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Abstract
Recent biosocial theories postulate that both biological risk and the social context influence the
development of mental health problems (Boyce & Ellis, 2005). Guided by this framework, we
examined whether basal cortisol and its diurnal rhythm were associated with mental health symptoms
in early adolescence. Because cross-sectional and longitudinal investigations sometimes reveal
different cortisol-mental health associations, we examined the association both concurrently and
longitudinally when children transition to middle school, a time which entails a major change in
social context from single to multiple teachers, classrooms, and sets of classmates. Salivary cortisol
was measured three times a day (waking, afternoon, and bedtime) across three days when adolescents
were 5th graders. Mental health was measured when adolescents were in 5th and 7th grades, just before
and after the transition to middle school. To deal with the substantial comorbidity of internalizing
and externalizing symptoms at this developmental stage, mental health measures distinguished
overall symptom severity from the preponderance of internalizing vs. externalizing symptoms (i.e.,
directionality). A three-level Hierarchical Linear Model was used to extract basal cortisol and its
diurnal rhythm separate from the day-to-day and within-the-day fluctuations in cortisol in response
to daily experiences. Results were specific to symptom severity, suggesting that cortisol is a
nonspecific risk factor for mental health symptoms in young adolescents. At 5th grade, low basal
cortisol was associated with concurrent symptom severity. However, longitudinally, it was
adolescents with high cortisol at 5th grade who were at risk for increasing mental health symptoms
by 7th grade. Flat diurnal rhythms in 5th grade were related to levels of symptom severity at both
5th and 7th grades. Considering the change in social context, as defined by the transition to middle
school, helped resolve seemingly inconsistent evidence that both hypo- and hyper-arousal were
associated with mental health symptoms in early adolescence.
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Introduction
A growing body of literature links Hypothalamic-Pituitary-Adrenal (HPA) axis activity with
mental health problems across the lifespan, including both internalizing and externalizing
problems (Gunnar & Vazquez, 2006; van Goozen, Fairchild, Snoek, & Harold, 2007). Cortisol
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is important for a wide variety of adaptive functions (de Kloet, 2003), is implicated directly in
affect-related brain areas and neural processes (Gunnar & Quevedo, 2007), and thus may
provide a window into one of the broad mechanisms whereby children’s biosocial development
puts them at risk for mental health problems. Although there is considerable research on the
linkages between cortisol and mental health symptoms and disorders in adults (Burke, Davis,
Otte, & Mohr, 2005; Raine, 2002), relatively little attention has been paid to the period of early
adolescence even though it is a time of developmental alterations in the stress system and
heightened risk for mental health problems (Spear, 2000). Further, for several conceptual and
methodological reasons, many inconsistencies exist in the findings. In the present study, we
address these issues to investigate whether and how cortisol is associated with internalizing
and externalizing symptoms in early adolescence.

Studies in children and adolescents have shown associations of both HPA hypo-arousal (i.e.,
low cortisol) and hyper-arousal (i.e., high cortisol) with both internalizing (i.e., anxiety and
depression) and externalizing (i.e., oppositional/conduct and inattention/impulsivity) problems
(Angold, 2003; Gunnar & Vazquez, 2006; van Goozen et al., 2007). Some studies considered
only one internalizing or externalizing disorder or symptom type (e.g., depression or conduct
problems), but because of the very high comorbidity within internalizing and externalizing
problems in childhood and early adolescence (Angold, Costello, & Erkanli, 1999), we will
generally review this literature within these two broader domains of problems.

Cross-sectional studies have generally shown that low cortisol is associated with internalizing
symptoms in children (De Bellis, Dahl, Perel, & Birmaher, 1996; Granger et al., 1998);
however, one study of normally developing adolescents found high cortisol was associated
with internalizing problems (Colomina, Canals, Carbajo, & Domingo, 1997). Similarly the
majority of cross-sectional studies have shown an association between low cortisol and
externalizing problems (Kariyawasam, Zaw, & Handley, 2002; Pajer, Gardner, Rubin, Perel,
& Neal, 2001; Shirtcliff, Granger, Booth, & Johnson, 2005; van Goozen, Matthys, Cohen-
Kettenis, Gispen-de Wied et al., 1998; Vanyukov et al., 1993).

Longitudinal studies have shown somewhat different results. High cortisol in normally
developing preschoolers predicted internalizing symptoms as they transitioned into primary
school (Smider et al., 2002). Further, children who later developed clinical depression had
higher morning cortisol (Goodyer, Herbert, Moor, & Altham, 1991; Goodyer, Herbert,
Tamplin, & Altham, 2000; Goodyer, Park, & Herbert, 2001) and evening cortisol (Goodyer et
al., 1991; Goodyer et al., 1996; Herbert et al., 1996; Rao et al., 1996). Conversely, several
longitudinal investigations have revealed that children and adolescents with low cortisol levels
have higher externalizing symptoms in clinical samples (McBurnett, Lahey, Rathouz, &
Loeber, 2000) and children at risk (Moss, Vanyukov, & Martin, 1995).

In addition to the direction of the findings being controversial, some studies have failed to find
cortisol links with either internalizing (Dahl et al., 1989) or externalizing problems (Kruesi,
Schmidt, Donnelly, Hibbs, & Hamburger, 1989; Targum, Clarkson, Magac-Harris, Marshall,
& Skwerer, 1990). There may be several reasons for the inconsistencies in the findings of the
association between child and adolescent cortisol and mental health problems. First, some of
the inconsistencies may result from a general lack of consideration of the high comorbidity of
internalizing and externalizing problems in younger populations (Angold et al., 1999). Early
adolescence represents a developmental window in which trajectories are still being
established, so adolescents may frequently express comorbid symptoms because they have not
yet canalized along a particular pathway (Boyce & Ellis, 2005; Boyce et al., 2002). Although
not always replicated (McBurnett et al., 2000), studies have found that cortisol levels are higher
in comorbid youth than when externalizing behavior is more pure (McBurnett et al., 1991; van
Goozen, Matthys, Cohen-Kettenis, Thijssen, & van Engeland, 1998). Similarly, Essex and
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colleagues (2002) showed preschoolers with high afternoon cortisol are most likely to develop
comorbid internalizing and externalizing symptoms at the end of the transition to primary
school. Studies which have examined the diurnal rhythm have found that comorbid youth have
the most blunted diurnal rhythms (Cicchetti & Rogosch, 2001) and that the afternoon cortisol
decline was evident in control, but not internalizing or comorbid adolescents (Klimes-Dougan,
Hastings, Granger, Usher, & Zahn-Waxler, 2001). These findings suggest flattened diurnal
rhythms may be associated with a gradation of problem behavior, with comorbid youth often
displaying the most mental health problems.

Second, some of the inconsistencies in previous findings may derive from the difficulties of
measuring cortisol, which is highly responsive to the social context (Eisenberger, Taylor,
Gable, Hilmert, & Lieberman, 2007; Kirschbaum, Pirke, & Hellhammer, 1993; Stroud,
Tanofsky-Kraff, Wilfley, & Salovey, 2000). Consequently, cortisol fluctuates greatly within
and across days, and this variability may have implications for the expression of mental health
symptoms (Peeters, Nicolson, & Berkhof, 2004). Statistical analyses that separate within
person (i.e., situation-specific, state) from between person variability (i.e., trait, basal) are
useful because they partial out spurious social contextual influences from stable, basal cortisol
(Shirtcliff et al., 2005). In addition to day-to-day fluctuations, cortisol changes within each day
according to its diurnal rhythm with levels highest in the morning and declining across the day.
Dysregulated diurnal rhythms can be thought of as an index of biological risk. A wide variety
of behavioral changes are observed when rhythms are dysregulated or flattened, including
studies which have revealed that flattened diurnal rhythms are related to mental health
symptoms (Peeters et al., 2004; Stetler, Dickerson, & Miller, 2004; Stone et al., 2001; van Eck,
Berkhof, Nicolson, & Sulon, 1996) and may normalize with successful pharmacological
treatment (Linkowski, 2003; Mendlewicz, Linkowski, Van Cauter, & Kerkhofs, 1994).

Third, some of the inconsistencies in previous findings, especially cross-sectional vs.
longitudinal studies, may be due to a general lack of consideration of the changing social
contexts of young adolescents (Boyce et al., 1998). One such normative change is the transition
to middle school. School transitions have been examined before as a salient social context
(Boyce et al., 1995; Davis, Donzella, Krueger, & Gunnar, 1999; de Haan, Gunnar, Tout, Hart,
& Stansbury, 1998; Turner-Cobb, Rixon, & Jessop, 2008), although this study is the first to
our knowledge to focus on the transition to middle school. Such times of transition are ideal
for distinguishing the concurrent association of cortisol and mental health from the longitudinal
association of cortisol with changes in mental health across periods of transition. The transition
to middle school, which is marked by a change from single to multiple teachers, classrooms,
and sets of classmates, challenges the adolescent to accept new tasks, broaden their social
networks, redefine social roles, and navigate an unpredictable and often ambiguous and novel
social context (Rudolph, Lambert, Clark, & Kurlakowsky, 2001). Novel environments or
events which are socially threatening are particularly salient triggers of cortisol reactivity
(Dickerson & Kemeny, 2004). While some adolescents may view this transition as a challenge
to mobilize resources and an opportunity for social and psychological growth, some may not
adjust well, particularly adolescents who have difficulty with social and emotional regulation
(Berndt & Mikos, 1995; Hirsch & Rapkin, 1987; Rudolph et al., 2001; Vanlede, Little, & Card,
2006). Appreciating this normative social challenge may help advance theories about when
hypo- or hyper-arousal of the HPA axis is associated with mental health symptoms.

A pattern of hypoarousal (low cortisol, flat diurnal rhythms) has been termed a low biological
sensitivity to context (BSC, Boyce & Ellis, 2005; Ellis & Boyce, in press). A low BSC can be
expected to disadvantage the developing child, potentially rendering them less able to
cognitively process environmental opportunities and threats, with poorer attention, and less
efficient priming for memory storage for emotionally and socially relevant events (Ellis &
Boyce, in press; Flinn, 2006). Hypoarousal is expected to be associated with mental health

Shirtcliff and Essex Page 3

Dev Psychobiol. Author manuscript; available in PMC 2009 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



symptoms (Gunnar & Vazquez, 2001) because social dysregulation is a central component of
psychopathology (Keltner & Kring, 1998); indeed, low cortisol has been directly linked with
emotion and social regulation (Peeters et al., 2004; Stetler et al., 2004; Stetler & Miller,
2005).

Hypoarousal is often a component of theories that focus on externalizing problems. One of the
most replicated indices of externalizing problems is low fear and physiological arousal (Raine,
2002), leading to the fearlessness theory which posits that individuals with tonic hypoarousal
can engage in antisocial behavior because they are not encumbered by extant physiological
arousal (Raine, 1993). On the other hand, stimulation seeking theory argues that low arousal
is an aversive physiological state and hypoaroused individuals are motivated to seek out
stimulation in order to raise arousal to normal or optimal levels (Lovallo, 1997; Snoek, Van
Goozen, Matthys, Buitelaar, & van Engeland, 2004; van Goozen et al., 2007). Van Honk and
colleagues (2003) combine these ideas by suggesting there is a balance between responding to
fear-producing stimuli and seeking out rewarding stimuli. Cortisol helps set this balance so
that when cortisol levels are low, the balance shifts towards low sensitivity to punishment and
high reward dependency.

While low BSC individuals might display a lack of biological responsivity to subtle
environmental challenges and relative insensitivity to social cues, low BSC individuals might
be buffered against a broad array of stressful events (Ellis, Essex, & Boyce, 2005). Taken
together, these low BSC individuals are expected to generally have more mental health
symptoms (due to poorly functioning HPA axis) but to be less likely to show increases in mental
health symptoms in response to environmental perturbations (Ellis & Boyce, in press), in this
case the transition to middle school.

On the other hand, individuals with hyperarousal (e.g., high cortisol) have higher BSC, which
means greater susceptibility to both positive and negative environmental experiences and
events. It is noteworthy that theories of hyperarousal uniformly posit it as a risk factor in
stressful social contexts, most frequently in relation to internalizing problems (Burke et al.,
2005). Hyperarousal may be evident in individuals with internalizing symptoms because they
have a heightened physiological response to stress, experience chronic stress that taxes the
developing stress systems, or have a lowered threshold of activity in areas of the brain
responsive to stressful stimuli. Gotlib and colleagues (2008) and others (Bremner, 2003;
Tarullo & Gunnar, 2006) suggest that several of these psychobiological mechanisms may be
operating simultaneously in individuals at greatest risk. In particular, the occurrence of stressful
life events can set the stage for a cascade of neurobiological changes and concomitant HPA
axis alterations, and when these vulnerabilities and events occur together, the individual
experiences the greatest expression of underlying risk. High BSC individuals may thus be
specifically vulnerable during periods of high stress (e.g., school transitions) while they may
be advantaged in stable, supportive environments.

The Present Study
The major goal of the present study was to investigate cortisol and mental health symptoms in
early adolescence. We studied the association of cortisol with mental health symptoms both
concurrently at grade 5 (age 11) and longitudinally at grade 7 (age 13). This interval includes
a normative transition to a new social context: middle school. For all children in this study, the
transition includes moving from a single classroom to a setting involving frequent changes in
classrooms, teachers and peers. Additionally, for most (80%) of the adolescents in the present
study, the interval between 5th and 7th grade includes the transition to a new school. Based on
the BSC theory, we held different hypotheses for concurrent and longitudinal associations. We
predicted that low cortisol would be associated with concurrent mental health symptoms, but
that adolescents with more severe and/or rising levels of mental health symptoms across the
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middle school transition would show evidence of hyper-arousal. We also predicted that a
flattened diurnal rhythm would be associated with mental health symptoms, beyond the
contribution of basal cortisol. Although there are distinct theories for understanding the
associations of cortisol with internalizing versus externalizing problems, the BSC emphasizes
social context over symptom type. We specifically considered comorbid internalizing and
externalizing symptoms by distinguishing total symptom level (i.e., symptom severity) from
whether youth displayed a preponderance of externalizing vs. internalizing symptoms (i.e.,
symptom directionality). The hypotheses above regarded symptom severity. Associations
between cortisol and symptom directionality were exploratory, since no prior studies have
employed this methodology in relation to cortisol.

Methods
Participants

The adolescents in this study are participants in a longitudinal study, the Wisconsin Study of
Families and Work (WSFW). Originally, pregnant women and their partners were recruited
from prenatal clinics in two Midwestern cities. To be eligible, female participants were required
to be over the age of 18, in the second trimester of pregnancy, living with the baby’s biological
father, and either employed or a full-time homemaker. Of those eligible to participate, 570
(75%) agreed; 560 subsequently had live births and were eligible to continue in the study. All
study procedures were approved according to the University of Wisconsin institutional
guidelines; informed consent was obtained from all participants.

The present analyses included the 294 families who lived within geographical proximity to the
project offices to participate in a home visit, agreed to participate in the saliva collection, and
who had complete mother, teacher, and child reports of children’s 5th grade mental health
symptoms. At the time of the 5th grade assessment, 70% of the original sample (N=399)
remained in the study. Of these, 42 lived outside geographical proximity to the project offices,
40 did not participate in the saliva collection, and 23 did not complete the teacher interview,
and thus were not included in the present analyses. At the time of recruitment, 44% of the 294
mothers and 53% of the fathers had a high school or technical degree or less, the remainder
had at least a college degree. Mother’s and father’s average age was 29.6 (SD = 4.2) and 31.7
(SD = 5.2), respectively; 40% were first-time mothers. Most couples (95%) were married and
Caucasian (90%); median annual family income was $48,000 (range = <$10,000 to >
$180,000). There were no significant differences between the 294 participants and the
remaining families in the original sample in terms of parental age or education, marital or ethnic
status, or annual family income.

Measures
Salivary Cortisol at Grade 5—Cortisol was assessed in saliva because it can be
noninvasively collected and reflects the plasma concentration of the non-protein bound active
fraction (Kirschbaum & Hellhammer, 1990). Adolescents were asked to collect saliva for three
consecutive days across three target collection times: (1) at waking (before brushing teeth or
eating breakfast); (2) between 3:00 PM and 7:00 PM (prior to dinner); and (3) at bedtime.
Participants completed Saliva Diary Charts each of the three days, including actual saliva
collection times, any major stresses experienced that day (yes/no), and any medications used.
Because of the influence of the Cortisol Awakening Response (CAR) on the diurnal rhythm
(Dockray, Bhattacharyya, Molloy, & Steptoe, 2008; Pruessner et al., 1997), particular attention
was paid to emphasize to participants the importance of collecting the first sample immediately
upon waking. All participants provided the waking sample within 17 minutes of waking, and
66% provided the waking sample within 10 minutes of awakening.
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Cortisol was assessed in duplicate with a salivary enzymeimmunoassay kit (Salimetrics, State
College, PA). The detection limit of the assay (ED80) was 0.007 μg/dL. Mean intra-assay and
inter-assay coefficients of variation (CVs) were 3.8% and 7.4%, respectively. Assay results
were acceptable only if the CV for the duplicate measurements of a sample were<20% for
samples with values >.02 μg/dL and <30% for samples with values <.02 μg/dL. To normalize
the distributions, raw cortisol values were log-transformed. Medication use was coded (1) non-
narcotic anti-inflammatories (2) antibiotics/non-steroidal cold, allergy medications, (3) non-
oral steroids, (4) psychotropics, and (5) other. Analyses revealed no significant impact of
medication use on cortisol. Nevertheless, due to previous findings on medication effects on
cortisol (Hibel, Granger, Kivlighan, & Blair, 2006; Schreiber et al., 2006), we explored
medication usage as a control measure in all analyses.

Puberty—Measuring puberty is necessary to give greater credence to the view that the HPA
axis changes are due primarily to a social, and not a biological, transition. Co-occurring pubertal
development and change in the activity of the stress system may exacerbate adolescents’
underlying vulnerabilities for mental health problems (Hayward & Sanborn, 2002). We chose
to define physical maturation by level of pubertal development rather than age because there
is little variability in the age of 5th graders whereas the present sample includes the full range
of breast/genital (stage 1 to 4.5) and pubic hair development (stage 1 to 5). Mothers and youth
completed a self-administered puberty measure based on descriptions and a visual inspection
of line drawings of the five Tanner stages; correspondence with a physical exam Tanner score
is high (rs >.60) (Morris & Udry, 1980). Self- and mother- ratings of boys’ genital and pubic
hair development, respectively, were highly reliable, Cronbach’s α=0.82, and were averaged.
Self-and mother- ratings of girls’ breast and pubic hair development were also highly reliable,
Cronbach’s α=0.89, and were averaged.

Mental Health Symptoms—Multiple informants provided information about each
adolescent. Mother-, teacher- and self-reports of adolescent mental health symptoms in 5th and
7th grades were based on the mental health scales of the MacArthur Health and Behavior
Questionnaire (HBQ) (Boyce et al., 2002; Essex, Boyce et al., 2002). The HBQ, which was
derived primarily from the Ontario Child Health Study (OCHS-R) (Boyle et al., 1987; Boyle
et al., 1993), has good psychometric properties, discriminates well between clinic-referred
children and community controls, and has moderate to high agreement with the Diagnostic
Interview Schedule for Children (Essex, Boyce et al., 2002; Lemery-Chalfant et al., in press;
Luby et al., 2002). Originally designed and validated for children through age 8 (Essex, Boyce
et al., 2002), the HBQ has been used longitudinally throughout the WSFW with only minor
word modifications and additions of age-appropriate items for older children and adolescents.
Studies of other samples of children (Lemery-Chalfant et al., in press; Luby et al., 2002), as
well as a subset of 80 WSFW adolescents (unpublished data), have demonstrated that an HBQ
cut-point of approximately 1 standard deviation above the mean discriminates well between
children with and without psychiatric diagnoses.

Internalizing symptoms included subscales for depression (n items >13; αs >.84), generalized
anxiety (n items >8; αs >.78), and separation anxiety (n items >6; αs >.76). Externalizing
symptoms included subscales for oppositional defiance (n items>9; αs >.78), conduct problems
(n items >12; αs >.70), inattention (n items >4; αs >.76), impulsivity (n items >8; αs >.79),
overt aggression (n items >4; αs >.58), and relational aggression (n items >6; αs >.76). Based
on Kraemer and colleagues (2003), principal component analysis (PCA) integrated multi-
informant data for each symptom measure. Through the careful selection of reporters who view
the child from different perspectives (e.g., child self view vs. adult view) and in different
contexts (e.g., home vs. school), this approach removes the core characteristic from sources of
error from reporters’ differing perspectives and contexts. This approach has been demonstrated
to be more reliable and valid than scores based on a single reporter or a combinational approach
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that does not control extraneous variance (Kraemer et al., 2003). Separate PCA was used for
5th and 7th grade symptoms, respectively.

As expected, there was substantial overlap within individuals in internalizing and externalizing
symptoms, r=0.45, p <.001 for 5th grade and r=0.47, p <.001 for 7th grade. One practical
challenge to the high rate of comorbid symptoms in adolescents is that measures of internalizing
and externalizing problems are often highly correlated, raising statistical concerns with
multicollinearity (Angold et al., 1999; Essex, Boyce et al., 2002). Studies which have
considered comorbid symptoms have typically used diagnostic categories (e.g., McBurnett et
al., 1991), which causes some loss of statistical power related to dichotomization (MacCallum,
Zhang, Preacher, & Rucker, 2002). Our previously validated methodology examines the full
range of symptoms in our sample by separating symptom severity from a preponderance of
internalizing or externalizing types of symptoms (Essex, Klein, Cho, & Kraemer, 2003; Essex
et al., 2006). Specifically, the two multi-informant scores were used to construct measures of
symptom Severity (average of the two standardized scores, which reflects what the two scores
have in common) and Directionality (half difference of the standardized scores, which reflects
what differentiates the two scores; positive score indicates a preponderance of externalizing
vs. internalizing symptoms). Severity and Directionality are independent (i.e., uncorrelated)
and thus, in contrast to Internalizing and Externalizing scores, can be included together in
analyses without problems of multicollinearity.

Severity and Directionality were derived separately for 5th and 7th grade symptoms. Change
scores were calculated to examine individual differences in mental health symptoms over time
(Llabre, Spitzer, Saab, Ironson, & Schneiderman, 1991).

Analytical Strategy
Repeated measures of salivary cortisol help to reduce the influence of random environmental
factors, yet aggregation works slowly in naturalistic settings (Li, Chiou, & Shen, 2007).
Statistical analyses that separate within person (i.e., situation-specific, state) from between
person variability (i.e., trait, basal) are useful because they extract Basal Cortisol. In a previous
study, we found that basal cortisol comprises approximately 25% of the total variance in
cortisol, and when basal cortisol was extracted, low cortisol was associated with externalizing
symptoms (Shirtcliff et al., 2005). Several others have shown similar results using the same or
similar methodologies (Adam, 2005, 2006; Hruschka, Kohrt, & Worthman, 2005; Kirschbaum
et al., 1990), although others suggest as much as 40-60% of cortisol variability is Basal (Kertes
& van Dulmen, 2005; Ranjit, Young, Raghunathan, & Kaplan, 2005; Wismer Fries, Shirtcliff,
& Pollak, in press). These tools can be extended to optimally and simultaneously assess the
diurnal rhythm using growth curve analyses (Collins & Sayer, 2001). Cortisol levels and
rhythms are highly intercorrelated; growth curves control for the law of initial values at the
intraindividual difference level (Berntson, Uchino, & Cacioppo, 1994). Because growth curve
models provide independent estimates of levels and rhythms, it is possible to conclude that the
diurnal rhythm contributes to cortisol variability beyond basal cortisol levels.

A three level hierarchical linear model separated within-the-day (N=2585, or 9 samples/
person), day-to-day (N=877 or 3 days/person) and between individual (N=294) sources of
cortisol variability. Level 1 included Time Since Waking (in hours) as a random predictor of
cortisol in order to capture the diurnal rhythm at the within-day level and subsequently examine
it as an outcome of interest at the between individual level; the intercept reflects basal cortisol
levels at waking. Level 2 allowed the level and slope to vary across days. To assess whether
cortisol levels or its daily diurnal rhythm were different on days which were novel, stressful,
or in which participants used medications, measures of day of saliva collection (i.e., Day 1, 2,
3), daily stressors, and medication/inhaler use from the Saliva Diary Chart were explored as
Level 2 predictors.
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Between individual difference predictors of interest were introduced in Level 3. We first
examined control variables of medication use and - to broadly assess whether maturation
affected cortisol - sex and puberty. Mental health symptom severity and directionality were
then examined in a single model, before and after controlling for sex, puberty, and medications
to determine if basal cortisol or the diurnal rhythm were related to mental health symptoms.
We repeated these steps with the two-year time-lagged mental health symptoms. Finally, we
examined the change in mental health symptom severity and directionality to test if cortisol
was a risk factor for the increase of mental health symptoms in early adolescence before and
after accounting for symptoms in grade 5.

Results
Estimating Basal Cortisol and the Diurnal Rhythm

The three-level HLM showed substantial day-to-day variability in cortisol levels, 1ϰ2(578)
=823.9, p<.0001, as well as significant variability in cortisol levels across individuals, ϰ2(293)
=552.1, p<.0001. After controlling for the diurnal rhythm, basal cortisol comprised 20.8% of
the total variability in cortisol levels, day-to-day fluctuations accounted for 1.9% of the total
variance, and within-the-day fluctuations from the predicted diurnal decline comprised 77.3%
of the total variability in cortisol levels.

Time Since Waking (in hours) was a significant predictor of intra-individual cortisol levels,
B=-0.16, t=58.0, p<.0001. Figure 1 illustrates that cortisol levels demonstrated the
characteristic decline across daytime hours. There was substantial intra-individual variability
in cortisol’s decline across the day, ϰ2(578)=1045.4, p<.0001, illustrating that the diurnal
rhythm varied across days. Individual variance in the diurnal rhythm was significant, ϰ2(293)
=559.5, p<.0001, suggesting that there was enough variability in the diurnal rhythm across
individuals for the diurnal slope to be an outcome of interest.

We next examined variables to help explain the substantial intra-individual and individual
variability in cortisol levels. At the intra-individual level, adolescents had higher cortisol,
B=0.02, p<.05, and a trend for steeper slopes, B=.004, p=.07, on the first day of collection
compared to subsequent days of saliva collection (p>0.4), suggesting that novelty may have
systematically influenced cortisol’s daily rhythm. Self-reported stress, inhaler or medication
use did not predict cortisol levels. At the individual level, there was evidence for a sex
difference such that boys had lower basal cortisol, B=-0.09, t=2.0, p<.05, and flatter diurnal
rhythms than girls, B=.02, t= 4.0, p<.0001. Pubertal status did not predict cortisol levels, but
more physically mature children had flatter diurnal rhythms, B=0.01, t=2.4, p<.02.

Cortisol and Mental Health Symptoms in Early Adolescence
Figure 2 shows that individuals with more severe mental health symptoms at 5th grade had low
concurrent basal cortisol, B=-.058, t=2.2, p<.03, and flat diurnal slopes, B=.009, t=3.0, p<.003.
Effects were still significant after accounting for sex, puberty, and medication use, ps<.05.
Symptom directionality was not associated with basal cortisol or the diurnal decline, ps>.3.
This suggests that individuals with a preponderance of externalizing or internalizing problems
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do not have unique concurrent cortisol patterns, but rather that low basal cortisol and flat diurnal
rhythms may be non-specific correlates of mental health symptoms.

Next, we examined whether basal and diurnal cortisol at 5th grade were risk factors for levels
of mental health symptoms measured two years later in 7th grade, after the transition to middle
school1. We were also interested in whether basal and diurnal cortisol predicted if adolescents
showed increasing mental health symptoms across the transition to middle school. Basal
cortisol in 5th grade did not predict levels of symptom severity in 7th graders, p=.3. Yet, figure
3 shows that 5th graders with higher basal cortisol had rising levels of mental health symptoms
across the middle school transition, B=.07, t=2.1, p<.03; and this association remained
significant after controlling for symptom severity levels at 5th grade, p<.05. This longitudinal
finding with change in symptoms may explain why low basal cortisol did not predict levels of
mental health symptoms at 7th grade. Adolescents with flatter diurnal slopes as 5th graders also
had more mental health symptoms as 7th graders, B=.009, t=2.7, p<.007. All associations
remained significant after controlling sex, puberty and medications. There were no associations
with symptom directionality across the two-year period.

Discussion
The primary purpose of this study was to examine the associations of adolescent basal cortisol
and the diurnal rhythm in 5th grade with mental health symptoms both concurrently and
longitudinally. The results of the cross-sectional analyses showed that low basal cortisol and
flat diurnal rhythms were associated with the severity of mental health symptoms in 5th grade.
In contrast, longitudinal analyses showed that high basal cortisol in 5th grade was associated
with increasing mental health symptoms from 5th to 7th grades, which included the transition
to middle school. School transitions, concomitant social and life stress, and pubertal
development may all render early adolescents particularly vulnerable to risk factors for
emerging mental health symptoms. Apparently divergent cross-sectional and longitudinal
findings may be integrated by recognizing the importance of the social context and an
adolescent’s biological sensitivity to context (Boyce & Ellis, 2005; Ellis & Boyce, in press;
Ellis et al., 2005).

The BSC framework suggests that hypoarousal should generally be associated with mental
health problems since cortisol functions to enhance mental activities in localized domains,
focus attention, prime memory for emotionally or socially relevant events, improve cognitive
processes for dealing with environmental opportunities and threats, and regulate social and
emotional responses (Ellis & Boyce, in press; Flinn, 2006). Accordingly, some theoretical
models link tonic hypoarousal with mental health problems, mainly externalizing symptoms
(Raine, 1993). Our cross-sectional findings support this view in that low cortisol and flat diurnal
slopes were associated with greater symptom severity. Nevertheless, being less susceptible to
social contextual cues may provide a buffer during times of transition.

Children with a high BSC operate well in stable social contexts, but may be at risk when they
experience changes in their social contexts, such as the transition to middle school. Consistent
with this view, several theoretical models implicate altered stress responsivity (e.g., heightened
physiological stress response, lowered threshold for responding to stressful stimuli, etc), rather
than tonic arousal, to explain why cortisol hyperarousal may be associated with internalizing
problems (Gunnar & Vazquez, 2006). Concurrent 5th grade associations did not capture the

1One interpretational challenge is that mental health symptoms in 7th grade were statistical predictors of 5th grade cortisol. This was
necessary since we wanted to rigorously examine cortisol variability. Nevertheless, we extracted Empirical Bayes estimates of Basal
Cortisol and the Diurnal Rhythm for each individual and then used linear regression to confirm that cortisol predicts symptom severity
in 7th graders. Parallel with the HLM models, basal cortisol predicted the rise in symptom severity, p=.03, and flat diurnal slopes predicted
symptom severity, p<.008.
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high BSC adolescents because their school contexts were largely stable throughout elementary
school, or changes were random across high and low BSC adolescents. However, longitudinal
findings illustrated that adolescents with high basal cortisol at 5th grade were at risk for rising
mental health symptoms across the change in social context associated with the transition to
middle school. These findings dovetail with earlier findings of Essex and colleagues (2002)
who showed that children with high cortisol expressed more mental health symptoms across
the transition to elementary school. Another study likewise found high cortisol and stress
reactivity was associated with behavior problems in boys after the transition to kindergarten
(Hatzinger et al., 2007). High basal cortisol may be a risk for mental health symptoms in a
subset of children with a high BSC during periods of transition when they are exposed to
unstable social contexts.

The BSC provides some potentially informative leads for how cortisol is mechanistically linked
with mental health problems. An individual’s BSC is thought to be relatively heritable. Cortisol
is likewise influenced by both genetic and environmental factors (Bartels, de Geus,
Kirschbaum, Sluyter, & Boomsma, 2003; Bartels, Van den Berg, Sluyter, Boomsma, & de
Geus, 2003). Cortisol responsivity to stress exposure is one pathway through which genetic
heritability is translated into genetic expression (De Kloet, 2004). For example, individuals
with high risk for internalizing symptoms (as a function of family history and homozygosity
for the short serotonin transporter allele) were most likely to show cortisol elevations and more
prolonged cortisol responsivity to a laboratory stressor, suggesting that one’s genetic heritage
informs their biological stress reactivity and may increase their susceptibility to
psychopathology after stress exposure (Gotlib et al., 2008). Across early development, a child’s
BSC becomes expressed as they experience a range of life stressors and differential quality of
their early environment (Essex, Klein et al., 2002; Gunnar & Quevedo, 2007). Over time, basal
activity of the HPA axis can get canalized in a state of consistent hypo- or hyper-arousal
depending on the child’s threshold for activating the HPA axis. The mechanism for this
threshold is not yet clear, but likely involves a combination of psychological coping strategies
and concomidant activation in ventromedial prefrontal and amygdalar circuitry (Susman,
2006; Urry et al., 2006). In a subset of individuals born with a high BSC, stress exposure and
alterations in HPA activity and related neural circuitry provide one pathway for mental health
problems.

Because of the substantial comorbidity between internalizing and externalizing symptoms, we
examined symptom Severity and Directionality rather than more traditional methods. All of
our findings were with symptom severity and not whether adolescents had a preponderance of
internalizing or externalizing symptoms, suggesting that the HPA axis may operate as a
nonspecific correlate or risk factor for mental health symptoms in young adolescents. Whether
youth express a preponderance of internalizing or externalizing symptoms may emerge later
when problem behavior canalizes in adulthood or when symptoms become psychopathology
(Essex, Boyce et al., 2002). It is difficult to determine how theoretical models which posit
opposing predictions for internalizing versus externalizing behavior problems can account for
comorbid symptomotology and cortisol as a generalized risk factor for both behavior problem
categories. Our explanatory models need to be modified, or a new theory should be adopted
which better explains why youth generally express comorbid symptoms (Angold et al.,
1999).

We found evidence that flat slopes were associated with more mental health symptoms at both
5th and 7th grade assessments. Obtaining information about both morning and afternoon levels
provides information about the confluence of both intrinsic biological (i.e., circadian) processes
as well as extrinsic contextual processes such as social and emotional events (i.e., zeitgebers)
(Carskadon, Acebo, & Jenni, 2004). Morning cortisol is influenced by unique factors which
are largely genetic and under strong pituitary control (Bartels, de Geus et al., 2003). Afternoon
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levels are not highly genetic (Schreiber et al., 2006), but are more easily influenced by the
proximate social context. Our findings are in keeping with the view that flat diurnal rhythms
are associated with psychopathology because they indicate desynchrony between an
individual’s internal biological processes and extrinsic social contextual cues (Carskadon et
al., 2004; Stetler et al., 2004). Significant findings with the diurnal rhythm may also help
explain why our earlier investigation, which focused only on early morning basal cortisol, did
not uncover associations with internalizing behavior. It is possible that alterations in the diurnal
rhythm, more so than absolute cortisol levels, manifest risk for mental health symptoms.
Nevertheless, had we focused exclusively on rhythms, we would have missed observing that
high basal cortisol is a risk factor for rising mental health symptoms.

Longitudinally, a flat diurnal rhythm was a risk factor for symptom severity two years later,
suggesting this psychobiological index of desynchrony may be a persistent indicator of mental
health symptoms. Nevertheless, another study revealed that the diurnal rhythm normalized as
participants experienced unique improvements in social contexts, and the change in the diurnal
rhythm mirrored a reduction in mental health symptoms (Fisher, Gunnar, Chamberlain, & Reid,
2000; Fisher, Stoolmiller, Gunnar, & Burraston, 2007). Efforts at improving the fit of the
individual with their social context may change the shape of the diurnal rhythm, although this
may be particularly challenging in adolescents who experience unique challenges in their social
contexts as well as biological changes (Carskadon, Labyak, Acebo, & Seifer, 1999).

Limitations
Because we only studied adolescents, findings are limited to this developmental stage. It will
be interesting to observe whether early biological events in adolescents persist or magnify as
the participants in Wisconsin Study of Family and Work enter early adulthood. It is possible
that the HPA axis is still malleable during adolescence and it is not until adulthood that
psychopathological cortisol profiles are fully expressed. We do not necessarily expect that this
pattern would be observed if we had studied adults because the endocrine system behaves
differently in this age youth. These considerations support the idea that researchers should be
careful with developmental issues, especially with early adolescents.

Although a subset of adolescents are expected to have clinical level mental health problems,
this is a community sample and so caution should be maintained regarding the generalizability
of the findings to clinical samples. We do not know whether this pattern would generalize to
adolescents with clinical level of behavior problems because their mental health problems are
already fully expressed, but their endocrine system is still actively developing.

Cortisol’s diurnal rhythm is complicated by a sharp rise approximately 30 min after awakening
which could potentially make noncompliant participants appear to have a steeper diurnal
rhythm. While all of our participants provided the waking sample within 17 minutes of
awakening (prior to the peak in the awakening response), one limitation of the present study
is that we did not measure the awakening response, nor did we standardize the time of
awakening (Dockray et al., 2008). We do not believe this explains away the cortisol-mental
health associations, however, because one would predict that those with higher symptoms
would be less compliant (and thus would have steeper diurnal slopes). Future studies should
measure both waking levels and the awakening response.

Finally, we should note that this sample represents largely middle class, white, and - at the
outset - intact families in a Midwestern state. Yet, even here there is a range of socioeconomic
status. The findings need to be replicated in other samples in order to conclude that the findings
are robust.
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Summary and Conclusion
In summary, basal cortisol and flat diurnal slopes were associated with adolescent mental health
symptoms. At 5th grade, low cortisol and flat diurnal rhythms were concurrently associated
with the severity of mental health symptoms, indicating hypoarousal as a correlate of mental
health symptoms. However, it was high cortisol levels and flat diurnal rhythms that predicted
increases in symptom severity from 5th to 7th grade, indicating hyperarousal as a risk for rising
mental health problems as children experience a normative social challenge. These findings
suggest that HPA axis alterations may be a nonspecific risk factor for mental health symptoms,
highlighting the need for theoretical models to incorporate ideas regarding comorbid mental
health symptoms. Recognizing adolescents’ social contexts, especially during periods of
transition, may help resolve when low or high cortisol is related to mental health. Results
support the utility of Boyce and Ellis’s (2005) model of a biological sensitivity to context, in
which adolescents with a high BSC appear at risk when social contexts are unstable.
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Figure 1.
Intra-individual variability in cortisol levels measured three times a day across three days in
297 early adolescents. A three-level hierarchical model separated variability into within the
day (77.3%), day-to day (1.9%), and between individual (20.8%) sources of variability in
salivary cortisol after accounting for the steep diurnal decline.
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Figure 2.
Predicted cortisol levels across the day for early adolescents with high and low mental health
symptoms (three standard deviations above and below the mean, respectively) illustrate how
youth with more severe mental health symptoms had lower morning basal cortisol and flatter
diurnal slopes.

Shirtcliff and Essex Page 19

Dev Psychobiol. Author manuscript; available in PMC 2009 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Predicted cortisol levels across the day for adolescents with increasing and decreasing mental
health symptom severity from 5th to 7th grade, respectively, illustrate how youth with high
cortisol levels had increasing mental health symptoms across the transition to middle school.
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