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Abstract

Researchers have proposed numerous factors that may contribute to rural adolescents’ heightened 

risk for tobacco use. Some of these include well-known risk factors for tobacco use, whereas 

others concern factors unique to rural populations, reflecting norms and values (“rural culture”) 

that accept and encourage tobacco use. This study aimed to test a broad range of tobacco-use risk 

factors to determine which were a) universal risk factors for both urban and rural adolescents vs. 

b) unique risk factors for rural adolescents. Data came from a prospective cohort study of 1,220 

adolescent males in Ohio who were aged 11-16 (average = 14 years) when surveyed at baseline 

(2015-2016). Follow-up surveys occurred every 6 months. The present study examined tobacco-

use outcomes—prevalent use and incident use—by the two-year follow-up (2017-2018). Findings 

indicated a higher prevalence of ever-use of cigarette and smokeless tobacco among rural, vs. 

urban, adolescents at baseline. By the two-year follow-up, the urban/rural difference was 

attenuated but remained. Stratified multivariable logistic regression indicated that some baseline 

risk factors were associated with subsequent tobacco use for both rural and urban adolescents. 

Having an adult tobacco user in the home (for prevalent use) and susceptibility to a male family 

member offer of tobacco products (for both prevalent and incident use) were associated with 

tobacco use only for rural adolescents. These findings align with qualitative work demonstrating 

that masculinity and an intergenerational tobacco culture are important to male adolescents. This 

unique rural profile should be considered when developing prevention efforts.
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Introduction

Rural residency in the United States (U.S.) remains an important risk factor for tobacco use. 

Research with adults indicates that rural areas of the U.S. have an elevated prevalence of 

tobacco use, especially for products like cigarettes and smokeless tobacco.1,2 Moreover, this 

urban/rural difference in adult tobacco use appears to have expanded in the past decade3 and 

is present regardless of poverty level.1,2 Research with adolescents is less established, but 

generally indicates a similar pattern, such that rural adolescents have a higher prevalence of 

tobacco use than their urban counterparts.4–7 There is also some evidence that, compared to 

urban adolescents, rural adolescents begin using tobacco products at younger ages.4,8 Given 

that the majority of tobacco initiation begins during adolescence,9 addressing tobacco use 

among rural adolescents is essential to prevention. It is therefore critical to better understand 

why rural residency puts adolescents at risk for tobacco use. Only by better understanding 

this heightened rural risk can prevention efforts be modified or developed to be maximally 

impactful for rural adolescents.

Researchers have proposed numerous factors that may be contributing to rural adolescents’ 

risk for tobacco use. Some of these include well-known risk factors for tobacco use, such as 

low socioeconomic status (SES) and exposure to tobacco retail marketing. Such factors are 

not only well-established as predictors of adolescent tobacco initiation for the overall 

population, but they also tend to be more prevalent/heightened in rural populations.10–12 

Research has additionally proposed that rural populations have risk factors that are unique to 

them, such that “rural culture” can be considered a social determinant of health.13 According 

to this perspective, there are distinct norms and values in rural communities, sometimes 

embedded in a history of growing tobacco,14 that accept and encourage tobacco use and 

other health-risk behaviors. Supporting this notion is the well-established finding that pro-

tobacco norms within a family or broader culture promote the initiation and use of tobacco.
15 Such contextual risk factors could, in addition, shape individual traits. For example, delay 

discounting (the preference for smaller, sooner rewards over larger, delayed rewards) is one 

of the three dimensions of impulsivity that has been associated with tobacco use among 

youth,16–18 yet it has not received much attention for its relation to urban/rural differences.

Despite these developing theories on rural adolescent tobacco use, the data to support them 

is still emerging. Much of the research on rural adolescent tobacco use has included only 

rural populations.14,19–21 These studies, which are often qualitative, are crucial for gaining 

in-depth information about the perceptions and behaviors of rural individuals. However, the 

lack of a non-rural comparison group prevents researchers from identifying risk factors that 

may be unique for rural adolescents. Conversely, the studies that have compared urban and 

rural adolescents5,22 primarily focused on basic demographic characteristics and risk factors 

(e.g., marketing exposure). Such an approach overlooks the potential role of social and 

cultural factors as determinants of health behavior.

The purpose of the present study was to merge these two areas of rural research (i.e., 

investigations of cultural factors vs. urban/rural comparisons), in order to better understand 

why rural residency puts adolescents at risk for tobacco use. Specifically, we aimed to test a 

broad range of tobacco-use risk factors among a sample of urban and rural adolescents in 
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order to determine which were a) universal risk factors for both urban and rural adolescents 

vs. b) unique risk factors for rural adolescents. Given that the largest urban/rural disparities 

are often reported for smokeless tobacco, which is primarily used among men,2 the present 

study focused on male adolescents.

Methods

Participants

Data came from The Buckeye Teen Health Study, a prospective cohort study of 1,220 

adolescent males who were between ages 11 and 16 at baseline. The original focus of this 

study was smokeless tobacco use, which is why only males were enrolled. Individuals were 

recruited from Franklin County, Ohio (where the city of Columbus is located) and nine rural 

Ohio Appalachian counties (Figure 1). Two methods were used to recruit the sample. First, 

we used address-based sampling (ABS), a probability sampling method that uses the U.S. 

Postal Service’s address list to select households. Second, we used convenience sampling 

methods: We placed advertisements in local papers, attended community events, posted 

flyers at youth-oriented locations, and performed snowball sampling.

Procedures

Prior to the start of the study, the Institutional Review Board at our University approved the 

protocol. Each eligible household was contacted by a trained interviewer, who lived in the 

same region as the participants, to set up a meeting time, obtain informed permission and 

assent for the study, and complete the baseline session.

The baseline survey was administered in the home or at a public location, such as a library, 

in 2015 and 2016. Sensitive items, such as those about tobacco use, were asked using an 

audio-administered format. Less sensitive items were asked by the interviewer. At baseline, 

parents or guardians were also asked questions about their tobacco use, family income, level 

of education, and household smoking rules. Follow-up surveys were conducted every 6 

months by telephone. After two years (2017 and 2018), another in-person assessment that 

was nearly identical to the baseline interview was completed in the participant’s home or at a 

public location.

Measures

Outcome Variable.—Our assessment of adolescent tobacco use was based on PATH items 

and skip patterns.23 At baseline and every follow-up survey, participants were asked about 

their ever use of the following tobacco products: cigarettes, smokeless tobacco, cigars/

cigarillos, e-cigarettes, pipes, bidis, kreteks, and hookah. Our primary outcome of interest 

was use at the two-year follow-up. Participants who reported ever use to any of the 

aforementioned products at any follow-up survey were coded as “ever users” and all other 

participants were coded as “never users.” Participants who were never users at baseline but 

ever users at any follow-up survey were coded as “incident users.”

Risk Factors: The urban/rural variable was assessed upon sampling and was based on 

whether the participant resided in Franklin County vs. Appalachian Ohio. From the parent 
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baseline survey, we assessed whether there was an adult (i.e., someone over age 18) in the 

home who used tobacco; parent relationships (whether the parent had lived with ≤1 vs. >1 

romantic partners within the last 5 years); and whether there were any rules about smoking 

inside the home (yes/no).

From the adolescent baseline survey, we assessed deviant/antisocial behavior (dichotomized 

as any vs. no deviant behaviors reported);24 sensation seeking (1-5 scale, where higher 

scores indicate greater liking of high-sensation experiences, like doing frightening things);25 

delay discounting (assessed with a delay discounting choice task,26 which produces a k 
value, where higher log-transformed k values reflect a preference for more immediate 

reinforcers at the expense of larger but delayed reinforcers, or more impulsive behavior); any 

peer use of tobacco (yes/no); perceived harm of using cigarettes, e-cigarettes, and smokeless 

tobacco (aggregated into a single 0-10 risk perception variable, where higher scores indicate 

greater perceived risk); and their prototype/social image of a smoker (0-10 scale, where 

higher scores indicate more positive prototypes/social images of the typical same-aged peer 

who uses tobacco)27,28 Two items designed to assess the intergenerational culture 

surrounding tobacco use (“If a male family member were to offer you a cigarette[smokeless 

tobacco], would you smoke it?”) were also aggregated to provide a measure of susceptibility 

to a family member’s offer. Finally, our proxy for exposure to point-of-sale advertising was 

assessed by asking participants how many times in the past week they had visited various 

retailers (convenience stores, grocery stores, etc.) that evidence indicates have a high 

probability of selling tobacco.12

Demographic variables for these male participants included age, race/ethnicity 

(dichotomized as White non-Hispanic vs. other race/ethnicity for the present analyses), 

parent-reported parental education (≤ high school or GED vs. above high school/GED) and 

parent-reported household income (<$50,000 vs. $50,000 or more).

Statistical Analysis

All analyses were survey-weighted to reflect the sampling design; details about weighting 

procedures are provided elsewhere.29 In brief, we first generated weights for the ABS 

(probability-based) sample; we next calibrated weights for the convenience (non-probability) 

sample based on key covariates and combined them with the probability sample; finally, we 

trimmed the weights to stabilize estimates. Our analyses began with descriptive statistics to 

examine the prevalence of tobacco use by urban and rural residence at both baseline and by 

the two-year follow-up. We then used univariate logistic regressions, stratified by urban/rural 

status, to model the unadjusted association between baseline risk factors and (1) ever-use of 

tobacco and (2) incident tobacco use by the two-year follow-up survey. Finally, we entered 

all variables that were statistically significant in the univariate analyses into multivariable 

regressions to estimate the adjusted effects. Using model comparison methods recommended 

for complex survey data,30 we rechecked for the univariate variables with “borderline” p-

values (0.05 < p < 0.2) by adding them sequentially. Thus, some “marginal” variables from 

the univariate analyses remained in the final multivariable models if they altered the other 

coefficients in the model and improved model fit. Participants who did not complete any 
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follow-up surveys (i.e., those who only participated at baseline) were excluded from the 

logistic regression analyses (n = 325).

Results

At baseline, our male participants were an average of 14.1 years of age and 74.3% were 

Non-Hispanic White. Among the rural adolescents (n = 512), 46.5% had parents reporting 

incomes below $50,000 and 40.6% had an adult tobacco user living in their home. Among 

the urban adolescents (n = 708), 28.2% had parents reporting incomes below $50,000 and 

25.4% had an adult tobacco user in the home. For the overall sample, 74.0% of participants 

completed at least one follow-up survey by the two-year follow-up period. Those missing 

data at the two-year follow-up (vs. those with data) were more likely at baseline to be non-

White, from rural areas, somewhat older, and of lower socioeconomic status. Moreover, they 

were more likely to live with adult tobacco users, live in homes where smoking was allowed, 

have peers who use tobacco, have lower risk perception, and have higher exposure to point-

of-sale advertising.

Table 1 presents the weighted prevalence of ever use of tobacco—both overall, and for 

specific products—for the participants at baseline and by the two-year follow-up. At 

baseline, prevalence values were generally higher among rural vs. urban adolescents. The 

difference was especially pronounced for smokeless tobacco, which was over five times as 

high among rural adolescents than urban adolescents (12.4% vs. 2.4%, respectively). Ever 

use of any tobacco product was nearly 23% among rural adolescents and under 14% among 

urban adolescents at baseline. However, by the two-year follow-up, the urban/rural 

difference had attenuated. Specifically, although substantial urban/rural differences remained 

for smokeless tobacco, differences for cigarettes and cigars/cigarillos were less pronounced; 

e-cigarette use had even become (non-significantly) higher among the urban adolescents. 

Ever use of any tobacco product was nearly 30% among the rural adolescents and over 24% 

among the urban adolescents at the two-year follow-up.

Weighted univariate logistic regressions showed that numerous factors assessed at baseline 

were predictive of ever-use by the two-year follow-up, although the particular factors 

differed somewhat for rural vs. urban adolescents (Table 2). When these factors were 

included in a weighted multivariable logistic regression, six factors were related to a greater 

odds of rural tobacco use: older age, having an adult tobacco user in the home, susceptibility 

to a male family member’s offer, any deviant behavior, higher delay discounting (i.e., more 

impulsivity), and more positive smoker prototypes (Table 4). For urban adolescents, 

predictors were older age, any deviant behavior, higher sensation seeking, and any peer use.

In terms of predicting incident use by the two-year follow-up, weighted univariate logistic 

regressions similarly showed that numerous factors were predictive for rural and urban 

adolescents (Table 3). The weighted multivariable logistic regression then indicated that 

older age, susceptibility to a male family member’s offer, and worse delay discounting were 

associated with greater odds of initiating tobacco use among rural adolescents (Table 5). 

Among urban adolescents, predictors were older age, any deviant behavior, and lower risk 

perceptions.
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Discussion

Consistent with the emerging research on rural adolescent tobacco use, the present study 

found that ever-use of tobacco was more prevalent among rural, compared to urban, 

adolescents in our study. These urban/rural differences were particularly pronounced for 

cigarette and smokeless tobacco use at baseline, where the participants were, on average, age 

14 years. By the two-year follow-up, the urban/rural difference was attenuated. Thus, rural 

adolescent tobacco use in our sample was marked by an earlier age of onset (a finding that 

has likewise been found in other studies4,8). As nicotine exposure appears to influence the 

development of the adolescent brain,28 this has implications for long-term nicotine addiction 

among rural adolescents.

The primary objective of this study was to examine risk factors for adolescent tobacco use, 

in order to determine the extent to which use was predicted by a) universal risk factors and 

b) uniquely rural risk factors. Ultimately, our findings highlighted some universal risk 

factors. For example, our stratified multivariable logistic regression indicated that deviant 

behavior was associated with prevalent tobacco use by the two-year follow-up for both rural 

and urban adolescents. Yet we also found that having an adult tobacco user in the home (for 

prevalent use) and susceptibility to a male family member offer of tobacco products (for 

both prevalent and incident use) were only risk factors for rural adolescents in our study. 

Thus, although our variables assessing family influence are not measures of “rural culture” 

per se, our findings do provide some evidence that there are social and cultural factors that 

may be uniquely related to tobacco use for rural adolescent populations. These findings are 

consistent with work among adults, indicating that “rurality” is a unique tobacco-use risk 

factor that is not fully explained by differences in poverty or other risk factors.1,2 Findings 

also align with qualitative work demonstrating that masculinity and the intergenerational 

culture surrounding tobacco use are an important part of male adolescents’ tobacco culture.
15 More broadly, it aligns with a well-documented kinship culture in Appalachia where the 

Appalachian family is cited as a critical influence on health behaviors of adults and 

adolescents.31–34

The fact that worse delay discounting (for prevalent and incident use) was also predictive 

only for the rural adolescents was an unexpected finding. As delay discounting is a measure 

of how much individuals value future outcomes, one possibility is that delay discounting 

reflects a culture of fatalism and less future orientation. It is also worth noting that, 

conversely, some risk factors like deviant behavior (for incident use) and sensation seeking 

(for both prevalent and incident use) were predictive only for the urban adolescents. It is 

possible that these factors were not predictive for rural youth because, in a culture where 

tobacco use is more normalized, youth tobacco use is not perceived to be as “deviant” and 

thus not exclusively sought by rebellious or high sensation-seeking youth. Such hypotheses 

require further exploration in future studies.

Strengths of this study include the relatively large, survey-weighted sample that was 

representative of urban and rural Appalachian adolescent males in our study counties. In 

addition, the study itself was able to assess many parent- and adolescent-reported risk factors 

for tobacco use at the individual, family, and environmental level. A limitation to this study 
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was that it was not adequately powered to test multiple moderation effects, which would 

have allowed for direct urban-versus-rural comparison. Future studies with larger samples 

(i.e., several thousand participants) will be needed for such analyses. This study was also not 

designed to measure rural culture and how identification as a rural or Appalachian resident 

may influence tobacco use (particularly smokeless tobacco use). Attrition is an issue with all 

longitudinal studies, and despite using the proper statistical techniques (weighted analyses), 

bias cannot be ruled out; as participants without data at the two-year follow-up were more 

likely than those retained to be from rural areas and to have risk factors for rural tobacco 

use, it is possible that our findings underestimate true effects. Another important study 

limitation is that our sample was restricted to boys from Appalachia and we were not able to 

identify possible differences in predictive factors between in adolescents of differing genders 

or rural regions.

The higher prevalence of tobacco use among rural populations is a key contributor to many 

of the rural health disparities observed in the U.S. These urban/rural prevalence differences 

begin at an early age, and it is only by appropriately designing prevention efforts for rural 

adolescents that we can prevent the subsequent establishment of nicotine addiction and 

regular tobacco use by adulthood. Our findings highlight some of the risk factors that put 

rural adolescents at risk for tobacco use and initiation. This unique rural profile should be 

considered when developing prevention efforts both for the overall population, and for rural 

groups in particular.
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Highlights

• Baseline ever-use of tobacco was higher among rural vs. urban adolescents 

(M age=14.1)

• By the two-year follow-up, the urban/rural difference was attenuated but 

remained

• Stratified multivariable analyses examined how risk factors predicted 

subsequent use

• Only for rural was having an adult tobacco user in the home a risk factor

• Only for rural was susceptibility to a male family member offer of tobacco a 

risk factor

• Findings align with qualitative work on an intergenerational “rural culture”
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Figure 1. 
Map of Ohio counties, with shading indicating the counties from which the adolescents were 

recruited. The light grey indicates Franklin County (where the city of Columbus is located). 

All darker-shaded counties are the designated rural Appalachian counties that were sampled.
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Table 1.

Weighted prevalence of the ever-use of various tobacco products (at baseline and by the two-year follow-up) 

and demographic characteristics among the adolescent males, separated by rural vs. urban residency (N = 512 

and 708, respectively, at baseline).

Tobacco Use Behavior Rural % Urban %

Ever-Use at Baseline

 All tobacco products* 23.0 13.9 
a

 Cigarettes 11.2 6.7 
a

 Smokeless Tobacco 12.4 2.4 
a

 Cigars/Cigarillos 7.3 5.7

 e-Cigarettes 13.0 7.0 
a

Ever-Use by Two Year Follow-Up

 All tobacco products* 29.6 24.2

 Cigarettes 12.5 11.1

 Smokeless Tobacco 14.4 3.4 
a

 Cigars/Cigarillos 13.2 11.2

 e-Cigarettes 16.1 16.6

Race

 White 91.3 63.5 
a

 Non-white 8.7 36.5

Parental Education

 Some college or above 75.5 88.0 
a

 High school or less 24.5 12.0

Household Income

 $50,000 or more 54.7 68.9 
a

 Less than $50,000 45.3 31.1

*
“All tobacco products” includes cigarettes, smokeless tobacco, cigars/cigarillos, e-cigarettes, pipes, bidis, kreteks, and hookah.

a
Chi-square values indicate a statistically significant urban/rural difference in prevalence (p-value < 0.05).
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