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Abstract

Adolescence marks the emergence of sex differences in internalizing symptoms and disorders,
with girls at increased risk for depression and anxiety during the pubertal transition. However, the
mechanisms through which puberty confers risk for internalizing psychopathology for girls, but
not boys, remain unclear. We examined two pubertal indicators (pubertal status and timing) as
predictors of the development of emotion regulation styles (rumination and emotional clarity) and
depressive and anxiety symptoms and disorders in a three-wave study of 314 adolescents. Path
analyses indicated that early pubertal timing, but not pubertal status, predicted increased
rumination, but not decreased emotional clarity, in adolescent girls, but not boys. Additionally,
rumination mediated the association between early pubertal timing and increased depressive, but
not anxiety, symptoms and disorder onset among adolescent girls. These findings suggest that the
sex difference in depression may result partly from early maturing girls’ greater tendency to
develop ruminative styles than boys.

Keywords
puberty; rumination; emotional clarity; depression; anxiety

A robust body of research indicates that sex differences in rates of many forms of
psychopathology first emerge during the pubertal transition, with adolescent girls at
increased risk compared to boys (Hayward & Sanborn, 2002; Mendle, 2014a). Whereas
rates of depression and anxiety are comparable among girls and boys during childhood, girls
experience more depressive and anxiety symptoms and disorders than boys beginning
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around age 13 (Costello, Erkanli, & Angold, 2006; Hankin et al., 1998; Letcher, Sanson,
Smart, & Toumbourou, 2012) and this sex difference in internalizing symptoms and
disorders only widens over the course of adolescence. Indeed, by age 18, nearly 20% of
adolescent girls report the onset of a depressive episode and nearly one-third report the onset
of an anxiety disorder (Hankin et al., 1998; Merikangas et al., 2003). Given that the pubertal
transition coincides with the emergence of sex differences in the rates of internalizing
disorders, research has sought to better understand the mechanisms through which the
pubertal transition may confer greater risk for depression and anxiety, specifically for
adolescent girls. To understand the bases of these sex differences, these processes must be
simultaneously examined among adolescent girls andboys to understand how puberty may
uniquely contribute to increasing internalizing psychopathology among girls.

Pubertal development is associated with a range of physiological, environmental, and
psychological changes (Hayward, 2003; Susman & Dorn, 1991) and is heavily implicated in
the substantial reorganization of brain regions associated with the experience and processing
of emotion that takes place during adolescence (Dahl, 2004; Nelson, Leibenluft, McClure, &
Pine, 2005). Specifically, research suggests that adolescent girls are prone to increased
emotional intensity and reactivity during puberty (Casey, et al., 2008; Dahl & Gunnar, 2009;
Graber, Brooks-Gunn, Warren, 2006), as well as greater sensitivity to affective facial
expressions and social-emotional processing than boys or preadolescent girls (Goddings,
Burnett Heyes, Bird, Viner, Blakemore, 2012; Moore et al., 2012). In addition to increasing
emotions more generally, puberty is often an inherently stressful period (Ge & Natasuki,
2009), with girls particularly more likely than boys to experience the negative psychological
and social consequences of puberty, such as greater body dissatisfaction (Hamlat et al.,
2014), peer stressors (Ge et al., 2001), and peer victimization (Frederickson & Robert, 1997;
Hamilton et al., 2014). Thus, adolescent girls may have a high level of social and emotional
demands placed on cognitive systems that are still maturing during the pubertal transition
(Steinberg, 2008), thereby heightening the risk for the development of maladaptive emotion
regulatory strategies, such as rumination and low emotional clarity, compared to boys.

Rumination, characterized by the tendency to passively and repetitively focus on one’s
dysphoric mood, as well as its meanings and consequences, has received abundant support
as a risk factor for the development of both depressive symptoms and disorders during
adolescence, particularly for girls (for reviews, see Abela & Hankin, 2008; Rood, Roelofs,
Bogels, Nolen-Hoeksema, & Shouten, 2009). Although people often engage in rumination in
an effort to better solve their problems (Papageorgiou & Wells, 2003), rumination has the
unintended effect of interfering with effective problem-solving strategies and prolonging
distress (Lyubomirsky & Nolen-Hoeksema, 1995; Nolen-Hoeksema, Wisco, &
Lyubomirsky, 2008). Several studies indicate that adolescent girls are more likely to
ruminate than adolescent boys (for review, see Rood et al., 2009) and than younger, pre-
adolescent girls (Hampel & Petermann, 2005; Jose & Brown, 2008). Thus, puberty may
influence the tendency to ruminate on intense emotional experiences during adolescence,
thereby heightening the risk of depression and anxiety. Few studies have specifically
investigated the role of puberty in the development of a ruminative response style, as the
present study aims to do.
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Emotional clarity, defined as the extent to which individuals can identify, understand, and
distinguish their own emotions (Gohm & Clore, 2000), may influence how they respond to
stressful events (Flynn & Rudolph, 2014) and how quickly they can recover from and repair
negative affective states (Gohm & Clore 2000). Emotional clarity may be a necessary
building block for the adaptive regulation of affective states (Barrett, Gross, Christensen, &
Benvenuto, 2001; Mennin, Holaway, Fresco, Moore, & Heimberg, 2007) and successful
emotion regulation (Vine & Aldao, 2014). Lower emotional clarity has been found to confer
risk for depressive symptoms among adolescents (Flynn & Rudolph, 2010; Stange, Alloy,
Flynn, & Abramson, 2013a; Stange et al., 2013b). Although adolescents generally become
better at identifying the emotions of others as they progress through puberty (Burnett,
Thompson, Bird, & Blakemore, 2011), the increasing complexity of one’s own emotions
during a time of increased emotional intensity may pose unique difficulty among adolescent
girls. Only one study has examined emotional clarity in the context of pubertal development,
finding that adolescent girls with earlier pubertal timing and lower emotional clarity were
significantly more likely to experience increases in depressive symptoms (Hamilton, Hamlat,
Stange, Abramson, & Alloy, 2014). To our knowledge, no study has evaluated whether
puberty influences the development of emotional clarity in adolescents. Better understanding
the role of puberty in emotional clarity development may provide valuable information about
which adolescents are at risk for reduced emotional clarity, and explain the emergence of sex
differences in internalizing disorders.

Although research evaluating puberty as a predictor of emotion regulatory styles is limited,
there are several theoretical explanations for why pubertal maturation may influence the
development of maladaptive emotion regulatory styles and subsequent internalizing
disorders in adolescence. First, it is important to distinguish between two related, yet
distinct, pubertal indicators: pubertal status, which is defined as an individual’s stage or level
of pubertal development at a certain timepoint and pubertal timing, which is characterized as
an individual’s level of pubertal development at a certain timepoint compared to that of their
same-sex, same-age peers (Dorn, Dahl, Woodward, & Biro, 2006; Mendle, 2014b; Susman
& Dorn, 1991). Although earlier pubertal timing is correlated with being more pubertally
advanced, understanding whether pubertal status or timing confers specific vulnerability for
adolescent girls versus boys may provide valuable insight into the processes through which
puberty contributes to the emergence of sex differences in internalizing symptoms and
disorders (Dorn et al., 2006).

Pubertal status is typically measured by the degree of development of secondary sex
characteristics, such as breast, genital, and pubic hair growth (Angold & Costello, 2006;
Dorn et al., 2006). Whereas pubertal timing focuses on the ‘when’ of pubertal development
compared to same age peers, pubertal status is based on the ‘ iow much’ of puberty, or the
extent to which the morphological aspects of puberty have occurred. On average, girls
experience each stage of puberty earlier than boys (Herman-Giddens, 2006). Several studies
have found that advanced pubertal status provides risk for the development of depression
and anxiety in girls, but not boys (Angold & Rutter, 1992; Deardorff et al., 2007; Ge,
Conger, & Elder, 1996; 2001; Patton et al., 1996). For instance, a study of 1,420 adolescents
found that girls at Tanner stage 3 (e.g., breasts beginning to develop) were over three times
more likely to have a depressive episode than girls in the earlier Tanner stages, independent
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of the age at which they entered stage 3 (Angold, Costello, & Worthman, 1998). Further,
pubertal status accounted for the emergence of sex differences in depression during
adolescence (Angold, et al., 1998; Conley & Rudolph, 2009).

Beyond pubertal status, much research has indicated that pubertal maturation may only
confer risk for psychopathology in the context of one’s relative maturation compared to
same-age, same-sex peers (i.e., depending on pubertal timing). Although some research
indicates that both early) and later-maturing girls may be at risk for psychopathology
(Graber et al., 1997), most research has found greater risk for depression and anxiety
associated with earlier pubertal timing among girls (for reviews, see Mendle, Turkheimer, &
Emery, 2007; Reardon, Leen-Feldner, & Hayward, 2009). Indeed, adolescent girls with
earlier pubertal timing experience greater internalizing symptoms and disorders than their
peers who mature on time or later (e.g., Conley et al., 2009; Ge et al., 1996; Graber, Brooks-
Gunn, & Warren, 2006; Hayward, Gotlib, Schraedley, & Litt, 1999; Hayward, Killen,
Wilson, & Hammer, 1997). Evidence suggests that it is not necessarily the physiological
changes of puberty in and of themselves that increase risk for internalizing disorders among
girls. Rather, psychosocial factors associated with earlier pubertal timing and developing
secondary sexual characteristics before most peers, such as being scrutinized sexually by
others or societal expectations mismatched to available psychological resources, may
increase girls’ vulnerability to depression and anxiety (Graber, 2013).

As puberty is an inherently stressful biological and social transition (Ge & Natasuki, 2009),
adolescents with earlier pubertal timing may experience more stressors in their lives than
their on-time or later-developing peers (Conley, Rudolph, & Bryant, 2012). Subsequently,
early maturers may be more likely to engage in maladaptive responses, such as rumination,
in an attempt to cope with their increased emotional distress and greater exposure to
stressful events. Specifically, early maturing adolescent girls may be particularly vulnerable
to increased negative experiences in romantic, sexual, and peer relationships, including peer
harassment and victimization, as a result of their greater physical maturation and divergence
from the appearance of most peers (Skoog, Ozdemir, & Stattin, 2016), thereby placing them
at greater risk than boys. Experiencing more of these negative events may contribute to the
development of rumination or difficulty understanding one’s emotions among girls, as
stressful life events during adolescence have been found to contribute to the use of
maladaptive emotion regulatory styles (Hamilton et al., 2015; Jessar et al., in press). They
also may have more limited information about puberty and less social support than their on-
time or later-developing peers. Thus, there may be a mismatch between the greater pubertal
(and physical) development of early maturers and the cognitive and emotional resources
available to successfully navigate these negative experiences.

Alternatively, irrespective of one’s timing relative to peers, advanced pubertal status may
confer risk for increased rumination and diminished emotional clarity during adolescence.
Puberty is associated with significant emotional and hormonal changes, particularly for girls,
who experience greater negative affect, emotionality, and emotional arousal than boys during
the pubertal transition (Angold, et al., 1998; Petersen & Taylor, 1980). In this sense,
adolescents with advanced pubertal status may have greater fluctuations and intensity of
emotions, which may contribute to difficulties in understanding their own emotional states
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and diminish emotional clarity over time. Further, adolescent girls may respond to these
confusing emotional states by trying to understand the causes and meaning of negative mood
states, thereby engaging in rumination. In addition, adolescent girls tend to display more
visible signs of puberty relative to boys, which may elicit unwanted sexual attention from
older individuals or sexual harassment from peers (Peterson & Hyde, 2009), which
adolescent girls may then be more likely to respond to by ruminating. Determining whether
pubertal timing and/or pubertal status confers risk for these maladaptive emotion regulatory
styles may reveal which aspects of puberty are most detrimental for internalizing disorders
and the mechanisms through which puberty confers risk.

Recent research has highlighted the importance of examining racial differences in the
puberty-depression relationship, given racial differences in the onset of puberty (Herman-
Giddens et al., 1997; Wu, Mendola, & Buck, 2002). Few studies have included sufficient
numbers of youth of different races or ethnicities to examine race or ethnicity as a moderator
of the relationship between puberty and internalizing symptoms. Within an entirely African-
American sample, one study found that earlier pubertal timing predicted increases in
depressive symptoms for adolescent girls compared to later-maturing adolescents (Ge, Kim,
Brody, Conger, & Simons, 2003). However, other studies with African-American samples
have not demonstrated that earlier pubertal timing predicted internalizing symptoms among
African-American girls (Carter, Caldwell, Matusko, Antonucci, & Jackson, 2011), but that
only early-maturing Caucasian girls were more vulnerable to internalizing problems.
However, as pubertal timing in African-American girls was not formally assessed until the
1970s (Ramnitz, & Lodish, 2013), less is known about potential racial differences in
mechanisms of risk during the pubertal transition. Thus, the present study evaluated whether
there were racial differences in the relationship between the pubertal indicators and
development of emotion regulatory styles and subsequent internalizing symptoms and
disorders.

The present study investigated indicators of pubertal development (pubertal status and
timing) as predictors of the emergence of sex differences in emotional mechanisms of risk
for internalizing disorders. Specifically, we evaluated whether pubertal status and/or timing
contributed to the development of rumination and emotional clarity differentially among
adolescent girls versus boys. We hypothesized that early pubertal timing and more advanced
pubertal status would confer risk for the development of rumination and reduced emotional
clarity only for girls. Given the emergence of the sex difference in depression and anxiety
during the pubertal years (Hankin et al., 1998; Letcher et al., 2012), as well as sex
differences in rumination and emotional clarity (Hampel & Petermann, 2005; Jose & Brown,
2008), we also evaluated whether the development of rumination and emotional clarity
subsequently contributed to increases in depressive and anxiety symptoms, and the first
onset of depressive and anxiety disorders among girls, but not boys. That is, we
hypothesized that the association between these indicators of pubertal development and
prospective increases in internalizing symptoms and first onset of internalizing disorders in
adolescent girls would be mediated by rumination and low emotional clarity. Further, we
also explored whether race would further moderate these relationships, given mixed findings
on differences for African-American and Caucasian adolescents in the effects of pubertal
timing on internalizing symptoms (Carter et al., 2011; DeRose, Shiyko, Foster, & Brooks-
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Gunn, 2011) and the mechanisms through which pubertal timing impacts symptoms of
internalizing disorders (Hamlat et al., 2014).

Participants included 314 adolescents recruited from Philadelphia area middle schools as
part of an ongoing longitudinal study to evaluate sex and racial differences in the
development of internalizing disorders among Caucasian and African-American adolescents
(Alloy et al., 2012). Specifically, Caucasian and African-American adolescents were
recruited from Philadelphia-area middle schools through either school mailings and follow-
up phone calls (approximately 68% of the sample) or advertisements placed in Philadelphia-
area newspapers (approximately 32% of the sample). Interested participants completed a
phone screening to determine eligibility. Eligible participants included middle school-aged
adolescents (ranging from ages 11 to 14 years old at baseline), who self-identified as
Caucasian/White, African-American/Black, or Biracial (Hispanic adolescents were eligible
if they also identified as White or Black) and had a mother/primary female caregiver willing
to participate in the study (93% were adolescents’ biological mothers). Adolescents were
ineligible if 1) there was no mother/primary female caregiver available to participate; 2) the
mother or adolescent was psychotic, had a severe developmental disorder or intellectually
disability, or a severe learning disability; and 3) the mother or adolescent was unable to
complete study measures because of the inability to read or speak English or for any other
reason (see Alloy et al., 2012, for further details).

The sample for the current study consisted of 314 adolescents and their mothers who
completed an initial baseline assessment (Time 1) and two follow-up assessments (Times 2
and 3), each of which were approximately one year apart. Thus, the follow-up assessments
were conducted approximately across ages 12-15 (Time 1 mean age = 12.88 years, SD =
0.61). The study sample was 53% female and 50% African-American. Overall, 45% of
participants were eligible for free school lunch, a measure of financial need that accounts for
the number of dependents being supported on the family’s income. Overall, there were 285
adolescents at Time 2 (91% retention) and 273 adolescents at Time 3 (87% retention), with
no significant differences on primary study measures between those who completed only
Time 1 or Times 1 and 2 or all three assessments.

Three assessments spaced approximately one year apart (M = 323.77 days; SD = 94.13
days) were used in the current study to provide a fully prospective design. At Time 1,
mothers and adolescents completed written consent and assent forms, respectively, and then
adolescents completed self-report questionnaires evaluating pubertal development, emotion
regulatory styles (i.e., emotional clarity and rumination) and current internalizing (i.e.,
anxiety and depressive) symptoms. Adolescents also were assessed for depressive and
anxiety disorder diagnoses by a trained diagnostic interviewer. At the Time 2 assessment,
adolescents completed the self-report questionnaires assessing emotion regulatory styles and
current internalizing symptoms. Finally, at the Time 3 assessment, adolescents completed
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the same self-report questionnaires assessing emotion regulatory styles and current
internalizing symptoms, and were assessed for depressive and anxiety disorder diagnoses
again by a trained interviewer. Adolescents and their mothers were compensated for their
participation at each study visit.

Anxiety symptoms—The Multidimensional Anxiety Scale for Children (MASC; March
etal., 1997) is a 39-item self-report questionnaire assessing anxiety symptoms in youth,
including physical symptoms, social anxiety, harm avoidance, and separation anxiety.
Adolescents responded to each item on a four-point Likert scale with response options of
never, rarely, sometimes, or often. The MASC and its subscales have been demonstrated to
have excellent retest and internal reliability, and good convergent and discriminant validity
(Baldwin & Dadds, 2007; March et al., 1997; March & Albano 1998). There was good
internal consistency in the current sample at all timepoints (.86 < a <.87). The MASC total
score was used in our analyses.

Depressive symptoms—The Children’s Depression Inventory (CDI; Kovacs, 1985) is a
27-item self-report measure designed to assess affective, behavioral, and cognitive
symptoms of depression in youth ages 7 to 17. Each of the 27 items is rated on a 0 to 2 scale
and items are summed for a total depression score (ranging from 0 to 54), with higher scores
indicating more depressive symptoms. The CDI previously has demonstrated good reliability
and validity (Klein, Dougherty, & Olino, 2005). There was good internal consistency in the
current sample at all timepoints (.80 < a < .85).

Diagnoses of anxiety and depression—The Kiddie — Schedule for Affective
Disorders and Schizophrenia — Epidemiological Version (K-SADS-E; Orvaschel, 1995) is a
semi-structured diagnostic interview that was administered by trained interviewers to
adolescents and their mothers at baseline to assess the adolescent’s current and lifetime
diagnoses and again at Time 3 (approximately 24 months apart) to assess new diagnoses
since the Time 1 baseline visit. The K-SADS-E assesses current and past Diagnostic and
Statistical Manual of Mental Disorders — Fourth Edition (DSM-IV-TR, American
Psychiatric Association, 2000) psychopathology in youth. After first administering the
interview to the adolescent’s mother and then administering the interview to the adolescent,
the interviewer would create a summary rating based on his/her “best-estimate™ clinical
judgment for all diagnoses. Interviewers in the current study were limited to clinical
psychology postdoctoral fellows, clinical psychology doctoral students, masters-level
clinicians, and post-baccalaureate research assistants. Past research examining the K-SADS-
E has demonstrated good inter-rater and retest reliability for depressive and anxiety
disorders (Orvaschel, 1995). Inter-rater reliability for the current study was x = .85 based on
120 pairs of ratings (10 K-SADS-E interviews; 24 total diagnoses; 5 raters). For the
purposes of the current study, an adolescent was considered to have a depressive disorder if
he or she met diagnostic criteria for any DSM-/V-TR or Research Diagnostic Criteria (RDC)
depressive disorder (i.e., major depressive disorder, minor depressive disorder, intermittent
depressive disorder, dysthymic disorder, depressive disorder not otherwise specified).
Likewise, an adolescent was considered to have an anxiety disorder, if he or she met

Clin Psychol Sci. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Alloy et al.

Page 8

diagnostic criteria for any RDC or DSM-/V-TR anxiety disorder (i.e., generalized anxiety
disorder, panic disorder, agoraphobia, simple/specific phobia, social phobia, obsessive-
compulsive disorder, post-traumatic stress disorder, acute stress disorder, separation anxiety
disorder).

Emotional clarity—The Emotional Clarity Questionnaire (ECQ; Flynn & Rudolph, 2010)
is a seven-item self-report questionnaire adapted for children from an instrument used with
adults (Salovey, Mayer, Goldman, Turvey, & Palfai, 1995) that assesses perceived emotional
clarity. The ECQ asks children to rate the way they experience their feelings (e.g., “/ usually
know how | am feeling,” “ My feelings usually make sense to me,” and “I am often confused
about my feelings’ [reverse scored]) on a five-point Likert scale ranging from “not at all’ to
“very much.” Item scores are summed with higher scores indicating greater levels of
emotional clarity. Total scores range from 5 to 35. The ECQ has demonstrated good internal
consistency, and convergent validity has been established with the identification of affective
information presented via facial expressions (Flynn & Rudolph, 2010). There was good
internal consistency in the current sample at all timepoints (.81 < a <.82).

Rumination—The Children’s Response Styles Questionnaire (CRSQ; Abela, Vanderbilt,
& Rochon, 2004) is a 25-item self-report questionnaire assessing youths’ tendencies to
respond to sad or depressed mood with rumination, distraction, or problem-solving.
Adolescents rate the frequency of their thoughts or feelings when they are sad on four-point
scales ranging from never (1) to almost always (4), with higher scores within a subscale
indicating a greater tendency to use that response style when experiencing sad/depressed
mood. The current study used only the rumination subscale. The CRSQ has shown good
validity and moderate internal consistency in previous studies (Abela et al., 2004). There
was good internal consistency in the current sample at all timepoints (.80 < a <.87).

Pubertal development—The Pubertal Development Scale (PDS; Petersen, Crockett,
Richards, & Boxer, 1988) is a six-item self-report questionnaire that assesses the current
status of pubertal development. The PDS evaluates growth spurt in height, body hair, skin
change, breast change (girls only)/voice change (boys only), and facial hair growth (boys)/
menstruation (girls). Each characteristic (except menstruation) is rated on a four-point scale
(1 = no development, 2 = development has barely begun, 3 = development is definitely
underway, 4 =development is complete). Total scores can range from 5 to 20, with higher
scores indicating more mature pubertal status. The PDS previously has demonstrated good
psychometric properties and convergent validity based on self- and physician-rated Tanner
stages (Petersen et al., 1988), including in ethnically diverse samples (Siegel, Yancey,
Aneshensel, & Schuler, 1999). Internal consistency for the PDS in this sample was a = .77
for girls and a = .73 for boys at Time 1.

In study analyses, total PDS score was used as a measure of current pubertal status. Prior to
conducting analyses, the PDS total score was regressed on age separately for males and
females, and the residual obtained was used as a continuous measure of pubertal timing
(Dorn et al., 2006; Dorn, Susman, & Ponirakis, 2003; Hamilton et al., 2014; Hamilton,
Hamlat, Stange, Alloy, & Abramson, 2014; Hamlat et al., 2014; Hamlat, Stange, Alloy, &
Abramson, 2014; Susman et al., 2007).
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Statistical Analyses

Results

To evaluate our hypotheses, we used path analysis in structural equation modeling (SEM)
software (Mplus 6.11) with full information maximum likelihood estimation (FIML; Muthén
& Muthén, 2007). FIML allowed for parameters to be estimated for all 314 participants,
including those with missing data. Analyses conducted without missing data yielded results
consistent with those reported below. For all analyses, we covaried age, race, SES, and Time
1 depressive and anxiety symptoms, rumination, and emotional clarity. Analyses for pubertal
timing and pubertal status were conducted separately, as were models predicting to
internalizing symptoms versus disorders. Thus, four models were conducted in total. Fit
statistics were examined for each model to determine whether the model adequately fit the
data (Hu & Bentler, 2007).

To examine our hypothesis that early pubertal timing would predict higher rumination and
lower emotional clarity among girls, which, in turn, would predict greater depression and
anxiety among girls, we estimated the direct effects of Time 1 sex, pubertal timing, and the
interaction term of pubertal timing and sex on rumination and emotional clarity at Time 2.
Second, we estimated the direct effects of Time 1 sex, pubertal timing, the interaction of
pubertal timing and sex, Time 2 rumination, and Time 2 emotional clarity on depressive and
anxiety symptoms or diagnoses at Time 3. We also allowed Time 2 rumination and
emotional clarity and Time 3 depressive and anxiety symptoms to covary. Third, we
examined the indirect effect of pubertal timing on depression and anxiety symptoms or
diagnoses via rumination and emotional clarity for girls versus boys with bootstrapping (N =
5000). The nonparametric bootstrapping procedure approximates the sampling distribution
of a statistic from the available data and is recommended for tests of mediation (MacKinnon
et al., 2004). To meet criteria for mediation, each pathway in the model must be significant
and the direct effect between the independent and dependent variables must be reduced
when the mediator is entered into the model (i.e., a significant indirect effect). As noted, we
evaluated prediction of depression and anxiety symptoms first, and then subsequently
examined the onset of depressive and anxiety disorders. For analyses predicting to
depressive or anxiety disorders, we also covaried the presence of current or history of
depressive or anxiety disorders at Time 1. To examine our hypothesis that more advanced
pubertal status would predict higher rumination and lower emotional clarity among girls,
which, in turn, would predict greater depression and anxiety symptoms or diagnoses among
girls, we replicated the above analyses separately for pubertal status. All models were
saturated (;(2 = 0.00; comparative fit index (CFI) = 1.00; root mean square error of
approximation (RMSEA) = .00]; standardized root mean square residual (SRMR) =.00),
and thus, just identified with perfect fit.

Descriptive Analyses

Table 1 includes descriptive statistics for adolescent girls and boys. At Time 1, there were 51
adolescents (16%; N = 23 female) who reported a past or current depressive episode, and 68
adolescents (22%; N = 40 female) who reported a past or current anxiety disorder. Over the
study period, 58 adolescents (18%; N = 38 female) reported a new lifetime onset of a
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depressive episode, whereas there were 38 new lifetime diagnoses of anxiety disorders
(12%; N = 25 female) over the study period. Analyses were conducted to determine whether
primary outcome variables were associated with sex (#tests and effect sizes reported in
Table 1). As expected, girls reported more advanced pubertal status than boys. Girls also
reported higher depressive and anxiety symptoms at Times 1 and 3, and lower emotional
clarity1 at Times 1 and 2. There were no sex differences in rumination at Time 1, but girls
reported greater rumination at Time 2 than boys. Consistent with the emergence of sex
differences in depressive disorders, there were no differences at Time 1 in depressive
disorders, but girls reported a greater likelihood of onset of depressive episodes at Time 3.
There were no sex differences in likelihood of anxiety disorder onset at Time 1 or Time 3.

As expected, pubertal status was significantly correlated with pubertal timing (r= .81, p<.
001), such that those with more advanced pubertal development had earlier pubertal timing.
Pubertal timing was significantly correlated with probability of an onset of a depressive
disorder at Time 3 (r=.18, p=.03), but was uncorrelated with other primary study
variables. Pubertal status was correlated with Time 1 rumination (r=.11, p=.01), Time 2
rumination (r= .23, p<.001) and depressive symptoms (r= .14, p<.01), and the onset of a
depressive disorder (r=.16, p< .01) at Time 3.

Pubertal Timing, Emotion Regulatory Styles, and Internalizing Symptoms and Disorders

Consistent with our hypotheses, there was a significant interaction between sex and pubertal
timing at Time 1 in predicting rumination at Time 2 (Figure 1a and 1b), controlling for Time
1 age, race, SES, and Time 1 levels of depressive symptoms, anxiety symptoms, rumination,
and emotional clarity. Specifically, early pubertal timing predicted greater prospective levels
of rumination only among adolescent girls (£=2.96, p=.003), but not boys (#=-.07, p=.
95). Contrary to hypotheses, there were no significant interactions between sex and pubertal
timing in predicting deficits in emotional clarity.

For the moderated mediation analyses, Time 2 rumination positively predicted Time 3
depressive symptoms and anxiety symptoms. However, lower emotional clarity at Time 2
predicted greater depressive symptoms, but not anxiety symptoms (Figure 1a). Further, the
interaction between sex and pubertal timing did not predict depressive or anxiety symptoms
when rumination and emotional clarity were included in the model. Consistent with
hypotheses, there was a significant indirect effect of pubertal timing on depressive symptoms
through rumination for adolescent girls (¢= 2.18, SE = .03; CI [95%] = .01-.13; p=.03),
which indicates that having a more ruminative response style mediated the relationship
between earlier pubertal timing and depressive symptoms among girls. There was a
marginally significant indirect effect of pubertal timing on anxiety symptoms through
rumination for adolescent girls (£=1.87, SE = .02; Cl [95%] = -.002-.08; p = .06); however,
there was no indirect effect of pubertal timing on depressive or anxiety symptoms through
emotional clarity (Dep: t=-.84, SE =.02; Cl [95%] = -.05 - .02; p=.40; Anx: t=-.76, SE
=.01; CI [95%] = -.03 - .02; p= .45).

lExisting research supports that emotional clarity may be higher in boys during adolescence (Oliva, Parra, & Reina, 2014; Rubenstein

etal., in press).
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Moreover, rumination significantly predicted the onset of a depressive episode at Time 3
(Figure 1b) and there was a significant indirect effect of pubertal timing on the probability of
the onset of a depressive episode at Time 3 through rumination for adolescent girls (£=1.97,
SE =.01; CI [95%] = .001-.04; p < .05). Although low emotional clarity significantly
predicted depressive episodes at Time 3, it did not significantly mediate the relationship
between pubertal timing and the likelihood of developing a depressive episode between
Time 1 and Time 3 among girls (#=-.21, SE =.01; CI [95%] = -.03-.02; p=.83).
Additionally, both rumination and emotional clarity did not predict the onset of an anxiety
disorder at Time 3 (Figure 1b), nor was there a significant indirect effect of pubertal timing
on the onset of an anxiety disorder through rumination (#= 1.32, SE =.02; CI [95%] = -.
01- .05; p=.19) or emotional clarity (= -.16, SE = .01; Cl [95%] = -.01- .01; p= .87) for
girls.

Pubertal Status, Emotion Regulatory Styles, and Internalizing Symptoms and Disorders

Contrary to hypotheses, there was no significant interaction between pubertal status and sex
in predicting prospective levels of rumination (¢= 1.12, p=.27) or emotional clarity (¢=
1.40, p=.16; see Supplemental Figure 2a and 2b). Thus, the effect of pubertal status on
rumination and emotional clarity was not significantly different for boys and girls. Further,
there was no significant indirect effect of pubertal status through rumination when predicting
to depressive (£=1.12, SE = .11; Cl [95%] = -.09 — .33; p=.26) and anxiety symptoms (¢=
1.02, SE = .07; CI [95%] = -.06 — .20; p=.31; Supplemental Figure 2a) or the likelihood of
an onset of a depressive (= .82, SE = .01; CI [95%] = -.01- .03; p=.41) or anxiety
disorder (= .81, SE = .01; Cl [95%] = -.01- .05; p = .42; Supplemental Figure 2b). Nor
were there any significant indirect effects of pubertal status through emotional clarity when
predicting to depressive or anxiety symptoms (¢= 1.27, SE = .07; CI [95%] = —.22—- .05; p
=.21; t=1.08, SE = .05; CI [95%] = -.01- .03; p= .28, respectively; Supplemental Figure
2a) or the likelihood of an onset of a depressive (¢=1.24, SE =.02; CI [95%] = -.05- .01; p
=.22) or anxiety disorder (= .83, SE = .01; CI [95%] = -.03- .01; p = .41; Supplemental
Figure 2b).

Racial Differences in Pubertal Indicators and Development of Emotion Regulatory Styles

To evaluate whether there were racial differences in the effects of puberty (timing, status) on
rumination and emotional clarity, we conducted two separate three-way interactions between
sex, race, and either pubertal timing or status predicting to rumination and emotional clarity.
These analyses revealed no significant differences between Caucasian and African-
American adolescents in the effects of pubertal timing on rumination (¢=-.18, SE = .12, p
= .86) or emotional clarity (¢=-.27, SE = .13, p=.79). Further, there were no significant
three-way interactions with race, sex, and pubertal status predicting rumination (¢=-.01, SE
= .44, p=.99) or emotional clarity (#=-.16, SE = .50, p=.88).

Discussion

Given that the emergence of sex differences in depression and anxiety occurs during the
pubertal transition, research has sought to better understand the mechanisms by which
puberty contributes to the onset of depressive and anxiety symptoms and disorders among
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adolescent girls. The results of the present study suggest that how early-maturing girls
regulate negative emotions may ultimately confer specific risk for the development of
depression. Although pubertal status was correlated with rumination, depressive symptoms,
and the onset of depressive disorders, only pubertal timing prospectively predicted increased
rumination among girls, which mediated increases in depressive symptoms and the
probability of developing new episodes of depression. Our findings indicate that for girls,
maturing earlier than peers fosters the development of a more ruminative response style,
which then results in greater levels of depressive symptoms and the onset of depressive
episodes. Importantly, our findings demonstrate a specific risk for early-maturing girls
compared to bays, which may help to explain the emerging sex differences in depression
during this time.

The present study supports the theory that women have higher odds of experiencing a
depressive episode than men because of their greater propensity to ruminate (Nolen-
Hoeksema, 1987), inasmuch as we found that early maturing girls’ higher levels of
depressive symptoms and greater likelihood of the development of a depressive disorder
were accounted for by ruminative tendencies. Boys and girls did not differ in levels of
rumination or depressive symptoms or episodes at baseline, but over time, there were
increases in both rumination and depression for early-maturing girls; this is consistent with
findings that the sex difference in rumination may not emerge until adolescence (Rood et al.,
2009). The development of a maladaptive emotional coping style such as rumination during
adolescence may at least partly explain why early maturation provides increased
vulnerability to depression for adolescent girls and why girls are much more likely than boys
to develop depressive disorders during adolescence. Although pubertal timing may be
associated with depression for only a few years in adolescence for girls, maturing earlier
than peers may result in life-long consequences, such as the development of a ruminative
response style, which continues to place girls at risk for depression into young adulthood
(age 24; Graber, Seeley, Brooks-Gunn, & Lewinsohn, 2004).

Despite previous evidence that lower levels of emotional clarity (i.e., the ability to identify
and understand one’s emotions) confer risk for depression during the pubertal transition
(Flynn & Rudolph, 2010; Hamilton, Hamlat, et al., 2014; Stange et al., 2013a,b), we found
that early-maturing adolescent girls specifically demonstrated higher levels of rumination
but did not show lower emotional clarity than later maturing peers. Moreover, the pathway to
depression onset through increased rumination was only significant for girls who
experienced maturation earlier than most of their peers and was not significant for advanced
pubertal status. The physical changes that accompany puberty are largely uncontrollable and
“uncontrollable ... stressors may be especially likely to lead to rumination because they
create discrepancies between the individual’s current state and his or her goals or desired
states that cannot be resolved” (Michl, McLaughlin, Shepherd, & Nolen-Hoeksema, 2013, p.
340). This suggests that it may be the social or environmental aspects of puberty that are
most important in contributing to a ruminative response style and subsequent depression
(e.g., timing compared to one’s peers) rather than the stage of pubertal maturation on its
own. For instance, as higher levels of depressive symptoms found in early maturing girls
have been associated with negative perceptions of body weight and physical development
(Compian, Gowen, & Hayward, 2009; Vogt Yuan, 2007), early maturers may ruminate on
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the discrepancy between weight and body fat gained as a result of maturation and the thin
ideal of Western popular culture. For girls in early adolescence, rumination mediated the
relationship between self-surveillance (having a constant focus on one’s physical
appearance) and depressive symptoms (Grabe, Hyde, & Lindberg, 2013). Girls who mature
earlier also may ruminate about others’ perceptions of their noticeable physical changes and
discrepant physical status compared to on-time and later-maturing peers. Unfortunately,
rumination can exacerbate the effects of negative mood and, over time, precipitate a spiral
into the development of a depressive episode (Spasojevic & Alloy, 2001).

Interestingly, our results were specific to depressive disorders and symptoms and did not
generalize to the onset of anxiety disorders and symptoms in adolescent girls. Although
rumination predicted increases in both depressive and anxiety symptoms, rumination did not
predict the development of an anxiety disorder nor was there a significant indirect effect of
pubertal timing on the development of an anxiety disorder through rumination.
Theoretically, rumination may be most closely associated with depression, while worry, a
similar yet distinct construct, may be more likely to be associated with anxiety disorders
(Rood et al., 2009; Nolen-Hoeksema et al., 2008). Shared methods variance may explain the
finding of a (marginally) significant effect of pubertal timing on anxiety symptoms but not
on anxiety disorders; pubertal development, rumination, and symptoms of anxiety were
based on adolescent self-report and diagnoses of disorders were based on interviews with
both adolescents and their mothers. However, as our sample further ages into adolescence,
the relationships between pubertal timing, rumination, and the probability of developing an
anxiety disorder may become significant.

Despite some evidence that early maturation may predict depression solely for Caucasian,
but not for African-American, girls (Carter et al. 2011; DeRose et al., 2011), we did not find
racial differences in our study sample; both early-maturing African-American and Caucasian
girls experienced increases in rumination that subsequently predicted increased depressive
symptoms and the onset of new depressive episodes. Our results support that for both
African-American and Caucasian girls (but not boys), early maturation is a risk factor for
depressive symptoms and episodes and suggest that for both racial groups, gender
differences in depression emerge in early adolescence. Our results are in line with several
studies that found early maturation predicts increased depressive symptoms for African-
American girls (Ge et al. 2003; Nadeem and Graham, 2005; Negriff, Susman, & Trickett,
2008), but to our knowledge, this is the first study demonstrating that both African-
American and Caucasian girls are at increased risk for new depressive episodes due to early
pubertal timing. However, replication of our results is needed, especially as few studies have
included adequate sample sizes of African-American participants necessary to examine race
as a moderator of outcomes due to pubertal timing. Furthermore, our study measured
pubertal status and timing solely at baseline and evidence suggests that pubertal maturation
does not proceed linearly (Ellis, Shirtcliff, Boyce, Deardorff, & Essex, 2011), but may vary
in tempo (Mendle, Harden, Brooks-Gunn, & Graber, 2010). Recent work found that African-
American girls demonstrate a lower pubertal tempo, which was associated with different
levels of depressive symptoms, at different stages of pubertal maturation (Keenan, Culbert,
Grimm, Hipwell, & Stepp, 2014).
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Among the strengths of this study was the large, demographically diverse sample of
adolescents (evenly divided by race and sex) at an age just prior to the emergence of the rise
in depression in girls (Hankin et al., 1998) and the prospective design with three waves of
data collection. Analyses included both symptom and diagnosis level measurements of
depression and anxiety, measured by self-report and objective interview, respectively.
Results were specific to the emotion regulation strategy of rumination, and not emotional
clarity, and to both depressive symptoms and disorders, and did not apply to anxiety
symptoms or disorders. Most previous examinations of anxiety and pubertal development
have been at the symptom level and little research has investigated specific anxiety disorders
as sequelae of individual differences in pubertal status or timing (Reardon et al., 2009).
Unfortunately, we did not have sufficient numbers of specific anxiety disorders (e.qg.,
generalized anxiety disorder, social anxiety disorder) in our sample to be able to examine
these as individual outcomes, and it is possible that there could be an indirect effect of
pubertal timing on the development of specific anxiety disorders. Future research may want
to assess the effects and potential mechanisms of pubertal development for specific types of
anxiety disorders.

Despite these strengths, the study may be limited by the sample’s age range (11-14 years
old at baseline), as it restricted the examination of earlier and later maturation effects. Future
research could replicate the study design with adolescents at different chronological ages
and/or follow them over a longer time period. As pubertal development was solely assessed
at baseline, longitudinal assessments of maturation may help determine whether results
remain consistent throughout adolescence and determine possible effects of pubertal tempo
on depression. Future studies also may choose to use multi-method assessment of pubertal
status to increase validity, such as physical exams administered in a medical setting or
hormonal levels known to increase during the pubertal transition, in addition to self-report
measures of pubertal development. Nonetheless, adolescents’ self-reports correlated > .80
with their mothers’ reports of pubertal development in this sample (Hamlat et al., 2014), and
given that perceived pubertal development has been associated with negative outcomes
(Mendle, Leve, Van Ryzin, & Natsuaki, 2014), the perception of pubertal development using
a self-report measure may be equally informative.

Substantial areas for exploration still exist in explaining the relationship of early pubertal
maturation to the emerging gender differences in rates of depression during adolescence.
Most studies have focused on the mechanisms that occur during or after the onset of puberty
(Mendle et al., 2014), although unequivocal evidence exists that the events of early life
affect pubertal timing (Belsky et al., 2007; Ellis, 2004). For example, childhood sexual abuse
may lead to earlier pubertal timing, which then results in higher internalizing symptoms
(Mendle et al., 2014). It may be that a third variable influences both pubertal timing and the
developmentally linked outcome; as an example, child sexual abuse could predict earlier
pubertal maturation in girls, but it also may result in higher levels of rumination. Ideally,
longitudinal research would follow a cohort throughout the larger development continuum
from early life until young adulthood. Ambitious work may integrate physiological
assessments to further elucidate the pathways and the sequential mechanisms that lead to
pubertal maturation as both a consequence and antecedent for negative life outcomes. For
example, sex hormones have organizing effects on the pubertal brain: for those who mature
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earlier, hormones may have a greater effect when cognitive control systems should be
relatively underdeveloped (Steinberg, 2008) and brain development overall might be more
sensitive (Graber, 2013).

The contribution of this study to clinical psychological science is its attempt to fill in the gap
in the literature on the underlying mechanisms of the association between pubertal
maturation and the emergence of sex differences in the development of internalizing
symptoms and disorders. The current study found that for both Caucasian and African
American adolescent girls, early pubertal timing leads to increases in depressive symptoms
as well as increased likelihood of the onset of a depressive disorder through the mechanism
of rumination. A wide body of research has established the link between rumination and
depression and innovative interventions have begun to capitalize on that knowledge by using
rumination as a treatment target to prevent or ameliorate depression (for an example of
rumination-based CBT, see Watkins et al., 2011). There is no question that this is important
work; a higher priority may be to focus efforts on earlier stages of the puberty — rumination
— depression progression, in order to delineate the neuro- and socio-developmental processes
that ultimately lead to the rise in rumination during the pubertal transition, particularly for
girls who mature earlier than peers. Broadly, what systems are coming “on line” for girls
during the maturation process so that rates of rumination and depression become much more
likely?

Ambitious longitudinal research would follow a large cohort of diverse individuals from
early life until young adulthood, making use of recent advances in basic science for a more
complete understanding of the development of rumination. Consistent with the NIMH
Research Domain Criteria (RDoC) initiative (National Institute of Mental Health, 2008),
multiple units of analysis should be integrated to fully delineate the development of
rumination across the pubertal transition. Several such units could be incorporated into such
a study: three of highest priority may be stress (Hamilton et al., 2015), genes and neural
circuits (Woody and Gibb, 2015). Exposure to stressful life events contributes to the
development of rumination in adolescence (see Hamilton et al., 2015 for review); thus, the
longitudinal study should include measures of stress response systems (e.g., autonomic
nervous system, hypothalamic-pituitary-adrenal axis, immune system) and their interaction
with genes and neural circuits related to rumination. Twin studies suggest that rumination
may be an endophenotype reflecting genetic risk for depression (Chen and Li, 2013;
Johnson et al, 2014) and there has been significant interest in the integration of cognitive and
genetic models of depression risk (Gibb, Beevers, & McGeary, 2013). For example, the
Val/Val genotype of the gene regulating brain-derived neurotropic factor was associated with
higher rumination specifically in young adolescent girls; rumination mediated the
relationship between genotype and depressive symptoms (Hilt, Sander, Nolen-Hoeksema, &
Simen, 2007). Similarly, for those with adolescent-onset depression, insufficient default
mode network (DMN) suppression (Bartova et al., 2015; Marchetti, Kister, Klinger, & Alloy,
in press; Miller, Hamilton, Sacchet, & Gotlib, 2015) and hyperconnectivities between the
DMN and salience networks with regions of the cognitive control network have been
associated with increased rumination (Jacobs et al., 2014).
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Pubertal Timing Predicting Emotion Regulatory Styles and Internalizing Symptoms
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Figure 1b.

Pubertal Timing Predicting Emotion Regulatory Styles and Internalizing Disorders Note.
Standardized coefficients are presented in the figures. * p< .05, ** p< .01, *** p<.001.
Primary paths of the model are represented by solid lines; dotted lines are non-primary
paths. PT = Pubertal Timing. Age, race, SES, and Time 1 depression and anxiety symptoms
and disorders, rumination, and emotional clarity were also covaried, but were not included in
the figure for ease of interpretation.
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