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Abstract

Background—Youth who experience puberty earlier than their peers are at heightened risk for
substance use during adolescence. However, little is known about whether pubertal timing
exacerbates effects of relevant early risk factors, such as family substance use history, as predicted
by the “accentuation hypothesis”. Using longitudinal data from youth with and without a family
history of alcohol use disorder (AUD FHx), we evaluated whether pubertal timing intensifies
preexisting familial risk effects on late adolescent substance use.

Methods—~Participants were 568 males and 245 females from the Michigan Longitudinal Study.
Pubertal timing was indexed by fitting mixed-effects linear models to repeated measures of self-
reported Tanner stage. Multilevel models then tested: (a) whether AUD FHXx predicted pubertal
timing, and (b) whether AUD FHXx, pubertal timing, or their interaction predicted alcohol and
marijuana use at ages 16-18.

Results—AUD FHx was unrelated to pubertal timing in either males or females. In males,
alcohol and marijuana use in late adolescence were predicted by AUD FHx and timing, but not
their interaction. In females, AUD FHXx predicted alcohol-related outcomes, but there were no
main or interaction effects of timing.

Conclusions—Pubertal timing does not moderate the link between AUD FHx and late
adolescent substance use, in contrast to the accentuation hypothesis. In males, measures of
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pubertal maturation and familial risk provide unique information for prediction of use. Females
displayed no link between pubertal timing and use, which may suggest different risk pathways, or
may have been due to the female sample’s smaller size.
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. Introduction

Puberty is a major event in youths’ psychosocial development. The timing of puberty
relative to one’s peers, in particular, can impact risk for detrimental behavioral outcomes,
and one of the most well-replicated associations concerns earlier maturation and increased
risk for substance use problems in adolescence (Beltz et al., 2014; Senia et al., 2018;
Ullsperger and Nikolas, 2017).

However, it is unclear whether pubertal timing interacts with early life risk factors for
substance use problems, such as family history of addiction. It is well-established that
children of individuals with substance use disorders are at elevated risk of developing such
disorders themselves (Kendler et al., 1997; Sher et al., 1991), and pubertal timing may
interact with this potent risk factor. The “accentuation” hypothesis (Caspi and Moffitt,
1991), which posits that puberty intensifies preexisting individual differences, suggests that
early maturation may disproportionately increase risk for youth who already have
developmental vulnerabilities. Although this hypothesis is difficult to test directly because
longitudinal data are essential to assess the temporal ordering of the relationships it posits
(Ge and Natsuaki, 2009), interaction effects between early timing and contextual risk factors
have been documented (Negriff and Susman, 2011). Furthermore, recent longitudinal
analyses suggest that, at least for boys, early pubertal maturation accentuates the link
between early childhood behavior problems and adolescent substance use (Beltz et al.,
2019). However, this hypothesis has not been empirically evaluated with respect to familial
risk for substance use problems, despite its relevance for interpreting effects of pubertal
timing on adolescent use.

We explicitly assessed this hypothesis using pubertal development and substance use data
from a large longitudinal study of youth with and without a family history of alcohol use
disorder (AUD FHXx). By indexing timing with growth models (Beltz et al., 2014), which
leverage multiple data points for measurement, adjust for missing data, and provide parallel
timing measures across sexes (Berebaum et al., 2015), we directly tested whether timing
moderates the effects of AUD FHx on substance use. Although we primarily focused on
testing the accentuation hypothesis, we also evaluated the related hypothesis that childhood
stress, such as that related to AUD FHX, leads to earlier puberty (Negriff et al., 2015; Belsky
etal., 1991).

2. Methods

Data were from the Michigan Longitudinal Study (MLS: Zucker et al., 1996, 2000), an
ongoing prospective study of youth with (FH+) and without (FH-) AUD FHXx. Youth from
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both backgrounds were recruited from the same neighborhoods at ages 3-5. Assessments
were conducted in three-year waves, with pubertal status assessed at three waves (roughly
ages 10-16). Brief annual assessments, which included self-reported substance use, were
also conducted through participants’ 20s. All participants, and parents of minor participants,
provided written informed consent. Initial data collection targeted male youth, although
female siblings were followed thereafter. Recruitment for later cohorts targeted both sexes,
and a recent extension is following children of the original cohort. Hence, the sample
contains sets of individuals from the same families and has more males than females.
Substance use data have been previously reported (Wong et al., 2004; Buu et al., 2012;
Martz et al., 2016), but reporting of puberty data is novel.

2.1. Sample

For inclusion in this report, individuals needed complete data on pubertal status and age
from at least one wave, data on AUD FHx, and at least one (of three) substance use
outcomes (detailed below) during ages 16-18. Descriptive data from males (A=568) and
females (AV=245) who met these criteria are displayed in Table 1.

We maximized information available for indexing pubertal timing in mixed-effects growth
models by utilizing data from all MLS participants who had at least one wave of valid
pubertal status data (675 males, 314 females). We did not exclude family members from
these models or model members separately because previous work (Beltz et al., 2014)
suggests separate models for siblings produce roughly identical parameters. We accounted
for nesting of siblings in the main inferential analyses (no parent-child pairs were present in
this sub-sample) using random-intercept multilevel models.

2.2. Measures

2.1.1. Pubertal status and timing.—The Naomi Morris Scale of Physical
Development (Morris and Udry, 1980) is a self-report measure in which youth select which
of five line drawings, corresponding to Tanner stages (Marshall and Tanner, 1969; 1970),
most closely resembles their own development in two aspects of puberty: pubic hair,
reflecting adrenarche; and genital (boys) and breast development (girls), reflecting
gonadarche. Data were collected at three waves, when youth were ages 10.56(SD=.94),
13.56(SD=.95), and 16.56(SD=.97). Following others (Beltz et al., 2014; Castellanos-Ryan
et al., 2013), we averaged participants’ responses to the two items at each wave to obtain a
general measure of pubertal status.

SAS 9.4 PROC NLMIXED was used to fit linear mixed-effects growth curve models
treating intercept as a random effect (SAS Institute Inc., Cary, NC). With a maximum of
three observations per participant (43%, 34%, and 23% of MLS participants had 3, 2, or 1
observations, respectively), more complex models (e.g., logistic or linear with random
slopes: Beltz et al., 2014; Marceau et al., 2011) were not feasible. The model is represented
as

Tanner = Jo; + g1 * Age +rjy
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where g7 is the slope, gg;is the intercept for individual 7 and rjis the residual for individual
/Fat wave ¢, which has a normal distribution with 0 mean and constant variance. Following
Beltz et al. (2014), we calculated age at mid-puberty (Tanner stage 3) as (3 — gg)/ gz for
each individual as a measure of timing.

Although estimates of pubertal tempo can be obtained from linear growth models, these
estimates have questionable validity due in part to their strong correlations with linear timing
estimates (Beltz et al., 2014). Therefore, tempo was not considered.

2.2.2. Substance use.—The Drinking and Drug History Form (Zucker et al., 1990) is a
self-report measure of past-year substance use that youth completed annually. We focused
on three outcomes: drink volume (total past-year alcoholic drinks), binge frequency (binge-
drinking days), and marijuana frequency (marijuana use days). We focused on

measurements from ages 16—18 so that pubertal timing was not confounded with use.
Participants’ responses were averaged across all available ages to obtain estimates of average
yearly drink volume, binge frequency, and marijuana frequency during late adolescence.

2.3. Prediction of Substance Use Outcomes

We used multilevel models in SPSS with siblings nested within families and a variance
components error structure. Following others (Beltz et al., 2014; Marceau et al., 2011),
models were run separately for males and females because puberty is a qualitatively
different process in each sex (Beltz, Beery and Becker, 2019). Models were also run
separately for each substance use outcome, which were square-root transformed due to
positive skew (skew prior to transform: 2.82— 4.92; post-transform: 1.45-2.74). The first
model (Model 1) assessed whether AUD FHx (0=FH+,1=FH-) predicted pubertal timing in
order to determine whether these risk factors were independent. The second (Model 2A)
assessed whether AUD FHXx and timing predicted each substance use outcome, and the third
(Model 2B) assessed whether both predictors as well as their interaction (computed by
multiplying the AUD FHXx variable by the grand-mean centered pubertal timing variable)
predicted use. AIC (Akaike, 1973) was used to determine whether Model 2B displayed
better relative fit than the more parsimonious Model 2A. Following selection of the model
with the lowest AIC, p-values were used to assess significance.

3. Results

Detailed results of multilevel models, as well as Pearson correlations between all variables
(which provide rough approximations of effect sizes for the relationships discussed below),
are contained in Supplementary Materialsl. In Model 1, there was no significant relationship
between AUD FHx and pubertal timing for either males (6=0.040,£0.782,0=.435) or
females (6=0.029,£0.554,p=.580), suggesting the predictors were independent.

In models predicting substance use (2A/2B), the pattern of results differed between males
and females. For males, AIC preferred Model 2A over Model 2B for drink volume

lSupplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi: 10.1016/
j.drugalcdep.2020.107955.
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(2A=4162.46; 2B=4164.43), binge frequency (2A=3013.57; 2B=3015.55), and marijuana
frequency (2A=3282.18; 2B=3284.15). In the selected models, substance use outcomes were
predicted by AUD FHx (drink volume: 6=—-5.215,£-4.777,p<.001; binge frequency: b=
-1.870,£-4.849,p<.001; marijuana frequency: 6=—2.631,£-4.964,p<.001) and earlier
pubertal timing (drink volume: 6=-1.987,£=-2.319,p=.021; binge frequency: 6=—0.748, =
-2.537,p=.011; marijuana frequency: b=— 0.965,£-2.270,p=.024). Consistent with model
selection, the interaction term from Model 2B was not significant for any outcome (all |4
<0.169, £=.866). Therefore, results suggest that AUD FHXx and earlier pubertal timing are
predictors of late adolescent substance use in males, but their interaction is not. This can be
seen in the scatterplots in Figure 1; later timing is linked to lower substance use similarly
(i.e., in parallel) for both FH+ and FH- males, with FH+ males having consistently higher
use overall.

For females, AIC preferred Model 2A over Model 2B for drink volume (2A=1627.75;
2B=1629.70), binge frequency (2A=1189.61; 2B=1191.28), and marijuana frequency
(2A=1292.58; 2B=1294.14). In the selected models, AUD FHx predicted drink volume (6=
-2.933,£-2.317,p=.022) and binge frequency (6=—0.973,£-2.114,p=.036), but not
marijuana frequency (6=-1.069,£=-1.670,p=.097), and pubertal timing did not predict any
substance use outcome (drink volume: 6=—1.924,#=-1.333,p=.184; binge frequency: b=
-0.470,£-0.947,p=.345; marijuana frequency: 6=-1.051,£-1.360,p=.175). Consistent with
model selection, interaction terms from Model 2B were not significant (all |#<0.670,
2.503). The scatterplots in Figure 1 suggest trends similar to the pubertal timing and AUD
FHx effects found in males, but a lower overall base rate of substance use. Furthermore, the r
values reported in Supplementary Materials® indicate these effects are of comparable size
between females and males, suggesting that the lack of statistical significance in females is
due to sample size.

4. Discussion

We used growth modeling of pubertal development in a longitudinal study of youth with and
without AUD FHXx to evaluate whether pubertal timing accentuates the effects of familial
risk factors on late adolescent substance use. There was little indication that pubertal timing
moderates the effects of AUD FHx on substance use, although inferences depended upon
Sex.

In males, both AUD FHx and earlier pubertal timing, but not their interaction, predicted
greater alcohol and marijuana use in late adolescence. Therefore, early pubertal timing
heightens risk in males similarly regardless of AUD FHYX, indicating that biosocial family
risk factors, although they increase risk in general, do not provide a precondition for early
timing to increase males’ level of risk. In females, AUD FHx affected alcohol-related
outcomes, but there were no statistically-significant main or interaction effects of pubertal
timing on substance use, possibly suggesting different risk pathways in the sexes. However,
as females displayed qualitative trends similar to the small effects found in males (Figure 1;
Supplemental Tables 1-2), it is possible that features of our female sample, which was less
than half the size of the male sample and had lower overall substance use rates (Table 1),
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may have prevented detection of small effects. Thus, it is premature to make claims about
sex differences.

Despite previous findings that AUD FHXx is linked to childhood stressors (Sher et al., 1997),
our analyses suggest that AUD FHx is not related to early pubertal timing. This finding is
inconsistent with the hypothesis that childhood stress may lead to earlier puberty (Negriff et
al., 2015; Belsky et al., 1991), at least with regard to stress linked to AUD FHXx.

Findings should be considered in the context of the study’s strengths and limitations.
Strengths include the high-risk and community-recruited sample, use of longitudinal data
and state-of-the-art modeling analyses to index pubertal timing, and use of substance use
outcomes from late adolescence, which allowed effects of timing to be assessed independent
of pubertal status effects (see: Berenbaum et al., 2015). Limitations include the relatively
low number of pubertal status observations available (1-3 vs. 67 in: Beltz et al., 2014;
Marceau et al., 2011), small size of the female sample, and lack of family nesting in the
puberty measurement models.

Taken together, the current findings suggest that, at least in males, AUD FHx and early
pubertal timing are independent predictors of substance use in late adolescence and do not
interact to enhance risk, providing evidence against an accentuation hypothesis (Caspi and
Moffitt, 1991).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Pubertal timing was unrelated to family history of alcohol use disorder
. In males, adolescent substance use was predicted by early timing and familial
risk
. Pubertal timing did not moderate familial risk effects on males’ substance use
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Figure 1.

Scatterplots and simple linear regression lines (displayed for ease of interpretation) of
relationships between pubertal timing (age at mid-puberty) and late adolescent substance use
outcomes for individuals with (green) and without (blue) a family history of alcohol use
disorder. Results for males are on top, and results for females are on bottom. Outcomes are
square-root transformed and are, from left to right, average drink volume per year, average
frequency of binge drinking (days) per year, and average frequency of marijuana use (days)
per year.
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Demographic variables and descriptive statistics for male and female samples.

Table 1.

Males Females
Overall N/ 568 245
FH+/FH- (%FH+) 439/129 (77%) 194/51 (79%)
Number of unique families 386 207

Race/Ethnicity

89% Caucasian;

5% African American
3% Bi-racial

3% Hispanic/Caucasian

84% Caucasian;

7% African American
4% Bi-racial

5% Hispanic/Caucasian

% 3 Tanner Ratings 48% 54%

% 2 Tanner Ratings 34% 34%

% 1 Tanner Rating 18% 11%

Age at mid-puberty (SD) 12.63 (.50) 12.22 (.34)
Average Drink Volume 16-18 (SD) 168.54 (404.10) 104.63 (211.47)
Average Binge Freq. 16-18 (SD) 18.94 (43.84) 10.56 (28.55)
Average Marijuana Freq. 16-18 (SD) | 35.23 (84.07) 19.95 (62.86)

N Drink Volume 557 235

N Binge Freq. 563 244

N Marijuana Freq. 542 230

Page 11

Notes: Overall /= total number of subjects; FH+ = positive family history for alcohol use disorder; FH- = no family history for alcohol use
disorder; % X Tanner Ratings = percentage of sample with X number of self-report pubertal status ratings; SD = standard deviation; drink volume =
average yearly number of alcoholic drinks; binge freq. = average yearly number of binge-drinking days; marijuana freq. = average yearly number
of marijuana use days; AV drink volume = number of subjects with available data for the drink volume; A/binge freq. = number with available data
for binge freq.; A/ marijuana freq. = number with available data for marijuana freq.
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