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Abstract

Aims—To determine the longitudinal associations between perceived pubertal timing and recent
substance use between the ages of 11 and 17.

Design, setting, and participants—A school-based cohort sequential study of adolescents in
rural North Carolina (N=6,892, 50% female) in the 6 to 8! grades at baseline and interviewed
across five consecutive semesters.

Measurements—Self-administered questionnaires in a group setting measured perceived
pubertal development using the Pubertal Development Scale and adolescents reported past three
month use of cigarettes, alcohol, and marijuana. Latent class growth analysis determined the
longitudinal relationships between perceived pubertal timing (early, on-time, and late) and use of
the three substances.

Findings—A negative quadratic model was the best fitting model for all three substances. Higher
proportions of early developers had used cigarettes and marijuana within the past three months at
age 11 compared with on-time (pitalic>.001 and p=.013) and late developers (p=.010 and p=.014)
and a higher proportion of early developers had recently used alcohol at age 11 compared with on-
time adolescents (pbold>.001). However, the proportion of recent cigarette and marijuana users
increased more across adolescence for on-time adolescents compared with early developers (p=.
020 and p=.037). Desistance in the proportion of substance users was similar for all adolescents
(all p>.050).

Conclusions—Adolescents who believe they are more advanced in puberty than their peers are
more likely to have recently used cigarettes, alcohol, and marijuana compared with adolescents
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who believe they are on-time or late developing; these findings are mainly due to differences in
use at age 11.

Keywords
substance use; adolescence; puberty

Introduction

Puberty is a highly salient process for adolescents because of the cascade of associated
physical, cognitive, emotional, and social changes (1-8). There is variation in the onset and
tempo of puberty by gender and race/ethnicity, as well as individual differences within these
groups (9-13). This variation has prompted researchers to explore how adolescent health is
impacted by pubertal timing, defined as the comparative pubertal development of an
adolescent in relation to peers. This study examines longitudinal relationships between
perceived pubertal timing and recent cigarette, alcohol, and marijuana use among a school-
based sample of adolescents aged 11 to 17.

Research has consistently shown that early developing adolescents are at highest risk for
substance use compared with their peers (14-34). A limitation of prior research, however, is
that many studies have collapsed on-time and late developers into the same category,
thereby obscuring differences between these categories (15, 19, 22, 24, 30, 33, 34). Research
demonstrating that both male and female late developers are more likely to engage in
substance use than their on-time peers underscores the need to examine early, on-time, and
late developers (26, 35-37).

Most studies examining associations between perceived pubertal timing and substance use
have focused on girls (15, 22-25, 33, 35, 38). In particular, early maturing females have the
highest risk of substance use compared to those who are on-time or late (15, 22-25, 33).
Earlier research theorized that pubertal timing was not a risk factor for boys, and that early
developing boys might be better adjusted and less likely to engage in risky behavior than
their on-time peers (39-41). More recent research has found a relationship between
perceived pubertal timing and substance use in males (19, 20, 27-31, 36), with most finding
that early developing males are at highest risk (19, 27-31). There continues to be a need to
examine the role of gender in the relationship between perceived pubertal timing and
substance use.

Another limitation of previous research on perceived pubertal timing and substance use is
that it has been cross-sectional (15, 18, 20, 24, 30, 31, 35, 38, 39) or based on only two time
points (14, 17, 26-29, 33, 36). Both puberty and substance use are individually variable
processes that develop over time. Research with both males and females suggests that the
relationship between perceived pubertal timing and substance use also may be changing
over time (21, 22, 25, 28, 29, 32-34, 42, 43). For example, the impact of perceived pubertal
timing may be stronger in mid-adolescence compared with early adolescence (28). One
longitudinal study found that early developing girls began substance use earlier and
transitioned into more advanced patterns of substance use faster than other females (33). In
contrast, other longitudinal studies with female (22, 25) and mixed gender samples (21, 29,
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32, 34) found that the effects of early maturation decrease over time, suggesting that on-time
and late developers begin to “catch up” with their early developing peers when substance
use becomes more normative in adolescence. These “catch-up” findings, also suggested in a
recent retrospective study of college women (44) support the need to examine the
relationship between perceived pubertal timing and substance use across adolescence.

An issue in examining the longitudinal relationship between perceived pubertal timing and
substance use is the measurement of pubertal timing. There is increasing evidence of a
relationship between pubertal onset and pubertal tempo, using both clinical (11) and
perceived measures of pubertal timing (12, 45, 46), such that adolescents who begin puberty
earlier take longer to reach full pubertal development compared with their same-aged peers
who begin puberty later. Furthermore, research has shown that adolescents’ perceptions of
their pubertal timing are relatively unstable across adolescence (47-49). These findings
indicate the need to measure pubertal timing perceptions as unfolding over time, and to
incorporate longitudinal patterns of perceived pubertal timing into research on the effects on
health risk behavior, rather than relying on an assessment at one or two points in time (47).

This study addresses limitations of prior research by including both males and females,
modeling longitudinal relationships between patterns of perceived pubertal timing and
substance use, and examining multiple substances. We examine longitudinal associations
between perceived pubertal timing and recent cigarette, alcohol, and marijuana use from
ages 11 to 17. Based on prior studies, we expect both male and female early developers to
emerge as at higher risk for substance use, although prior studies do not support stating
expectations for whether they will remain at risk across adolescence. Evidence is also
insufficient for making hypotheses about the risk associated with late development.
Similarly, we do not offer hypotheses about differential relationships across substances. Few
studies have examined the differential associations between perceived pubertal timing and
various substances, and findings are mixed as to whether no differences (25, 29) or
differences (18, 27, 35) exist, with no clear patterns emerging in the latter studies.

The Context Study

Data are from the Context of Adolescent Substance Use study (Context Study), a school-
based cohort sequential study of adolescents from three rural North Carolina counties. Wave
1 began when adolescents were enrolled in the 6! (Cohort 1), 7t (Cohort 2), and 8t (Cohort
3) grades (Spring 2002); data collection occurred in April and October through Spring 2004
(Wave 5). All adolescents in the grades of interest in the sampled schools (eight middle
schools, two K-8 schools, six high schools, and three alternative schools) were considered
eligible for participation (eligible sample at Wave 1=5,906; Wave 2=6,226; Wave 3=6,251;
Wave 4=6,342; and Wave 5=6,161). Response rates ranged from 88% at Wave 1 to 76% at
Wave 5. The Context Study was approved by the Institutional Review Board at the
sponsoring institution. The study received a waiver of written parental consent and written
adolescent assent was obtained. Data were collected by the research team in a group setting
using self-administered questionnaires. Completion time was approximately one hour and
there was no monetary compensation.
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Study Sample

Measures

Data are from adolescents who participated in at least one wave of data collection
(N=6,892). Approximately 13% participated in one wave but the largest percentage of
participants 42%, completed all five waves. The sample was limited to adolescents who
were aged 11 to 17 at any wave to include only students who were within the typical age
range for their grade (N=172 excluded) and those who provided information on sex and
race/ethnicity (N=295 excluded). Excluded adolescents were less likely to be White, more
likely to be male, and less likely to have participated in all five waves of data collection (all
p <.001). The final sample included 6,425 adolescents (50% male, 53% White, 36%
African-American, 4% Latino, and 7% indicating another racial/ethnic category, Wave 1 age
M=13.1 (SD=.97).

Recent substance use—The three outcomes of interest were recent cigarette, alcohol,
and marijuana use. Adolescents who responded affirmatively to lifetime use were asked on
how many days in the past three months they had smoked at least one full cigarette (range 0
to 20 days or more), had one or more full drinks of alcohol, not including for religious
purposes, (range 0 to 20 days or more), or used marijuana (range none to 10 times or more).
Because of low response frequencies, particularly among younger age adolescents (see
Table 1), three dichotomous measures were created (O=no recent use, 1=any recent use).

Perceived pubertal timing—Perceived pubertal timing was measured with the Pubertal
Development Scale (PDS) (50). The PDS consists of five questions each for boys and girls
assessing development of body hair growth, skin changes, and height for boys and girls,
voice and facial hair growth for males and breast development for females (1=not yet started
to 4=seems complete). Females are also asked if they started menstruating (1=no, 4=yes).
Items were averaged to obtain a mean PDS score. We calculated the mean pubertal status by
age, sex, and race/ethnicity and compared each adolescent’s pubertal status to the mean for
their demographic subgroup. Adolescents were classified as “early” (1=more than one
standard deviation above the mean), “on-time” (O=from one standard deviation above the
mean to one standard deviation below the mean), or “late” (—~1=more than one standard
deviation below the mean).

Previous research with this sample found that perceived pubertal timing was unstable (47).
In other words, an adolescent classified as on-time at one age could be classified as early or
late developing at another age. To capture individual patterns of perceived pubertal timing
formed across the multiple assessments, we used latent class analysis (LCA). This person-
centered analytic approach allows for individual variability over time in an outcome of
interest (46). With LCA we were able to test and confirm that the instability in perceived
pubertal timing was due to measurement error, such that an adolescent occasionally deviated
from an underlying stable pattern of perceived pubertal timing. In the prior analyses a three-
class solution was the best fitting model (Bayesian Information Criterion (BIC) = 31,153;
entropy = .81). There was not support for a consistent pattern of change, as would be
expected if there were significant pubertal tempo differences in our sample (i.e., we did not
observe a latent class that shifted from early developing in early adolescence to on-time in
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mid-adolescence). The current study uses the three stable latent classes of perceived pubertal
timing (Class 1: always on-time; Class 2: always early; and Class 3: always late) as the
predictors of recent substance use in order to take into account this measurement error.

Analytic Strategy

The analytic approach was based on an accelerated longitudinal design, which maximizes
the advantages of the cohort sequential design of the Context Study (51, 52). As a result, we
were able to collapse data across the three cohorts and use age as the unit of time instead of
data collection wave. First, however, we tested the assumption that there are no cohort
differences in any of the variables of interest (i.e., predictor variables, outcome variables,
and covariates). We found only one difference: adolescents in the youngest cohort were
more likely to be classified as late developers than as on-time compared with adolescents in
the middle cohort (B=.376, p=.001). To account for this difference all of the analytic models
included cohort one membership as a control variable.

To examine whether the development of recent substance use varied by the three latent
classes of perceived pubertal timing, we used latent class growth analysis (LCGA). LCGA is
a special case of growth mixture modeling, a person-centered approach to longitudinal data
analysis extending from longitudinal growth modeling (53, 54). LCGA allows a test of
whether growth model parameters (the fixed effects that explain the development of
substance use across adolescence) vary by unobserved subpopulations (individuals in each
pubertal timing latent class) (53, 54). Separate growth models are estimated for each
perceived pubertal timing latent class and it is possible to test whether these models
statistically differ. All analyses were conducted using MPlus 6.1 (55). The models were
estimated using the maximum likelihood estimator with robust standard errors (MLR) (56).
This estimator, based on Full Information Maximum Likelihood (FIML), addresses missing
data by using all available data to maximize the information available for data analysis (57).
By using MLR, all adolescents with at least one wave of data were retained in the analytic
sample. MPlus can also account for multilevel data, allowing us to control for the nesting of
individuals in schools.

The first analytic step was to determine the shape over time of the unconditional
longitudinal growth models (the average development) for each substance of interest
(cigarettes, alcohol, and marijuana). When modeling dichotomous data, MPlus uses
thresholds as a corrective procedure. In order to have an identified model the thresholds
were fixed to zero (57-59). The intercept is thus interpreted as the amount of deviation from
50% probability of the outcome. Because this is a difficult metric to substantively interpret,
we used the probit regression parameters to transform the outcome into the proportion of
adolescents who were recent substance users (ranging from 0 to 1) at each age. Standard fit
statistics are not available for use with MLR estimator. Instead we used the likelihood ratio
chi-square test to determine the best fit, where p<.05 indicated an improvement in fit
compared with the previous model. Additionally, the best fitting model should have the
lowest values for the BIC, sample-size adjusted BIC (aBIC), and Akaike information
criterion (AIC), as these fit indices provide estimates for the relative difference in the
likelihood function of a given model and the unknown true likelihood function of the data.
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The second analytic step was to estimate the substance use growth parameters (fixed effects)
for each perceived pubertal timing latent class (51). Sex and race/ethnicity were added as
predictors of the perceived pubertal timing latent classes (in addition to cohort one
membership). The differences in the growth parameters were tested using contrast
statements in the MPlus Model Constraint command.

Finally, we tested whether adolescent sex moderated the relationships between perceived
pubertal timing and the substance use growth parameters. This was done by regressing the
fixed effects of the substance use growth curve on adolescent sex. This is analogous to
testing a perceived pubertal timing class by sex interaction effect on the substance use
growth parameters.

To determine the underlying form of development of recent use of each substance, we
compared three nested models: intercept-only (no growth); intercept and slope (linear
growth); and intercept, slope, and quadratic (nonlinear growth). The best fitting
unconditional growth model for all three substances was the quadratic model (Table 2). For
all three substances the mean growth parameters (fixed effects) were statistically significant
(Table 3), indicating that for each substance the proportion of recent users increased from
early adolescence and this growth began to decelerate in later adolescence. All of the
random effects were significant except for the cigarette quadratic term, indicating individual
variability around the mean curve. This individual variability provided justification for
determining whether the perceived pubertal timing latent classes explained some of this
variability.

We compared the growth parameters for each substance across the three perceived pubertal
timing latent classes (on-time, early, and late) (Table 4, Figures 1-3). For all three
substances, a higher proportion of early developers reported recent use at age 11 compared
with on-time adolescents (cigarettes and alcohol p<.001, marijuana p=.013). However, the
proportion of cigarette and marijuana users across adolescence increased faster among on-
time adolescents compared with early developers (cigarettes p=.020 and marijuana p=.037).
A higher proportion of early developers recently used cigarettes and marijuana at age 11
compared with late developers (cigarettes p=.010 and marijuana p=.014). There were no
significant differences in the quadratic terms in any of the models (all p>.050), indicating
the deceleration in the growth of the proportion of recent substance users was similar for all
adolescents. When testing whether adolescent sex was a moderator, we found no significant
effects in any of the models, indicating that the relationship between the perceived pubertal
timing latent classes and the substance use growth parameters did not vary by adolescent
Sex.

Discussion

The purpose of this study was to determine the longitudinal relationships between perceived
pubertal timing and past three month use of cigarettes, alcohol, and marijuana in a school-
based sample of adolescents aged 11 to 17. As hypothesized, early perceived pubertal timing
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places adolescents at higher risk for substance use (14-34). The results add to prior research
by utilizing latent class growth analysis to account for the measurement instability of
perceived pubertal timing and by demonstrating the importance of examining the
longitudinal associations between perceived pubertal timing and substance use.

An important contribution of this study is the inclusion of both females and males, given
that much of the prior research included only females (15, 22-25, 33, 35, 38). We tested
whether sex moderated the association between perceived pubertal timing and substance use
and found no significant differences. Early developing females and males were at higher risk
for recent use of all three substances compared with their on-time and later developing
peers, which supports previous research (14, 18, 19, 26-29, 31).

Contrary to some prior research, we found little support for differential associations between
perceived pubertal timing and the three substances (cigarettes, alcohol, and marijuana) (18,
27, 35). A higher proportion of early developing adolescents were using all three substances
at age 11 compared with their on-time or later developing peers. While not possible to test
for statistically significant differences, the patterns of recent cigarette and recent marijuana
use appear more similar to one another than to the patterns of recent alcohol use. This could
be due, in part, to alcohol use being more socially acceptable in adolescence compared with
cigarette or marijuana use (60, 61). Additional research is needed before conclusions about
differential relationships, or not, across substances can be made.

The study results only partially support the theory that on-time and late developers “catch
up” to their early developing peers in regards to substance use (22, 25, 29, 32, 42, 44).
Although there were greater increases in the proportion of recent cigarette and marijuana
users among on-time developers compared with early developers between the ages of 11 and
17, on-time developers never fully caught up with their early developing peers. Similar
results were reported in a recent study investigating associations between perceived pubertal
timing and cigarette use among similar aged adolescents in London, UK (21). Thus while
there was some evidence of a catch-up effect, overall it was not enough to surpass the
impact of perceived pubertal timing on adolescent substance use in early adolescence.

A number of mechanisms have been proposed for why early pubertal timing could be a risk
factor for substance use and other adverse outcomes (62, 63). One hypothesis is that early
developers are the first group to experience the structural brain changes linked to the surge
of hormones during puberty, which may be related to early engagement in substance use
(64). Another proposed mechanism is that early developing adolescents are at heightened
risk because they appear older in age and thus may be more likely to affiliate with older
peers, who could then expose them to substance use at an earlier age than their on-time or
late developing peers (14, 62, 65). However, both of these mechanisms imply that on-time
and late developers would “catchup” to their early developing peers as they begin
experiencing the same biological changes and as substance use becomes more normative.
Another hypothesis, the “maturation disparity hypothesis,” is that early developing
adolescents are ill-prepared for pubertal development, such that they have not had the
opportunity to gain the cognitive and social competencies to cope with their physical
changes (19, 63, 66). Yet another possible mechanism is that there may be psychological
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consequences of early development that cause adolescents to be more likely to engage in
substance use as a coping strategy, which is supported by literature that demonstrates an
association between perceived pubertal timing and psychological distress (7, 8, 36, 67).
Which of these mechanisms might account for early developers’ heightened risk of
substance use throughout mid-adolescence is an area for future research.

Among the study limitations, the sample was 11 to 17 years of age, which did not capture
very early developers or the completion of the pubertal process for some (68). This age
range may also have prevented the observation of pubertal tempo differences seen in other
samples (11, 12, 45, 46). The measure of perceived pubertal timing was based on adolescent
self-report, which has been shown to be biased compared with clinically assessed measures
of pubertal development. It has been argued, however, that self-report is acceptable when
approximation (such as the categorization of early, on-time, and late used in this study) is
acceptable (69, 70). Because bias is greatest at the earliest and latest pubertal stages and we
assessed perceived pubertal development across the ages of 11 to 17, bias may have been
reduced. It would be beneficial for future research to replicate these analyses with clinical
measures of pubertal development.

Recent substance use was relatively infrequent as would be expected in a general population
sample, especially among the youngest adolescents, which precluded measuring substance
use continuously. The dichotomous measures could have decreased the association between
perceived pubertal timing and substance use because the substance use measures include a
range of substance use, from adolescents who experimented once in the last three months to
daily users. Furthermore, the “no recent substance use” category included adolescents who
had never used the substance and those who had used but not in the past three months.
While the substance use measures were self-report, research has supported the use of self-
report measures in assessing adolescent risk behavior (71). Analyses did not include
socioeconomic status because of the significant amount of missing data on the indicator of
SES (parent education), but analyses including this measure did not change the results.
Finally, the sample was from three rural counties in North Carolina so findings may not be
generalizable to adolescents living in urban/suburban areas or those in other parts of the
country. Despite these limitations, this study adds to the understanding of the relationship
between perceived pubertal timing and adolescent substance use. The analyses were
conducted using a longitudinal sample and advanced statistical methods that allowed for the
control of the measurement instability associated with perceived pubertal timing
classification. Because pubertal timing cannot be altered through psychosocial interventions,
the implications for the prevention of substance use among early developers are less
straightforward than with other risk factors. The findings do suggest a need for prevention
programming at young ages, because by age 11 differences in use by perceived pubertal
timing class are already present (72).
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Figure 1.
Proportion of adolescents (male and female) within each perceived pubertal timing latent

class who endorsed using cigarettes in the past 3 months, measured across ages 11 to 17
(N=6,366)
Note: The sample sizes in each latent class are based on the most likely class membership.
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Figure2.
Proportion of adolescents (male and female) within each perceived pubertal timing latent

class who endorsed using alcohol in the past 3 months, measured across ages 11 to 17
(N=6,353)
Note: The sample sizes in each latent class are based on the most likely class membership.
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Figure 3.

Proportion of adolescents (male and female) within each perceived pubertal timing latent
class who endorsed using marijuana in the past 3 months, measured across ages 11 to 17
(N=6,397)

Note: The sample sizes in each latent class are based on the most likely class membership.
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Table 3

Fixed and random effects for the unconditional latent growth models, by recent substance use outcome among
male and female adolescents aged 11 to 17

Cigarettes (n=6,366) Alcohol (n=6,353) Marijuana (n=6,397)

Fixed effects

Intercept —5.087"** -5.351""" -9.193"**
Slope 1.586""" 1516~ 2.665""
Quadratic ~0.166"** -0.138"** -0.268"""
Random effects
Intercept 10.631%** 9.354"** 14.584™**
Slope 4.059™** 4.075"** 7477
Quadratic 0.104 0.080%** 0.163"
*
p<.05,
p<.01,
* k%
p<.001

Note: When modeling dichotomous or ordinal data, MPlus uses thresholds as a corrective procedure. In order to have an identified model the
thresholds were fixed to zero. The intercept is thus interpreted as the amount of deviation from 50 percent probability of the outcome.
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