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Abstract

Background: Cigarette smoking escalates most in early to middle young adulthood. However, 

little research has examined a range of multilevel factors in relation to smoking trajectories during 

this time.

Methods: We examined: 1) trajectories of cigarette smoking among 2967 US college students 

(aged 18–25) in a two-year, six-wave longitudinal study (using growth mixture modeling); and 2) 

intrapersonal- (i.e., other substance use, depressive symptoms, ADHD symptoms,); interpersonal- 

(i.e., adverse childhood events, social support, parental tobacco and marijuana use), and 

community-level (i.e., type of college, rural vs. urban setting) predictors of differing trajectories 

(using multinomial logistic regression).

Results: We identified three trajectory classes: 1) Dabblers, who used cigarettes at one point in 

their life or not at all (85.6%); 2) College Onset Smokers, who began smoking regularly during the 

college years (6.2%); and 3) Later Onset Smokers, who began smoking during the mid- to late-20s 

(8.2%). Multinomial regression (with Dabblers as the reference group) showed that predictors of 
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being College Onset Smokers included being male (p = .031); Asian (p = .001) but not Black (p = .

008; Ref: White); early onset smokers (i.e., initiation before age 15; p = .006); past 30-day users of 

little cigars/cigarillos (p = .024), alcohol (p < .001), and marijuana (p = .008); children of tobacco 

users (p = .050); and public (p = .031) or a technical college students (p < .001; Ref: private 

college); predictors of being Later Onset Smokers were being male (p = .019) and technical 

college students (p = .005).

Conclusions: Despite some young adults’ smoking initiating/escalating in middle young 

adulthood, few risk factors were documented. This understudied period warrants greater 

examination to inform intervention.
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1. Introduction

Tobacco use is the number one preventable cause of death in the US (USDHHS, 2014). 

Nearly all cigarette use in the US starts during adolescence with experimentation, often 

leading to nicotine dependence and regular use (National Center for Chronic Disease et al., 

2012, 2014). Smoking in young adulthood is of particular concern given that the 20 s are the 

decade when the intensity and frequency of smoking escalates the most (Johnston et al., 

2014). Currently, 17.0% of adults aged 18–24 and 21.4% aged 25–44 smoke cigarettes (Hu 

et al., 2016).

Various trajectories of tobacco use have been documented across the young adulthood years, 

with some research extending from adolescents to young adulthood (Bernat et al., 2008; 

Brook et al., 2006; Dutra et al., 2017; Park et al., 2018; Riggs et al., 2007). Studies including 

the broader range from adolescence to young adulthood commonly found categories 

approximating never smokers, experimenters, light or occasional smokers, early established 

smokers, late escalators, and quitters or decliners (Bernat et al., 2008; Dutra et al., 2017; 

Riggs et al., 2007). Particularly relevant to the current study, one recent study analyzing a 

nationally representative, longitudinal sample of 9791 young adults (aged 18–34) modeled 

the distribution of cigarette smoking intensity over time and found three discrete classes, 

including no current use of cigarettes (79.3%), rapid escalators or daily cigarette users 

(11.3%), and dabblers (9.4%); moreover, smoking patterns were found to be stable by the 

age of 21 (Hair et al., 2017). Another study similarly documented three profiles among those 

in emerging adulthood (ave. age 19.87 years, SD = 1.54), with both progression and 

reduction in the lower-use groups and notable changes in tobacco use behaviors over the 

span of six months (Schweizer et al., 2014). These prior studies, as well as others (Mays et 

al., 2014; Nelson et al., 2015; Rose et al., 2012; Windle & Windle, 2012; Zhan et al., 2012), 

suggest that young adults’ tobacco use is a temporally unstable behavior warranting future 

longitudinal research. This is particularly relevant given the current context of diverse 

tobacco product offerings in the US market that have disproportionately impacted the 

tobacco use patterns of young adults (McMillen et al., 2012).
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According to the Socioecological Developmental Model (McLeroy et al., 1988) and Social 

Cognitive Theory (Bandura, 2004), tobacco use and use trajectories over time among young 

adults are influenced by a range of interacting multilevel factors (individual, interpersonal, 

community). Attending to the range of multilevel factors is critical during this pivotal 

developmental period (Bonnie et al., 2014).

At the individual level, sociodemographic differences in young adult tobacco use trajectories 

exist. Greater smoking progression is found among men (Chen & Jacobson, 2012; Hair et 

al., 2017; Mendel et al., 2012) and those with lower educational attainment and annual 

income (Hair et al., 2017). Also, the prevalence of smoking among Whites, albeit higher 

than Blacks in emerging adulthood (18–25 years), declines during the 20 s; in contrast, 

smoking prevalence does not decline among Blacks (Hair et al., 2017; Keyes et al., 2015; 

Watt, 2008). This results in roughly equal prevalence by age 30 (Keyes et al., 2015; Watt, 

2008).

Tobacco use characteristics, such as early onset smoking (i.e., before the age of 15), have 

been associated with early onset tobacco dependence (Mays et al., 2014; Rose et al., 2012; 

Zhan et al., 2012). Moreover, cigarette smoking is highly correlated with use of other 

alternative tobacco products (ATPs; i.e., little cigars/cigarillos [LCCs], smokeless tobacco, e-

cigarettes or electronic nicotine delivery systems [ENDS], hookah) as well as polytobacco 

use (Jamal et al., 2014; National Center for Chronic Disease et al., 2014; Richardson et al., 

2014). Of note, polytobacco use may increase risk for nicotine dependence (Etter & 

Eissenberg, 2015; Fagerstrom & Eissenberg, 2012; National Center for Chronic Disease et 

al., 2014; Tomar et al., 2010; USDHHS, 2014). Moreover, young adults are at the greatest 

risk for substance use, and the use of any substance is associated with use of other 

substances (SAMHSA, 2015). In addition to tobacco, two other commonly used substances 

among young adults in the US are marijuana and alcohol (SAMHSA, 2015).

Several psychological characteristics also influence smoking trajectories in young 

adulthood. Depressive symptoms have been robustly documented as a predictor (and 

consequence) tobacco use and nicotine dependence (Breslau et al., 1998; Fergusson et al., 

1996; Windle & Windle, 2001). ADHD symptomatology has been highly associated with 

substance use more broadly (Ortal et al., 2015; Roberts et al., 2014; Sibley et al., 2014), as 

well as tobacco use specifically (Elkins et al., 2017; Pal & Balhara, 2016); however, a recent 

review of the literature suggests that this association may be confounded by comorbidities 

such as depression (Glass & Flory, 2010). Thus, including both in studies of cigarette 

smoking trajectories is important.

At the interpersonal level, adverse childhood events (e.g., physical or sexual threat or abuse, 

parental divorce/separation) (CDC National Center of Injury Prevention and Control, 2014) 

and other stressful life events are associated with the development of substance abuse and 

dependence, including cigarette smoking (Ford et al., 2011; Hovdestad et al., 2015; Windle 

& Mason, 2004). Moreover, greater social support has been associated with lower likelihood 

of smoking initiation (Berg et al., 2009; Flay et al., 1999), as well as successful attempts at 

smoking cessation and prevention of relapse (Carlson et al., 2002; Fisher, 1997; Hanson et 

al., 1990). Additionally, parental smoking is a robust predictor of children taking up 

Berg et al. Page 3

Drug Alcohol Depend. Author manuscript; available in PMC 2019 October 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



smoking (Fairlie et al., 2012) and of trajectories that progress or advance more quickly 

among youth and young adults (Hair et al., 2017; Mays et al., 2014).

Community-level factors influencing young adults are also important to consider. For young 

adults pursuing post-secondary education, the type of college they attend may influence 

tobacco use; for example, community or technical colleges have been shown to have higher 

smoking prevalence among their student populations compared to four-year colleges and 

universities (Berg et al., 2011). Moreover, rural communities tend to have higher prevalence 

of smoking relative to urban or suburban areas (Doescher et al., 2006). These levels of 

influence are particularly relevant for the period of young adulthood given the varied 

individual and sociocontextual changes likely to influence tobacco use during this period 

(Bonnie et al., 2014).

Few prior studies have used a socioecological perspective in examining smoking trajectories 

among young adults. One study analyzing data from the National Longitudinal Study of 

Adolescent Health examined multilevel predictors of smoking trajectories among those 13–

32 years old (Fuemmeler et al., 2013). They found that conduct problems and depressive 

symptoms, maternal and peer smoking, and state-level prevalence of adolescent smoking 

predicted a greater likelihood of belonging to any of the four identified smoking groups 

versus nonsmokers. This study and the broader literature regarding risks for tobacco use 

among youth and young adults highlight the importance of contextualizing smoking 

trajectories within these multilevel influences.

The current study aimed to extend the literature regarding smoking trajectories during young 

adulthood in the context of these multilevel factors. We examined: 1) trajectories of cigarette 

smoking over a two-year period among young adult college students in a longitudinal cohort 

study; and 2) intrapersonal- (i.e., sociodemographics, early onset smoking, other substance 

use, depressive symptoms, ADHD symptoms); interpersonal- (i.e., adverse childhood events, 

social support, parental tobacco and marijuana use), and community-level (i.e., type of 

college, rural vs. urban setting) predictors of differing trajectories. This study adds to the 

literature in particular by including some novel predictors, such as ATP and marijuana use, 

adverse childhood events, and college campus context, as limited (if any) prior research 

examined these factors in relation to trajectories of cigarette use in young adults. Based on 

the aforementioned literature, we hypothesize that being male, being racial/ethnic minority, 

lower socioeconomic status, earlier initiation of cigarette smoking, other tobacco and 

substance use, greater symptoms of depression and ADHD, more adverse childhood events, 

less social support, parental substance use, attending a technical college, and residing in a 

rural setting will predict greater escalation in cigarette smoking through young adulthood.

2. Materials & methods

2.1. Procedure and participants

The current study was conducted as part of a larger study, Project DECOY (Documenting 

Experiences with Cigarettes and Other Tobacco in Young Adults), which is a two-year, six-

wave longitudinal cohort study that involves 3418 racially/ethnically diverse students (ages 

18 to 25) from seven colleges and universities in Georgia, a state ranked among the least 
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progressive in tobacco control consistently (American Lung Association, 2016). Project 

DECOY was approved by the Emory University and ICF Institutional Review Boards as 

well as those of the participating colleges and universities. Data collection began in Fall 

2014 and consisted of self-report assessments via an online survey every four months for 

two years (Fall, Spring, Summer). Two campuses had existing tobacco-free campus policies 

established prior to the launch of the study (one in 2009 [technical college] and one in 2012 

[private]); three implemented such policies in October 2014 [two public, one HBCU]; one 

implemented such a policy in August 2015 [private]; and one remains without a 

comprehensive smoke-free air policy [technical college]).

Detailed information on sampling and recruitment of the parent study, Project DECOY, are 

described elsewhere (Berg et al., 2016) and briefly summarized here. Eligible participants 

were college students between 18 and 25 years of age who were able to read English. A list 

of students was obtained from each institution’s office of the registrar. One public and two 

private colleges/universities had 3000 students randomly selected from those that were 

eligible; the remaining colleges and universities had eligible student bodies < 3000, so all 

eligible students were contacted for enrollment. The invitation emails described the study 

and the incentives for participating. If potential participants were interested, they clicked on 

a link embedded in the email, which launched them to the consent form. After reading the 

consent form, they had the option to consent by clicking a link which then launched the 

baseline (Wave 1) survey.

Recruitment at each school was closed after recruitment goals at each school were reached. 

Response rates ranged from 12.0% to 59.4%, with an overall response rate of 22.9% (N = 

3,574/15,607) observed within 72 h at each school, meeting recruitment targets. A week 

after completion of the baseline survey, participants were asked to “confirm” their 

participation in the study in an email sent to them; they were to re-read the consent form and 

what was entailed in the study and then click a link indicating that they “confirmed” their 

consent to participate. They were then provided their first gift card ($30). The response rate 

after confirmation was 95.6% (N = 3418/3,574). The baseline sample was largely 

representative of each school’s demographic profile, although respondents were 

disproportionately female.

Participants provided their contact information and were emailed and text messaged prior to 

the launch of each wave of data collection, notifying them that the survey was upcoming and 

asking for updates on contact information. Retention across waves exceeded 70%. Current 

analyses focus on the 2967 participants who reported any information regarding cigarette 

smoking beyond wave 1, as we chose to model tobacco use from Waves 2 to 6 (86.8% of the 

baseline sample).

2.2. Measures

2.2.1. Individual-level factors—We obtained sociodemographic data, including age, 

sex, sexual orientation, race/ethnicity, and parental education level at Wave 1 (Fall, 2014). 

To assess cigarette, other tobacco, and other substance use, participants were asked at Wave 

1 to indicate yes or no to the following assessment: “For each of the following products, 

indicate if you have ever tried them in your lifetime” for each tobacco product (cigarettes, 
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LCCs, smokeless tobacco, ENDS, hookah), marijuana, and alcohol. Those who reported use 

of cigarettes in their lifetime at Wave 1 were asked to report their age at first cigarette use; 

those who reported initiating use before age 15 were defined as early onset cigarette 
smokers, as in prior research (Windle & Windle, 2012). Additionally, those who indicated 

lifetime use of each substance were subsequently asked, “In the past four months, on how 

many days have you used each of the following products?” with answer choices ranging 

from 0 to 120. Those who indicated any use in the past 4 months were then asked, “How 

many days of the past 30 days did you use [the indicated product]?” with answer choices 

ranging from 0 to 30. All manifest variables were created by dichotomizing any versus no 

use in the past four months and any versus no use in the past 30 days. ATP and other 

substance use were conceptualized as baseline predictors rather than time-varying 

predictors.

We also assessed depressive symptoms at Wave 1 using the Patient Health Questionnaire – 9 

item (PHQ-9) (Kroenke et al., 2003). Response options range from “not at all” to “nearly 

every day” in the past two weeks. Cronbach’s alpha for the PHQ-9 in the current study was 

0.87. The Adult ADHD Self-Report Scale Symptom Checklist (Kessler et al., 2005) was 

used to assess ADHD symptoms at Wave 2 (Spring, 2015). The six screening items from the 

checklist were used in this study because they provide the highest predictive validity of full-

scale ADHD diagnosis. Each of the six items was rated along a five-point scale from 

“Never” to “Very Often” in the last six months. Sample items included “difficulty getting 

things in order when a task requires organization” and “feel overly active and compelled to 

do things as if you were driven by a motor”. Cronbach’s alpha for this scale in the current 

study was 0.74.

2.2.2. Interpersonal-level factors—Adverse childhood experiences were assessed at 

Wave 2 using the ten items from the CDC-developed Adverse Childhood Experiences (CDC 

National Center of Injury Prevention and Control, 2014; Felitti et al., 1998). Items assess 

events occurring prior to age 18 and include household exposures such as parents with 

mental health or substance use problems and parental partner interpersonal violence, as well 

as various forms of child maltreatment (e.g., neglect) and physical and sexual abuse. 

Response options were either “No” or “Yes”. The total score was calculated as the number 

of “yes” responses. The internal consistency in this study was 0.75. Social support was 

assessed at Wave 2 using the Interpersonal Support Evaluation List – 12 item (ISEL-12) 

(Cohen et al., 1985), assessing the perceived availability of social support on a four-point 

scale ranging from “definitely false” to “definitely true.” All items are summed to yield a 

total score (scores range 0–36); three subscales comprised of four items each can also be 

calculated (appraisal, belonging, tangible; scores range 0–12 for each subscale). (Note: 

Preliminary analyses indicated that the subscales showed similar results across analyses; 

thus, the total ISEL-12 score was used for all analyses.) Cronbach’s alpha for this scale in 

the current study was 0.85. To assess parental tobacco and marijuana use, we asked at Wave 

1 if any parent currently used each of the tobacco products (i.e., cigarettes, LCCs, smokeless 

tobacco, ENDS, and hookah) or marijuana, respectively (Berg et al., 2015).

Berg et al. Page 6

Drug Alcohol Depend. Author manuscript; available in PMC 2019 October 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.2.3. Community-level factors—We coded the type of school attended (private, 

public, HBCU, technical college) and whether the school was located in an urban or rural 
location.

2.3. Data analysis

Descriptive statistics of sociodemographics and tobacco use characteristics were calculated. 

Growth mixture modeling (GMM) was used to analyze cigarette use across Waves 2 through 

6 to identify classes of trajectories of use over time. GMM allows variation in trajectories 

across individuals based on a time-varying variable – age in this case – and estimates mean 

parameters for each trajectory (Muthén & Muthén, 1998-2012). We fitted linear curves, 

which identified trajectory classes of cigarette use, accounting for clustering of students in 

schools. We attempted quadratic curves, but analysis was discontinued after more than 48 h 

due to not yielding a convergent solution. The number of trajectories that best fit the data 

was determined using several statistics: relatively lower Akaike Information Criterion (AIC), 

non-significant likelihood ratio test, and relatively higher entropy value (Nylund et al., 

2007).

We then used multinomial logistic regressions to assess the associations between cigarette 

use trajectory class (as assessed by class with highest membership probability) and 

participant characteristics. Due to the small number of participants in the two smoker 

classes, we combined them into one smoker class.

GMM analyses were conducted using Mplus 7.4 using Full Information Maximum 

Likelihood (FIML) estimation (Los Angeles, CA: Muthén & Muthén). Data cleaning and 

post-GMM regression analyses were conducted using SAS 9.4 (Cary, NC: SAS Institute 

Inc.).

3. Results

3.1. Participant characteristics

The sample was 20.54 (SD = 1.94) years of age on average, 64.5% female, and 22.6% Black 

(Table 1). Past 30-day use of ATPs ranged from 3.4% (smokeless tobacco) to 11.5% 

(hookah); 22.7% used marijuana.

3.2. GMM trajectories

Using AIC, difference tests, and entropy (Supplemental Table S1), we identified three 

trajectory classes (Fig. 1). We labeled the first and largest class (85.6%) the Abstainers/

Dabblers – those participants who had used cigarettes at one point in their life (10.5%) or 

not at all (74.6%). The second trajectory represents those who began smoking regularly 

during their college years, labeled College Onset Smokers (6.2%). The third group 

represented those who began smoking during their mid to late twenties, labeled Later Onset 

Smokers (8.2%). The curve indicates that the overall probability declined with age from 

about 16.3% to 2.5% from age 19 to 27.
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3.3. Predictors of being college and later onset smokers

Multinomial regression identifying predictors of class membership (Table 2) showed that 

predictors for being College Onset Smokers (vs. Abstainers/Dabblers) included being male 

(p = .031), Asian (p = .001) but not being Black (p = .008) versus White (referent), early 

onset cigarette smokers (p = .006), and past 30-day users of LCCs (p = .024), alcohol (p < .

001), and marijuana (p = .008). Interpersonal- and community-level predictors included 

parental use of tobacco (p = .050) and attending a public (p = .031) or a technical college (p 

< .001) versus a private college (referent). The regression also identified two predictors of 

being Later Onset Smokers, including being male (p = .019) and attending a technical 

college (p = .005) versus a private college.

4. Discussion

This study aimed to extend the literature regarding young adult cigarette smoking 

trajectories, particularly from a socioecological perspective (McLeroy et al., 1988). Three 

trajectories resembling those documented in prior research (Hair et al., 2017; Schweizer et 

al., 2014) were found: Abstainers/Dabblers, College Onset Smokers, and Later Onset 

Smokers. The latter had distinct features – their smoking behaviors continued to progress 

beyond the age of 21. Moreover, some novel predictors included in this study, such as ATP 

use and college campus context, differentiated the three groups. Collectively, these findings 

highlight the need to examine smoking trajectories from early to middle young adulthood 

and to account for the current tobacco market and contextual factors.

Only two of our hypotheses were fully supported – that being male and attending a technical 

college would predict greater risk for smoking escalation, both college and later onset. We 

should note that we also considered including other campus attributes including time of 

tobacco-free campus implementation or baseline campus prevalence of smoking. However, 

these were too highly related to school type to be included in the model together. Because 

campus type has been so robustly associated with tobacco use (Berg et al., 2011), we 

retained school type rather than the others. One important note is that, regardless of tobacco-

free campus policy, students at the technical colleges have the greatest ease of access to 

places where smoking was allowed (i.e., off-campus) given that the geographical sizes of 

these campuses are smaller. Moreover, these students may spend less time on campus than 

traditional college students, potentially minimizing the impact of campus smoke-free air 

policies.

Several of our hypotheses were not supported in any analyses, including those regarding 

parental education, symptoms of depression or ADHD, adverse childhood events, social 

support, or rural versus urban setting. The reasons for these null results are unclear, 

particularly related to depression, ADHD, adverse childhood events, and social support. 

Given the college student population, perhaps parental education is a less robust predictor. 

Null findings regarding rural vs. urban environment may suggest that college settings in 

rural areas may not have the same elevated risks that rural areas in general represent 

(Doescher et al., 2006).
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Several hypothesized predictors of smoking initiation/escalation only applied to college 

onset smoking. For example, being White or Asian predicted college onset smoking, which 

aligns with the literature (Chen & Jacobson, 2012; Mendel et al., 2012); however, our 

sample did not show an escalation among Blacks in the later 20 s as documented elsewhere 

(Hair et al., 2017; Keyes et al., 2015; Watt, 2008). Early onset cigarette use and current use 

of alcohol and marijuana, as well as parental use of tobacco, were predictive of higher risk 

for college onset smoking, as the literature would suggest (Berg et al., 2015; Etter & 

Eissenberg, 2015; Fagerstrom & Eissenberg, 2012; National Center for Chronic Disease et 

al., 2014; Richardson et al., 2014; Tomar et al., 2010; USDHHS, 2014), but not later onset 

smoking. The reasons for the other substance use and parental tobacco use not showing 

these associations are unclear. In relation to ATP use, among users of ATPs in this sample, 

there was generally low frequency of ATP use and thus may contribute less to one’s overall 

nicotine dependence. Regarding parental tobacco use, this developmental period may be less 

influenced by parents than during adolescence or emerging young adulthood.

The current findings have implications for research and practice. Collectively, these findings 

suggest that traditional predictors of smoking uptake in young adulthood, as documented in 

the literature, may be more relevant to earlier onset smoking rather than later onset smoking. 

Additional research is needed to better understand risk factors for later onset smoking in the 

young adulthood years. For example, this study did not include specific factors that may be 

more relevant for young adults as they transition out of the college student years and mature 

in executive functioning, gain more independence, change residences, advance their 

education and occupations, and establish stable relationships with marriage and children 

(Arnett & Tanner, 2006). Indeed, transitions to more conventional social roles (e.g., work, 

marriage) in young adulthood are often associated with the cessation of more risky 

behaviors, including tobacco use (Bachman et al., 2002; Flora & Chassin, 2005; Mendel et 

al., 2012). Future research should also assess sociocontextual factors (e.g., societal smoking 

prevalence and social norms, smoke-free air policies) that might influence tobacco use 

during this time. Qualitative research should also examine the experiences of young adults 

during this critical transitional period, as well as patterns of polytobacco and polysubstance 

use.

In practice, more progressive policies are needed to decrease access to tobacco and other 

substance use among young adults. Campus-based services must promote abstinence and aid 

in recovery among those struggling with addiction. Moreover, clinicians, particularly those 

in campus-based settings, must assess cigarette use – as well as other tobacco, alcohol, and 

marijuana use – on a systematic basis.

Limitations include limited generalizability given that the sample was drawn from colleges/

universities in Georgia. However, it should be noted our sample is diverse in terms of race/

ethnicity, geographic location (urban vs. rural), school types, and socioeconomic 

backgrounds. Second, although our measures included important measures related to 

tobacco use, they were not exhaustively inclusive; for example, other psychological 

characteristics such as anxiety were not included but may have been important predictors. 

Another limitation is that, while the Socioecological Model emphasizes the importance of 

studying interactions across other levels of analysis, our analyses did not consider any 
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interactions due to the large number of predictors included in our analyses (and thus limited 

power to test for interactions). Along the same lines, the small sample size, particularly in 

the Later Onset group, limited power to detect potentially significant findings. These 

analyses are also limited by the self-report nature of the assessments. Finally, these analyses 

are limited by missing data from participants lost to attrition over time.

5. Conclusions

Three distinct trajectories of cigarette use behaviors were identified within a sample of 

young adult college students. While the largest group included those who did not use 

cigarettes or only used experimentally, the two other classes identified included those who 

used early on in their college years and those who experienced a later onset of cigarette use. 

Of particular importance is that, while some hypothesized predictors examined did predict 

the earlier onset group, fewer factors significantly predicted the later onset group. Thus, 

greater research is needed to identify risk factors for smoking onset in middle young 

adulthood and to understand the context for this trajectory of cigarette use.
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Fig. 1. 
GMM Cigarette Trajectories.
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Table 1

Participant Characteristics, N = 2967.

Parameter Mean or N SD or %

Individual-level

Age at baseline, M (SD) 20.54 1.94

Sex, N (%)

 Male 1052 35.5

 Female 1911 64.5

Sexual orientation, N (%)

 Heterosexual 2697 91.7

 Not heterosexual 243 8.3

Race, N (%)

 White 1902 64.9

 Asian 192 6.6

 Black 663 22.6

 Other 172 5.9

Hispanic, N (%) 230 7.8

Parental education, N (%)

  < Bachelor’s degree 499 17.0

 ≥ Bachelor’s degree 2431 83.0

Early onset cigarette smoking (< 15 years), N (%) 113 3.9

Participant past 30-day substance use, N (%)

 LCCs 301 10.1

 Smokeless tobacco 102 3.4

 ENDS 307 10.4

 Hookah 341 11.5

 Alcohol 1857 62.6

 Marijuana 672 22.7

Depressive symptoms, M (SD) 6.24 5.27

ADHD symptoms, M (SD) 9.52 4.36

Interpersonal-level

Adverse childhood events, M (SD) 1.33 1.82

Social support, M (SD)

 Appraisal 12.03 2.01

 Belonging 11.39 1.82

 Tangible support 13.44 2.34

Parental substance use, N (%)

 Tobacco 956 32.2

 Marijuana 185 6.2

Community-level

School type, N (%)

 Private 1235 41.6
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Parameter Mean or N SD or %

 HBCU 326 11.0

 Public 825 27.8

 Technical 581 19.6

Community type, N (%)

 Urban/suburban 1234 41.6

 Rural 1733 58.4

Note: LCCs = little cigar/cigarillo; ENDS = electronic nicotine delivery systems.
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Table 2

Predictors of Cigarette Class Membership (Reference Class = Abstainers/Dabblers).

Earlier Onset Smokers
N = 101

Later Onset Smokers
N = 21

Parameter OR CI p OR CI p

Individual-level

Sex (male = ref.) 0.56 0.33 0.95 .031 0.29 0.105 0.81 .019

Sexual orientation (hetero = ref.) 1.35 0.66 2.74 .415 1.61 0.437 5.90 .477

Race

 White ref.

 Asian 3.83 1.75 8.38 .001 1.85 0.339 10.12 .476

 Black 0.23 0.08 0.68 .008 0.97 0.236 3.95 .962

 Other 0.84 0.29 2.46 .754 0.53 0.056 5.01 .578

Hispanic (no = ref.) 0.63 0.20 1.96 .425 1.75 0.324 9.49 .514

Parental education (< BA = ref.) 0.72 0.41 1.26 .247 1.14 0.34 3.80 .836

Early onset smoking (no = ref.) 2.57 1.32 5.02 .006 1.37 0.272 6.93 .700

Past 30-day use (no = ref.)

 LCCs 2.05 1.10 3.83 .024 1.25 0.234 6.72 .792

 Smokeless tobacco 1.68 0.76 3.71 .201 * * * *

 ENDS 1.65 0.93 2.93 .087 0.95 0.237 3.79 .938

 Hookah 1.04 0.56 1.92 .907 0.82 0.163 4.17 .815

 Alcohol 4.19 2.01 8.71 < .001 3.14 0.96 10.29 .058

 Marijuana 2.02 1.20 3.41 .008 1.30 0.434 3.89 .641

Depressive symptoms 0.99 0.95 1.04 .747 1.01 0.933 1.10 .747

ADHD symptoms 1.00 0.95 1.06 .909 1.04 0.929 1.15 .533

Interpersonal-level

Adverse childhood events 1.06 0.94 1.20 .342 1.19 0.958 1.48 .116

Social support 0.98 0.94 1.02 .262 0.98 0.899 1.06 .585

Parental substance use (no = ref.)

 Tobacco 1.65 1.00 2.72 .050 1.05 0.381 2.89 .925

 Marijuana 0.86 0.39 1.90 .716 0.70 0.131 3.73 .675

Community-level

School type

 Private ref.

 HBCU 3.50 0.82 14.98 .091 * * * *

 Public 2.04 1.07 3.88 .031 0.21 0.024 1.77 .151

 Technical 5.17 2.55 10.51 < .001 5.84 1.708 19.96 .005

Rural (urban = ref.) 0.98 0.57 1.67 .935 1.09 0.39 3.02 .871

Note: OR = odds ratio; CI = 95% Wald confidence interval; LCCs = little cigar/cigarillo; ENDS = electronic nicotine delivery systems.

*
Due to small cell size, this parameter could not be estimated.
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