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Abstract
Diverse tobacco and nicotine products have altered the terrain of tobacco use behaviors. Limited research has examined con-
temporary patterns of use among young adults. This study identified tobacco and nicotine product use groups and examined
changes in young adults’ use patterns, across a 1.5-year period. Participants were 5,482 18–29-year-old students (M age = 20.5,
SD = 2.36; 63% female) from 24 Texas colleges who completed a four-wave bi-annual online survey. Latent transition analysis
was used to identify groups from 10 items (ever and current use of cigarettes, cigars, smokeless tobacco, e-cigarettes, and hookah)
and to examine probabilities of transitioning between groups over four waves. Five groups were identified: Non-users (30%),
Poly-experimenters (26%), Hookah experimenters (18%), E-cigarette & hookah experimenters (15%), and Poly-cigarette users
(11%). Few students transitioned between groups over time. Poly-cigarette users had the highest average probability of remain-
ing stable over time (1.00), followed by E-cigarette & hookah experimenters (.97), Non-users (.94), Poly-experimenters (.93),
and Hookah experimenters (.92). All groups became more stable over time except Hookah experimenters whose members were
most likely to transition to Poly-cigarette users or other experimenter groups. The greatest transition was from Poly-
experimenters to Poly-cigarette users with probabilities of .10, .08, and .03 for transitioning between waves one and two, two
and three, and three and four, respectively. There was substantial poly-use and experimentation, which may explain little
movement between groups over the 1.5-year time period and underscores the need for prevention programs targeting multiple
product use among college students.
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Tobacco use is a primary cause of morbidity and mortality in
the United States (US) (U.S. Department of Health and

Human Services 2012). Although the prevalence of cigarette
smoking has declined substantially since the 1964 Surgeon
General’s report on smoking and health, rates of decline have
stalled in recent years, and cigarettes remain the most com-
monly used tobacco product among adults in the US (Hu
2016). In addition, the emergence and appeal of alternative
tobacco and nicotine products, such as electronic cigarettes
(e-cigarettes) and hookah, have altered the terrain of tobacco
use behaviors; thus, tobacco and nicotine product use remains
a primary public health concern.

Young adults report the highest prevalence of tobacco and
nicotine product use. According to the 2013–2014 National
Adult Tobacco Survey, young adults in the US, ages 18–24,
report using any combustible tobacco products (33.0%), hoo-
kah (20.2%), e-cigarettes (13.6%), cigars/cigarillos/filtered lit-
tle cigars (8.9%), and smokeless tobacco (6.4%) at least occa-
sionally (Hu 2016). Recent studies have shown that multiple
tobacco and nicotine product use (concurrent use of two or
more products) is more common than single product use,
among young adults (Loukas et al. 2016; Yu et al. 2017).
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Multiple tobacco and nicotine product use is concerning since
other high risk behaviors such as alcohol use, binge drinking,
and marijuana use often co-occur with tobacco and nicotine
product use (Haardörfer et al. 2016; Windle 2003). In addi-
tion, concurrent use may expose users to increased levels of
nicotine and other harmful chemicals like carbonyl com-
pounds found in e-cigarettes (HHS, 2016).

The US Food and Drug Administration (FDA) has outlined
research priorities to inform FDA regulation of the
manufacturing, distribution, and marketing of tobacco and
nicotine products. These priorities include understanding
changes in tobacco and nicotine product use behaviors, in-
cluding experimentation, initiation, multiple product use,
and transitions in use, and employing innovative methods
and measures to assess tobacco use behaviors (U.S. Food
and Drug Administration 2017). Previous studies have used
latent variable modeling approaches to characterize patterns of
multiple tobacco and other substance use. Rather than relying
on a single observed variable to define behavior, latent vari-
able modeling uses several observed indicators to portray
complex patterns of use (Collins and Lanza 2013). Several
studies have used latent variable modeling approaches includ-
ing latent class analysis (LCA) to identify latent classes of
polysubstance use and latent transition analysis (LTA) to fur-
ther model changes in class membership, longitudinally (Delk
et al. 2019; Huh and Leventhal 2016; Lisha et al. 2019; Simon
et al. 2017; Tomczyk et al. 2016; Yu et al. 2018).

A systematic review of peer-reviewed studies on LCA/LTA
and adolescent polysubstance use identified 23 studies pub-
lished through June 2015 (Tomczyk et al. 2016). All studies
measured substance use via self-report, and the majority were
conducted in the US with predominately white samples. Most
studies (14/23) were cross-sectional, and nine were longitudi-
nal. Sample sizes ranged from 450 to 419,698 participants,
with most (13/23) ranging from 1,019 to 2,744. The number
of latent classes of substance use ranged from three to seven,
with most studies (17/23) identifying three or four latent clas-
ses. A “non-user”/“abstainer”/“low user” class was identified
in all but four of the 23 studies, and most of the participants in
any given study were classified in the non/low class. All 23
studies identified a poly-use class (i.e., a class characterized by
concurrent use of at least two substances). Most studies in-
cluded a single indicator of tobacco use, either cigarette or any
tobacco use, and included other substance use indicators in-
cluding use of alcohol, marijuana, and other drugs (Tomczyk
et al. 2016).

Substantially fewer studies have used LCA/LTA to exam-
ine patterns of multiple tobacco and nicotine product use (i.e.,
studies utilizing multiple indicators of tobacco and nicotine
product use). Kypriotakis et al. (2018) identified four latent
classes of current tobacco users from ten indicators (current
use of cigarettes, e-cigarettes, cigars, cigarillos, filtered cigars,
pipe tobacco, hookah, smokeless tobacco, snus, and

dissolvables). Among 14,856 adult current users, the largest
class was “cigarette-only users,” followed by “combustible
users,” “e-cigarette and hookah users,” and “smokeless tobac-
co users.” Huh and Leventhal (2016) is one of few studies to
use latent variable modeling to examine longitudinal (i.e., two
waves with 6 months between each) patterns of diverse tobac-
co and nicotine product use among 3,396 adolescents. A
three-latent status model was identified from five indicators
(past 6-month use of cigarettes, e-cigarettes, hookah, blunts,
and cigars). The largest latent status was “non-users,” follow-
ed by “e-cigarette/hookah users,” and “poly-tobacco users”
(characterized by high probabilities of using all five tobacco
products). The latent groups remained stable across the 6-
month period; the probabilities of adolescents remaining in
the same group from baseline to 6-month follow-up were high
(.81, .85, and .87). However, the largest transitions were from
“non-users” to “e-cigarette/hookah users” and from “e-ciga-
rette/hookah users” to “poly-tobacco users,” demonstrating a
trend towards multiple product use. While these studies ex-
tend our understanding of patterns of tobacco product use,
additional research examining changes in patterns of use
across longer periods of time and among young adults, the
population with the highest prevalence of tobacco use, is
needed (Kasza et al. 2017).

To date no study has examined longitudinal, contempo-
rary patterns of diverse tobacco and nicotine product use
among young adults. Similarly, few studies have examined
the factors that predict these patterns, such as age, biolog-
ical sex, race/ethnicity, and other substance use behaviors.
Thus, little is known about the modern landscape of tobac-
co and nicotine product use, particularly how these behav-
iors cluster together, among individuals, over time.
Identifying patterns of tobacco and nicotine product use
and factors associated with them is key as these findings
may inform regulatory policies and prevention programs
for young adults. The aims of this study are (i) to identify
the most parsimonious, adequate model of the longitudinal
patterns of tobacco and nicotine product use among a co-
hort of Texas college students, and (ii) to determine wheth-
er race/ethnicity, age, sex, and other substance use includ-
ing alcohol use, binge drinking, and marijuana use are
associated with tobacco and nicotine product use behav-
iors at baseline. This study is novel in its use of LTA to
examine diverse tobacco and nicotine product use patterns,
with examination of the most commonly used products
including cigarettes, cigars, smokeless tobacco, e-ciga-
rettes, and hookah, over four waves of data (1.5 years),
among a large, diverse sample of young adults. Based on
previous research, we hypothesize identification of “non-
user,” “e-cigarette/hookah user,” and “poly-user” groups.
We hypothesize that groups will primarily remain stable
over the 1.5-year period, and transitions will occur in the
direction of “non-user” to “poly-user.”
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Methods

Participants

Data are from four waves of the Marketing and Promotions
Across Colleges in Texas Project (Project M-PACT). Project
M-PACT is a rapid response surveillance system of college
students from 24 colleges in Texas. Our sample consists of
5,482 students (M age at wave one = 20.5, SD = 2.36; 63.4%
female; 36.3% non-Hispanic white, 31.1% Hispanic/Latino,
16.9% Asian, 8.1% African American or black, and 7.5%
another race/ethnicity or multi-racial/ethnic). The wave one
survey was administered between fall 2014 and spring 2015,
and three follow-up waves occurred every 6months thereafter.
There were two eligibility criteria for participating students.
First, participants were full- or part-time degree- or certificate-
seeking undergraduate students at a participating 4-year col-
lege or enrolled in a vocational/technical program at a 2-year
college. Secondly, participants were 18–26 years old if they
were a lifetime non-tobacco user or 18–29 years old if they
were a lifetime tobacco user (ever smoked at least 100 ciga-
rettes, or at least 20 cigars, or ever used smokeless tobacco/
spit/chewing tobacco at least 20 times). Lifetime non-tobacco
users over 26 years of age were excluded from participation
because the study aimed to examine initiation and transitions
in tobacco use, and initiation is unlikely to occur after age 26
(HHS, 2004). Users over the age of 26 were included to in-
crease the probability that 2-year vocational students would be
eligible to participate in our study since 2-year students are
older and more likely to use tobacco products, compared to 4-
year students (Biener et al. 2011; Loukas et al. 2008).

Procedure

Twenty-four colleges were recruited from five counties that
included the four largest metropolitan areas in Texas (Austin,
Dallas/Fort Worth, Houston, and San Antonio). Six colleges
(three 4-year and three 2-year) were selected from each of
these four areas in Texas. All 2-year colleges and nine of the
12 4-year colleges were public institutions. Eligible students
attending the colleges were recruited to participate in the on-
line survey via email invitation. The email addresses of stu-
dents attending 15 colleges were obtained directly from the
college through open records requests. Once obtained, project
personnel sent students an invitation email via a secure server.
The remaining nine colleges did not release email addresses.
Rather, the nine colleges sent an email invitation on the pro-
ject’s behalf to eligible students through their own internal
communication channel. Students who were emailed directly
by project personnel received an introductory email invitation
and two email reminders 5 days after the first invitation and
again 6 days later (11 days after the first invitation). Students
who were emailed through their respective colleges were sent

at least one invitation email and students at three of these nine
colleges received one additional reminder email.

The email invitation described the purpose of the study and
included a link to an eligibility survey. A total of 15,336 stu-
dents were assessed for eligibility. The eligibility survey con-
firmed potential participants’ student status as degree/
certificate-seeking undergraduates and contained questions
on lifetime use of tobacco (i.e., lifetime cigarette, cigar, and
smokeless tobacco) and age. Eligible students who wished to
participate in the study provided informed consent and then
completed the online survey. Upon completion of the survey,
each student received a $10 electronic gift card for waves one
and two and a $20 electronic gift card for waves three and
four, and all students were entered into a drawing to win one
of 20 $50 electronic gift cards at each wave. A total of 13,714
students were eligible to participate in the study and of these,
5,482 students (40%) provided consent and completed the
survey. This reponse rate is similar to or exceeds that of similar
online studies of college students (Berg et al. 2014; Velazquez
et al. 2011). Retention rates were 79% at wave two, 79% at
wave three, and 81% at wave four. Figure 1 is a flow diagram
depicting study recruitment. Project M-PACT was reviewed
and approved by the University of Texas at Austin
Institutional Review Board (2013-06-0034).

Measures

Measures for Project M-PACT were modeled after existing
surveys and reviewed by nine tobacco control experts. Final
item modifications were conducted through an iterative pro-
cess of cognitive interviewing (Willis 2004) with 25 young
adults who were not Project M-PACT participants (Hinds III
et al. 2016).

Indicators Ten dichotomous variables were used as indicators
of tobacco and nicotine product use behavior: ever (lifetime)
and current (past 30-day) use of cigarettes, cigar products,
smokeless tobacco, electronic nicotine delivery system
(ENDS) devices (i.e., e-cigarettes, vape pens, or e-hookah),
and hookah/waterpipe. Each indicator variable was measured
at each of the four waves. Ever use of cigarettes, cigars,
smokeless tobacco, e-cigarettes, and hookah was assessed by
asking, “Have you ever smoked/used [product], even one or
two puffs?” and current use was assessed by asking, “On how
many days of the past 30 days did you smoke/use [product]?”
Students who reported use on at least 1 day in the past 30 days
were coded as a “current user” and those that reported
smoking cigarettes on zero days in the past 30 days were
coded as a “non-user.” For cigars, hookah, and e-cigarettes,
language regarding using the product “as intended”was added
to make it clear we were asking about use of the product with
tobacco or nicotine, and not another substance like marijuana.
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Covariates Six variables (measured at wave one) were used
as covariates to predict latent class membership at wave one.
These were race/ethnicity, age, sex, current alcohol use, cur-
rent binge drinking, and current marijuana use. Current al-
cohol use was assessed by asking, “During the past 30 days,
on how many days did you have at least one drink of alco-
hol?” Students who reported having at least one drink of
alcohol on at least 1 day in the past 30 days were coded
as “current users” and those that reported alcohol use on
zero days in the past 30 days were coded as “non-users.”
Current binge drinking was assessed by asking, “During the
past 14 days, on how many days did you have at least five
or more drinks of alcohol in a row?” Students who reported
having at least five drinks in a row at least once in the past
14 days were coded as “binge drinkers,” and students who
reported having five plus drinks on zero days in the past
30 days were coded as “non-users.” Current marijuana use

was assessed by asking, “During the past 30 days, how
many occasions, or times, if any, have you used marijuana?”
Students who reported using marijuana at least once in the
past 30 days were coded as “current users,” and students
who reported marijuana use on zero days in the past 30 days
were coded as “non-users.” Descriptive statistics for all var-
iables used in this study are provided in Table 1.

Attrition Analyses

Independent sample t tests and chi-square tests were con-
ducted to determine whether students who were eligible to
participate at the three follow-up waves but who did not
participate, were significantly different from those who par-
ticipated at follow-up waves. Results indicated students not
participating were significantly more likely to use tobacco
and nicotine products.

Assessed for eligibility (n= 15,336)

Excluded (n= 1,652)
Were not degree- or certificate seeking or 

enrolled in vocational program
Were not 18-26 years old, if lifetime 

non-tobacco user
Were not 18-29 years old, if lifetime 

tobacco user

Analysed (n= 5,482)
No participants were excluded from analysis 

since LTA utilizes full-information maximum 
likelihood estimation to use all available data.

Completed the wave 2 survey, (n= 4,326)

Completed the wave 3 survey, (n= 4,321)

Completed the wave 4 survey, (n= 4,448)

Wave 1 participants (n= 5,482)
Provided consent

Completed the wave 1 online survey

Declined to participate at wave 2, (n= 1,156)

Declined to participate at wave 3, (n= 1,161)

Declined to participate at wave 4, (n= 1,034)

Declined to participate (n= 8,232)
Did not complete the wave 1 online survey 

Analysis

Follow-Up

Eligible (n= 13,714)

Enrollment

Fig. 1 Flow diagram for study recruitment (M-PACT, waves 1 through 4)
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Statistical Analyses

Latent class analysis (LCA) and latent transition analysis
(LTA) were used to identify the most parsimonious model
of tobacco and nicotine product use profiles from 10 indica-
tors: ever and current use of cigarettes, cigars, smokeless
tobacco, e-cigarettes, and hookah and to examine changes
in tobacco and nicotine product use profiles over four waves
(1.5 years). LCAwas used as a preliminary step in selecting a
LTA model, which provided an understanding of the latent
structure of the data at each wave. To select the optimal num-
ber of tobacco and nicotine product use groups, latent class
models with two through seven latent classes were compared
at each of the four waves. Five hundred different sets of
random starting values were used to estimate each model to
determine the most parsimonious model for a given number
of latent classes. Model fit was assessed by comparing infor-
mation criteria associated with each model, as well as model

stability and interpretability. These included the likelihood-
ratio G2 statistic, degrees of freedom associated with G2,
Akaike information criterion (AIC), Bayesian information
criterion (BIC), sample size adjusted BIC (ABIC), log-
likelihood value, and entropy. Since there were a relatively
large number of indicator variables, each with two response
options, the degrees of freedom were large. Therefore, p-
values were not produced, and we were not able to compare
the G2 obtained in each model. For this reason, we relied
primarily on the AIC, BIC, and ABIC values to assess model
fit. The AIC, BIC, and ABIC values continued to decrease as
more latent classes were added to the model. However, these
values began to level off at the five latent class solution. At
each wave, the six and seven latent class models were not
well identified since only a small percentage of the 500 sets
of random starting values converged to the same solution, and
these models had poor homogeneity and class separation
compared to the five-class model. Thus, we determined the

Table 1 Descriptive statistics (M-PACT, waves 1 through 4)

Variable Wave 1 (n = 5,482) Wave 2 (n = 4,326) Wave 3 (n = 4,321) Wave 4 (n = 4,448)

Indicators of latent status n (%) n (%) n (%) n (%)

Ever cigarette use 2693 (50.8) 2117 (49.1) 2223 (51.4) 2347 (52.9)

Ever cigar use 2010 (36.6) 1740 (40.7) 1864 (43.2) 1990 (45.1)

Ever smokeless use 662 (12.1) 708 (16.8) 874 (20.5) 1023 (23.4)

Ever e-cigarette use 2636 (48.0) 2170 (50.4) 2307 (53.4) 2491 (56.3)

Ever hookah use 3021 (55.1) 2554 (59.6) 2712 (63.0) 2896 (65.7)

Current cigarette use 1161 (21.1) 749 (17.4) 756 (17.5) 758 (17.2)

Current cigar use 529 (9.6) 295 (6.9) 265 (6.1) 266 (6.0)

Current smokeless use 162 (2.9) 95 (2.2) 94 (2.2) 103 (2.3)

Current e-cigarette use 944 (17.2) 635 (14.8) 533 (12.3) 480 (10.9)

Current hookah use 919 (16.7) 579 (14.0) 548 (12.8) 493 (11.3)

Covariates

Mean age (SD) 20.49 (2.36)

Race/ethnicity n (%)

White 1992 (36.3)

Hispanic/Latino 1707 (31.1)

Asian 925 (16.8)

Black/African American 446 (8.1)

Other/multi-racial 412 (7.5)

Sex n (%)

Male 1985 (36.2)

Female 3493 (63.7)

Current alcohol usea 3642 (66.4)

Current binge drinkingb 1625 (29.6)

Current marijuana usec 1347 (24.6)

SD standard deviation. Lifetime/ever use rates vary across waves due to attrition
a Current alcohol is having at least one drink of alcohol on at least 1 day in the past 30 days
b Current binge drinking is having at least five drinks in a row at least once in the past 14 days
c Current marijuana use is using marijuana at least once in the past 30 days
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five latent class model provided the best fit at each of the four
waves. Fit statistics for each model at waves one through four
are reported in Table 2.

A LTA model was applied to the five-class solution at all
four time points simultaneously to model the probability of
students’ transitioning from one latent status to another, over
time. Three sets of parameters were estimated. Latent status
membership probabilities represent the prevalence of a latent
status at a particular point in time. In LTA, latent class is often
termed latent status since the groups are fluid over time. Item-
response probabilities represent the probability of selecting a
particular response (yes/no) to an observed indicator variable,
conditional on membership in a latent status at a particular
point in time. Item-response probabilities were constrained
to be equal across the four waves since we found the meaning
of the different latent groups remained relatively invariant
across the four waves. Transitional probabilities represent

the probability of transitioning to a latent status at a particular
point in time, conditional on latent status at the previous wave.

Covariates were added to our selected LTA model to test
whether race/ethnicity, age, sex, alcohol use, binge drinking,
and marijuana use predicted class membership at wave one.
We employed a multinomial logistic regression approach,
where latent class membership was the dependent variable
and the probability of class membership depended on the
values of the covariates. Cases with missing data for a covar-
iate were deleted. An omnibus test for the overall significance
of each covariate on latent status membership is reported. All
analyses were conducted in SAS, version 9.4. SAS macros;
PROC LCA and PROC LTA were used to fit the LCA and
LTA models (Version 1.3.2; Lanza et al. 2015).

Prior to fitting our models, an assessment of the distribution
of missing data revealed a non-monotone pattern of
missingness. Under the assumption of missing values to be

Table 2 Summary of information for selecting number of latent classes for college student tobacco and nicotine product use (M-PACT, waves 1
through 4; n = 5,482)

No. latent classes Likelihood-ratio G2 Degrees of freedom AIC BIC ABIC Log-likelihood Entropy

Wave 1

2 4055.02 1002 4097.02 4235.82 4169.09 − 21648.05 0.87

3 2682.40 991 2746.40 2957.89 2856.21 − 20961.73 0.78

4 2039.60 980 2125.60 2409.80 2273.16 − 20640.34 0.78

5 1621.83 969 1729.83 2086.73 1915.14 − 20431.45 0.82

6 1326.48 958 1456.48 1886.08 1679.53 − 20283.78 0.86

7 1104.65 947 1256.65 1758.95 1517.44 − 20172.86 0.88

Wave 2

2 2521.50 1002 2563.50 2697.28 2630.55 − 16257.53 0.88

3 1543.64 991 1607.64 1811.49 1709.81 − 15768.60 0.78

4 1174.25 980 1260.25 1534.17 1397.53 − 15583.91 0.77

5 916.60 969 1024.60 1368.60 1197.01 − 15455.08 0.80

6 776.78 958 906.78 1320.85 1114.31 − 15385.17 0.83

7 640.22 947 792.22 1276.36 1034.86 − 15316.89 0.85

Wave 3

2 2344.73 1002 2386.73 2520.52 2453.79 − 16342.82 0.87

3 1359.57 991 1423.57 1627.44 1525.76 − 15850.25 0.77

4 995.98 980 1081.98 1355.93 1219.29 − 15668.45 0.79

5 765.31 969 873.31 1217.34 1045.75 − 15553.11 0.83

6 643.47 958 773.47 1187.59 981.05 − 15492.20 0.85

7 507.39 947 659.39 1143.59 902.09 − 15424.16 0.83

Wave 4

2 2181.27 1002 2223.27 2357.62 2290.89 − 16637.18 0.87

3 1245.93 991 1309.93 1514.64 1412.96 − 16169.51 0.75

4 915.26 980 1001.26 1276.34 1319.34 − 16004.17 0.75

5 686.75 969 794.75 1140.20 968.61 − 15889.91 0.77

6 574.69 958 704.69 1120.51 913.97 − 15833.89 0.83

7 476.14 947 628.14 1114.33 872.83 − 15784.61 0.79

AIC Akaike information criterion; BIC Bayesian information criterion; ABIC adjusted BIC using Rissanen’s sample size adjustment. p values not
reported because degrees of freedom too large. Italic font indicates the best-fitting model at each wave
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missing at random, we employed a full-informationmaximum
likelihood (FIML) approach in which missing data is handled
within the analysis model. Using this approach, individuals
with complete data and missing data were analyzed together,
and model estimates were adjusted on the basis of all of the
information provided by these individuals. To handle missing
data across indicator variables, PROC LCA and PROC LTA
automatically employ a FIML approach that requires no addi-
tional input from the user. In PROC LCA and PROC LTA,
missing data across covariates predicting latent class member-
ship are handled using casewise deletion. Data used in this
study are not publically available at the time of the writing
of this article.

Results

Item-response probabilities (shown in Table 3) were used to
label the five latent statuses: Non-users, Poly-cigarette users,
Poly-experimenters, Hookah experimenters, and E-cigarette
& hookah experimenters. Students in the Non-users latent
status have a zero probability of reporting any use of ciga-
rettes, cigars, smokeless tobacco, e-cigarettes, and hookah.
Poly-cigarette users have a high probability of reporting cur-
rent cigarette use (.66) and ever cigarette use (.98). Poly-cig-
arette users are also highly likely to report ever using cigars
(.85), smokeless tobacco (.98), e-cigarettes (.88), and hookah
(.94). Students in the Poly-experimenters group are likely to
report ever use of cigarettes (.99), cigars (.71), e-cigarettes

(.93), and hookah (.89). Poly-experimenters are not likely to
report any use of smokeless tobacco or current cigar use.
Although defined by high experimentation with multiple
products, Poly-experimenters are somewhat likely to report
current use of cigarettes (.49), e-cigarettes (.37), and hookah
(.34). Hookah experimenters are likely to report having ever
tried hookah (.63). Hookah experimenters are somewhat like-
ly to have ever smoked a cigarette (.52) or cigar (.35).Hookah
experimenters are highly unlikely to have used any other to-
bacco and nicotine products. E-cigarette & hookah
experimenters are highly likely to have ever used e-
cigarettes (.94) and hookah (.71), and are unlikely to report
using any other products.

The overall probability of membership in a status at each
wave is shown in Table 3. The most common latent status at
wave one was Non-users (30.3%), followed by Poly-
experimenters (25.9%), Hookah experimenters (17.7%), E-
cigarette & hookah experimenters (15.1%), and Poly-ciga-
rette users (11.0%). At wave four, Non-users remained the
most prevalent latent status (25.4%), followed by Poly-
experimenters (23.1%), E-cigarette & hookah experimenters
(17.6%), Poly-cigarette users (17.4%), and Hookah
experimenters (16.5%).

The overall effects of alcohol use, binge drinking, and mar-
ijuana use on latent status membership at wave one were
highly significant (p < .0001). Students who reported wave
one alcohol use or binge drinking were approximately two
to four times more likely to belong in the Poly-cigarette users,
Poly-experimenters, Hookah experimenters, and E-cigarette

Table 3 Item-response probabilities for a five latent status model of college student tobacco and nicotine product use (M-PACT, waves 1 through 4;
n = 5,482)

Latent status name Non-users Poly-cigarette users Poly-experimenters Hookah experimenters E-cigarette & hookah experimenters

Class membership probabilities

Wave 1 .3030 .1102 .2588 .1767 .1512

Wave 2 .2797 .1426 .2430 .1809 .1537

Wave 3 .2617 .1651 .2351 .1745 .1636

Wave 4 .2537 .1737 .2314 .1653 .1760

Item-response probabilities

Ever cigarette use .0000 .9831 .9875 .5218 .2287

Ever cigar use .0000 .8511 .7081 .3546 .1749

Ever smokeless use .0000 .9806 .0000 .0534 .0271

Ever e-cigarette use .0000 .8762 .9324 .0000 .9418

Ever hookah use .0000 .9414 .8858 .6250 .7075

Current cigarette use .0000 .6578 .4923 .0717 .0024

Current cigar use .0000 .2978 .1905 .0462 .0383

Current smokeless use .0000 .2580 .0000 .0056 .0036

Current e-cigarette use .0000 .4366 .3703 .0000 .1846

Current hookah use .0000 .3398 .3385 .0779 .1862

Item-response probabilities were constrained to be equal across waves. Item-response probabilities > .6 in italics to facilitate interpretation of latent
statuses. The probability of a “no” response can be calculated by subtracting the item-response probabilities from 1
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& hookah experimenters statuses, relative to Non-users.
Students who reported wave one marijuana use were over
eight times more likely to be Poly-cigarette users (OR 8.33)
and Poly-experimenters (OR 8.19), and two to four times
more likely to be Hookah experimenters (OR 2.48) and
Hookah & e-cigarette experimenters (OR 3.46) than Non-
users. Alcohol use, binge drinking, and marijuana use did
not substantially differentiate the four user groups from one
another; however, there were some differences. Relative to
Hookah experimenters, Poly-cigarette users, Poly-
experimenters, and E-cigarette & hookah experimenters were
more likely to report binge drinking and marijuana use.
Compared to E-cigarette & hookah experimenters, Poly-cig-
arette users and Poly-experimenters were more likely to use
marijuana.

Race/ethnicity, age, and sex were weaker predictors of
product use profiles since the odds ratios for these covariates
were close to one in many comparisons. However, the overall
effects for Hispanic and Asian racial/ethnic categories, age,
and sex were significant (p < .0001). The largest observed
effects were for the comparison of Poly-cigarette users rela-
tive to other groups. Female students, relative to males, were
four to five times more likely to be Non-users, Poly-
experimenters, Hookah experimenters, and E-cigarette &
hookah experimenters compared to Poly-cigarette users.
Black, Asian, and other/multi-racial students, relative to white
students, were approximately two times more likely to belong
to other latent groups compared to Poly-cigarette users. Odds
ratios for predictors of status membership at wave one, with
each latent status serving as the reference group, are reported
in Table 4.

Table 5 displays transition probabilities (i.e., the probability
of transitioning from a given latent status to each of the five
latent statuses from wave one to wave two, from wave two to
wave three, and from wave three to wave four). Probabilities
along the diagonal (in italics) of each probability matrix, re-
flect the probability of student membership in the same latent
status across two consecutive waves. Non-users have a high
probability of remaining Non-users from wave one to wave
two (.92), from wave two to wave three (.94), and from wave
three to wave four (.97). Likewise, Poly-cigarette users have a
high probability of remaining Poly-cigarette users (1.00)
across all three transitions. The probabilities of remaining
Poly-experimenters across four waves were .90, .92, and
.97; for Hookah experimenters .93, .90, and .92; and for E-
cigarette & hookah experimenters .94, .97, 1.00. All groups
became more stable over time except Hookah experimenters
whose members were most likely to transition to Poly-ciga-
rette users, E-cigarette & hookah experimenters, and Poly-
experimenters. Non-users were most likely to transition to
Hookah experimenters and E-cigarette & hookah
experimenters. E-cigarette & hookah experimenters
transitioned to Poly-cigarette users and Poly-experimenters.

The greatest transition was from Poly-experimenters to Poly-
cigarette users with probabilities of .10, .08, and .03 for
transitioning between waves one and two, two and three,
and three and four, respectively.

Discussion

This study identified five unique latent profiles of tobacco and
nicotine product use behaviors among college students.
Consistent with prior research and expectations, we identified
a Non-users status, two “poly-user” statuses, Poly-cigarette
users and Poly-experimenters, and one status that was charac-
terized by high probabilities of both e-cigarette and hookah
use. In addition, we identified a status that was characterized
by hookah experimenters. The clustering of use into five sta-
tuses revealed college students’ use of tobacco and nicotine
products is characterized by experimentation and poly-use.
Three of the five latent statuses were labeled as “experi-
menters” since each of these groups was best characterized
by high probabilities of ever use and low probabilities of cur-
rent use. Only one class, Poly-cigarette users, could be char-
acterized by current use (i.e., had an item-response probability
greater than .60 for a current use item) and was labeled Poly-
cigarette users because members of this group were likely to
be current cigarette users and experimenters of other tobacco
and nicotine products. These findings are consistent with
those of Haardörfer et al. (2016) who identified latent classes
among college students characterized by poly-use. Our study
extends previous research by examining these patterns
longitudinally.

As hypothesized, profiles of use remained stable over
1.5 years since the greatest probability of transitioning
from one latent status to another was .10 for transitioning
from Poly-experimenters to Poly-cigarette users between
waves one and two (6 months). Although small, this prob-
ability represents approximately 137 students (10% of
Poly-experimenters) who transitioned from experimenting
with multiple tobacco and nicotine products to becoming
regular cigarette users, and over the 1.5-year study period,
a tota l of 279 students t rans i t ioned from Poly-
experimenters to Poly-cigarette users. Members of other
experimenter groups, Hookah experimenters and E-ciga-
rette & hookah experimenters, were also likely to transi-
tion to Poly-cigarette users. As such, the Poly-cigarette
users status remained perfectly stable over time (1.00)
and members of this group did not transition to other
groups over time (.00). Consistent with Huh and
Leventhal’s research, these findings indicate that, when
transitioning, young adults move to higher levels of tobac-
co use across time, especially from non-use or experimen-
tation of one or more products to past 30-day cigarette use
and other product use. There is concern about non-cigarette
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use leading to cigarette use since previous research has
provided evidence of this trend (Barrington-Trimis et al.
2016; Loukas et al. 2015; Loukas et al. 2018; Loukas
et al. 2019; Primack et al. 2017; Soneji et al. 2017).
Prevention programs are needed to educate young adults

about the consequences of poly-use, including increased
risk of nicotine dependence and substance use disorders
(HHS, 2004).

The results of this study suggest that for some people, ad-
diction may not be solidified until after young adulthood since

Table 4 Odds ratios for predictors of status membership at wave 1 with each latent group serving as the reference group (M-PACT; n = 5,482)

Covariate Non-users Poly-cigarette users Poly-experimenters Hookah experimenters E-cigarette & hookah experimenters

Race (White ref)

Hispanic* – 0.96 1.34 1.33 1.89

Asian* – 0.36 0.53 0.78 1.17

Black – 0.48 0.98 1.05 1.12

Other – 0.84 1.24 0.84 1.96

Age* – 1.34 1.18 1.20 1.00

Sex (male ref)* – 0.19 0.08 1.04 1.15

Alcohol use* – 2.81 3.82 2.77 3.30

Binge drinking* – 3.62 2.69 1.61 2.08

Marijuana use* – 8.33 8.19 2.48 3.46

Race (White ref)

Hispanic* – 1.39 1.37 1.96

Asian* – 1.45 2.11 3.17

Black – 2.02 2.16 2.30

Other – 1.47 1.57 2.33

Age* – 0.88 0.89 0.74

Sex (male ref)* – 4.06 5.27 5.81

Alcohol use* – 1.35 0.98 1.17

Binge drinking* – 0.73 0.44 0.57

Marijuana use* – 0.98 0.29 0.41

Race (White ref)

Hispanic* – 0.99 1.41

Asian* – 1.45 2.17

Black – 1.07 1.13

Other – 1.06 1.57

Age* – 1.01 0.84

Sex (male ref)* – 1.29 1.42

Alcohol use* – 0.72 0.86

Binge drinking* – 0.60 0.77

Marijuana use* – 0.30 0.42

Race (White ref) –

Hispanic* – 1.42

Asian* – 1.49

Black – 1.06

Other – 1.47

Age* – 0.83

Sex (male ref)* – 1.10

Alcohol use* – 1.19

Binge drinking* – 1.28

Marijuana use* – 1.39

Dashes indicate the reference status

*p < .0001 for the omnibus test for overall significance of a covariate on latent status membership
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experimentation with tobacco and nicotine products was more
common than regular use among students in our sample.
Although latent statuses remained relatively stable over time,
transitions between groups over time occurred in the direction
of experimentation to regular use of tobacco and nicotine
products. Other recent research has shown initiation of tobac-
co and nicotine products may no longer begin in youth as
widely believed, and young adults are more likely than youth
to initiate tobacco use (Perry et al. 2018; Thompson et al.
2017). Previously, regulatory efforts and prevention programs
have focused on reducing tobacco initiation among children
and adolescents with little focus on young adults (Lantz et al.
2000). However, Villanti et al. (2018) identified a critical need
to interrupt the escalation of risk behaviors occurring in young
adulthood. Similarly, our findings support the need for more
policies and programs focused on preventing young adult ini-
tiation of tobacco and nicotine products and preventing the
transition from experimentation to regular use.

Finally, study findings may help to determine which in-
dividuals, defined by their latent statuses of use, are most
likely to transition to heavier product use groups over time.
Predictors of latent statuses may provide insight as to the
risk factors associated with membership in latent statuses.

Osibogun et al. (2017) found that young adults who are
heavier drinkers and use marijuana are more likely to be
poly-tobacco users, compared to single product users. This
study revealed alcohol and marijuana use were significant
factors related to membership in tobacco and nicotine prod-
uct user groups compared to a non-user group, suggesting
prevention programs that target multiple tobacco and nico-
tine product use, as well as other substance use, may be
needed. Similar to Choi et al. (2018), our study revealed
latent profiles of tobacco use vary by demographic charac-
teristics. In our study, female students and students belong-
ing to minority racial/ethnic groups were more likely to be
non-users and experimenters, and not regular cigarette users.
These findings may inform regulatory policies and preven-
tion programs for young adults, especially as initiation of
tobacco use becomes more prominent among young adults.
Older students were also more likely to be tobacco and
nicotine product users than non-users. However, age may
be biased since older young adults (ages 26–29) were life-
time tobacco users, and those ages 18–25 were lifetime to-
bacco users and never users. More research is needed to
delineate the relationship between age and membership in
latent tobacco product use groups.

Table 5 Transition probabilities for a five latent status model of college student tobacco and nicotine product use (M-PACT, waves 1 through 4; n =
5,482)

Non-
users

Poly-cigarette
users

Poly-
experimenters

Hookah
experimenters

E-cigarette & hookah
experimenters

Probability of transitioning to ….
Conditional on…

… Wave 1 latent status … Wave 2 latent status

Non-users .9231 .0024 .0028 .0525 .0192

Poly-cigarette users .0000 1.0000 .0000 .0000 .0000

Poly-experimenters .0000 .0986 .9014 .0000 .0000

Hookah experimenters .0000 .0190 .0178 .9333 .0298

E-cigarette & hookah
experimenters

.0000 .0188 .0380 .0000 .9432

… Wave 2 latent status … Wave 3 latent status

Non-users .9355 .0014 .0011 .0407 .0214

Poly-cigarette users .0000 1.0000 .0000 .0000 .0000

Poly-experimenters .0000 .0802 .9198 .0000 .0000

Hookah experimenters .0000 .0146 .0351 .9020 .0484

E-cigarette & hookah
experimenters

.0000 .0000 .0318 .0000 .9682

… Wave 3 latent status … Wave 4 latent status

Non-users .9693 .0004 .0000 .0173 .0130

Poly-cigarette users .0000 1.0000 .0000 .0000 .0000

Poly-experimenters .0000 .0312 .9688 .0000 .0000

Hookah experimenters .0000 .0050 .0211 .9211 .0528

E-cigarette & hookah
experimenters

.0000 .0016 .0000 .0000 .9984

Diagonal transition probabilities in italics to facilitate interpretation
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Limitations

Study findings should be considered in the context of some
limitations. First, the study sample was drawn from 24 2- and
4-year Texas colleges, so findings are not generalizable to
other samples. Second, our sample is limited to college stu-
dents and does not include young adults who did not attend
college. However, our sample includes both 4-year University
and vocational students at 2-year colleges and is racially/
ethnically diverse. This is an important distinction of our study
since vocational students tend to have higher rates of tobacco
use and are more likely to be racial/ethnic minorities (Biener
et al. 2011; Loukas et al. 2008). Additionally, attrition analy-
ses revealed students who were eligible to participate at the
three follow-up waves but who did not participate were sig-
nificantly more likely to use tobacco and nicotine products.
This disproportionate drop-out suggests tobacco users may be
underrepresented in the study.

Another limitation is the short span of our study (1.5 years),
which may not be a long enough period of time to detect larger
transitions in product use profiles. Since transition probabili-
ties were small, we encountered estimation problems when
examining associations between covariates and transitions be-
tween waves. For this reason, we were only able to examine
predictors of latent class membership at wave one. In addition,
we utilized dichotomous tobacco use indicators which may
have resulted in a loss of information regarding levels of to-
bacco use. However, tobacco use is commonly dichotomized
in seminal studies that examine tobacco and other substance
use behavior patterns (Huh and Leventhal 2016; Simon et al.
2017; Tomczyk et al. 2016; Yu et al. 2018), and a more com-
plex model (i.e., indicators with more than two categories)
would produce model estimation problems. Future research
might examine trends in levels of multiple tobacco and nico-
tine product use among larger young adult samples. Finally, a
limitation of PROC LCA and PROC LTA is the inability to
test the significance of each odds ratio. Instead, an omnibus
test for the overall significance of each covariate is available.

Despite limitations, our study is one of few to examine
transitions over a period greater than 6 months. Future re-
search is needed to determine whether the high number of
experimenters in our sample become regular product users,
over a longer period of time. Additionally, future research
might evaluate other potential risk factors for latent group
membership that may inform regulatory policies and preven-
tion programs. Given that young adults are transitioning from
lower to higher use and membership in higher use groups are
predicted by other substance use, prevention programs that
target all types of substance use should be developed. These
types of programs should be developed and applied in the
college environment, given that the majority of young adults
attend college and young people spend an extended period of
time, up to 4 or more years, in college (U.S. Bureau of Labor

Statisitcs 2017). Finally, from a policy perspective, communi-
cation campaigns should target young adults to educate them
about the consequences of experimenting with tobacco use,
which includes poly-product use.
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