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Abstract
Objective—To examine the relationship between adolescents’ cigarette smoking experiences and
alternative tobacco product (ATP) use.

Methods—Multiple indicators and multiple causes (MIMIC) models estimated simultaneously
the relationship between cigarette smoking experiences and ATP use among high school students
(N=1827) completing the 2009 Virginia Youth Tobacco Survey.

Results—Overall, ATP use was associated with adolescents’ ever use of cigarettes, early onset
of cigarette smoking, cigarettes smoked per day, and peer smoking; however, important model
differences between racial/ethnic groups were observed.

Conclusions—Prevention and cessation programs might reduce adolescent ATP use by
targetting specific characterstics of cigarette smoking.
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Adolescents frequently experiment with cigarette smoking before trying other forms of
tobacco like cigars, smokeless tobacco (SLT), bidis/clove cigarettes, and waterpipe tobacco
smoking (WTS).1-3 Still, by the end of adolescence, nearly 90% of adolescent cigarette
smokers have tried an alternative tobacco product (ATP);4 and between 46 and 50% of
adolescent cigarette smokers have used an ATP in the past month.5,6 In fact, concomitant
use of multiple tobacco products may be the norm among many adolescent populations.3,4

Only a handful of studies have examined cigarette smoking and ATP use in
adolescence,4,5,7,8 and they suggest that cigarette use is a major risk factor for ATP use in
this population. For instance, earlier studies on adolescent tobacco use reveal that ever
smokers (ie, tried cigarette smoking) and current smokers (ie, past-month use of cigarettes)
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are more likely than never smokers and noncurrent smokers (ie, no past-month use) to report
current ATP use.4,7 These findings are corroborated by more recent studies on national
youth samples that show current smokers are more likely than their coevals to use cigars,
SLT, and bidis/cloves in the past month.8

Nonetheless, the extent to which smoking characteristics such as cigarette smoking
frequency (ie, number of days smoked) and consumption (ie, cigarettes smoked per day;
cpd) influnce adeloscent ATP use is not fully understood. This issue is of significant
importance because individual differences in cigarette smoking frequency and consumption
predict ATP use and dependence in adults. Specifically, adult smoker characteristics to
include established cigarette smoking (100+ cigarettes in lifetime);9 cigarette smoking of
higher frequency (eg, daily versus intermittent smoking),10 and lower cigarette smoking
intensity (ie, < 10 versus > 10 cpd)11 are associated with ATP use and greater severity of
nicotine dependence.12

Interestingly, only one study has explored the relationship between smoking characteristics
related to cigarette frequency and consumption and ATP use in adolescence.5 In this study
of 2800 adolescents (aged 12 to 18), both low-frequency/low intensity and high-frequency/
high-intensity cigarette smoking was associated with cigar, SLT, and bidis/cloves use.
Although informative, this work did not address likely variations in smoking characteristics
and ATP use due to racial/ethnic group affliation. National data on high school students
reveal that white/European American adolescents are more likely than black/African
Americans to report smoking more days per month and more cpd as well as 100 or more
cigarettes in their lifetime.13,14 Considering ATP use trends among adult cigarette smokers,
smoking characteristics related to frequency, consumption, and lifetime use (ie, established
smoking) may predict differentially the ATP behaviors of white/European American and
black/African American adolescents.

In addition to smoking characteristics, the extent to which adolescents’ exposure to familial
and peer smoking influnces is related to ATP use also is largely understudied. Adolescents’
first experiences with tobacco occur typically with family and peers who smoke
cigarettes,15-17 and exposure to familial and peer smoking influnces is related to ATP
use.4,18 However peer cigarette smoking to increase the likelihood of adolescent ATP use by
3-fold,7 whereas others report familial smoking exposure to be of lesser importance than
peer smoking affiliations.2,19 Importantly, these studies considered the influnce of
environmental tobacco smoking on any ATP use and did not observe the impact of familial
and peer smoking on specific ATPs (eg, SLT, cigars, and WTS). Environmental smoking
influnces may differentially impact adolescents’ susceptibility to some forms of tobacco
compared to others (eg, cigars 20), and this differential impact may be especially relevant
among racial/ethnic minority adolescents.21,22 Whether adolescents’ smoking experiences
(ie, cigarette smoking characteristics and related influnces) increase uniformly the risk of
consuming other tobacco products has not been determined.

The current study uses a model of adolescent ATP use to (1) describe the relationship
between adolescents’ cigarette smoking experiences and their current use of popular ATPs
(ie, cigars, SLT, and WTS), (2) examine whether these associations are similar across racial/
ethnic groups, and (3) determine if certain experiences with cigarette smoking are more
closely associated with use of some ATPs than others. Findings will inform tobacco
prevention and cessation programs about characteristics of adolescent cigarette smoking
most influential in the initiation and maintenance of other tobacco use behaviors.
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METHODS
Research Design and Procedures

This study tested a multiple indicators and multiple causes (MIMIC) model using secondary
data from the 2009 Virginia Youth Tobacco Survey (YTS), an ongoing, statewide
monitoring and surveillance survey of tobacco use conducted by the Virginia Foundation for
Healthy Youth (formerly the Virginia Tobacco Settlement Foundation; VTSF), Centers for
Disease Control and Prevention (CDC), and the Survey and Evaluation Research Laboratory
(SERL) at Virginia Commonwealth University (VCU). A total of 100 Virginia public
schools (50 middle schools and 50 high schools) were randomly selected to participate in the
2009 Virginia YTS. A 2-stage cluster sample design (school and class level) was used to
produce a representative sample of students enrolled in public middle schools and high
schools. The overall response rate for the 2009 Virginia YTS was 60.9%. The 2009 Virginia
YTS results were weighted by the CDC to account for selection bias differential
nonresponse rates and demographics to include race, gender, and grade. Additional
information about the 2009 Virginia YTS research design and procedures may be found
here: http://healthyyouthva.org/vtsf/data/youth-tobacco-survey.asp.

The current study focused on students enrolled in high school grades. Of the 50 high schools
randomly selected to take part in the study, 36 (72%) agreed to participate. About 82% of
students (N=1827 of 2232) in selected high school classrooms returned usable surveys. This
study draws from this representative sample of high school students (N=1827) who
completed the 2009 Virginia YTS. The current study used public access secondary data that
did not contain identifying information and were deemed exempt from review by the VCU
Institutional Review Board (IRB).

Measures
Cigarette smoking experiences—Respondents reported whether they ever tried
cigarette smoking (no/yes), age of first cigarette (< 13 years old or older), lifetime number of
cigarettes (0-100 or more), frequency of past-month cigarette use (0 days, 1-2 days, 3-5
days; 6-10 days, 11-19 days, 20-29 days, all 30 days), number of cigarettes smoked per day
(cpd; None, fewer than 1, 1, 2-5, 6-10, 11-20, more than 20), if they had ever smoked daily
(no/yes), household smoking (no/yes), and peer smoking (0-1 or more).

ATP use—Respondents completed items on past-month use of cigars (eg, cigars, little
cigars, and cigarillos), SLT (eg, chewing tobacco, snuff, and dip), and WTS (eg, shisha and
hookah). Importantly, the 2009 YTS included additional items on novel, brand-specific
tobacco products such as snus (Swedish snuff; moist powdered tobacco packaged in a small
pouch) and a brand-specific cigar product (ie, Black & Mild cigarillos). Respondents
indicating past-month use of Snus were coded as having used an SLT product, and those
reporting past-month use of Black & Mild cigarillos were coded as having used a cigar
product.

Demographics—Age (11 and younger; 12-17; 18 and older), gender (female/male),
Hispanic descent person (yes/no), race/ethnicity (American Indian or Alaskan Native,
African American, Asian, and white), grade (9th-12th), and discretionary income (none, less
than $1 to $5, $6 to $10, $11 to $20, more than $20) were assessed.

Data Analysis
Using PASW Statistics 18, we examined each of the study variables and their bivariate
relationships. Those younger than 14 years of age (N=14; 0.8%) were dropped, yielding a
final sample of 1813 adolescents. Missing values ranged from 0.1 to 8.6% of the data due to
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participant nonresponse to tobacco use items. Importantly, other studies using national youth
survey data report similar or higher nonresponse rates to tobacco-related items.5 A missing-
value analysis revealed that the highest percentage of nonresponses was on the cpd and SLT
items. There was little evidence of systematic bias in item nonresponse based on
adolescents’ age, gender, and race/ethnicity. Guided by well-established multiple imputation
procedures,23,24 we corrected for bias due to nonresponses in an effort to ensure the data
most accurately reflected youth populations in Virginia.

Amos 16.025 was used to test the MIMIC model. The MIMIC modeling technique was
selected for this study because it estimates simultaneously the effect of the indicators (SLT,
cigars, and WTS) on the latent variable (ATP use) and the direct effects of observed
variables (smoking experiences) on the latent variable. Figure 1 presents the one-factor
MIMIC model estimated for this study. The bottom half of the model (ie, measurement
model) diagrams the relationship between the individual ATP-use items and the latent
construct. The top half of the model (ie, regression model) presents the study variables (ie,
cigarette smoking experiences) hypothesized to have an effect on the latent construct.
Covariates (ie, age, gender, Hispanic descent, and discretionary income) were included in
the model to provide adjusted estimates.

MIMIC model comparisons between racial/ethnic groups were performed following
structural equation modeling (SEM) procedures outlined by Schumacker and Lomax.26 This
allowed for testing significant differences between certain group parameters in the MIMIC
model; in this case, comparing parameters (eg, ever smoked cigarettes → ATP use) across
racial/ethnic minority groups. The parameters for cigarette smoking experiences and ATP
use were set equal across groups to allow pairwise comparisions of standardized
coefficients. Critical ratios (CR) for differences tests were computed to examine differences
between racial/ethnic groups on all direct effect parameters in the MIMIC model. CR values
meeting or exceeding ± 1.96 were considered statistically significant.

Several indexes were used to determine adequate fit of the MIMIC models: the chi-square/
degrees of freedom ratio (χ2min/df <3),27 the comparative fit index (CFI; ≥ .95), the Tucker
Lewis Index (TLI; ≥ .95),28 and the root mean square error of approximation (RMSEA; < .
08).26 Biased-corrected bootstrap 95% confidence intervals (BC 95% CIs) were computed
for individual indirect effects in the MIMIC model to determine the influence of cigarette
smoking experiences on individual ATP use. Bootstrapped estimates were based on 2000
bootstrap samples. Evidence of a significant indirect effect was noted by confidence
intervals that did not overlap zero.

RESULTS
Sample Characteristics

Table 1 presents demographic information and prevalence rates for adolescents’ cigarette
and ATP use. The median age of adolescents was 16 years. Males (51.1%) and females
(48.8%) were equally represented in the final sample. The majority of adolescents were of
non-Hispanic descent (91.7%). White/European American adolescents (60.6%) constituted
the majority of the sample followed by black/African Americans (29.9%). Most adolescents
reported a weekly discretionary income of more than 20 dollars (57.3%). Less than half
(44.0%) of all adolescents reported having tried cigarettes in their lifetime (not presented in
table). About 20% of youth were current smokers (ie, past 30-day use of cigarettes): 11.8%
were established smokers (ie, smoked 100 or more cigarettes), and 14.2% indicated daily
smoking during their life-time (not presented in table). In terms of ATP use, adolescents
reported using cigars (20.5%) more than SLT (10.7%) and WTS (8.9%).
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Multiple Indicators and Multiple Causes (MIMIC) Model: The Overall Sample
Confirmatory factor analysis showed that past 30-day use of cigars (B=.62), SLT (B=.56),
and WTS (B = .41) were good reflective indicators of the measurement model. The fully
saturated MIMIC model showed adequate fit χ2 min/df = 2.10; CFI=.99; TLI=.98; RMSEA
= .03 (.02, .04). Nonsignificant paths were set to zero (ie, constrained model); and the fit of
the model was improved, χ2min/df = 2.05; CFI=.99; TLI=.99; RMSEA=.02 (.01, .03).
Simultaneous effects for demographic and smoking experiences were estimated in the
regression model (Figure 1). Adolescent males (B=.25, p < .001) were more likely than
females to report ATP use. Those who tried cigarettes were more susceptible to ATP use
than were adolescents who had not smoked cigarettes (B=.22, p < .001), and adolescents
who attempted cigarette smoking before the age of 13 were particularly vulnerable (B=.15, p
< .001). The number of cigarettes smoked per day was related to ATP use such that
adolescents who smoked more cpd were more likely to engage in ATP use (B=.58, p < .
001). Adolescents with one or more peers who smoked cigarettes were more likely to report
ATP use than were youth with peers who did not smoke (B=.25, p < .001).

Probing the influences of cigarette smoking experiences on individual ATP use showed the
indirect effect of having ever smoked cigarettes on cigar smoking, B=.10 (0.06, 0.14), was
slightly larger than SLT, B=.08 (0.05, 0.12), and WTS, B=.07 (0.04, 0.10) (Table 2). There
were similar associations between age of smoking onset and adolescents’ ATP use. The
indirect effect of number of cigarettes smoked per day on cigar smoking, B=.27 (0.20, 0.33),
was larger than SLT, B=.23 (0.17, 0.29), and WTS, B=.19 (0.14, 0.25). In addition, the
indirect effect of peer smoking was larger for cigar smoking, B=.12 (0.06, 0.17), followed
by SLT, B=.10 (0.06, 0.14), and WTS, B=.08 (0.05, 0.12).

MIMIC Model Comparisons Across Racial/Ethnic Groups
Multiple group comparisons were conducted to test significant differences in the relationship
between cigarette smoking experiences and ATP use for white/European American (60% of
the total sample) and black/African American (about 30% of the total sample) adolescents.
Stated another way, MIMIC models were compared across race/ethnicity to determine
differences in the direct effect parameters. The multiple group chi-square statistic (χ2 min/df
= 2.39) supported the configural invariance of the MIMIC model across white/European
American and black/African American subsamples. For white/European American
adolescents, gender (male; B=.28, p < .001), discretionary income (B=.11, p < .05), ever use
of cigarettes (B=.17, p < .05), cigarettes smoked per day (B=.49, p < .001), and peer
smoking (B=.26, p < .001) were associated significantly with ATP use. For black/African
American adolescents, early smoking onset (B=.38, p < .001), cigarette smoking frequency
(B=.40, p < .05), and peer smoking predicted (B=.29, p < .001) ATP use.

Table 3 presents the critical ratios (CR) for differences for direct effect parameters among
white/European American and black/African American adolescents. White/European
American and black/African American youth were statistically equivalent on most
coefficients in the MIMIC model with 2 notable exceptions. Early smoking onset was a
stronger predictor of ATP use for black/African Americans than for white/European
adolescents (z = 3.58; p < .001); and this effect significantly explained black/African
Americans’ early cigarette smoking onset on their use of cigars, b = .17 (.06, .25); SLT, b = .
15 (.04, .26); and WTS, b = .14(.04, .25). There was also a statistically significant difference
between white/European American and black/African American youth in the relationship
between cigarette smoking frequency and ATP, such that cigarette smoking frequency was a
stronger predictor for black/African American adolescents than for white/European youth (z
= 2.78; p < .001). However, specific ATP use (ie, cigars, SLT, and WTS) among black/
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African American adolescents was not adequately explained by cigarette smoking frequency
(ie, 95% CIs for indirect effects overlapped zero).

DISCUSSION
Using innovative modeling techniques, this study sought to determine the simultaneous
impact of various cigarette smoking experiences (smoking patterns, environmental
influences) on ATP use among a representative, statewide sample of high school students. In
addition, this survey incorporated assessment of novel tobacco products, like Snus and bran-
specific cigarillos, the use of which has not been examined in previous statewide or national
tobacco surveillance surveys. Study results support past work with adults in that early
experience with cigaretteseg, 29 and peer smokingeg, 7 predicted adolescent ATP behaviors.

Findings also revealed that experiences with cigarette smoking influences adolescents’
susceptibility to some ATPs more so than others. That is, experiences such as ever trying
cigarettes, early initiation, cpd, and peer smoking were associated with adolescents’ use of
cigars to a greater extent than SLT use and WTS. Accessibility to tobacco products is
associated with ever trying and early initiation of smoking,19,30 and cigars may be more
readily accessible than other tobacco products. Moreover cigars, especially little cigars and
cigarillos (eg, Black and Milds), are most similar to cigarettes in terms of product features
and considerably less expensive compared to other ATPs (to include SLT and
waterpipe).31,32 Little cigars and cigarillos are also less expensive than cigarettes33 and thus
may be a preferred alternative and/or supplemental tobacco product among adolescents who
consume cigarettes regularly.32 Importantly, products that are restricted to youth in terms of
affordability and/or access may promote reductions in use.34,35

Tobacco dependence also may play a role in these findings and may explain the weak to
moderate relationship between cigarette smoking experiences and SLT. That is, heavier
cigarette smokers (eg, 11+ cpd) may be less likely to use SLT than are nondaily, light
cigarette smokers.11, 36; but see 5 Additionally, concomitant cigarette and SLT users have
been observed to smoke, on average, significantly fewer cpd than do concomitant cigarette
and cigar users.10 As for WTS, distinct social and cultural features may appeal to
adolescents who are not attracted to cigarette smoking.37 In fact, among some college
samples, 45% of waterpipe smokers are not current cigarette smokers; and 22% have never
tried a cigarette.38 Nonetheless, these and other behaviors remain understudied despite the
high prevalence of ATP use among sampled populations.8

Although cigarette smoking experiences were rather robust predictors of adolescent ATP
use, there were differences in this relationship between white/European American and black/
African American adolescents. For instance, early initiation of cigarette smoking was a
stronger predictor of ATP use among black/African American adolescents than white/
European American youth. Moreover, whereas cpd predicted ATP use for white/European
American adolescents, the number of days smoked during the past month was an important
predictor for black/African Americans. As suggested above, these factors may tap into
issues of access to and affordability of specific ATPs such as cigars.

Of course, study inferences may be limited by the population sampled, high school students
of Virginia, and the cross-sectional nature of the survey employed. Recall bias may also
limit study findiings, though previous work demonstrates the reliability and validity of self-
report data among adolescents.39,40 Despite these limitations, this study provides additional
evidence on the complex relationship between cigarette smoking and ATP use in
adolescence. Such evidence is necessary given the dramatic shifts in tobacco prevalence and
sales observed over the past decade; cigarette rates have decreased while cigarette prices
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have increased and vice versa for ATPs.33, Importantly, study findings support the idea that
tobacco prevention and intervention programs, at least in Virginia, should consider use of
ATPs in combination with cigarette smoking.
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Figure 1. Multiple Indicators and Multiple Causes (MIMIC) Model
Note.
Covariances in the model are not shown.
Hisp. = of Hispanic descent; SLT = smokeless tobacco; WTS = waterpipe tobacco smoking

Nasim et al. Page 9

Am J Health Behav. Author manuscript; available in PMC 2014 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Nasim et al. Page 10

Table 1
Demographic Characteristics of High School Students in Virginia,2009 (Weighted Data)

Sample Characteristics % (95%CI)

Age

 14 14.6 (13.2, 16.1)

 15 26.4 (24.2, 28.7)

 16 25.7 (23.4, 28.0)

 17 24.0 (21.7, 26.2)

 18 and older 9.0 (7.5, 10.5)

Gender

 Female 48.8 (46.3, 51.4)

 Male 51.1 (48.5, 53.6)

Hispanic Descent

 No 91.7 (90.4, 93.1)

 Yes 8.2 (6.8, 9.5)

Race

 White 60.6 (58.1, 63.0)

 Black 29.9 (27.5, 32.2)

 Multiple race groups 9.4 (8.0, 10.7)

Grade

 9th 26.5 (24.6, 28.4)

 10th 25.0 (22.5, 27.5)

11th 24.3 (22.1, 26.6)

 12th 24.0 (21.8, 26.2)

Income

 None to < $1 10.4 (8.9, 11.9)

 $1 to $5 5.6 (4.4, 6.7)

 $6 to $10 7.7 (6.4, 9.0)

 $11 to $20 18.8 (16.8, 20.9)

 $21 or more 57.3 (54.8, 59.8)

Tobacco Use Behaviors

 Cigarettes 19.3 (17.2, 21.4)

 Cigars 20.5 (18.3, 22.7)

 Smokeless tobacco (SLT) 10.7 (9.0, 12.4)

 Waterpipe (hookah/ shisha) 8.9 (7.4, 10.4)

Total Sample (N=1813)
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Table 2
Standardized Indirect Effects of Adolescent Smoking Experiences on ATP Use

Alternative Tobacco Products (ATPs)

Cigars Smokeless Waterpipe

Smoking Experiences b 95% CI p ≤ b 95% CI P≤ b 95% CI p ≤

Ever smoked .10 (.06, .14) .01 .08 (.05, .12) .01 .07 (.04, .11) .01

Age of onset .07 (.01, .12) .01 .06 (.01, .11) .01 .05 (.01, .09) .01

Cigarettes per day .27 (.20, .33) .01 .23 (.17, .29) .01 .19 (.14, .25) .01

Peer smoking .12 (.06, .17) .01 .10 (.06, .14) .01 .08 (.05, .12) .01
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Table 3
Critical Ratios

a
 (CR) for Differences Between Smoking Experiences and ATP Use Among

White and African American Adolescents

Parameters 1 2 3 4 5 6 7 8

1. Ever tried cigs −0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2. Age of onset < 13 years 0.00 3.58 0.00 0.00 0.00 0.00 0.00 0.00

3. Lifetime >100 cigs 0.00 0.00 −1.47 0.00 0.00 0.00 0.00 0.00

4. Number of days smoked 0.00 0.00 0.00 2.77 0.00 0.00 0.00 0.00

5. Cigarettes per day 0.00 0.00 0.00 0.00 −1.44 0.00 0.00 0.00

6. Daily smoking 0.00 0.00 0.00 0.00 0.00 −1.05 0.00 0.00

7. Household smoking 0.00 0.00 0.00 0.00 0.00 0.00 −0.19 0.00

8. Peer smoking 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12

Note.

a
CR values meeting or exceeding ±1.96 were considered statistically significant (p < .05).
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