1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
J Abnorm Psychol. Author manuscript; available in PMC 2016 February 01.

-, HHS Public Access
«

Published in final edited form as:
J Abnorm Psychol. 2015 November ; 124(4): 850-859. doi:10.1037/abn0000087.

Predicting First Onset of Depression in Young Girls: Interaction
of Diurnal Cortisol and Negative Life Events

Joelle LeMoult?, Sarah J. Ordaz®P, Katharina Kircanski?, Manpreet K. SinghP, and lan H.
Gotlib2

aDepartment of Psychology, Stanford University

bDepartment of Psychiatry and Behavioral Sciences, School of Medicine, Stanford University

Abstract

Interactions between biological vulnerability and environmental adversity are central to the
pathophysiology of depression. Given evidence that the hypothalamic-pituitary-adrenal (HPA)
axis influences biological responses to environmental events, in the current longitudinal study we
examined HPA-axis functioning, negative life events, and their interaction as predictors of the first
onset of depression. At baseline, girls ages 9 to 14 years provided saliva samples to assess levels
of diurnal cortisol production, quantified by total cortisol production (area under the curve with
respect to ground; AUC,) and the cortisol awakening response (CAR). We then followed these
participants until they reached age 18 in order to assess their subsequent experience of negative
life events and the onset of a depressive episode. We found that the influence of negative life
events on the subsequent onset of depression depended on HPA-axis functioning at baseline.
Specifically, negative life events predicted the onset of depression in girls with higher levels
AUCg, but not in girls with lower levels of AUC,. In contrast, CAR did not predict the onset of
depression either alone or in interaction with negative life events. These findings suggest that
elevated total cortisol production in daily life potentiates susceptibility to environmental adversity
and signals the need for early intervention.

Diathesis-stress models have been instrumental in furthering our understanding of
depression (e.g., Flynn & Rudolph, 2007; Hammen, 2005; Monroe & Simons, 1991).
Although researchers have reliably documented increased rates of the onset and recurrence
of depression following major life events (e.g., Monroe & Hidjiyannakis, 2002; Monroe &
Roberts, 1990), chronic stressors (e.g., Brown & Harris, 1986), and daily hassles (e.g.,
Lazarus & Folkman, 1984), many individuals do not develop depression following exposure
to a stressful event (e.g., Bonanno, 2004). Thus, stressors themselves are not sufficient to
induce a depressive episode. Instead, preexisting vulnerabilities significantly affect the ways
in which individuals respond to acute stressors, thereby influencing their likelihood of
developing a depressive episode (Hammen, 2005; Goodman & Gotlib, 1999).

Previous cross-sectional studies conducted by our research group and others have found that
individuals at risk for depression show atypical cognitive and biological functioning (see
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reviews by Foland-Ross, Hardin, & Gotlib, 2013; Gotlib & Joormann, 2010). From this
work, hypothalamic-pituitary-adrenal (HPA) axis activity has been identified as a key
biological marker of risk for depression (Colich, Kircanski, Foland-Ross, and Gotlib, in
press; Foland-Ross et al., 2013). For example, Colich et al. (in press) found that cortisol
reactivity to stress predicted the onset of depression in a sample of adolescent girls without a
history of psychopathology who were at a later stage of pubertal development. In the current
study, we aimed to extend this work by examining diurnal cortisol production as a
prospective predictor of depression onset.

Cortisol production has a strong diurnal pattern: cortisol levels rise rapidly after waking,
reach a peak approximately 30 minutes later, and then fall throughout the day. Diurnal
cortisol fluctuations are influenced by HPA-axis functioning (e.g., glucocorticoid receptor
density, glucocorticoid sensitivity, and adrenal gland sensitivity), psychological variables,
environmental stressors, and sleep-wake cycles (Fries, Dettenborn, & Kirschbaum, 2009;
Sapolsky, 2000). Whereas moderate diurnal cortisol levels represent an adaptive response to
environmental changes, excess cortisol production can stem from chronic HPA-axis
activation, faulty negative feedback loops, or chronic stress exposure, and can affect key
brain regions implicated in depression. The hippocampus, for example, has a high density of
glucocorticoid receptors, and excess cortisol secretion has been shown to lead to
neurotoxicity in this brain structure (Sapolsky, 2000). Excess cortisol production can also
disrupt functioning in key emotion-relevant regions of the brain (e.g., the prefrontal cortex
and amygdala) and thus interfere with the ability to cope effectively with future stressors
(McEwen, 2008).

The cortisol awakening response (CAR) and cortisol area under the curve with respect to
ground (AUC,) are two of the most commonly used indices of diurnal cortisol functioning.
CAR measures the rapid increase in cortisol that occurs during the 30 minutes after
awakening, and is particularly sensitive to the demands of the upcoming day. For example,
CAR is steeper with greater perceived stress, on workdays than on weekends, and when
there is higher stress early in the day (Fries, Dettenborn, & Kirschbaum, 2009). Importantly,
CAR is distinct from total daily cortisol exposure, estimated as AUC (Hill Golden et al.,
2013). AUC takes into account both the fluctuations in cortisol levels throughout the day
(i.e., the change in cortisol levels from one time point to the next) and the overall magnitude
of cortisol exposure (i.e., the distance of these measures from ground).

Researchers have documented that both CAR and AUCg are associated with elevated
depressive symptoms in children and adults (Ehlert, Gaab, & Heinrichs, 2001; Guerry &
Hastings, 2011; Holsboer, 2000). Although historically results have been equivocal (Knorr,
Vinberg, Kessing, & Wetterslev, 2010), an increasing number of studies has found that,
compared to never-depressed controls, currently depressed individuals exhibit a steeper
CAR, higher peak cortisol in the morning, and higher overall cortisol levels across the day,
as measured by AUCg or by single time-point estimates (Bhagwagar, Hafizi, & Cowen,
2005; Dienes, Hazel, & Hammen, 2013; Lopez-Duran, Kovacs, & George, 2009; Vreeburg
et al., 2009). Atypical cortisol patterns have also been documented in individuals with a
history of depression (e.g., Appelhof et al., 2006; LeMoult, Chen, Foland-Ross, Burley, &
Gotlib, in press). These findings are consistent with the formulation that atypical HPA-axis
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function is a feature or ‘scar’ of the depressive episode. Importantly, however, cortisol
patterns have also been posited to be a trait-like vulnerability factor that increases risk for
the development of depressive episodes in youth; from this perspective, findings of atypical
cortisol patterns in formerly depressed individuals may also represent long-standing
difficulties in HPA-axis functioning.

Indeed, in several prospective investigations, atypical cortisol patterns have been found to
predict depression in youth at risk for the disorder (Carnegie et al., 2014; Ellenbogen,
Hodgins, Linnen, & Ostiguy, 2011; Goodyer, Bacon, Ban, Croudace, & Herbert, 2009;
Halligan, Herbert, Goodyer, & Murray, 2007). For example, in a sample of 13- to 25-year-
old male and female adolescent offspring of parents with or without a history of bipolar
disorder, Ellenbogen and colleagues (2011) examined whether average cortisol levels across
the day (i.e., at 60 minutes post-awakening, 3:00 pm, 8:00 pm, and bedtime) predicted the
onset of an affective disorder up to six years later. Higher average cortisol levels across the
day increased the likelihood that individuals would be diagnosed with an affective disorder
over the follow-up period. Goodyer et al. (2009) also documented an association between
cortisol levels and depression onset. Specifically, in at-risk male and female adolescents age
12 to 17 years at baseline, higher morning cortisol levels predicted the development of
depression 12 months later. Similarly, Owens et al. (2014) examined a sample of boys ages
12 to 16 years at baseline and found that boys with elevated depressive symptoms and high
levels of morning cortisol (collected at 8:00 am or 45 minutes after awakening) were at
highest risk for future depression. Divergent results were reported, however, by Carnegie et
al. (2014), who conducted a large longitudinal study of 15-year-old male and female
adolescents, including adolescents with current depression and those who had a history of
depression. Carnegie et al. found that neither CAR nor AUC predicted the development of
depression by age 18.

As a first step toward integrating diurnal cortisol and stressful life events in the prediction of
depression, several researchers have assessed the independent effects of baseline cortisol
and negative life events occurring between the baseline assessment and subsequent onset of
depression. Goodyer, Tamplin, Herbert, and Altham (2000) were among the first to examine
longitudinally the main effects of cortisol and negative life events on the development of
depression. In a sample of male and female adolescents ages 12 to 16 years at baseling,
Goodyer et al. examined whether baseline cortisol levels in the morning and evening and
negative life events experienced between the baseline and 12 month follow-up assessment
independently predicted the onset of depression at follow-up. Both cortisol levels at 8:00 am
and negative life events predicted which adolescents developed depression; however,
cortisol levels at 8:00 pm did not predict subsequent depression. Similar results were
reported by Adam, Doane, Zinbarg, Mineka, Craske and Griffith (2009) in a sample of older
male and female adolescents (ages 16 to 18 years at baseline) who were oversampled for
high levels of neuroticism. Both steeper CAR at baseline and stressful life events
experienced between baseline and follow-up independently predicted the development of a
new clinically significant depressive episode one year later. Total cortisol production across
the day (indexed via AUCy), however, did not contribute unique variance to the prediction
of depression. Importantly, neither Goodyer et al. nor Adam et al. excluded adolescents with
a history of psychopathology, complicating the interpretation of their findings. In addition,
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both studies examined only main effects of cortisol and negative life events, and did not
examine the ‘diathesis-stress’ interaction of these two variables.

To date, only one study has examined whether the interaction of cortisol and stressful life
events predicts the onset of depression, as a direct test of the diathesis-stress model. Vrshek-
Schallhorn et al. (2013) collected cortisol levels at baseline from older male and female
adolescents, ages 16 to 18 years, and assessed the occurrence of negative life events and a
diagnosis of depression during up to four annual follow-up interviews. The authors
examined whether CAR at baseline, stressful life events between baseline and follow-up,
and their interaction predicted the onset of depression. Although both a steeper CAR and a
higher number of stressful life events independently predicted the onset of depression, the
interaction between CAR and stressful life events was not a significant predictor of
depression. In contrast, AUC did not predict depression as a main effect, and Vrshek-
Schallhorn et al. did not examine the interaction between AUC, and stressful life events.
Notably, adolescents were excluded from this study if they met criteria for current
depression or posttraumatic stress disorder at baseline or had a history of dysthymic
disorder, psychotic symptoms, or bipolar disorder. However, adolescents with any other
current anxiety disorder and those with a lifetime history of depression were not excluded,
which may have influenced the baseline CAR and its relation to future (recurrence of)
depression. Extant data clearly demonstrate that HPA-axis functioning is influenced both by
a history of depression (e.g., LeMoult et al., 2015) and by a diagnosis of a current or past
anxiety disorder (e.g., Vreeburg et al., 2010; Mantella et al., 2010). Therefore, it is necessary
to use diagnostically clean samples at baseline in order to ensure that HPA-axis functioning
is not confounded by current or past psychopathology and to reveal whether cortisol and
negative life events are antecedents, features, or scars of depression.

In sum, although several studies have examined the effects of cortisol production and
negative life events on the onset of depression, only one investigation has explicitly tested
the diathesis-stress model by examining the interaction between baseline cortisol and
negative life events; however, results from this latter study are confounded by the inclusion
of participants with a history of depression and current anxiety disorders. The primary goal
of the current study was to address these limitations and build on this nascent literature by
examining, for the first time, the interaction between baseline diurnal cortisol functioning
and subsequent exposure to stressful life events as a predictor of the first onset of depression
in a sample of young adolescents without a history of psychopathology. In the current study,
we recruited a sample of young adolescent females, ranging in age from 9 to 14 years at
baseline. Given gender differences in both patterns of salivary cortisol and rates of
depression onset, we decided to reduce the heterogeneity of our sample by recruiting only
female participants. We assessed participants’ salivary cortisol levels from waking through
bedtime, allowing us to calculate both AUCg4 and CAR. We then followed these girls across
the high-risk developmental period of adolescence through the age of 18, during which we
regularly assessed the development of a clinically significant depressive disorder. Consistent
with diathesis-stress models of depression, we predicted that both AUC4 and CAR would
interact with subsequent negative life events to predict the onset of a depressive disorder.
Specifically, given evidence that the HPA axis plays a central role in regulating individuals’
stress response, we expected that elevated cortisol production at baseline would increase the
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degree to which stressful life events potentiated the onset of depression. Thus, we predicted
that stressful life events would predict the onset of depression most strongly for those
participants who exhibited greater AUCg or a steeper CAR.

Participants were 62 girls who were recruited as part of a larger longitudinal study of girls at
risk for depression. At the time of entry into the study, participants were between 9 and 14
years of age and had no current or past Axis | disorder. In order to ensure that a sufficient
number of girls would develop depression over the follow-up period, we recruited both
daughters of mothers who had no history of depression (n=32) and daughters of mothers
who had a history of recurrent depression during their daughters’ lifetime (n=30).
Participants were recruited from the local community through internet and print
advertisements or through the Department of Psychiatry and Behavioral Sciences at Stanford
University. The study was approved by the Stanford University Institutional Review Board;
participants and their parents gave assent and informed consent, respectively. Participants
were screened for initial inclusion/exclusion through a telephone interview and were then
invited to the laboratory for in-person interviews and assessments. No participants had any
reported major medical complications, health conditions known to interfere with HPA-axis
activity (including pregnancy and endocrine disorders, per Kudielka, Hellhammer, & Wust,
2009), head trauma, past or present Axis | disorder, history of taking a psychotropic
medication, or learning disorder, and all were fluent in English. Of the original 190 girls
who were part of the larger study, 81 girls were eligible for inclusion in the current study
based on the inclusion and exclusion criteria described above and on having provided
samples of diurnal cortisol. Of this sample, 19 dropped out of the study; we report here on
the remaining 62 girls who developed a subsequent episode of MDD or who we have
followed through the age of 18 years to classify as having not developed an episode of MDD
(i.e., non-converted). Participants who were not included in the final sample were slightly
younger (M=11.64, SD=1.56) than those who were included in the final sample (M=12.31,
D=1.36), t(119)=2.48, p=.014. Otherwise, however, clinical and demographic
characteristics of the 62 participants included in the current study do not differ from those of
the rest of the sample, ps>.05.

To date, one longitudinal study has been conducted with this sample to examine the onset of
depression. Colich et al. (in press) examined whether pubertal status moderates the relation
between cortisol reactivity to a laboratory stressor and the onset of depression in a sample of
89 girls. It is important to note that data from the current study represent a test of an
independent, a priori hypothesis, examining the influence of diurnal cortisol production on
risk for depression in the smaller subset of participants who provided samples of diurnal
cortisol.

Time 1 Assessments

Interviews—At Time 1 (baseline), participants came to Stanford University to complete a
structured clinical interview to assess current and lifetime psychopathology. Trained
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interviewers assessed participants’ diagnostic status by administering the Schedule for
Affective Disorders and Schizophrenia (K-SADS-PL; Kaufman, Birmaher, Brent, & Rao,
1997) to both the girls and their mothers (about their daughters). A different interviewer
administered the Structured Clinical Interview for DSM (SCID; First, Spitzer, Gibbon, &
Williams, 2000) to the mothers in order to assess the presence of current and past
psychopathology. To assess inter-rater reliability for the participant interviews in this study,
an independent rater who was blind to group membership evaluated a portion of SCID and
K-SADS-PL interviews. In all cases, diagnoses and group assignment matched those given
by the original interviewer, K =1.00. In order to be eligible for study inclusion, girls could
not have met clinical or subclinical levels of any Axis | disorder at any time in their life
based on either mother or daughter report. Other inclusion and exclusion criteria were also
confirmed at this time.

Self-report measures—~Participants completed the Children’s Depression Inventory —
Short Form (CDI-S; Kovacs, 1992), Anxiety Sensitivity Index for Children (ASIC; Laurent
et al., 1998), Multidimensional Anxiety Scale for Children (MASC; March, Parker, Sullivan,
Stallings, & Conners, 1997), and the Tanner Staging questionnaire (Marshall & Tanner,
1968). The CDI-S is a 10-item self-report measure of depressive symptomatology for
children between 8 and 17 years of age, and has been used widely in studies of clinical and
non-clinical children and adolescents. Higher CDI-S scores reflect greater depressive
symptoms. The ASIC is a 16-item self-report measure of anxiety sensitivity in children, and
can be used with both clinical and non-clinical populations. A composite score for the ASIC
was calculated by averaging across the 16 items; higher scores reflect greater anxiety
sensitivity. The MASC is a 39-item self-report measure used to assess symptoms of anxiety
in children. The total score is calculated by summing across the 39 items and indicates the
overall extent to which the child is experiencing symptoms of anxiety. Participants also
completed the Tanner Staging questionnaire to assess self-reported pubertal status, which
has been found to correlate highly with physicians’ physical examinations of pubertal
development (e.g., Shirtcliff et al., 2009). Participants were asked to indicate their
developmental stage using schematic drawings of two secondary sex characteristics (breast
and pubic hair). A composite score of these two ratings was used to index girls’ pubertal
stage at baseline. The CDI-S was included to confirm that neither group had clinically
meaningful depressive symptoms at baseline and to control for individual differences in
baseline depressive symptoms when predicting first onset of depression. The ASIC, MASC,
and Tanner Staging questionnaires were included to use as possible covariates in the event
that girls who developed depression differed from those who did not develop depression in
scores on these baseline measures. One girl did not complete the ASIC, two girls did not
complete the MASC, and four girls did not complete the Tanner Staging questionnaire.

Diurnal cortisol collection—Within two weeks of this baseline session, participants
completed two days of at-home diurnal cortisol collection. Participants were instructed not
to eat, drink, or brush their teeth for two hours before each sample. Participants used
Salivette kits (Sarstedt, Germany) to collect a saliva sample at each of the following four
time points: immediately upon waking, 30 minutes post-waking, mid-afternoon
(approximately 3:00 pm), and 30 minutes before bedtime. Participants recorded the actual

J Abnorm Psychol. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

LeMoult et al.

Page 7

time of cortisol collection on a separate piece of paper and these data were used in all
calculations. For a random subset of participants (n=26), smart caps were used to track the
times at which they opened the bottle to retrieve the Salivette. Cortisol collection times
obtained from smart caps did not differ significantly from the self-reported collection times,
ts<1.85, ps>.05. After saliva collection, participants stored Salivettes in their home freezer
until they could be transferred to the —20 °F freezer at Stanford University. Cortisol levels
were assayed by luminescence immunoassay reagents using a commercial kit from Immuno-
Biological Laboratories Inc. (Hamburg, Germany), and the assay sensitivity was set at 0.015
pg/dl. Samples were assayed together in large batches to control for interassay error, and
control samples were included to evaluate variability. Because the salivary cortisol data
remained positively skewed after logarithmic and other transformations, we winsorized
values 2 standard deviations (SDs) above the mean to the 2-SD value. We then calculated
girls’ CAR (slope of waking to 30 minutes post-waking) and total cortisol production
throughout the day (AUCg) using methods recommended by Pruessner, Kirschbaum,
Meinlschmid, and Hellhammer (2003). To obtain the most precise cortisol estimates for
each participant, we used the actual rather than the expected time of cortisol collection in
these calculations.

Follow-up Assessments

Interviews—To monitor the course of depressive symptoms and the possible onset of
depression through the age of 18, girls returned to the laboratory approximately every 18
months. Interviewers administered the K-SADS interview to participants under the age of 18
and the SCID to participants who were age 18. Diagnostic status for clinical depression
required meeting DSM-1V diagnostic criteria for a unipolar depressive disorder with no
history of manic, hypomanic, or mixed episodes. Of the original 62 participants, 33 met
criteria for a depressive disorder before the age of 18, 26 of whom met DSM-IV criteria for
Major Depressive Disorder and 7 of whom met criteria for Depressive Disorder, Not
Otherwise Specified (defined as the endorsement of three or four symptoms of depression,
present for at least two weeks, with clinically significant impairment or distress).
Importantly, all depressive episodes included in the model represent participants’ first onset
of depression; data collected in sessions after a participant experienced a depressive episode
were not included. In contrast, girls who did not develop depression were followed until
they reached age 18. Thus, as expected, girls who experienced a depressive episode
completed fewer follow-up visits (M=2.15, SD=0.94) than did girls who did not experience a
depressive episode (M=3.07, SD=1.03), t(60)=3.66, p=.001.

Self-report measures—At each follow-up assessment, participants reported on the life
events that they had experienced since the previous assessment using the Life Events
Checklist (Johnson & McCutcheon, 1980), which has been designed for children and
adolescents, or using the parallel Life Events Survey if the participant was age 18 (Sarason,
Johnson, & Siegel, 1978). Both measures have been shown to have adequate psychometric
properties in comparable samples (Brand & Johnson, 1982; Sarason et al., 1978).
Participants reported on the presence of a total of 50 dependent and independent life events
(e.g., death of family member, parents separated, breaking up with boyfriend/girlfriend,
trouble with teacher, trouble with classmates) and rated the subjective impact of negative
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life events on a four-point scale. Based on recommend scoring procedures (Brand &
Johnson, 1982; Sarason et al., 1978), we summed the absolute value of participants’
subjective impact ratings for all negative life events that were endorsed in order to obtain a
total negative life events score. Negative life events scores were divided by the number of
months included in the assessment interval in order to adjust for differences among
participants in the exact amount of time since the last assessment. Therefore, negative life
events scores reflect the average subjective impact of negative life events per month since
the previous assessment. Negative life events scores were examined for the period
immediately prior to the onset of depression for those who developed depression, or for the
matched follow-up assessment for those participants who did not develop depression.
Specifically, for those individuals who developed depression, we examined negative life
event scores for the period immediately prior to depression onset (e.g., for a girls who
developed depression at third follow-up assessment, negative life event scores between the
second and third follow-up assessment). For those individuals who did not develop
depression, we calculated negative life events for the matched follow-up session (i.e., in this
example, from the second to the third follow-up assessment).

Planned Analyses

Results

The primary analyses involved a series of hierarchical logistic regressions, with the baseline
cortisol measure of interest (AUCg or CAR) and negative life events (Step 1), and the
interaction of cortisol and negative life events (Step 2) regressed on a dummy variable that
reflected the presence or absence of experiencing a depressive disorder by age 18. Several
covariates were included in Step 1 of the regression models: mothers’ history of depression
at baseline, children’s age at baseline, CDI-S scores at baseline, and time between baseline
and follow-up. Given concerns of multicollinearity, separate logistic regression analyses
were conducted for AUCy and CAR. Continuous variables were grand mean centered and
dichotomous variables were effect coded. Analyses were conducted using HLM software
version 6.01 (Randenbush, Bryk, & Congdon, 2004) using restricted maximum likelihood to
provide less biased estimates of variance (Randenbush & Byrk, 2002).

Participant Characteristics

Demographic and clinical characteristics of the participants are presented in Table 1.
“Converted” girls (i.e., those who developed depression by age 18) did not differ
significantly in their pubertal stage at baseline from “non-converted” girls, t(56)=0.47, p=.
640, d=0.124. Converted and non-converted girls also did not differ significantly in their
baseline CDI-S scores, t(60)=1.71, p=.093, d=0.432, levels of anxiety sensitivity,
t(59)=1.07, p=.289, d=0.275, scores on the MASC, t(58)=0.65, p=.521, d=0.168, or time
between baseline and follow-up ratings of life events, t(60)=0.12, p=.904, d=0.031. There
was also no significant group difference in ethnic composition, y2(4, N=62)=7.03, p=.134,
V=0.337. Compared to non-converted girls, converted girls were slightly younger at
baseline, t(60)=2.78, p=.007, d=0.707, and, not surprisingly, were more likely to have a
mother with a history of depression, x2(1, N=62)=12.83, p<.001, VV=.455. Therefore, we
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included girls’ age at baseline and maternal history of depression, among other variables, as
covariates.

Pattern of Diurnal Cortisol Production

Diurnal cortisol data are presented in Table 1. Overall, the expected pattern of diurnal
cortisol production was observed. Cortisol levels increased within the first 30 minutes of
awakening, tpaired(61)=5.73, p<.001, d=0.731, and then declined significantly throughout
the day, tspajred(61)>8.64, ps<.001, ds<3.000. Negative life event scores were not correlated
significantly with either AUCg, r(62)=-0.116, p=.370, r2=0.013, or CAR, r(62)=-0.106, p=.
412, r?=0.011.

Cortisol AUCq by Negative Life Events in Predicting First Onset of Depression

Table 2 presents the results of the logistic regression analyses in which the first onset of
depression was predicted by AUC,, negative life events, mothers” history of depression,
girls’ age at baseline, CDI-S score at baseline, and time between baseline and follow-up (in
Step 1), and the interaction of AUC, and negative life events (in Step 2). Girls whose
mothers had a history of depression were more likely to develop depression by age 18,
B=1.07, p=.002, OR=2.91. In addition, girls’ age at baseline was negatively associated with
developing depression, p=—1.61, p < .001, OR=0.20. In contrast, neither baseline CDI-S
scores, f=0.68, p=.142, OR=1.98, nor time between baseline and follow-up, f=-0.42, p=.
238, OR=0.66, uniquely predicted the development of depression. After accounting for these
covariates, neither AUCy, $=0.62, p=.053, OR=1.85, nor negative life events, =0.32, p=.
458, OR=1.38, were found to predict the development of depression. When the interaction
between AUCy and negative life events was added in Step 2, however, it significantly
predicted the development of depression, $=0.93, p:.030.2

Figure 1 depicts the nature of the interaction between AUCg and negative life events in
predicting conversion. For participants with lower AUC, production (1 SD below the mean;
M-1SD=157.99), negative life event scores were not related to the probability of
conversion, OR=1.10. In contrast, for participants with higher AUCy production (1 SD
above the mean; M+13D=436.98), higher negative life event scores were strongly predictive
of the development of depression, OR=7.02. In fact, as presented in Figure 1, at the mean

1Girls whose mothers had a history of depression did not differ significantly from girls whose mothers did not have a history of
depression on any of the demographic or clinical characteristics assessed, including pubertal stage, age at baseline, ethnicity, baseline
CDI-S scores, baseline anxiety sensitivity, time between baseline and follow-up life event ratings, negative life events scores, or
cortisol production at baseline, ps > .05.

We tested whether the relations among cortisol (AUCq or CAR), negative life events, and conversion differed as a function of
maternal history of depression by including in the logistic regression analyses interactions among the cortisol measure of interest
(AUCg or CAR), negative life events, and maternal history of depression. The interaction of cortisol, negative life events, and
maternal history of depression was not significant in either analysis, ps>.05. We also conducted the hierarchical logistic regression
analyses including ASIC scores as a covariate in Step 1. Baseline ASIC scores did not predict the development of depression in either
the AUCq or CAR analyses, ps>.050, and the interaction between AUCg and negative life events remained significant when it was
entered in Step 2, p=.023. We included MASC scores as a covariate in Step 1 of the hierarchical logistic regressions. Baseline MASC
scores did not predict the development of depression in the logistic regression focused on AUCq or CAR, ps>.050, and the interaction
between AUCq and negative life events remained significant when it was entered in Step 2, p=.012. We also we calculated the slopes
from 30-minutes post-waking to mid-afternoon (slope from cortisol sample 2 to 3), from 30-minutes post-waking to 30 minutes before
bedtime (slope from cortisol sample 2 to 4), and from mid-afternoon to 30 minutes before bedtime (slope from cortisol sample 3 to 4).
Separate regression analyses were conducted for each slope calculation. None of the main effects of slope nor interactions between
slope and negative life events were significant, ps>.05.
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level of negative life event scores (M=0.45), girls with AUCy production 1 SD below the
mean had a 41% chance of developing depression, whereas girls with AUCq production 1
SD above the mean had a 78% chance of developing depression. Thus, girls who produced
more cortisol throughout the day were more susceptible to developing depression after
experiencing negative life events than were girls who produced less cortisol throughout the
day.

CAR by Negative Life Events in Predicting First Onset of Depression

Table 2 presents the results of the logistic regression analyses in which conversion was
predicted by CAR, negative life events, and their interaction. The covariates included in this
model were the same as those included in the model with AUC4 (maternal history of
depression, p=1.21, p=.002, OR=3.35, age at baseline, p=—1.47, p=.003, OR=0.23, baseline
CDI-S score, p=0.87, p=.111, OR=2.39, time between baseline and follow-u, f=-0.13, p=.
654, OR=0.88). After accounting for these covariates, neither CAR, $=-0.37, p=.281,
OR=0.69, nor negative life events, p=0.17, p=.725, OR=1.19, predicted conversion. When
the interaction between CAR and negative life events was entered in Step 2, it was not a
significant predictor of the development of depression, $=0.05, p=.833.

Discussion

In this direct test of the diathesis-stress model of depression, we examined the interaction of
diurnal HPA-axis functioning at baseline and subsequent experiences of negative life events
in predicting the first onset of depression in a sample of female adolescents who had no
history of psychopathology. We found that the influence of negative life events on the
subsequent onset of depression depended on baseline AUC4 production, but not on CAR.
Specifically, girls with greater AUC, at baseline were more susceptible to developing
depression after experiencing negative life events than were girls with lower AUC,. These
findings suggest that only in the context of greater total diurnal cortisol production does
negative life events potentiate risk for depression. Recruiting a sample of participants who
were diagnostically clean at baseline and assessing them over an extended time frame
allowed us to test whether the interaction between cortisol production and negative life
events reflected a risk factor for the onset of depression rather than a scar or feature of the
disorder. The clinical importance of determining markers of risk for depression is
underscored by promising results from early interventions for this disorder (Gladstone,
Beardslee, & O’Connor, 2011), compared with the difficulty of treating adolescent
depression after its onset (Kessler et al., 2003; March et al., 2004). Indeed, early intervention
may ultimately reduce the incidence of depression and lessen the substantial personal and
societal costs of this debilitating disorder (Murray & Lopez, 1996; Stewart, Ricci, Chee,
Hahn, & Morganstein, 2003).

Our findings help to reconcile a literature that has historically been mixed. Whereas some
studies have found that total cortisol across the day predicts the onset of depression as a
main effect (Ellenbogen et al., 2011), others have not (Adam et al., 2009; Vrshek-Schallhorn
et al., 2013). Similarly, whereas CAR was found to predict the onset of depression in one
sample (Adam et al., 2009; Vrshek-Schallhorn et al., 2013), it did not in another sample
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(Carnegie et al., 2014). These equivocal results may be due to the fact that all previous
studies included participants who had current and/or past psychopathology. Given that
individuals with current anxiety disorders or past depression exhibit abnormalities in diurnal
cortisol production (Appelhof et al., 2006; LeMoult et al., in press), even a history of
psychopathology may alter baseline HPA-axis functioning in otherwise asymptomatic
individuals, thereby complicating interpretation of these prior findings. For example, when
individuals with psychopathology are included in the sample, baseline cortisol abnormalities
may serve as a marker of the presence of other forms of psychopathology; findings,
therefore, might be due to anxiety or past depression — rather than to specific cortisol
patterns per se— increasing risk for the onset of depression (Kessler, McGonagle, Swartz,
Blazer, & Nelson, 1993; Stein, Fuetsch, Mller, Hofler, Lieb, & Wittchen, 2001). Moreover,
confounding the simultaneous testing of predictors of first onsets and recurrences of
depression may obscure findings, particularly given that researchers have demonstrated that
different variables predict the first depressive episode compared to subsequent episodes
(Lewinsohn, Allen, Seeley, & Gotlib, 1999). In addition, the current study included female
adolescents exclusively, whereas the majority of past research has included both males and
females (e.g., Adam et al., 2009; Vrshek-Schallhorn et al., 2013). Including only female
adolescents reduced the heterogeneity of our sample and, given gender differences in HPA
functioning, could have eliminated a confounding factor.

This is the first study to test whether the interaction of AUCy and negative life events
predicts the onset of depression. Thus, with respect to AUCg, mixed results of previous
studies may be due to unexamined interactions between total cortisol production and
experiences of negative life events, as findings from the current study suggest. This
interpretation is consistent with diathesis-stress models of depression that posit that
preexisting vulnerability factors, such as atypical HPA-axis function, interact with
environmental stressors to potentiate risk for depression (e.g., Flynn & Rudolph, 2007;
Hammen, 2005; Monroe & Simons, 1991). For example, Goodman and Gotlib (1999) posit
that chronic activation of the HPA axis impairs individuals’ ability to cope effectively with
stress. Although the precise mechanisms through which greater AUC, potentiates
susceptibility to negative life events are not yet clear, Goodman and Gotlib noted that
children who demonstrate chronic activation of the HPA-axis are hyper-responsive to
environmental challenges. Moreover, because AUC is measured with respect to ground,
this metric assesses the total amount of cortisol to which individuals are exposed throughout
the day. Higher total levels of cortisol can disrupt functioning in key emotion-relevant
regions of the brain and interfere with the ability to cope with future stressors (Hinkelmann
etal., 2009; Schuhmacher et al., 2012). Thus, greater AUCg at the baseline assessment
might lead to biological disruptions that exacerbate individuals’ responses to subsequent
negative life events and hinder their ability to use appropriate emotion regulation strategies
to cope with these stressors. The equivocal literature on cortisol and depression may also be
due to other unexamined moderators, such as pubertal status, gender, or history of
psychopathology. Colich et al. (in press), for example, found that the onset of depression
was predicted by cortisol hyporeactivity to stress in girls who were earlier in pubertal
development (Tanner stage < 2), but by cortisol hyperreactivity to stress in girls who were
later in pubertal development (Tanner stage = 3.5). Although the current study would have
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been underpowered in testing whether the interaction of diurnal cortisol production, negative
life events, and puberty predicted the onset of depression, future research could profitably
examine the nature of interactions among these variables.

Although we predicted that both AUCgy and CAR would moderate risk for depression in the
context of negative life events, it is informative that our interaction finding was specific to
AUC. Several investigators have found that AUC, and CAR reflect different biological
processes (Golden et al., 2013; Schmidt-Reinwald et al., 1999). Specifically, whereas AUCy
indexes total cortisol exposure throughout the day and is sensitive to multiple environmental
demands, Wihelm, Born, Kudielka, Schlotz, and Wust (2007) posited that CAR reflects
sensitivity of the adrenal cortex to awakening, which begins even prior to awakening and is
affected by exposure to light and activity of the suprachiasmatic nucleus. Thus, it is possible
that AUCg is a more appropriate index of sensitivity to environmental stressors than is CAR.
In addition, compared to CAR, AUC4 may be influenced more strongly by efficient
functioning of HPA-axis negative feedback loops (Kudielka, Bellingrath, & Hellhammer,
2006; Schmidt-Reinwald et al., 1999), which are critical for down-regulating HPA-axis
activity when elevated cortisol levels have been detected. Therefore, greater AUC, at
baseline might be an early marker of inefficient functioning of these negative feedback
loops, which might exaggerate individuals’ reactivity to future stressors.

It is noteworthy that rates of conversion in this sample were higher than in the general
population (Kessler et al., 2005). This reflects several strategic decisions that we made in
order to optimize our ability to examine predictors of depression over the follow-up period.
First, the current sample was composed exclusively of girls, who have substantially higher
rates of depression than do boys (Kessler et al., 2005). Second, based on findings of higher
rates of depression in offspring of parents with a history of the disorder (Gotlib & Colich,
2014), we included in this study a subsample of girls whose mothers had experienced
recurrent episodes of depression. Third, we defined conversion as meeting criteria for Major
Depressive Disorder or Depressive Disorder Not Otherwise Specified in order to capture all
diagnosable and clinically significant depressive disorders. This decision is consistent with
clinical practice and the increasing importance placed on assessing a range of related clinical
syndromes, such as the perspective exemplified by the National Institute of Mental Health
(NIMH) Research Domain Criteria (RDoC). Finally, we recruited a younger sample of
adolescents than had been used in other studies, and we followed these participants across
the critical developmental window of adolescence, a period when individuals are
particularly susceptible to developing depression (Anderson & Teicher, 2008).

We should note four limitations of the current study. First, we used a self-reported, rather
than interview-based, measure of negative life events. Although interview-based measures
of life stress provide less biased estimates of the amount or intensity of life stress, self-report
measures of stress have been shown to be important for understanding both the onset and
treatment of depression (Yip, 2004). Nevertheless, in the future, researchers should examine
whether similar findings are obtained when an interview-based measure of negative life
events is administered. Second, the measure of stressful life events used in this study did not
allow us to differentiate the effects of dependent from independent negative life events
(Hammen, 2006). Future studies should examine whether the relations reported here are
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obtained for both types of events. Third, although a subset of participants used smart caps to
electronically track the time at which they opened the bottle to retrieve the Salivette, we did
not obtain an independent measure of participants’ wake time in order to confirm that the
first sample was taken immediately upon awakening. This is particularly relevant to findings
related to CAR, which is highly sensitive to accurate sampling times. Finally, it is possible
that the current study was underpowered to detect a significant interaction between cortisol
and negative life events. This null finding should, therefore, be interpreted with caution and
replication of the current findings within a larger sample is warranted. That the interaction of
AUC, and negative life events was significant despite this potential low level of power,
however, attests to the strength of this finding.

Despite these limitations, the current study is important in directly testing the diathesis-stress
model by investigating, for the first time, the interactions of baseline HPA-axis functioning
and stressful life events in predicting onset of depression in female adolescents who, at
baseline, had no history of psychopathology. Importantly, the current study included girls at
high and low risk for depression, and we found no evidence that these two groups of girls
differed significantly with respect to the relation among cortisol, negative life events, and
depression onset. Thus, although it is important that these findings be replicated in
unselected samples, it is reasonable to posit that these findings generalize across high- and
low-risk samples. The results of this study contribute to our understanding of biological risk
for depression and demonstrate that individuals who exhibit atypical cortisol production
across the day (measured by AUC) are particularly susceptible to developing depression
following negative life events. This finding has important implications for prevention
efforts, suggesting that girls who demonstrate greater total diurnal cortisol production will
benefit most from early intervention efforts. In this context, interventions using cognitive-
behavioral and/or interpersonal approaches to decrease subjective reactivity to stressors and
to improve emotion regulation and coping skills are likely to be particularly helpful
(Gladstone et al., 2011). It is imperative that we continue to elucidate biomarkers of risk for
depression so that we can identify which individuals are at greatest need for targeted
interventions and reduce the significant personal and societal costs of this debilitating
disorder.
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LAY SUMMARY

The current study examined whether individual differences in production of the primary
stress hormone, cortisol, affects the degree to which negative life events predict the first
onset of depression in adolescent girls. Findings suggest that girls who produced more
cortisol throughout the day were more susceptible to developing depression after
experiencing negative life events than were girls who produced less cortisol throughout
the day.
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Figure 1.

Likelihood of developing depression as a function of diurnal cortisol area under the curve to
ground (AUC) and negative life event scores.
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Participant Characteristics

Table 1

Variable Converted (N=33) Non-Converted (N=29) p-value
Baseline age, M(SD) 11.88(1.39) 12.79(1.18) 0.007
Baseline Tanner Stage, M(SD) 3.17(0.94) 3.29(0.94) 0.640
Caucasian, % 70% 2% 0.134
Maternal history of depression, % 70% 24% <.001
Baseline CDI-S, M(SD) 2.36(2.79) 1.38(1.45) 0.093
Baseline ASIC, M(SD) 10.15(5.42) 8.68(5.28) 0.289
Baseline MASC, M(SD) 40.42(14.78) 38.19(11.36) 0.521
Baseline salivary cortisol level, M(SD)
Wake 0.56(0.32) 0.46(0.21) 0.145
Wake + 30 0.75(0.34) 0.74(0.27) 0.882
Afternoon 0.21(0.15) 0.18(0.11) 0.427
Bedtime 0.07(0.06) 0.05(0.05) 0.365
Time baseline to follow-up (months), M(SD) 49.20(20.58) 49.82(19.67) 0.904
Negative life events scores, M(SD) 0.54(0.41) 0.36(0.38) 0.075

Note. CDI-S=Children’s Depression Inventory-Short Form; ASIC=Anxiety Sensitivity Index for Children
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