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Abstract

Background—karlier age of pubertal maturation in females is associated with increased risk for
mental health problems in adolescence, compared with on-time or later maturation. However, most
investigations of pubertal timing and mental health consider risk for individual disorders and fail
to account for comorbidity. A latent-modeling approach using a large, nationally representative
sample could better explain the transdiagnostic nature of the consequences of early-onset puberty.

Methods—Data on age of menarche and mental disorders were drawn from a population-
representative sample of adolescents (n=4925), ages 13-17. Confirmatory factor analysis was used
to fit four latent disorder categories: distress, eating, and externalizing, and fear disorders. Timing
of menarche included those with earlier (age <=10, age 11) and later age of onset (age 13, 14+),
relative to those with average timing of menarche (age 12). Associations between timing of
menarche and latent disorders were estimated in a structural equation model (SEM), adjusted for
age, income, race, parent marital status, BMI, and childhood adversity.

Results—The measurement model evidenced acceptable fit (CFI= 0.91; RMSEA= 0.02). Onset
of menarche before age 11 was significantly associated with distress disorders (coefficient=0.096;
p<.0001), fear disorders (coefficient=0.09; p<.0001), and externalizing disorders
(coefficient=0.039; p=0.049) as compared to on-time or late menarche. No residual associations of
early menarche with individual disorders over and above the latent disorders were observed.

Conclusion—The latent modeling approach illuminated meaningful transdiagnostic psychiatric
associations with early timing of menarche. Biological processes initiated at puberty can influence
cognitive and affective processes as well as social relationships for adolescents. Under
developmentally normative conditions, these changes may be adaptive. However, for those out of
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sync with their peers, researchers and clinicians should recognize the potential for these processes
to influence liability to a broad array of psychopathological consequences in adolescence.
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1. Introduction

Puberty is a complex developmental process that involves a host of biological, psychological
and social changes. Although puberty reflects changes across multiple systems, one specific
and reliable marker of pubertal stage for females is menarche, or the onset of the menstrual
cycle. Menarche represents a discrete and meaningful event that has been shown to be a
good marker of the overall maturation process [1]. It is noteworthy that the onset of many
psychiatric disorders in the population first begin during the pubertal transition, particularly
in adolescent females [2]-[5], suggesting a role for puberty-related changes in the etiology
of psychiatric disorders. In particular, adolescent girls begin to exhibit significantly greater
rates of internalizing disorders relative to adolescent boys during the pubertal transition [6].

Two general theoretical explanations for the increased risk of psychopathology that emerges
around puberty have been proposed (see [7] for a review). First, increases in production and
circulation of sex-hormones (e.g., DHEA, DHEA-S, estradiol, testosterone, progesterone)
may directly influence brain function [8]. Changes in the levels of these hormones influence
neurotransmitters such as dopamine and serotonin, and the development of both the
prefrontal cortex and limbic structures. Changes in these neural systems may underlie
disruptions in sleep, concentration, appetite, and sensation-seeking processes, which may
increase the risk of disorder incidence, severity, or chronicity [9]-[11]. Alternatively, the
salient effects of puberty may be due to the psychological stress from changes in body
morphology, including secondary sex characteristics, but also increased appearance of acne,
weight gain, and voice changes [12]. Physical manifestation of these changes may increase
exposure to new social norms, environments, and expectations from peers and adults
regarding maturity which may increase levels of psychosocial stress [13] and traumatic
experiences, such as unwanted sexual experiences [14], ultimately increasing risk of
psychiatric disorders [15]. These increased risks may be especially high for females who
experience earlier pubertal maturation than peers [12], [16], [17]. Much of the empirical
research into the psychiatric consequences of puberty has focused on timing of menarche
[18]. For girls, there is consistent evidence that early age of menarche is associated with
increased risk of many psychiatric disorders [19], such as depression [20], [21], anxiety [22],
[23], eating [24], and externalizing disorders [25].

Despite the extensive body of literature on psychiatric disorders and timing of menarche,
there remain three unresolved areas of inquiry. First, while several studies have examined
multiple psychiatric disorders that may result from non-normative timing of menarche [15],
[26], [27], fewer have considered the comorbidities among psychiatric disorders [15]. This
type of consideration may highlight an underlying dimensional structure of multiple
disorders resulting from non-normative timing of menarche. An identification of a broader
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psychopathological structure would facilitate better understanding of the role of early
menarche as a risk factor for liability to psychopathology more broadly as opposed to
specific individual disorders [16]. Further, this approach may be useful for characterizing the
most salient general features of comorbid disorders, including shared risk factors,
pathological processes, and illness course [28]. Second, investigations of timing of menarche
nearly always consider the psychiatric consequences of early onset of menarche, but the
effects of late menarche in females are less frequently considered. Where late timing of
menarche has been considered, the effects have been less consistent [12]. Nevertheless,
considering the psychiatric consequences of late menarche in females may help to test and
strengthen the hypotheses related to the social consequences of early menarche. For
example, if the experience of early maturation causes an increased exposure to risky
environments, females with later menarche onset than average should report an equal or
lower risk of psychiatric disorders than those who report an average onset of menarche.
Alternately, if the negative consequences of early maturation are due to experiencing
morphological changes that are out of sync with same-aged peers, then girls who reach
menarche later than average (and thus look physically different than same-age peers) would
have a risk of psychiatric disorders that is also greater than those with earlier than average
menarche. Third, most studies utilize data from small samples with potentially limited
generalizability. Although these studies allow for an investigation of differences in timing
among a specific cohort (e.g., within particular schools [15] or communities [11]),
population-representative sample are uniquely capable of identifying the transdiagnostic
risks from early or late onset of puberty at the population level.

The current study examined the association between the age of onset of menarche and a
broad array of psychiatric disorders in a large, population-representative sample of
adolescent girls. Because both the timing of and social reactions to puberty are quite
different for boys and girls [26], [29], the current study was limited to girls. We examined
these relationships using structural equation modeling approach, as a way to better
understand the transdiagnostic psychiatric risk posed by initiating puberty earlier or later
than average.

2. Methods

2.1 Data source

Data were from the National Comorbidity Survey Adolescent Supplement (NCS-A). The
NCS-A data were collected during a single wave interview of a United States population-
representative sample of adolescents age 13-18 from 2001-2004 [30]. The study was
designed to estimate prevalence of a broad range of psychiatric disorders in adolescence, as
well as a detailed survey of the demographic correlates and risk factors for disorders [31].
Data were weighted based on the 2000 Census frequencies, to yield population-
representative estimates. Further study details can be found elsewhere [32], [33]. The entire
NCS-A sample consisted of 10,148 respondents, including 5183 female adolescents
(51.1%). Girls with missing responses for their age of menarche (n=83; 1.6%) and those
who had not yet initiated menarche were excluded (n=163; 3.2%). The final analytic sample
size included 4937 respondents, of which 64.7% were non-Hispanic White, 16.5% were
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non-Hispanic Black, 13.9% were Hispanic, 5.0% specified ‘other’ racial or ethnic
backgrounds.

Study participants received $50 for participation. Written informed consent from adults and
assent from adolescents was obtained, in accordance to the procedures approved by Human
Subjects Committees of Harvard Medical School and the University of Michigan. The
Institutional Review Board of Columbia University approved the present analysis.

2.2 Measures

2.2.1 Psychiatric disorders—Seventeen adolescent psychiatric disorders were
considered as individual outcomes in survival analytic models, and were used to estimate the
latent measurement model. They included: bipolar disorder (including types I, 11, and
subthreshold), dysthymia, general anxiety disorder (GAD), major depressive disorder
(MDD), post-traumatic stress disorder (PTSD), agoraphobia, panic disorder, social phobia,
specific phobia, anorexia, binge eating, bulimia, conduct disorder, oppositional defiant
disorder (ODD), alcohol abuse, with or without dependence, drug abuse, with or without
dependence, and nicotine dependence. ODD and major depression were diagnosed based on
the symptom report of parent orchild respondents, to increase diagnostic reliability [34],
[35]. Disorders were defined using an adolescent version of the Composite International
Diagnostic Interview for DSM-IV [30], [33]. Typical CIDI diagnostic thresholds were
lowered in order to include complete assessments of comorbid symptoms and sub-threshold
cases [30]. Multiple disorder subtypes were assigned only if there was clear evidence for a
temporal distinction between the manifestations of multiple types. Children and parents who
met diagnostic thresholds were subsequently asked the age that their symptoms began.

To create the latent outcomes, we ran an exploratory factor analysis to identify latent
domains from the 17 separate disorders. The results of our EFA were compared to
previously published empirical investigations [36] and current guidance regarding trans-
diagnostic dimensional structure to determine the consistency and validity of our groupings
[37]. We did not include attention deficit/ hyperactivity disorder and separation anxiety
disorder, because the median age of onset was younger than 12 years and thus most
disorders would be expected to onset before puberty, thus bypassing the risk period
coinciding with onset of menarche [36]. Our final model included four latent domains,
including distress (dysthymia, GAD, MDD, and PTSD), fear (agoraphobia, bi-polar, panic,
social phobia, specific phobia), externalizing (alcohol abuse/dependence, drug abuse/
dependence, and nicotine dependence, conduct, oppositional defiance), and eating (anorexia,
binge, bulimia) disorders. The factor model evidenced good fit with the sample data (CFI=
0.99; RMSEA= 0.019).

2.2.2 Timing of menarche onset—All female respondents were asked the age at which
they had their first period. Responses ranged from 6-18 years old. Ages were grouped into a
five-level categorical variable of the timing of menarche onset. The reference group was set
as age 12, corresponding to the median age of menarche in the United States at the time of
the survey [38] and to the mean (12.1) and median (11.6) age of menarche onset in the
analytic sample. Four age groups were compared to the reference: those with earlier (age
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<=10, age 11) and those with a later age of onset (age 13, 14+). These groups were selected
in order to investigate specific and potentially non-linear differences in the association
between age of menarche and latent disorders, while maintaining adequate sample sizes
within each level to avoid statistical imprecision. As a sensitivity analysis, we considered
three other categorizations of menarche timing, including as a continuous variable, a three-
level categorical variable with age 11-13 as the reference, and a three-level categorical
variable with age 10-14 as the reference. Exposure levels were modeled using a set of
indicator variables.

2.2.3 Covariates—Models were also adjusted for a series of potential confounders of the
associations of interest. Categorical or dichotomous variables included: age (13-14, 15-16,
17-18 years old), parent income (<1.5, 1.5 < 3, 3 < 6, 6+ times the poverty level), race (non-
Hispanic Black, non-Hispanic White, Hispanic, other race), parent marital status (married,
separated/divorced, never married), exposure to childhood trauma (yes/no) based on a
trauma checklist administered in the CIDI, and exposure to other adversities including
poverty, low parental education, and neglect [39]. BMI was modeled as a continuous
variable, standardized according to established procedures for adolescents [40], [41], using
the SAS macro available here: https://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/
sas.htm. The distribution of all model covariates and associations with age of menarche can
be found in supplementary table 1.

2.3 Data analysis

Two separate methods were used to examine the relationship between age of menarche and
psychopathology. First, single disorders were considered using a survival analysis models,
and second, latent disorder groups were considered using structural equation methods. Using
Cox proportional hazards models, we examined temporal pathways between age of
menarche and age of psychiatric disorders. More specifically, models tested whether the rate
of disorder differed at each age of menarche, compared to the reference age. The outcome in
these models included only individuals whose age of menarche preceded their age of
disorder. Adolescents without the focal disorder of interest were censored at their current
age. In all models, unadjusted and adjusted hazard ratios between the onset of menarche and
individual psychiatric disorders were estimated in SAS 9.4 [42].

Second, the structural equation model (SEM) was fit to estimate the associations between
age of menarche onset and each latent disorder. Because of the difficulty assigning age of
onset for multiple individual disorders that comprised latent groups, lifetime diagnoses were
used regardless of whether menarche began before or after the disorder onset. This analysis
contained two-sub steps; first, an EFA was used to identify the measurement model of latent
disorders and assess goodness-of-fit. Second, we regressed the independent variable and
model covariates onto these latent disorders. Levels of the independent variable were
allowed to correlate. Model parameters were estimated using weighted least squares means
and variances (WLSMV) methods, in order to handle categorical variables with non-
normally distributed errors and missing data [43]. For both steps, nested models were
compared in order to identify the best-fitting model. Modification indices were considered
as a method to improve the marginal model fit [44], and to identify direct effects for
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associations between the age of menarche onset and individual disorders in addition to the
SEM path coefficients. All latent models were created in Mplus 7.0 [45].

Goodness-of-fit in the measurement model and the SEM was evaluated using the Root Mean
Square Error of Approximation (RMSEA) and its 90% confidence interval (Cl), and the
Comparative Fit Index (CFI). Based on previous recommendations [46], [47], we set cutoffs
for acceptable fit at RMSEA < .10 and CFI > .90, and cutoffs for good fit at RMSEA < .05
and CFI > .95. Factor correlation was estimated using Pearson’s r coefficient.

3.1 Descriptive statistics

Overall, 35.7% of the analytic sample reported initiating menarche at the age of 12. Among
those who were earlier than age 12, 9.2% reported an onset younger than 11, and 18.2%
reported onset at age 11. Among those who were later than age 12, 25.8% reported onset at
age 13, and 11.1% reported an onset of age 14 or older. Specific phobia was most commonly
reported disorder (23.0%), while anorexia was the least frequently reported disorder (0.4%).
The age of menarche onset was significantly associated with endorsement of bipolar,
dysthymia, major depression, social phobia, specific phobia, bulimia, and nicotine
dependence. Table 1 shows the prevalence of all disorders within each menarche onset
group.

3.2 Cox proportional hazards models

After adjusting for covariates, those who reported an onset of menarche before age 11 had
significantly greater rates of bipolar disorder (HR=3.9; 95% Cl= 1.1-14.2), dysthymia
(HR=2.3; 95% ClI=1.0-5.2), major depression (HR=1.8; 95% Cl= 1.2-2.7), social phobia
(HR=2.7; 95% CI= 1.4-5.3), specific phobia (HR=4.9; 95% CI= 2.0-12.0), and nicotine
dependence, compared to those who initiated menarche at age 12. Those with an onset of
menarche at age 11 had significantly greater rates of bipolar disorder (HR=4.4; 95% Cl=
1.2-16.8), dysthymia (HR=3.5; 95% Cl= 1.6-7.6), and major depression (HR=1.7; 95% ClI=
1.0-2.6), and nicotine dependence (HR=1.9; 95% CI 1.2-2.9).

Compared to females with average age of menarche, those who reported menarche onset at
age 14 or older had a significantly lower rate of major depression (HR=0.3; 95% Cl=0.2—
0.6), panic disorder (HR=0.1; 95% Cl= 0.01-0.3), and social phobia (HR=2; 95% Cl=0.1-
0.7). The full model results can be found in table 2. Unadjusted model results can be found
in supplementary table 2.

3.3 Structural Equation Model

The final measurement model evidenced acceptable fit with the sample data (CFI=0.91;
RMSEA= 0.022). Individual item loadings ranged between 0.42-0.92 and were of similar
magnitude within each factor (see supplementary table 3 for all factor loadings). Onset of
menarche before age 11 was significantly associated with distress disorders
(coefficient=0.096; p<.0001), fear disorders (coefficient=0.09; p<.0001), and marginally
significantly associated with externalizing disorders (coefficient=0.039; p=0.05). No other
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pathways reached statistical significance. The full structural equation model results are
presented in figure 1. The results of the sensitivity analysis were similar when grouping age
of menarche with three-levels (reference=11-13) and as a continuous variable. As a three-
level variable (reference=10-14), no pathways reached statistical significance. See
supplementary table 4 for the model fit indices and SEM parameters among all exposure
modeling strategies.

4. Discussion

This study utilized a latent modeling approach to investigate risk for psychiatric disorders
associated with timing of menarche in a population-representative sample. Elevated risk for
subsequent onset of fear, distress, and externalizing disorders was observed among girls who
initiated menarche earlier than average. The latent approach allowed for the investigation of
a trans-diagnostic understanding of adolescent psychopathology, which led to several
important findings. First, early menarche was significantly associated with the latent
externalizing domain, but only nicotine dependence in the survival models for any individual
externalizing disorder. Grouping conceptually related disorders not only increases the
statistical power to identify significant associations, but may uncover a more general risk of
externalizing disorders resulting from important developmental processes. Across all
domains, we found no evidence that early menarche was associated with individual disorders
over and above the effects on latent disorders. This suggests that early menarche influences
latent liability to broad classes of psychopathology, rather than elevating risk for particular
disorders. Identifying the specific cognitive, affective, and social processes reflected in this
latent liability is an important goal for future research.

The results of this study are similar to one of the few existing studies examining concurrent
risk of multiple disorders among those with early menarche [15]. In a longitudinal study of
496 adolescent girls, Stice et al [48] identified a significant risk for depression and substance
abuse (including alcohol, tobacco, marijuana, stimulants, inhalants, and hallucinogens),
among girls who initiated menarche earlier than average, and found no significant risk for
subsequent eating disorders (including anorexia, bulimia, and binge disorder). This study
also identified a nearly 3-fold increased risk of comorbid depression and substance disorder.
In the present study, the covariance between distress and externalizing disorders was
statistically significant (coefficient=0.46; p<.0001), suggesting that the domains may share
comorbid risk.

What might explain these transdiagnostic associations? The biological processes set in
motion by puberty may lead to a broad range of psychopathology, consistent with our
transdiagnostic findings. Exposure to sex hormones during pubertal development is argued
to open a period of plasticity in cognitive and affective neural circuits that may underlie both
adaptive developmental changes and increased vulnerability to psychopathology [49]-[52].
Prominent developmental changes occur during adolescence in brain regions such as
prefrontal cortex and limbic structures, including the amygdala and ventral striatum, in both
humans and animals that may contribute to behavioral changes that occur during
adolescence as well as risk for psychopathology [53]-[61]. Sex hormones influence sex-
specific neural development in both pre-natal and early post-natal stages, demonstrating
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organizational effects early in development [62], [63]. The increasing exposure to sex-
hormones that begins at the onset of puberty is posited to have not only organizational, but
also activational effects on the developing brain [63]. Thus, the rise in sex hormones at the
onset of puberty both permanently reorganizes and temporarily activates neural circuits
implicated in reproductive behaviors, attention, sensory experiences, motivation, and social
behaviors [49]. This period of organization and activation is posited to occur through
hormone-mediated neurogenesis, synaptogenesis, apoptosis, synaptic pruning and
myelination in sex and region specific ways [64]. However, the timing of pubertal
development, and in turn, levels of sex hormones, and their effects on brain development has
not been well-characterized. There is evidence to suggest that girls who experience an earlier
timing of puberty onset not only have higher levels of sex hormones at an earlier age, but
also exhibit heightened levels of sex hormones into their 20s or 30s [26]. Studies have found
some evidence of a psychopathological risk of early hormonal changes, independent of the
effects of physical changes [11], [65]. Overall, this evidence has been small in effect size
[12] and inconsistent, as other studies have concluded that physical changes are more
important [66].

The social consequences of early menarche may have similarly broad risks of
psychopathology. Menarche corresponds to the development of secondary sex
characteristics, which may lead others to perceive females who experience early menarche
as older than their chronological age [67]. Affiliation with older peers may lead to increased
opportunity or pressure to partake in risky social behaviors, such as alcohol and drug use
[68]. Habituation to substance use may increase the risk of developing substance use and
other behavioral disorders [69], potentially mediated by an increase in risk taking and
sensation-seeking behavior [70]. However, the most commonly identified increase in
psychopathology associated with the onset of puberty is the increase in depression and
anxiety in adolescent girls [13], [71]. Risk for internalizing disorders has been linked to both
an increase in psychosocial stressors and interpersonal conflict among peers [72], including
unwanted sexual contact [14]. The impact of these experiences may be exacerbated by
coping strategies such as rumination [73], which are common among adolescent girls [74].
Additional changes to body morphology, such as acne or increased adipose tissue, serve as
additional sources of potential negative social interactions and expectations, psychosocial
stress, and consequent disorder. These consequences may mediate the pathway between
early timing of menarche and a broad array of psychiatric disorders, through disorder-
specific or more general forms of psychosocial stress. Future investigations should test these
and other social and behavioral mechanisms that may mediate these relationships.

We also considered the possibility that the reported associations may be based on alternative
causes, such as experiences of childhood adversity [75], [76]. The mental health
consequences of a broad set of negative childhood exposures, including physical and sexual
abuse to institutional rearing and chronic poverty, are well-known [77], [78]. These
exposures may also lead to different developmental trajectories, such as the delay or
acceleration of menarche onset [79], [80]. Similarly, given that age of menarche is highly
heritable, it is plausible that girls who experience early timing of menarche may have
mothers who also experienced early timing of menarche, and in turn, had a child at an earlier
age, experienced more financial hardship and thus, exposed their child to more adverse
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environmental experiences [26]. We did attempt to address this possibility, however, by
adjusting all models for the reported exposure to childhood trauma, neglect, and measures of
household socio-economic status. Model coefficients were generally attenuated but still
significant after adjustment for these covariates, suggesting that they do not fully explain our
findings.

From the adjusted survival models, we also identified protective associations between late
age of menarche and major depression, panic disorder, and social phobia. This seems to
provide support for social theories of the mental health effects of pubertal timing, as girls
who mature later may be less likely to face exposure to the psychosocial stress and
behavioral expectations that accompany the physical changes due to puberty, compared to
those who initiate puberty earlier. Indeed, girls with later than average timing of menarche
report later age of initiation of sexual activity [81], and fewer sexual relationships
throughout adolescence [82]. More generally, late maturation appears to be protective
against poor body image, low self-esteem, and depressive symptoms in girls [83]. It is also
possible that these estimates represent the effects of selection bias. Late maturing girls are a
highly-selected group, and exposures that delay menarche onset may also be protective
against mental disorders. Theories interpreting these results through biological processes
would necessarily be complex, requiring both endocrine and neural measures to understand
the effects of pubertal timing on biological maturation. Future research is necessary to assess
biological processes mediating the association between early menarche and
psychopathology.

There are several limitations in this study that suggest important future research directions.
First, the study data are cross-sectional, which limits the ability to assign temporality and
may introduce recall bias, differentially by disorder status. However, as data are from an
adolescent sample, the period of recall was relatively short which we expect to mitigate any
significant effects of recall bias. In the measurement model, temporality was not considered
and therefore we cannot draw conclusions regarding causation from the estimated path
coefficients. Second, the study used only one measure of puberty, although menarche is
considered an excellent marker of the overall maturation process [1]. Nonetheless, future
analyses will include measures of morphological changes (e.g., Tanner staging [84]), which
will allow for a more comprehensive analysis of the biological, physical, and social causes
and consequences of pubertal timing. Similarly, examining the consequences of early
adrenarche, a period of rising levels of androgen hormones which promote the growth of
pubic hair and change in sweat composition that produces adult body odor, will help to
disentangle the potential contributions of the effects of hormones on detrimental
psychological outcomes of early puberty [85]. Also, including other measures of puberty
will allow for the inclusion of adolescent males into the analytic sample, which is also
critical to the understanding a broader range of psychiatric consequences of non-normative
pubertal timing. There is some evidence that early maturing boys show poorer psychosocial
functioning and greater use of tobacco, while late maturing boys are at greater risk for
behavior and substance use disorders [86], [87]. Related, more detailed data measuring age
of menarche in months and years might provide further insights into these relationships. In
this study, age of menarche was recorded as the calendar year of onset, and alternative
approaches may be able to incorporate year and month of onset or define exposure levels
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using the standard deviation of the age distribution. Third, due to the limited age range of the
current sample, we were unable to examine whether the psychiatric consequences of non-
normative menarche may extend into adulthood. Evidence of longer-term risk of early
puberty remains unclear. One study found that the elevated risk of externalizing disorders
conferred during adolescence attenuated by the end of adolescence [88], while other studies
found that depression disorders persisted into adulthood [17], [71]. Prospective studies
following adolescents into adulthood would be ideal to investigate the longer-term impact of
non-normative adolescent maturation. Also, although we did compare the associations
among both individual and latent disorders in separate analyses, it is possible that disorders
at both levels are meaningful [89]. Future studies might examine the potentially hierarchical
nature of disorders to determine the extent to which the associations we report here for
individual disorders are completely explained by the variance in the latent disorders [90],
adapting recently developed methods [91]. Finally, it is important to consider that these
relationships may differ in meaningful ways among adolescent girls. There is evidence that
psychiatric risk of early and late menarche differs significantly between non-Hispanic
White, non-Hispanic Black, and Hispanic girls, for certain disorders [92]. Greater
exploration of how these associations may differ within groups of females, based on other
important characteristics like race and ethnicity is warranted.

In conclusion, this analysis suggests that the timing of the biological processes initiated at
puberty have a meaningful influence on latent liability to fear, distress, and externalizing use
disorders. Characterizing these associations from a transdiagnostic perspective may be a
more flexible and informative than through traditional diagnostic definitions [37]. Under
developmentally normative conditions, the physical and psychosocial changes of puberty
may be adaptive. However, in the context of early puberty, these processes appear to increase
the risk of a broad array of psychopathological consequences. Not only do psychiatric
disorders constitute a significant burden of disease among adolescents [93], many have been
linked to reduced fluid intelligence [94], educational, and occupational outcomes [88], and
therefore represent a health priority for long-term success and well-being especially among
girls who experience early puberty.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Structural equation model of path coefficients from age of menarche to latent
psychiatric disorder groups

n=4937. Adjusted for BMI, parent income, age, race/ethnicity, number of parents in the
household, sexual activity, exposure to or experience of childhood threat and deprivation.
GAD=general anxiety disorder, MDD=major depressive disorder, ODD=oppositional defiant
disorder. Latent factors and exposure indicator variables were allowed to correlate with each
other (p<0.01 for all correlations). *p-value <0.05, **p-value<0.01
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