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Abstract
Both substance use and obesity are prevalent among youth. As youth age, substance use rates
increase and over the past three decades, obesity rates among youth have tripled. While these two
factors have both short- and long-term health impacts, little research has explored how substance
use and obesity among youth may be related. This study explores the bi-directional longitudinal
relationships between substance use and body composition. Participants (N = 704; 50.7% female)
were mostly white (86.4%) with a baseline mean age of 14.7 years. Objectively measured body
composition was used to calculate body mass index z-scores (BMI z-score) and percent body fat.
Cross-lagged structural equation models, accounting for clustering at the school level, were run to
determine the longitudinal association between body composition and self-reported substance use
(alcohol, cigarette, and marijuana), adjusting for socio-demographic characteristics, pubertal
status, and weight satisfaction. Baseline alcohol use predicted decreased BMI z-score at follow-up
and a similar association with percent body fat approached significance. Baseline cigarette use
predicted increased percent body fat. No longitudinal associations were seen between baseline
body composition and future substance use. Our results suggest that substance use contributes to
subsequent body composition; however, body composition does not contribute to subsequent
substance use. Continued research that explores these relationships longitudinally is greatly
needed.
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Introduction
While the determinants of both substance use and obesity among youth have been well
established, little research has explored the relationships between substance use and obesity.
These two factors contribute to much of the disease burden in the US and other countries
and, as such, their interrelationships are important to understand. Problem Behavior Theory
suggests that traditional risk behaviors such as substance use and delinquency, or those
behaviors that are not sanctioned by society, tend to cluster together (Jessor and Jessor
1977). While research has focused on the clustering of these traditional “risky” behaviors, it
may be that additional factors should be considered in this behavioral cluster. Obesity, an
important public health threat, is one such factor. Obesity among youth has not typically
been thought of as a traditional risk behavior as youth substance use and delinquency
commonly are. However, just as substance use and delinquency are not sanctioned by
society, obesity may also fall into this domain. Therefore, we may need to re-conceptualize
our definition of “risky behavior” to include factors that put youth “at risk” for negative
health outcomes, such as obesity. In the present study, we propose that there are several
mechanisms by which substance use and obesity may be related and test, using longitudinal,
cross-lagged models, the directionality of these mechanisms.

As youth transition through adolescence, substance use becomes increasingly more
common. In 2010, 14% of eighth graders in the US reported using alcohol, 8% reported
using marijuana and 7% reported smoking cigarettes in the past month (Johnston et al.
2011). By the time youth reach 12th grade, these figures increase two- to three- fold; 41%
will have used alcohol in the past month, 19% will have used marijuana in the past month,
and 20% will have smoked cigarettes in the past month (Johnston et al. 2011). Although
some engagement in substance use may be expected as a result of the individuation that
occurs during adolescence, overall experimentation may be harmful in that experimentation
with substance use may become problematic when individuals choose to use alcohol or
marijuana as a means of coping with stressful situations.

As obesity rates among youth continue to remain high with 32% of adolescents in the US
being overweight or obese (Ogden et al. 2010), it is important to also examine the co-
occurrence of obesity and substance use. Overweight in youth has been defined as having a
body mass index (BMI) for age and gender between the 85th and 95th percentile and obesity
is defined as a BMI for age and gender greater than the 95th percentile (Ogden et al. 2010).
Relatively little is known about the longitudinal associations of body composition and these
prevalent youth substance use behaviors. Only recently have researchers begun to explore
the relationship between weight status and the multiple risk factors that tend to co-occur
among adolescents. Positive associations have been found between BMI and alcohol,
cigarette and marijuana use (Farhat et al. 2010; Fonseca et al. 2009; Pasch et al. 2008).
Fonseca et al. (2009) conducted a cross-sectional study to identify lifestyle factors that
would differentiate overweight and obese adolescents from their peers (Fonseca et al. 2009).
Using self-reported measures of height and weight to calculate BMI, the researchers found
that obese teens were significantly more likely to report engaging in daily alcohol use than
their healthy weight peers. Similar cross-sectional research from Farhat et al. (2010) found
frequent drinking and smoking were more prevalent among younger overweight and obese
girls (age <15) and older obese girls (age ≥15), compared to similar aged healthy weight
counterparts, while marijuana use was more common among younger overweight girls,
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compared to healthy weight girls (Farhat et al. 2010). Other work from Pasch et al. (2008)
found that significant cross-sectional associations between self-reported BMI and substance
use (binge drinking and alcohol, tobacco, and other drug use) were not present among 7th
graders, but were detected a year and a half later, among 8th grade students (Pasch et al.
2008). While these cross-sectional associations do establish the inter-relatedness of body
composition and substance use, longitudinal models are needed which help to determine
directionality of the casual relationships.

The relationship between youth substance use and body composition may develop through
several mechanisms. One possible mechanism is that overweight and obese adolescents may
use substances as a way to cope with the negative social and emotional consequences of
being overweight or obese (coping model). In cross-sectional work, overweight and obese
youth have been found to be victims of aggression and weight stigmatization, particularly by
their peers (Pearce et al. 2002). Other research has found that nearly one-quarter to one-third
of all adolescents have been teased about their weight (Neumark-Sztainer et al. 2002);
however, among adolescents with the highest BMI, nearly one-half to two-thirds had been
teased about their weight (Neumark-Sztainer et al. 2002). Such stigmatization could
exacerbate the already difficult transition into adolescence by hindering social and emotional
growth, especially since adolescents become increasingly reliant on their peers for support
during this time.

Another mechanism that could explain how being overweight may increase the risk for
smoking and substance use is through the use of cigarettes as a weight control strategy
(weight control model). Many studies have examined the relationship between weight status
and smoking. For example, Caria et al. (2009) studied the association between weight and
smoking initiation in a 7-year prospective cohort study of middle adolescents (Caria et al.
2009). Using both objective and subjective reports of weight and self-reported smoking
status, the researchers found that overweight was not associated with smoking initiation
among males. However, among females, being overweight at baseline was significantly
associated with smoking initiation. Other research has found that being overweight is
predictive of smoking continuation. For example, research from O'Loughlin et al. (1998)
found that weight status was not associated with smoking initiation among a sample of 9–12
year olds (O'Loughlin et al. 1998); however, among girls who had ever smoked, those who
were overweight were 3.5 times more likely to continue smoking than their non-overweight
counterparts. In addition, longitudinal research has shown that adolescent males with higher
self-reported BMIs were more likely to smoke as young adults, but the same relationship
was not found among females (Koval et al. 2008). In a sample of Dutch adolescents, weight
control motivations for smoking significantly predicted the onset of smoking (Harakeh et al.
2010). Smoking as a weight control strategy is of particular concern given the many
negative outcomes associated with cigarette use (United States Department of Health and
Human Services 2000).

While research has found that overweight youth may use smoking as a weight control
strategy, little research has explored how increased substance use, especially alcohol and
marijuana use, may increase the risk of future weight gains (weight gain model). Alcohol
may have an effect on energy balance as calories in alcohol could lead to weight gain over
time. A recent systematic literature review conducted by the Dietary Guidelines Advisory
Committee indicated that, among adults, moderate drinking is not associated with weight
gain, but heavier consumption over longer periods of time may be associated with such
gains (United States Department of Agriculture 2010). Marijuana use has been linked to
increased appetite leading to over-consumption of calories (Kirkham 2005; Kirkham and
Williams 2001). Additionally, marijuana use may decrease inhibitions which could result in
excessive calorie intake or, alternatively, marijuana use may dull the incentive to be
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physically active. Given these outcomes associated with cigarette and marijuana use, it is
important that research explores how the use of these substances may be related to
subsequent changes in body composition.

Finally, another less explored mechanism for the relationships between substance use and
body composition is that engagement in substance use may be the first stages in the
development of a risk profile that makes youth more likely to also engage in other health
compromising behaviors such as poor eating and activity-related behaviors (risk profile
model). While not typically considered risky behaviors, poor eating and activity-related
behaviors do put youth at risk for health problems later in life. As such, it may be necessary
to consider lifestyle behaviors, along with substance use behaviors, as behaviors that put
youth at risk of experiencing other health problems. In a longitudinal study of approximately
3,000 7th grade youth who were followed over 1.5 years, self-reported BMI in 7th grade
was not predictive of substance use in 8th grade, however, 7th grade substance use was
positively associated with 8th grade BMI. Specifically, alcohol, tobacco, and other drug use
as well as fighting and depression were significant predictors of increased BMI in 8th grade
(Pasch et al. 2008). These findings suggest that youth who engage in substance use at an
early age may be at heightened risk for also engaging in obesity-related behaviors later in
adolescence. Similarly, previous work from Lytle et al. (1995), which used serial cross-
sectional samples over a 7-year period, found that smoking, poor food choices, and lower
activity patterns clustered together among adolescents; prevalence rates for weekly smoking
among 12th grade males were 8.8 times higher among males reporting poor eating and
activity levels as compared to males reporting healthy eating and activity (Lytle et al. 1995).
Additionally, cigarette and marijuana use have been found to result in poorer lung
functioning (Gold et al. 1996; Hall and Degenhardt 2009) and this reduced lung function
may affect youth's levels of physical activity, thus putting them at increased risk for obesity.
While socio-economic status may be one explanation for these associations, there may be
other possible mechanisms at play. In research by Laska et al. (2009), latent class analysis
was used and found similar behavioral patterning of traditional risk and weight behaviors
among young adult males and females (Laska et al. 2009), suggesting that health risk and
lifestyle behaviors may be related. Further, early substance use also may encourage social
connections with other youth who take risks, including overeating and being more
sedentary, or early substance use may be isolating, distancing the youth who uses substances
from healthy normative influences to take care of oneself.

Overall, however, previous research examining the relationships between body composition
and substance use is limited. First, much of the research conducted has used cross-sectional
study designs. While useful in establishing associations, the nature of the data for these
studies does not allow for causal inferences to be made for the relationships found or for an
examination of the change and/or stability of the behavior over time. Additionally, cross-
sectional research does not allow for the exploration of the longitudinal bi-directional
relationships between body composition and substance use. For example, body composition
may influence substance use and substance use may influence composition. Third, both
cross-sectional and longitudinal studies have tended to rely on self-reported measures of
height and weight in calculating BMI. Although previous research has found these measures
to be highly correlated with objectively measured height and weight (Goodman et al. 2000;
Sherry et al. 2007), important biases and differential reporting errors may exist in these data.
In addition, it is also possible that measures of body fat may be better predictors of future
morbidity than BMI (Lahmann et al. 2002), however, previous work has focused primarily
on BMI. Thus, objective body composition measures, which include both BMI and body fat,
collected by trained professionals may provide more valid and robust findings. Finally,
substance use in adolescence is highly clustered (Donovan et al. 1988; Jessor and Jessor
1977) and previous work has not accounted for the co-variation present among substance
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use behaviors. Therefore, understanding the bi-directional relationships between substance
use and obesity will help to develop interventions which target the pre-cursors to the
behaviors (substance use or obesity) which put youth at risk for future health problems.

Hypotheses
The purpose of the current study was to determine the bi-directional, longitudinal
associations between objective measures of body composition and youth substance use.
Using longitudinal analysis, we are able to add to our understanding of the causal pathways
through which these behaviors develop. Specifically, the following research questions were
examined. First, does body composition, assessed using objectively measured height and
weight predict youth substance use 2 years later? Second, do substance use behaviors predict
body composition 2 years later? We hypothesize that substance use and body composition
will be associated. Specifically, body composition will predict changes in substance use
through one of two mechanisms, the coping model or the weight-control model. Substance
use will predict changes in body composition through one of two mechanisms, the weight
gain model and the risk profile model. The limited longitudinal research in this area suggests
that the weight gain or risk profile models are the most likely pathways.

Methods
Participants

Participants in this study are from two independent longitudinal samples of adolescents and
one parent who took part in either the IDEA (Identifying the Determinants of Eating and
Activity) or ECHO (Etiology of Childhood Obesity) cohort studies, both of which were
conducted in the Twin Cities Metropolitan Area of Minnesota. IDEA and ECHO were both
2-year longitudinal studies whose purpose was to understand the social and environmental
influences on unhealthy weight gain during adolescence (Lytle 2009). Baseline data for the
present study were collected in 2006–2007 (IDEA) and 2007–2008 (ECHO) and follow-up
data collected in 2008–2009 (IDEA) and 2009–2010 (ECHO). For both studies, parent/
adolescent pairs were excluded from participating in either study if they planned to move
from the area in the next 3 years, had a medical condition that affected their growth (e.g.,
hypo/hyperthyroidism), were non-English speaking, and/or had any other physical or
emotional condition that would affect their diet/activity levels or make it difficult to
complete surveys or measurements.

IDEA participants were recruited from (1) an existing cohort of youth participating in the
Minnesota Adolescent Community Cohort (MACC) Tobacco Study (Widome et al. 2007),
(2) a Minnesota Department of Motor Vehicle (DMV) list restricted to the 7-county metro
area, and (3) a convenience sample drawn from local communities. The MACC cohort was
recruited from a random sample of 60 geographical and political units (GPU) (out of a total
of 129) which were created to provide a sample of the local tobacco control environments in
Minnesota. A total of 3,637 teens divided into five cohorts based on initial age (i.e., 12, 13,
14, 15, 16) with each cohort having approximately 725 youth were recruited and followed
over time. Recruitment letters for the IDEA study were mailed to the MACC cohort and
their age-eligible siblings beginning in August 2006 and continuing through March 2007. In
total, 506 letters were sent to the MACC cohort/siblings. The DMV sample included youth
ages 14–17 who applied for a learner's permit or driver's license through the State of
Minnesota. After obtaining the DMV list, the MACC Study data programmer provided a list
of the 49 zip codes in the seven-county Twin Cities Metro area. Based on the age criteria
(and corresponding birth date ranges) in the 49 zip codes provided, the Data Collection and
Support Services department in the Division of Epidemiology and Community Health at the
University of Minnesota drew a random sample of 2,877 youth from the DMV list.
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Recruitment letters mailed to the DMV sample began in July 2006 and continued through
October 2006. The convenience sample was recruited in several ways: (1) current
participants were asked to tell friends, colleagues and family members with age-eligible
children about the study and to pass on contact information to the TREC IDEA recruitment
coordinator; (2) recruitment flyers were sent to the Minneapolis Park and Recreation Board
and posted at several parks in the Minneapolis area; (3) a Boy Scout troop leader requested
flyers at an event and passed them out to his troop; and (4) TREC IDEA staff members
distributed fliers at a local high school's parent-teacher conferences and distributed an e-mail
announcement to a group of parent volunteers from the local middle school.

As a result of these recruitment efforts, a total of 26% of the youth were recruited from the
MACC cohort, 49% were recruited from the DMV sample, and 25% were recruited from the
convenience sample. The recruitment rate was 18% and 6% for the MACC and DMV
samples, respectively; however, a recruitment rate cannot be calculated for the convenience
sample because the denominator is unknown. Participants in the IDEA study (n = 349) were
adolescents ranging in age from 10.8 to 17.7, and were 50.7% female, 93.6% White, 1.5%
African–American, 0.3% Asian and 4.6% other race/ethnicity. A total of 328 adolescents in
the IDEA study completed both the baseline and 2 year follow-up surveys, a 94% response
rate.

The ECHO study (n = 374) also included adolescents (ages 11.0–17.6) from the same
catchment area as the IDEA study. However, in the ECHO study, participants were recruited
from the membership of HealthPartners® (HP) health plan from within the seven-county
metropolitan area of Minneapolis/St. Paul, Minnesota. The recruitment strategy was
designed to recruit a racially-diverse sample of adolescents that represented both healthy
weight and overweight individuals. To be eligible for enrollment, youth were required to be
current HP members, in grades 6th through 11 in the fall of 2007, living in one of the
randomly selected middle or high-school districts included in the sample, have a parent
willing to participate and be willing to allow their names and contact information to be sent
from HP to the study team at the University of Minnesota for further eligibility screening,
consent and measurement. A total of 374 parent/adolescent dyads were recruited; 33% of
parent/adolescent dyads had an overweight parent and normal weight adolescent, 9% had a
normal-weight parent and an overweight adolescent, 32% had a parent- adolescent
concordance for normal weight and 26% concordant for overweight. Of these dyads, 27%
represented racial or ethnic minorities. Study participants in ECHO were 51.5% female,
79.4% White, 10.0% African–American, 1.7% Asian, 0.3% Native Hawaiian/Pacific
Islander, 0.8% American Indian, and 7.8% other race/ethnicity. A total of 320 adolescents in
the ECHO study completed both the baseline and 2 year follow-up surveys, resulting in an
85.6% response rate.

The measures collected in both the IDEA and ECHO studies were identical for all
participants. Using identical measures was done for the purpose of combining data from the
two studies in order to provide a larger, more racially and economically diverse sample.
However, the ECHO study recruitment did focus on a representative sample for weight,
therefore the two samples do differ significantly on body mass index z-score and baseline
percentage body fat. Table 1 includes demographic data for each sample at baseline and
two-year follow-up, as well as for the combined sample. The combined sample included 723
adolescents. Adolescent participants were 14.7 years of age on average at baseline,
approximately 49% were male, 86.4% were White, 5.3% African–American, 1% Asian,
0.1% Native Hawaiian/Pacific Islander, 0.4% American Indian, 6.3% other race/ethnicity
and 12% received free or reduced cost lunch. Approximately 5% of the sample indicated
they were of Latino or Hispanic or Mexican–American or Spanish origin in a separate
question similar to the question used in the US Census. The present study uses cohort data
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from baseline and the two-year follow-up. All study protocols were approved by the
University of Minnesota Institutional Review Board.

Measures
Youth and one parent attended a visit at the Epidemiology Clinical Research Center at the
University of Minnesota to complete self-reported surveys and to have their height and
weight objectively measured by trained clinic staff. At the start of the visit, parents and
youth were both given informed consent/assent forms to read and sign. Youth completed a
self-report survey, in a separate room from their parents, which included questions on
substance use as part of a larger survey to assess a broad range of adolescent health
behaviors as well as the etiology of child/adolescent obesity. Each survey was identified
only by the youth's identification number. Parents also completed a self-report survey,
however, only a measure of parental education from this survey was used for the present
study. Trained staff also measured each participant's height using a Shorr height board
(Irwin Shorr, Olney, MD), and weight and percentage body fat using a Tanita scale, a
bioelectrical impedance device that assesses body weight, lean and fat mass
(TanitaTBF-300A Body Composition Analyzer, Arlington Heights, IL).

Body Mass Index Z-Score—The objectively measured height and weight values were
transformed into body mass index for age z-scores (BMI z-score) using national reference
data (Kuczmarksi et al. 2002). A BMI z-score represents body measurements in standard
deviation units, or deviations from the mean. BMI z-score allows for the comparison across
ages as well as the relative weight status of youth at the distribution extremes (Kuczmarksi
et al. 2002).

Percentage Body Fat—Percentage body fat (percent body fat) was measured directly on
the Tanita scale. The scale provided a print out of the percent body fat value for each youth.

Tobacco Use—Past month smoking was assessed with one question that asked how much
the student currently smoked with 10 response options ranging from “I don't smoke” to “a
pack or more each day.” This item has been used previously with youth (Johnston et al.
1998). To create a past month smoking item, the response options were recoded so that those
who indicated any cigarette smoking in the past month were coded as “1” and all others
were coded as “0.”

Alcohol Use—To assess alcohol use, students completed one question which asked how
many times in the past month they had alcohol to drink, including beer, wine, and liquor, but
not including sips, with response options ranging from 0 to 40 or more times (Johnston et al.
1998). The response options were recoded so that students who had used any alcohol in the
past month were assigned a “1” and all other students were assigned a “0.”

Marijuana Use—To assess marijuana use, students were asked to report the number of
times they used marijuana in the past month with response options ranging from 0 to 40 or
more times (Johnston et al. 1998). The response options were recoded so that all students
who indicated any marijuana use in the past month were assigned a “1” and all other
students were assigned a “0.”

Socio-Economic Status—Socio-economic status was measured using a proxy of parent's
highest level of education and was assessed on the parent survey. This one item question
asked “Among all of the adults in your home, what is the highest level of education
completed?” Response options included “Did not finish high school,” “Finished high school
(or got a GED),” “Went to vocational school (computer/electrician/mechanic/healthcare/
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beauty school),” “Took some college (but did not graduate),” “Graduated from college or a
university,” “Professional training beyond a four-year college degree.” Socio-economic
status was used as a continuous covariate (values 1–6) due to previously documented
associations with both substance use (Goodman and Huang 2002) and body composition
(Murasko 2011).

Race/Ethnicity—Race/ethnicity was measured with one item asking “Do you think of
yourself as…? (Check ALL that apply).” Response options included “White,” “Black or
African– American,” “Asian,” “Native Hawaiian or other Pacific Islander,” “American
Indian or Alaskan Native,” “Other,” and “I don't know.” Race was dichotomized into White/
Non-White. Race was included as a covariate as there are racial/ethnic differences in both
substance use (Shih et al. 2010) and body composition (Flegal et al. 2010; Freedman et al.
2008).

Pubertal Development—Pubertal development was measured with the 5-item self-report
Pubertal Development Scale (Petersen et al. 1988) and was included as a continuous
covariate due to previous associations with both substance use and body composition
(Patton and Viner 2007).

Weight Satisfaction—Weight satisfaction was measured with one item, which asked the
student how satisfied s/he was with her/his weight. Response options ranged from very
dissatisfied to very satisfied and this variable was included as a continuous covariate (values
of 1–5) as weight satisfaction has been associated with substance use (Page et al. 1995) and
body composition (van den Berg et al. 2010).

Gender—Gender was assessed with one question where the youth indicated if s/he was
male or female and was coded with female = 1 and male = 0. Gender differences have been
found for both substance use (Eaton et al. 2010) and body composition (Ogden et al. 2010).

Age—Youth completed a question which asked them to indicate their birthdates including
day, month, and year. Age at the time of survey completion was then calculated by
subtracting the birthdate from the date of the survey and used as a continuous covariate due
to differences in age for both substance use (Eaton et al. 2010) and body composition
(Ogden et al. 2010).

Analysis
Data Analyses—An autoregressive cross-lagged (ARCL) model was tested using MPlus
6.1 (Muthen and Muthen 1998–2010) to determine the bi-directional relationship between
body composition and substance use (Bollen and Curran 2006). This type of structural
equation model tests the significance of the cross-lagged paths (i.e., baseline substance use
to follow-up body composition and baseline body composition to follow-up substance use)
while controlling for across-time stability of the variables of interest as well as covariates.
One model was fit, with both body composition variables (BMI z-score and percent body
fat) and all three substance use variables (cigarettes, alcohol, and marijuana). Cross-lagged
paths were tested by estimating six paths from each Wave 1 body composition variable to
the three Wave 2 substance use variables (cigarettes, alcohol, and marijuana) and by
estimating six paths from the three Wave 1 substance use variables to each of the Wave 2
body composition variables. Cross-stability paths were tested by estimating five paths from
the two Wave 1 body composition and three substance use variables to the equivalent Wave
2 variables. The interpretation of the cross-lagged paths is thus the influence of the baseline
measure “above and beyond the influence” of the cross-stability path (Bollen and Curran
2006). The covariates of interest were controlled for by adding paths to the Wave 1 body
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composition and substance use measures. The two body composition variables were allowed
to co-vary at each wave and the three substance use measures were allowed to co-vary at
each wave (Fig. 1).

MPlus is able to include both dichotomous (substance use) and continuous (body
composition) variables as outcomes, but to accommodate for the dichotomous outcomes the
weighted least-squares with mean and variance adjustment (WLSMV) estimator was used,
an estimator shown to be more optimal for categorical outcomes (Muthen et al. 1997).
Participants missing information on the exogenous covariates were excluded from analyses
(N = 19), resulting in a final sample size of 704. Several criteria were used to assess the fit
of the two models: the X2 statistic; the Tucker-Lewis Index (TLI) and the Comparative Fit
Index (CFI), both of which are recommended to be .95 or higher; and the Root Mean
Squared Error of Approximation (RMSEA), which is recommended to be .06 or lower (Hu
and Bentler 1999).

Results
At baseline, the average BMI z-score was 0.40, which increased slightly by the time of
follow-up 2 years later to 0.42 (see Table 1). Percent body fat also increased slightly from
baseline to follow-up from 21.46% to 22.17%. Based on BMIs, approximately 24% of the
participants would be considered overweight or obese at baseline and 25% overweight or
obese at follow-up. At baseline, all substance use behaviors in the past month had a
relatively low prevalence (5.1% cigarette use, 11.7% alcohol use, and 3.1% marijuana use).
At the time of follow-up 2 years later, however, past month cigarette use increased to 15%,
alcohol use increased to 36.8% and marijuana use increased to 13.1%.

Correlations Between Study Variables
The correlations between body composition, substance use, and the covariates are presented
in Table 2. BMI z-score and percent body fat were highly correlated at both Waves 1 and 2.
BMI z-score at Wave 1 was positively associated with cigarette use at Wave 2, but all other
associations between body composition and substance use were non-significant.

Auto-Regressive Cross-Lagged Model Results
The fit of the ARCL model was excellent [X2 = 66.12 (50, p = .06), CFI = .99, TLI = .99,
RMSEA = .02 (CI = .000, .034)]. All of the stability paths (or the paths between the baseline
and follow-up levels of the same variable) were significant and positive (Table 3). All of the
substance use variables were significantly positively associated with each other at both
Waves 1 and 2 and the two body composition variables were significantly positively
associated at both waves (covariance paths). Controlling for all other variables in the model,
age, gender, race, pubertal status, and weight satisfaction were all significantly correlated
with body composition. Age was negatively associated with BMI z-score and percent body
fat and females had lower BMI z-scores but higher percent body fat than males, White
adolescents had lower BMI z-scores and percent body fat than non-White adolescents, BMI
z-scores and percent body fat increased with increasing pubertal status, and as BMI z-scores
and percent body fat increased, weight satisfaction decreased. Parental education was not
related to BMI z-scores, but was negatively associated with percent body fat, such that
adolescents whose parents had a higher education level had a lower percent body fat. Age
was positively associated with all three substance use variables, and gender was significantly
associated with cigarette and marijuana use, such that females were less likely to be using
than males. Pubertal status was significantly positively associated with cigarette use, while
weight satisfaction was significantly negatively associated with cigarette and marijuana use.
Furthermore, parent education was significantly negatively associated with alcohol use.
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None of the cross-lagged paths from Wave 1 body composition (BMI z-score or percent
body fat) to substance use were significant. Only one path from Wave 1 substance use to
Wave 2 BMI z-score was significant; adolescents who used alcohol at Wave 1 had a lower
BMI z-score at Wave 2 compared with adolescents who did not use alcohol at Wave 1,
controlling for all other paths (β = −.18, p = .02). One path from Wave 1 substance use to
Wave 2 percent body fat was significant; adolescents who smoked cigarettes at Wave 1 had
a higher percent body fat at Wave 2 compared with adolescents who did not smoke
cigarettes (β = .24, p = .01). Also, the path between Wave 1 alcohol use and Wave 2 percent
body fat approached significance, in the same direction as BMI z-score (β = −.14, p = .07).

Discussion
Adolescence is a time of change and exploration as well as a time when youth begin to
develop autonomy and make their own decisions. As such, there are many challenges
adolescents face when trying to make healthy decisions. Engagement in substance use and
risk of obesity are two such challenges. As substance use and obesity are prevalent in the
lives of many adolescents, it is important to understand how they may be related, however,
limited research has explored their inter-relatedness. To our knowledge, this study is the first
study to explore the longitudinal, bi-directional relationships between objectively measured
body composition, including BMI z-score and percent body fat, and youth substance use,
controlling for the co-variation between substance use behaviors. Several proposed
mechanisms for the association between substance use and obesity were advanced: the
coping model, weight control model, weight gain model, and the risk profile model.
Findings suggest that the weight gain model fit best for cigarette use, as current cigarette use
at baseline predicted subsequent increases in percent body fat. In contrast to our hypotheses
and the proposed mechanisms, alcohol use predicted decreases in BMI z-score and a similar
relationship approached significance for percent body fat. While not completely in-line with
our suggested hypotheses, findings from this study begin to elucidate the substance use/
obesity relationship.

Similar to previous longitudinal research (Pasch et al. 2008), measures of body composition
did not predict engagement in substance use 2 years later. These non-significant findings
suggest that overweight or obese youth are not more likely to engage in subsequent
substance use. However, this study found that cigarette smoking at baseline significantly
predicted increased percent body fat, but not an increase in BMI 2 years later. The
relationship between smoking and percent body fat was significant after controlling for
several covariates related to substance use and body composition, as well as other substance
use behaviors including alcohol and marijuana use. The present study suggests that, contrary
to the weight control model which proposes that overweight youth are likely to use
cigarettes as a weight control strategy, smoking may actually lead to increased body fat over
time. The potential biological mechanisms behind this relationship are not clear; however, it
is hypothesized that smoking negatively impacts levels of physical activity which increases
adiposity relative to muscle mass. While the present study did not find associations between
BMI z-score and cigarette use, previous research has documented this association
specifically among girls (Caria et al. 2009; Farhat et al. 2010; O'Loughlin et al. 1998). This
inconsistency may be due to the fact that in the present study BMI was treated as a
continuous variable while previous research has tended to look at the associations among
those who were overweight or obese. Additionally, previous research has used self-reported
height and weight to create BMI values, while the present study used objectively measured
height and weight, these differences in data collection may have impacted study findings. It
is also possible that the low prevalence of smoking coupled with the relatively low
prevalence of youth with higher BMI z-scores could have reduced the power to detect this
difference. Finally, because of the low prevalence of substance use at baseline, we were

Pasch et al. Page 10

J Youth Adolesc. Author manuscript; available in PMC 2013 April 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



unable to explore gender differences in the model which may also account for the
differences in findings.

In contrast to previous cross-sectional research documenting the association between
substance use and overweight/obesity (Farhat et al. 2010; Fonseca et al. 2009) and contrary
to our proposed weight gain model, the present study found a significant negative
association between alcohol use and subsequent BMI z-score suggesting that alcohol use at
baseline was related to a decreased BMI z-score 2 years later. In addition, a similar
relationship between alcohol use and subsequent percent body fat approached significance.
While not in line with our proposed mechanisms, there are potential explanations for these
findings. Unlike previous research examining the relationship between body composition
and each substance individually, the current study looked at the relationship between each
substance and body composition while controlling for other substance use. The covariance
paths between the three substances ranged from .60 to .86 in this study, indicating that
adolescents who used one substance had a strong likelihood of using other substances. By
controlling for the use of other substances, this study was able to isolate the effects of each
individual substance on body composition. Additionally, it is plausible that youth who use
substances in adolescence adopt less healthful eating patterns that result in a restriction of
their caloric intake, leading to a lower BMI z-score and percent body fat later in
adolescence. Future research that controls for caloric intake to see if patterns hold is
warranted. In addition, it is possible that youth who use substances in adolescence are at
later risk for underweight. Future research examining obesity risk as a categorical variable
(underweight, healthy weight, overweight) rather than a continuous variable, as done in the
present study, may shed some light on these findings.

It is also possible that youth who engage in substance use may be doing so as one way to fit
in with their peers, as these youth may be particularly sensitive to social pressures. Research
has shown that popularity is positively associated with substance use (Killeya-Jones et al.
2007; Lahmann et al. 2002). Additionally, youth who are concerned about social image and
popularity are likely to want to avoid having a higher BMI as increased BMI has been
associated with decreased popularity and social marginalization (Strauss and Pollack 2003)
and increased teasing (Neumark-Sztainer et al. 2002; Pearce et al. 2002). As such, these
youth may also engage in more weight restrictive behaviors (Gold et al. 1996) leading to
declines in BMI z-score. Thus, while weight satisfaction was included as a covariate in the
present study, future research should explore how unhealthy weight control behaviors may
moderate or mediate the substance use-body composition relationship. Another variable to
consider in future research is physical activity, as levels of physical activity may be
associated with both substance use and body composition as physical activity levels lead to a
healthier body composition and possibly lower levels of substance use.

This study has several limitations. It was conducted with primarily White, middle class,
adolescents, which limits the generalizability of the findings. Further longitudinal work is
needed to continue to explore measures of overweight and obesity in more diverse samples.
Additionally, while this research explored longitudinal associations between substance use
and body composition, it did not attempt to identify risk behavior clusters or risk profiles
that might be used to help tailor more specific, and possibly more effective, interventions to
sub-groups of youth. Future research which uses techniques such as latent class analysis or
other cluster analysis methods would help to determine how these behaviors cluster among
youth. Additionally, due to the low prevalence of substance use in this population we were
unable to test for the potential moderating effects of age or gender. This low prevalence of
substance use, particularly at baseline, may also have reduced our ability to detect
associations. Future research should recruit larger samples of younger youth to increase the
variability in substance use at early ages to test for possible gender or age differences in
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these relationships. Finally, the differing recruitment methods for the two combined studies
may have impacted study findings.

While this study does have limitations, there are also several strengths. In this study, we
were able to look at the bi-directional longitudinal relationships between body composition
and substance use and control for baseline values and associations between variables, which
allows us to examine the relationship between body composition and substance use by
removing some of the “noise” that is inherent when independent models of substance use
behaviors are used. In addition, we were able to control for a number of covariates that have
been shown to be associated with body composition and/or substance use as well as the
influence of weight satisfaction as a potential motivator for behavioral choices. Overall, this
study is one of the first to document the longitudinal bi-directional relationships between
youth substance use and body composition.

Adolescence is a time of dramatic changes across all domains of life. In previous cross-
sectional work, overweight/obesity has been shown to be significantly associated with youth
substance use, including alcohol, tobacco, and marijuana use (Farhat et al. 2010; Fonseca et
al. 2009; Koval et al. 2008; Pasch et al. 2008). While these cross-sectional studies are very
important to the establishment of a body of research in the area of the co-occurrence of
youth substance use and weight status, these studies do not provide insight into the
directionality of these associations. Longitudinal studies, like the present study, allow for
further exploration into the possible causal pathways that may be involved. We do not
believe that our findings suggest that alcohol use is protective against unhealthy weight gain
later in adolescence. Rather, we believe that results suggest a relationship between substance
use and obesity that is mediated through energy balance, clustering of risk behaviors and/or
social influence. As these two factors, substance use and obesity, contribute to much of the
public health burden in the US and other nations, it is important that we continue to explore
the potential interactive relationship between body composition and substance use behaviors
among youth to elucidate the directionality of the associations as well as identify potential
intervention points to reduce both substance use and obesity among youth.
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Fig. 1. Conceptual model of the cross-lagged relations between body composition and substance
use
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Table 3
Standardized path coefficients (N = 704)

Path coefficient p-value

Stability paths (Wave 1 → Wave 2)

 Body mass index z-score .91 <.001

 Percent body fat .92 <.001

 Cigarette use .83 <.001

 Alcohol use .73 <.001

 Marijuana use .88 <.001

Covariance paths

 Body mass index z-score Wave 1 ↔ percent body fat Wave 1 .78 <.001

 Cigarette use Wave 1 ↔ alcohol use Wave 1 .63 <.001

 Cigarette use Wave 1 ↔ marijuana use Wave 1 .75 <.001

 Alcohol use Wave 1 ↔marijuana use Wave 1 .64 <.001

 Body mass index z-score Wave 2 ↔ percent body fat Wave 2 .90 <.001

 Cigarette use Wave 2 ↔ alcohol use Wave 2 .60 <.001

 Cigarette use Wave 2 ↔ marijuana use Wave 2 .85 <.001

 Alcohol use Wave 2 ↔marijuana use Wave 2 .86 <.001

Control paths (Wave 1 → Wave 1)

 Female gender → body mass index z-score −.29 <.001

 Non-White race → body mass index z-score .11 <.001

 Age → body mass index z-score −.31 <.001

 Weight satisfaction → body mass index z-score −.47 <.001

 Pubertal status → body mass index z-score .40 <.001

 Parent education → body mass index z-score −.02 .46

 Female gender → percent body fat .36 <.001

 Non-White race → percent body fat .13 <.001

 Age → percent body fat −.17 <.001

 Weight satisfaction → percent body fat −.43 <.001

 Pubertal status → percent body fat .23 <.001

 Parent education → percent body fat −.05 .04

 Female gender → cigarette use −.20 .03

 Non-White race → cigarette use −.07 .26

 Age → cigarette use .29 .002

 Weight satisfaction → cigarette use −.12 .04

 Pubertal status → cigarette use .34 .005

 Parent education → cigarette use −.06 .41

 Female gender → alcohol use −.11 .10

 Non-White race → alcohol use .04 .34

 Age → alcohol use .58 <.001

 Weight satisfaction → alcohol use −.03 .42

 Pubertal status → alcohol use .12 .12
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Path coefficient p-value

 Parent education → alcohol use −.08 .05

 Female gender → marijuana use −.36 <.001

 Non-White race → marijuana use −.004 .95

 Age → marijuana use .34 <.001

 Weight satisfaction → marijuana use −.18 .006

 Pubertal status → marijuana use .18 .11

 Parent education → marijuana use −.02 .66

Cross-lagged paths (Wave 1 → Wave 2)

 Body mass index z-score → cigarette use .15 .17

 Body mass index z-score → alcohol use .02 .75

 Body mass index z-score → marijuana use .03 .69

 Cigarette use → body mass index z-score .08 .42

 Alcohol use → body mass index z-score −.18 .02

 Marijuana use → body mass index z-score .04 .66

 Percent body fat → cigarette use −.15 .20

 Percent body fat → alcohol use .01 .88

 Percent body fat → marijuana use −.04 .72

 Cigarette use → percent body fat .24 .01

 Alcohol use → percent body fat −.14 .07

 Marijuana use → percent body fat −.11 .16
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