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development in polysubstance use among rural
middle school students: a latent class analysis
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Abstract

Background: Rural youth often begin developing polysubstance use and other risk behaviors during middle school.
However, little polysubstance use research focuses on rural middle school youth. Our research uses Latent Class
Analysis to understand existing patterns of rural middle school polysubstance use and risk and protective factors
associated with polysubstance use.

Methods: We used survey data from a rural middle school pregnancy prevention program (N=2,708). The survey
included measures of demographics, lifetime substance use, trauma (adverse childhood experiences and bullying
victimization) and aspects of youth development (parent communication on drugs and alcohol, parent connected-
ness and school connectedness). We used latent class analysis to produce participant polysubstance use profiles and
multinomial regression to examine associations between polysubstance use, demographics, trauma and aspects of
youth development.

Results: We categorized our participants into four latent classes. Our analysis classified 2.2% of participants as Regular
Polysubstance users, 6.9% as Polysubstance experimenters, 19% as Vape + Alcohol experimenters and 71.9% as Non-
Users. More adverse childhood experiences were associated with greater risk of polysubstance use and experimenta-
tion. Bullying was positively associated with greater risk of vape and alcohol experimentation. Higher reported paren-
tal and school connectedness were associated with lower risk of high frequency polysubstance use. Higher reported
school connection was also associated with lower risk of polysubstance experimentation.

Conclusion: Rural substance use prevention programs should begin during middle school, as polysubstance use
development is common among rural middle schoolers. These programs should be trauma informed and focus on
connectedness as a modifiable factor to reduce risk of polysubstance use development.

Trial registration: This article does not report results of a health care intervention on human participants.
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Background

The purpose of this paper is to characterize existing pat-
terns of rural middle school youth polysubstance use —
use of multiple substances concurrently—and identify
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Substance use often initiates during middle school, as
youth adopt and experiment with risk behaviors [1].
Young adults with substance use disorders frequently
report they initiated substance experimentation and
developed patterns of ongoing substance use during mid-
dle school years [2, 3]. Also important to prevention, it is
during middle school that young people develop positive
social skills and adopt protective behaviors, such as open
communication with parents, parent connectedness, and
school connectedness [4, 5].

Youth often begin experimenting with substances at
middle school ages [1]. Currently, one in four U.S. 8%
graders report using alcohol, a similar number vape,
nearly one in seven report using marijuana, one in eight
report using tobacco cigarettes and approximately one in
five report using other illicit substances [6]. Rural mid-
dle school youth are at particular risk for substance use
development. Rural youth often experience more social
isolation and have different access to substances, as
compared to urban youth, which may lead to patterns of
substance use development specific to their population.
Compared to urban and suburban youth, rural middle
school youth report higher rates of alcohol, tobacco and
marijuana use [7]. Most research with rural youth focuses
on a single substance, and little research examines pat-
terns of polysubstance use development among rural
youth. Understanding rural youth polysubstance use is
important, as youth substance use initiation is rarely iso-
lated to single substance use over time [8].

Polysubstance use emerges in various patterns across
middle school youth. For example, some youth are more
likely to experiment with only a small number of differ-
ent substances during middle school, while others may
develop a proclivity for regularly using a wide range of
substances by this time. This places importance on exam-
ining multiple groups or clusters of polysubstance use
behaviors across rural youth. Prior research has dem-
onstrated the utility of Latent Class Analysis (LCA) for
identifying the most likely patterns of polysubstance use
among different youth populations [9-12]. LCA is a per-
son-centered statistical approach, which assigns respond-
ents to unobserved latent classes based on patterns
within their responses. For example, Evans-Police et al.,
used LCA when researching tobacco, alcohol and other
substance use among college students to identify latent
classes such as “Non/Low Users’, “Polysubstance Users’,
etc. [13]. We use a similar LCA approach in this work to
group rural youth into the most likely classes based on
patterns of lifetime polysubstance use behaviors.

Prior research has demonstrated that risk and protec-
tive factors play an important role in rural youth poly-
substance use development. Among all youth, trauma,
such as bullying victimization and adverse childhood
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experiences (ACEs), are associated with increased risk
of overall substance use [14, 15], while protective fac-
tors, such as school and parental connectedness, often
are associated with lower youth substance use [4, 5]. The
influence of both trauma and protective factors on poly-
substance use development is important to examine,
as emphasizing these factors in adolescent prevention
efforts may reduce or slow rates of polysubstance use
development in early adulthood. Substance use preven-
tion programs built on positive youth development prin-
ciples incorporate these types of modifiable protective
factors. However, it is unclear whether common risk and
protective factors outlined in prior research maintain the
same relationships to polysubstance use in populations
of rural youth. Little research has examined accepted
youth risk and protective factors (e.g. trauma, connect-
edness) in relation to how they influence rural youth
polysubstance use specifically. Analyzing these factors in
rural youth populations can better inform rural preven-
tion programs, as they may display unique associations to
substance use development.

Accordingly, the focus of this research was to under-
stand existing patterns of polysubstance use among rural
middle schoolers using Latent Class Analysis (LCA); and
to examine relationships between demographic charac-
teristics, experiences with trauma, positive youth devel-
opmental factors and patterns of polysubstance use. We
aimed to expand on past research of rural substance use
by analyzing multiple concurrent substance use rather
than single substance use, and by testing relationships
between common risk/protective factors to see if dem-
onstrated relationships from other youth populations
are maintained in a rural youth population. We expected
that increased experiences with trauma would be associ-
ated with higher odds of polysubstance use (relative to
non-use), while increased positive youth developmen-
tal factors would be associated with lower odds of poly-
substance use (relative to non-use) among rural middle
schoolers.

Methods

Study design and sample

Predominantly white and Hispanic middle school stu-
dents living in a rural Midwestern low-to-middle income
county were recruited as part of an evidence-based
pregnancy prevention program between 2016 and 2020
(Table 1; N=2,708). Eligible participants were any stu-
dent enrolled in health classes at the selected high
schools between the years 2016 and 2020, who provided
informed consent (2016, N=672; 2017, N=647; 2018,
N=688; 2019, N=587; 2020, N=114). Participants
completed baseline paper surveys containing measures
of youth risk and protective factors. Each student gave
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Table 1 Participant characteristics among a sample of rural
middle school students (N=2078)

Characteristic Overall n (%)

or mean (SD)

Gender

Female 1,352 (51.0)

Male 1,297 (49.0)
Sexual Identity

Heterosexual 2,088 (89.4)

Sexual Minority 248 (10.6)
Grade

6th 941 (35.0)

7th 904 (33.5)

8th 847 (31.5)
Ethnicity

Non Hispanic or Latino 1,272 (48.6)

Hispanic or Latino 1,343 (514)
Language Spoken at Home

Only English 1,126 (42.1)

Mostly English 312(11.7)

English and another language equally 867 (324)

Mostly another language 275(10.3)

Only another language 92 (34)
Language Spoken With Friends

Only English 1,325 (49.8)

Mostly English 701 (26.4)

English and another language equally 568 (21.4)

Mostly another language 43(1.6)

Only another language 21(0.8)
Parent Communication on Drugs and Alcohol

Never 511 (41.1)

Once or Twice 339 (27.3)

Many Times 393 (31.6)
Adverse Childhood Experiences (Range: 0—8) 1.76 (1.89)
Bullying (Range: 0—24) 4.22 (4.59)
Parental Connectedness (0—20) 16.56 (4.89)
School Connectedness (0—20) 14.36 (3.21)
Vape Use (lifetime)

Never 2,053 (77.2)

1to 9 times 441 (16.6)

10 or more times 165 (6.2)
Tobacco Use (lifetime)

Never 2,339 (87.2)

1 to 9 times 268 (9.9)

10 or more times 74 (29
Alcohol Use (lifetime)

Never 1,734 (65.0)

1 to 9times 766 (28.8)

10 or more times 165 (6.2)
Marijuana Use (lifetime)

Never 2,402 (89.8)

1to9times 159 (6.0)
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Table 1 (continued)

Characteristic Overall n (%)

or mean (SD)

10 or more times 115 (4.2)
Synthetic Marijuana Use (lifetime)

Never 2,552 (95.9)

11to 9times 69 (2.6)

10 or more times 41(1.5)
Prescription Drug Use (lifetime)

Never 2,493 (93.1)

1109 times 155(5.9)

10 or more times 30 (1.0)
Inhalant Use (lifetime)

Never 2,468 (92.2)

11to 9times 174 (6.5)

10 or more times 35(1.3)
Injected lllegal Drugs (lifetime)

Never 2,652 (99.0)

1to 9times 19(0.7)

10 or more times 8(0.3)

SD Standard deviation

informed consent prior to the program start date, and
parents of participants were given information on the
survey and the ability to withdraw their child from the
pregnancy prevention program at any time. Those who
were withdrawn did not provide further surveys, how-
ever their already completed surveys were retained for
analysis. Participants could take the survey up to three
times, once in 6™ grade health class, once in 7" grade
health class, and once in 8" grade health class.

To maintain youth confidentiality and to adhere to
state mandated reporting laws about early adolescent
sexual behavior, surveys were anonymous and were not
linked across years. In lieu of identifying themselves on
the survey, youth were provided with resources and safe
spaces if they wanted to disclose. The Indiana University
Institutional Review Board and the Community Schools
of Frankfort School Board approved the prevention
program. Our analysis used data from items measuring
youth substance use, experiences with trauma, and pro-
tective factors.

Measures

Eight variables measuring substance use were incorpo-
rated in our analysis. Each measure was adapted from the
Center for Disease Control’s Youth Risk Behavior Survey.
Respondents were asked to report lifetime substance use,
“How often in your lifetime, have you.. “used and elec-
tronic vapor product,” tried any tobacco products,” had

at least one drink of alcohol, “used marijuana,” “used
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synthetic marijuana,” “taken prescription drugs without
a prescription,” “sniffed glue, breathed contents of spray
cans, or inhaled paints or sprays to get high,” and “used
a needle to inject illegal drugs” Responses for each item
included “Never,” “1 or 2 times,” “3 to 9 times, “10 to 19
times,” “20—39 times,” and “40 or more times” Responses
were recoded trichotomously during analysis to identify,
“Never,” “1 to 9 times,” and “10 or more times.
Demographic measures included: gender (male/
female/gender minority) recoded as (“Male” or “Female”),
sexual identity (heterosexual/sexual minority inclusive of
gay, lesbian bisexual, questioning or unsure), grade and
Hispanic/Latino ethnicity. We additionally measured
language most often spoken at home and with friends
(single five-point Likert-scale responses ranging from
“Only English” to “Only another language”). Measures
of trauma included adverse childhood experiences (eight
yes/no items, e.g., “have you ever lived with a parent or
guardian that died?”) and bullying (six items total, five-
point Likert-scale items, a=0.806; e.g., “How often in
the PAST 3 MONTHS have you been excluded from a
group or completely ignored?”). Measures of youth devel-
opment included parent connectedness [16] (five items
total, five-point Likert-scale items, a=0.927; e.g. “How
loved do you feel by your parent(s) or guardian(s) who
raised you?”), school connectedness [17] (five items total,
five-point Likert-scale items, a=0.803; e.g., “I am happy
to be at my school”’) and parent communication on drugs
and alcohol (one item, three-point Likert-scale item,
“How many times have you and a parent or guardian
talked about drug or alcohol use?’, ranging from “Never”

to “Many Times”).

Statistical analysis

Since multiple observations from the same participant
are correlated, all analyses used a robust standard error
to adjust for participants who had completed the survey
in multiple years. We used two statistical approaches
to analyze the data. First we perform LCA to produce
classes of rural youth polysubstance use. Second we use
multinomial logistic regression analysis to examine how
trauma and youth developmental factors affect latent
class membership. LCA modeling was executed using
MPlus version 7.1 and SPSS version 26 was used for all
data management, descriptive analyses and multinomial
logistic regression analyses.

Latent Class Analysis. We used LCA to group youth
based on response patterns across observed substance
use variables to produce unobserved youth substance use
profiles. Each participant is assigned probabilities of each
substance use behavior incorporated in the analysis and
placed into the best fitting latent class in relation to their
probabilities [18]. For further background on the LCA
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method and formulae used in this analysis, please see the
following citations [19-21]. For our study, substance use
profiles (latent classes) are based on probabilities across
substances used and display underlying patterns of youth
polysubstance use. LCA gave us the ability to compare
relative heterogeneity and homogeneity of respondents
according to their substance use profiles.

Our LCA began with determining the best class solu-
tion by evaluating across various statistical fit indices.
These included: Akaike Information Criterion (AIC),
Bayesian Information Criterion (BIC), Sample Size
Adjusted Bayesian Information Criterion (SSBIC), Lo-
Mendell-Rubin Likelihood ratio test (LMR) and entropy
[19]. As is necessary with LCA, we also employed theo-
retical reasoning to evaluate LCA models [20]. We used
an established substance use theory, as well as a logical
evaluation to ensure that the selected solution showed
logical relationships, contained relatively homogenous
classes and retained classes with high enough propor-
tions of the sample [21].

Multinomial Logistic Regression. Once the optimal
number of classes was established, we used multino-
mial logistic regression to analyze relationships between
demographics, trauma factors, youth development fac-
tors and latent class membership. Multinomial logistic
regression allowed us to compare classes in relation to
their associations with all included covariates. We con-
ducted one model in which “Non-Users” were used as the
reference category against the other three classes.

Results

Participants, trauma and youth development factors,

and substance use behaviors

Participants were 49% male, 51% female,<1% gender
minority, and 35% were in 6™ grade, 34% 7" grade, and
31% 8"grade (Table 1). Nearly half identified as His-
panic/Latino reflecting local population demographics,
and over half reported speaking at least some Spanish at
home or with friends. One in three respondents (32%)
reported that they have talked with parents about drugs
and alcohol “many times” in the past. The average num-
ber of adverse childhood experiences among our sample
was 1.76 (sd =1.89) experiences. Respondents on average
scored 16.6 (sd =4.9) out of 20.0 on the parent connect-
edness scale and 14.4 (sd=3.2) out of 20 on the school
connectedness scale, indicating moderate to high mean
levels of parent and school connectedness.

A high proportion abstained from ever using electronic
vapor products (77%), tobacco (87%), alcohol (65%) and
marijuana (90%), synthetic marijuana (96%), prescription
drugs (93%), inhalants (92%) or injected drugs (99%). The
most commonly used substance among our sample was



Zervos et al. BMC Public Health (2022) 22:2350

alcohol, with 29% using between one to nine times and
6% using ten or more times in their lives.

Latent class analysis

Model Selection. Table 2 represents the five class solu-
tions that we modeled, each containing a different num-
ber of total classes (size 2—6 class solutions). We first

Table 2 Statistical fit indices — 2 through 8 latent classes

Class AIC BIC SSBIC LMR Chi-sq Entropy
solution

2 13964248 14158.883 14054.032 3068.351*** 0.900

3 13368639 13663541 13504676  624.954*** 0.870

4 13270215 13665.383 13452503  131.446* 0.832

5 13239334 13734.769 13467.875 64.401 0.860

6 13222481 13818.183 13497.274 52.156 0.843

7 13215.779 13911.747 13536.825 40.407 0.858

8 13220463 14016.699 13587.762 30516 0.845

Chi-sq Chi Square test value produced with LMR test; *p <0.05, **p <0.01,
**%p <0.001
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evaluated class solutions based on five statistical fit
indices. We began by evaluating solutions using AIC,
BIC and SSBIC values. The three, four and five class
solutions retained the lowest values within the three
indices. We then looked for low and non-significant Lo-
Mendell-Rubin test values across solutions. The lowest
non-significant values retained for the seven and eight
class solutions. Finally we evaluated solutions for a high
entropy value. The two and three class solutions retained
the highest entropy, however the range of entropy values
from the smallest value (four class solution) to the high-
est value (two class solution) was rather negligible. Based
on evaluation across fit indices, as well as a logical assess-
ment of within class probabilities and sample size, and
reviewing substance use literature, we identified the four-
class solution as the optimal solution for our analysis.
Latent Classes. Table 3 displays within class sam-
ple proportions and probabilities of the four class solu-
tion. We assigned name labels to each class based on
the distribution of probabilities within classes. Class 1
(2.2% of final sample) presented the highest probabili-
ties of 10 or more lifetime uses of tobacco (0.559), vapes

Table 3 Four class solution—class probabilities for substance use in rural middle school students

Substance Frequency of Use Class 1: Regular Class 2: Vape + Alcohol Class 3: Polysubstance Class 4: Non-
Polysubstance Users Experimenters (18.98%) Experimenters (6.87%) Users (71.92%)
(2.23%)
Tobacco Never 0.106 0.755 0.242 1.000
110 9 times 0.335 0.234 0.593 0.000
10 or more times 0.559 0.012 0.165 0.000
Vape Never 0.019 0408 0.071 0.983
110 9 times 0.118 0.551 0.469 0.015
10 or more times 0.863 0.041 0.460 0.001
Alcohol Never 0.000 0.233 0.073 0.863
110 9 times 0.150 0.696 0619 0.130
10 or more times 0.850 0.070 0.308 0.007
Marijuana Never 0.000 0.908 0.195 0.997
1to 9 times 0.025 0.074 0.598 0.002
10 or more times 0.975 0.019 0.207 0.001
Synthetic Mar Never 0.251 0.991 0.693 0.999
110 9 times 0.132 0.009 0.300 0.001
10 or more times 0.617 0.000 0.007 0.000
RX Pills Never 0459 0.886 0.739 0.981
110 9 times 0.285 0.107 0.224 0.018
10 or more times 0.256 0.007 0.037 0.001
Inhalants Never 0.599 0.836 0.710 0.982
110 9 times 0.238 0.149 0.208 0.018
10 or more times 0.162 0.015 0.082 0.000
Injections Never 0.757 0.995 0.966 0.999
110 9 times 0.136 0.005 0.034 0.000
10 or more times 0.107 0.000 0.000 0.001
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(0.863), alcohol (0.850), marijuana (0.975) and synthetic
marijuana (0.617). Additionally, class 1 contained low
probabilities of ever using prescription drugs without a
prescription, inhalants or injecting drugs. This class was
labeled “Regular Polysubstance users” Class 2 (19% of
final sample) contained the highest probabilities of 1 to
9 lifetime uses of alcohol (0.696) and vapes (0.551). This
class also contained extremely low probabilities of ever
using any of the other six substances measures. Class
2 was labeled “Vape+ Alcohol experimenters” class 3
(6.9% of final sample) presented high probabilities of 1
to 9 lifetime uses of tobacco (0.593), vapes (0.469), alco-
hol (0.619) and marijuana (0.598). Class 3 contained
very low probabilities of using any of the other four sub-
stances measured. We labeled this class “Polysubstance
experimenters” Finally, Class 4 (71.9% of final sample)
contained the highest probabilities of never using any
of the eight substances measured. Class 4 was labeled
“Non-Users”

Multinomial logistic regression of covariates and class
membership

Tables 4 and 5, respectively, outline multinomial regres-
sion models analyzing predictive associations between
demographic characteristics, risk and protective factors
and polysubstance use classes of Regular Polysubstance
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Use compared to other use patterns and Non-Users com-
pared to other use patterns.

Demographics. Gender and sexual identity were not
associated with polysubstance use. Youth in higher grade
levels were significantly more likely to be Polysubstance
regular users, Polysubstance experimenters and Alco-
hol + Vape experimenters as compared to being Abstain-
ers. Additionally, youth in higher grade levels were
significantly more likely to be Polysubstance regular users
and Polysubstance experimenters as compared to being
Alcohol + Vape experimenters. Language acculturation
with friends was not associated with latent class mem-
bership. However, less English spoken at home was asso-
ciated with higher likelihood of being an Alcohol 4 Vape
experimenter as compared to being a Non-User.

Trauma and Youth Development Factors. Higher
cumulative ACEs were significantly associated with
greater likelihood of regular polysubstance use. For each
additional ACE experienced by a participant, the likeli-
hood of being a Polysubstance regular user increased
by 37.4% compared to being a Polysubstance experi-
menter, 56.8% compared to being an Alcohol+ Vape
experimenter and 97% compared to being a Non-User.
Compared to being an Non-User, each additional
ACE increased the likelihood of being a Polysubstance
experimenter by 43.4% and the likelihood of being an
Alcohol + Vape experimenter by 25.6%. Youth who

Table 4 Predictors of Regular Polysubstance Use compared to other use patterns in a sample of rural middle school students

Predictors % (N) or Mean (SD) Non-Users

Vape and Alcohol Experimenter Polysubstance Experimenters

Relative Risk Ratios [RRR] (95% Cl)

Gender (female) 488 (4471) 2.01(0.88 - 4.55) 2.19(0.95 - 5.06) 1.22(0.51-291)
Sexual identity (sexual minority) 114 (98) 0.82 (0.31 - 2.15) 0.43(0.15-1.18) 0.91(0.32 -263)
Grade

6th (referent) 33.5(289) - - -

7th 34.9(301) 0.26 (0.06 - 1.02) 0.38(0.09 - 1.49) 061(0.14-2.71)
8th 31.6 (272) 0.08 (0.02 - 0.31)*** 0.15(0.05 - 0.58)** 047 (0.11 - 1.98)
Ethnicity (Hispanic) 59.5(513) 1.01(0.37 -2.76) 0.87(0.32-137) 1.01(0.33 -3.06)
Mostly/all English spoken at home  49.7 (428) 3.12(1.16 - 8.36)* 1.16 (042 -3.17) 2.92(093-921)
(yes)

Mostly/all English spoken at with 72.5 (625) 1.22 (044 - 3.38) 1.08 (0.39 - 2.99) 092 (0.31-2.74)
friends (yes)

ACEs 1.76 (1.88) 0.50 (0.39 - 0.63)*** 0.63 (0.49 - 0.79)*** 0.71 (0.58 — 0.90)***
Bullying 422 (.56) 0.98 (0.90 - 1.06) 1.03(095-1.12) 1.00(0.91 - 1.09)
Drug or alcohol communication 0.48 (0.29 - 0.84)**  0.62 (0.36 - 1.08) 1.02 (0.58 - 1.82)
with parents

Never 36.9(318)

Once or Twice 29.5 (246)

Many times 298 (34.6)

Parent connectedness 16.5 (4.8) 1.11(1.04-1.19)**  1.09(1.02 - 1.25)** 1.08 (1.01 - 1.16)*
School Connectedness 144 (3.2) 1.21(1.08 - 1.36)** 1.12(1.01 - 1.25)* 1.04 (093 -1.17)

" p<.05;**p<.01; ***p <.001; Note: Nagelkerke R?=0.259
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Table 5 Predictors of Non-Use compared to other use patterns in a sample of rural middle school students

Predictors

% (N) or Mean (SD) Vape and Alcohol

Experimenter

Polysubstance
Experimenters

Relative Risk Ratios [RRR] (95% Cl)

Polysubstance Regular Users

0.61(0.35-1.04)
1.11(0.52 - 2.40)

2.33(1.07 - 5.10)*
5.68 (2.65 - 12.17)***
0.98 (041 - 2.34)

0.93 (0.38 - 2.26)

0.75(0.37-1.51)

1.42 (1.22 - 1.65)***
1.02 (0,96 - 1.10)
2.10 (1.51 - 2.91)***

049 (0.21 -1.13)
1.21 (046 -3.19)

3.79(0.97 - 14.7)

11.92 (31.7 - 44.75)***
0.97 (0.36 - 2.64)
0.32(0.12-0.85)*

0.81(0.29-2.25)

1.99 (1.58 — 2.52)***
1.02 (0.94 - 1.10)
2.04(1.18 - 3.41)*

Gender (female) 51.2 (539) 1.07 (0.74 - 1.55)
Sexual identity (sexual minor-  11.4 (98) 0.53(0.28-1.01)

ity)

Grade

6th (referent) 33.5(289) -

7th 349 (301) 1.45(0.94 - 2.26)

8th 31.6(272) 1.83(1.15-2.93)*
Ethnicity (Hispanic) 59.5(513) 0.85 (0.46 - 1.59)
Mostly/all English spoken at 50.1 (442) 0.37 (0.20 - 0.70)**
home (yes)

Mostly/all English spoken at 72.6 (640) 0.87 (0.57 - 1.34)
with friends (yes)

ACEs 1.76 (1.88) 1.26 (1.13 - 1.417)***
Bullying 4.22 (.56) 1.05(1.01 - 1.10)*
Parent communication about 1.28 (1.03 - 1.59)*
alcohol and drugs

Never 36.9(318)

Once or Twice 29.5 (246)

Many times 298 (34.6)

Parent connectedness 16.5 (4.8) 0.98 (0.94 - 1.02)
School Connectedness 144 (3.2) 0.92 (0.87 - 0.97)**

0.96 (091 - 1.26)
0.85 (0.78 - 0.94)**

0.89 (0.83 - 0.96)**
0.82(0.73 - 0.91)**

" p<.05; **p<.01; ***p < .001; Note: Nagelkerke R?=0.316

experienced more bullying and victimization were signif-
icantly more likely to be an Alcohol 4 Vape experimenter
as compared to being a Non-User.

More parental communication about drugs and alcohol
was associated with higher odds of being a Polysubstance
experimenter as compared to being an Alcohol + Vape
experimenter and an Abstainer. Additionally, more
parental communication about drugs and alcohol was
associated with higher odds of being a Polysubstance
regular user and an Alcohol+ Vape experimenter as
compared to being a Non-User. Finally, greater school
connectedness was associated with significantly lower
odds of being a Polysubstance regular user, Polysubstance
experimenter and an Alcohol+ Vape experimenter as
compared to being a Non-User. More school connection
was also associated with greater odds of being a Polysub-
stance regular user compared to being an Alcohol + Vape
experimenter.

Discussion

We identified four latent classes which describe pat-
terns of lifetime polysubstance use among rural middle
school students. Lifetime use of multiple substances was
common. Few middle schoolers were assigned to latent
classes based on regular polysubstance use (more than 9

lifetime uses per substance). Yet, nearly one in four mid-
dle schoolers were assigned to latent classes character-
ized by polysubstance use experimentation (between
1 and 9 lifetime uses per substance). These results are
consistent with the prevalence of single substance use
in the overall middle school population [6] and suggest
that initiation of multiple substance use in rural youth is
common during middle school years. This finding dem-
onstrates the importance of future rural substance use
prevention programs beginning during middle school,
as it is a time youth begin developing polysubstance use
behaviors. While rural substance use prevention pro-
grams often primarily focus on tobacco use, our results
show that a substantial proportion of rural youth begin
experimenting with a range of substances during middle
school (e.g. vapes, marijuana and alcohol). Based on this
finding, prevention programs should be comprehensive
in targeting a wide range substances with which rural
middle schoolers commonly experiment.

Relationships between demographic predictors and
rural middle school polysubstance use varied in our
results. While gender and sexual identity have been found
to be associated with polysubstance use during adoles-
cence [22, 23], these associations did not exist among
rural middle schoolers. A possible explanation for this
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difference is that gender and sexual identity is that the
frequency of participants identifying as gender or sexual
minorities was relatively low, which may have resulted in
statistical power too small to produce small or moderate
size effects. Positive associations between polysubstance
use and grade or age are shown in prior research [9] and
are expected as risk of substance use initiation and rou-
tinization increase during later stages of adolescence [3,
24]. Less family language acculturation (less English spo-
ken at home) was associated with higher probabilities
of alcohol and vape experimentation. Prior research has
demonstrated associations between linguistic accultura-
tion and substance use behaviors and attitudes [25-27].
However, these processes have rarely been examined in
rural middle school youth. More research is needed to
better understand how linguistic acculturation is associ-
ated with polysubstance use in rural youth.

As hypothesized, childhood experiences with trauma
were positively associated with higher levels of poly-
substance use initiation and routinization among rural
youth. Rural middle schoolers’ risk for regular polysub-
stance use and experimentation increased with each
additional ACE reported. This finding extends on past
research which has shown similar associations between
single substance use and traumatic experiences in the
overall youth population [14, 15]. Trauma has a negative
effect on overall youth development and mental health,
and has been shown to promote risk behaviors through-
out adolescence [28]. Youth who experience ACEs and
other significant trauma frequently begin using sub-
stances as a coping strategy and have often been exposed
to family substance use which can lead to youth repeat-
ing family substance use patterns [29]. As middle school
is a time characterized by the initiation of many common
risk behaviors, including polysubstance use, it is impor-
tant that rural middle school prevention programs are
well informed on the effects of past youth trauma.

Contrary to ACEs, experiences with bullying were only
positively associated with greater odds of polysubstance
use experimentation, rather than polysubstance use routi-
nization. However, the effect that experiences of bullying
had on polysubstance use experimentation was small. It is
possible that bullying may contribute less of an impact on
polysubstance use development during middle school years
than at later stages of rural adolescence (e.g. high school).
More research is needed to understand the relationship
between experiences with bullying and initial experimenta-
tion of multiple substances among rural youth.

Our findings suggest that rural middle school preven-
tion programs can target connectedness as a modifiable
protective factor against polysubstance use development.
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Rural middle schoolers with greater reported school
connectedness were at substantially lower risk for both
high frequency polysubstance use and polysubstance use
experimentation, while those with greater parental con-
nectedness were also at lower risk for high frequency
polysubstance use. Connectedness is a strong protective
factor against risk in early adolescent development. Youth
who perceive greater positive connection to their parents
and school environment are more likely to delay adopting
risk behaviors or never engage in some risky behaviors at
all [13]. Prevention programs can promote connected-
ness through school and family oriented strategies, such
as encouraging extracurricular activity participation (e.g.
school clubs) [30], creating a safe and supportive learning
environment [31], increasing parent-youth communica-
tion and support and providing positive mentor—mentee
relationships [32]. Future rural middle school prevention
programs should develop strategies to target protective
factors like connectedness which can be modified, rather
giving primary emphasis to unmodifiable factors such as
past trauma.

Our data was limited to retrospective self-reports
of lifetime substance use. Additionally, using only life-
time measures meant that we did not have the ability
to analyze the amount of time between instances of use
or how recently substances had been used. We did not
implement any survey items to measure access to sub-
stances. Our primary analytical method, LCA, carries
some inherent limitations. Researchers are responsible
for evaluating LCA models with a degree of subjectivity.
While we used logical reasoning and established research
to make our final model decisions, researcher bias could
have been introduced.

Conclusion

The development of polysubstance use is common during
middle school among rural youth. Rural youth substance
use prevention programs should begin during middle
school, as this is commonly a time for initiating polysub-
stance use behaviors. These programs should be trauma
informed, as experiences with trauma among rural youth
are significantly related to higher frequency polysub-
stance use. Modifiable protective factors, namely con-
nectedness, should be the primary focus of future rural
substance use interventions.

Abbreviations

LCA: Latent Class Analysis; ACEs: Adverse Childhood Experiences; AIC: Akaike
Information Criterion; BIC: Bayesian Information Criterion; SSBIC: Sample Size
Adjusted Bayesian Information Criterion; LMR: Lo-Mendell-Rubin Likelihood
Ratio Test.



Zervos et al. BMC Public Health (2022) 22:2350

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512889-022-14795-1.

Additional file 1.
Additional file 2.

Acknowledgements
Not applicable.

Authors’ contributions

AZ, DH and MO made substantial contributions in designing the hypotheses
and analyses, and in managing, analyzing and interpreting the data measuring
demographics, substance use, trauma and youth development. MO, AH and
RJ contributed in acquiring all data used in this research. AZ, DH and MO each
drafted substantial portions of the manuscript. All authors revised, read and
approved the final manuscript.

Funding

This work used data from a program supported by the Department of Health
and Human Services — Office of Adolescent Health [(6TP1AH000115-01-01)].
The Office of Adolescent Health did not have a role in the design of this study,
data collection, analysis, interpretation of data or in writing this manuscript.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article [and its supplementary information files].

Declarations

Ethics approval and consent to participate

The Indiana University Institutional Review Board and the Community Schools
of Frankfort School Board approved the program which produced the data for
this research. All methods were performed in accordance with the relevant
guidelines and regulations set forth by the Indiana University Institutional
Review Board. Informed consent was obtained from all participants and their
legal guardians.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Department of Pediatrics, Section of Adolescent Medicine, Indiana University
School of Medicine, 410 W. 10thStreet, Suite 1001, Indianapolis, IN 46202, USA.
2Health Care Education and Training, Inc, 1630 N. Meridian Street, Suite 430,
Indianapolis, IN 46202, USA.

Received: 8 March 2022 Accepted: 2 December 2022
Published online: 14 December 2022

References

1. Stanis JJ, Andersen SL. Reducing substance use during adolescence:

a translational framework for prevention. Psychopharmacology.
2014,231(8):1437-53.

2. Moss HB, Chen CM, Yi HY. Early adolescent patterns of alcohol, cigarettes,
and marijuana polysubstance use and young adult substance use
outcomes in a nationally representative sample. Drug Alcohol Depend.
2014;136:51-62.

3. Nelson SE, Van Ryzin MJ, Dishion TJ. Alcohol, marijuana, and tobacco use
trajectories from age 12 to 24 years: Demographic correlates and young
adult substance use problems. Dev Psychopathol. 2015;27(1):253-77.

20.

21.

22.

23.

24,

25.

26.

27.

Page 9 of 10

Rusby JC, Light JM, Crowley R, et al. Influence of parent-youth relation-
ship, parental monitoring, and parent substance use on adolescent
substance use onset. J Fam Psychol. 2018;32(3):310.

Meisel SN, Colder CR. Social goals impact adolescent substance use
through influencing adolescents’' connectedness to their schools. J Youth
Adolesc. 2017;46(9):2015-27.

National Institute of Health. Monitoring the Future Study: Trends in
Prevalence of Various Drugs. Bethesda: National Institute on Drug Abuse:
Advancing Addiction Science; 2020.

Warren JC, Smalley KB, Barefoot KN. Recent alcohol, tobacco, and sub-
stance use variations between rural and urban middle and high school
students. J Child Adolesc Subst Abuse. 2017,26(1):60-5.

Tomczyk S, Hanewinkel R, Isensee B. Multiple substance use patterns in
adolescents—a multilevel latent class analysis. Drug Alcohol Depend.
2015;155:208-14.

Morean ME, Kong G, Camenga DR, et al. Latent class analysis of current
e-cigarette and other substance use in high school students. Drug Alco-
hol Depend. 2016;161:292-7.

Evans-Polce R, Lanza S, Maggs J. Heterogeneity of alcohol, tobacco, and
other substance use behaviors in US college students: A latent class
analysis. Addict Behav. 2016;1(53):80-5.

. Valente JY, Cogo-Moreira H, Sanchez ZM. Gradient of association

between parenting styles and patterns of drug use in adolescence: a
latent class analysis. Drug Alcohol Depend. 2017;1(180):272-8.

Wu'S, Yan S, Marsiglia FF, Perron B. Patterns and social determinants of
substance use among Arizona Youth: a latent class analysis approach.
Child Youth Serv Rev. 2020;1(110):104769.

Lemkin A, Kistin CJ, Cabral HJ, et al. School connectedness and high
school graduation among maltreated youth. Child Abuse Negl.
2018;75:130-8.

Van Ryzin MJ, Roseth CJ. Peer influence processes as mediators of effects
of a middle school substance use prevention program. Addict Behav.
2018;85:180-5.

Afifi TO, Taillieu T, Salmon S, et al. Adverse childhood experiences (ACEs),
peer victimization, and substance use among adolescents. Child Abuse
Neglect. 2020;106:104504.

Resnick MD, Bearman PS, Blum, et al. Protecting adolescents from harm:
findings from the National Longitudinal Study on Adolescent Health.
JAMA 1997;278(10):823-832.

Furlong MJ, O'brennan LM, You S. Psychometric properties of the Add
Health School Connectedness Scale for 18 sociocultural groups. Psychol-
ogy in the Schools. 2011;48(10):986-97.

Grant RW, McCloskey J, Hatfield M, et al. Use of Latent Class Analysis and
k-Means Clustering to Identify Complex Patient Profiles. JAMA Netw
Open. 2020;3(12):e2029068-e2029068.

Lanza HI, Motlagh G, Orozco M. E-cigarette use among young adults: A
latent class analysis examining co-use and correlates of nicotine vaping.
Addict Behav. 2020;110: 106528.

Lanza ST, Bray BC, Collins LM. An introduction to latent class and latent
transition analysis; 2012. Handbook of Psychology, Second Edition.
Lanza ST, Rhoades BL. Latent class analysis: an alternative perspec-

tive on subgroup analysis in prevention and treatment. Prev Sci.
2013;14(2):157-68.

Coulter RW, Ware D, Fish JN, et al. Latent classes of polysubstance use
among adolescents in the United States: intersections of sexual identity
with sex, age, and race/ethnicity. LGBT health. 2019;6(3):116-25.
Dermody SS. Risk of polysubstance use among sexual minority and
heterosexual youth. Drug Alcohol Depend. 2018;192:38-44.

Schuler MS, Vasilenko SA, Lanza ST. Age-varying associations between
substance use behaviors and depressive symptoms during adolescence
and young adulthood. Drug Alcohol Depend. 2015;157:75-82.

Mercado A, Ramirez M, Sharma R, et al. Acculturation and substance
use in a Mexican American college student sample. J Ethn Subst Abuse.
2017;16(3):276-92.

Mills BA, Caetano R. Decomposing Associations Between Accultura-
tion and Drinking in Mexican Americans. Alcoholism. ClinExp Res.
2012;36(7):1205-11.

Marsiglia FF, Kulis S, Hussaini SK, Nieri TA, Becerra D. Gender differences in the
effect of linguistic acculturation on substance use among Mexican-origin
youth in the southwest United States. J Ethn Subst Abuse. 2010,9(1):40-63.


https://doi.org/10.1186/s12889-022-14795-1
https://doi.org/10.1186/s12889-022-14795-1

Zervos et al. BMC Public Health ~ (2022) 22:2350 Page 10 of 10

28. Cabanis M, Outadi A, Choi F. Early childhood trauma, substance use and
complex concurrent disorders among adolescents. Curr Opin Psychiatry.
2021;34(4):393-9.

29. Viner RM, Ozer EM, Denny S, et al. Adolescence and the social determi-
nants of health. The lancet. 2012,379(9826):1641-52.

30. Marraccini ME, Brier ZM. School connectedness and suicidal thoughts
and behaviors: A systematic meta-analysis. Sch Psychol Q. 2017;32(1):5.

31. Sieving RE, McRee AL, McMorris BJ, et al. Youth-adult connected-
ness: a key protective factor for adolescent health. Am J Prev Med.
2017,52(3):5275-8.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	The role of trauma and positive youth development in polysubstance use among rural middle school students: a latent class analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 
	Trial registration: 

	Background
	Methods
	Study design and sample
	Measures
	Statistical analysis

	Results
	Participants, trauma and youth development factors, and substance use behaviors
	Latent class analysis
	Multinomial logistic regression of covariates and class membership

	Discussion
	Conclusion
	Acknowledgements
	References


