14%

Past month use, n

 Cigarettes 0.86

  No use in past 30-days 98 20 17%

  Use in past 30-days 4 1 20%

 E-Cigarettes 0.20

  No use in past 30-days 85 15 15%

  Use in past 30-days 17 6 26%

 Cigars 0.53

  No use in past 30-days 87 19 18%

  Use in past 30-days 15 2 23%

 Hookah 0.53

  No use in past 30-days 87 19 18%

  Use in past 30-days 15 2 12%

 Any non-ST Tobacco 0.43

  No use in past 30-days 72 13 15%

  Use in past 30-days 30 8 21%

 Alcohol 0.91

  No use in past 30-days 48 10 17%

  Use in past 30-days 50 11 18%

Any family ST use, n 0.90

 No 47 10 18%
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Characteristic

Smokeless Tobacco Use Between Baseline and Follow-up

Did not Progress
1

(N=102)
5

Progressed
2

(N=21)
5

Percent

Progressed 
3 p-value

4

 Yes 45 9 17%

Advertising receptivity, n 0.46

 No 68 13 16%

 Yes 29 8 22%

Tobacco warning labels, n 0.95

 Less than sometimes 32 7 18%

 See sometimes or more 66 14 18%

Friends who use ST, n 0.47

 None 11 1 8%

 Few or some 67 13 16%

 Half or most 19 6 24%

ST Expectation, n 0.011*

 No 39 2 5%

 Yes 63 19 23%

1.
Reported ST experimenters at baseline and but did not reach threshold for progression at follow-up (past 30-day use and used ≥20 times)

2.
Progressed from ST experimentation (baseline) to experienced ST use (follow-up)

3.
Incidence of progression in ST use at follow-up among all baseline experimenters in the category (only applicable for categorical variables)

4.
Chi-square test (categorical variables), T-test (age), or Mann-Whitney U-test (ST harm score) for difference between those who did and did not 

progress in ST use

5.
Number of observations for some variables may add to less than the total due to missing data

Abbreviations: IQR = interquartile range; SD = standard deviation; ST = smokeless tobacco

*
No longer statistically significant under the Benjamini-Hochberg procedure for multiple hypothesis tests
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