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Abstract The strongest proximal predictors of depression on-
set in adolescence are stressful life events (SLEs). Changes in
the hypothalamic-pituitary-adrenal (HPA) axis response to
stress are theorized to mediate the etiological effect of SLEs
on depression onset. The goal of the current study was to
examine differences in the cortisol response to a laboratory-
induced stressor between youth with versus without at least
one SLE in the etiologically-central 3-month period prior to
depression onset. One hundred adolescents (24 first-onset de-
pression, 18 recurrent depression, and 58 non-depressed con-
trols) had five salivary cortisol samples collected over the
course of the Trier Social Stress Test (TSST). SLEs were
assessed using a rigorous contextual interview and rating sys-
tem. Among those with an SLE, youth on their first onset of
depression had a flatter cortisol reactivity slope relative to
non-depressed adolescents, and youth on a recurrent episode
of depression had a steeper recovery slope relative to first-
onsets and non-depressed adolescents. In contrast, no
between-group differences were found among those with no
SLE prior to onset. These results suggest that differences in
the HPA axis response pattern may represent a neurobiologi-
cal mechanism that distinguishes depressed and non-
depressed groups but only for adolescents whose depression
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is precipitated by SLEs. Further, this neurobiological mecha-
nism may play a different role in the very first episode of
depression than it does in recurrent episodes.
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Stressful life events (SLEs) are significant predictors of de-
pression onset in adolescence (e.g., Duggal et al. 2000;
Goodyer et al. 1985; Lewinsohn et al. 2001; Williamson
et al. 1998). In particular, seminal studies using rigorous con-
textual life event interviews have demonstrated that adoles-
cents who experience a major SLE (e.g., school expulsion;
romantic relationship breakup) are three to six times
more likely to develop an onset of depression in the
subsequent 3 months than those who do not experience a
SLE (e.g., Goodyer et al. 1985).

One neurobiological mechanism theorized to mediate
the etiological effect of SLEs on depression onset is the
hypothalamic-pituitary-adrenal (HPA) axis response to
stress. Research has employed salivary cortisol output fol-
lowing a laboratory stress challenge to assess HPA axis
function, as this hormone is the final output of this sys-
tem. In particular, stress challenge paradigms that contain
elements of social-evaluative threat and unpredictability,
such as the Trier Social Stress Test (TSST; Kirschbaum
et al. 1993), are especially relevant for studying stress
reactivity in depression because they engage the same
cortico-limbic circuitry associated with depression pathology
(Cusi et al. 2012; see Dedovic et al. 2009).

Meta-analyses synthesizing research on the cortisol
response to stress in depression have found mixed results.
The first meta-analysis of this literature, conducted by
Burke et al. (2005), found blunted cortisol reactivity and
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impaired cortisol recovery in response to laboratory stress
challenge among depressed adults; however, neither of these
differences were supported in a more recent examination of
the cortisol response in depression (Ciufolini et al. 2014).
Studies with depressed adolescents are fewer and also mixed,
with some reporting higher cortisol reactivity (Hankin et al.
2010; Rao et al. 2008), and others finding blunted reactivity,
particularly in severely depressed youth (Harkness et al.
2011). Meta-analytic studies in adolescents and adults with
depression are consistent, however, in reporting marked indi-
vidual variability in the temporal shape of the cortisol curve in
response to stress (Burke et al. 2005; Ciufolini et al. 2014;
Lopez-Duran et al. 2009). An important source of this vari-
ability in cortisol responsivity that has not been considered to
date is individual differences in the extent to which depression
is precipitated by SLEs.

Research on the relation of environmental stress and HPA
axis function has often focused on cumulative lifetime and/or
chronic stress (Alexander et al. 2009; Armbruster et al. 2011;
Bosch et al. 2012; Cacioppo et al. 2000; Elzinga et al. 2008;
Heim et al. 2002; Lok et al. 2012; Miller et al. 2007; Pike et al.
1997; Rao et al. 2008; van Eck et al. 1996). In general, the
results of these studies suggest that a lifetime characterized by
high levels of chronic stress is associated in adolescence or
adulthood with higher basal cortisol and blunted cortisol reac-
tivity to laboratory stress challenge. Specifically, chronic
stress is associated with prolonged HPA axis activation, and
consequent hormonal exposure, which leads to a down-
regulation of the HPA axis response, particularly among indi-
viduals with depression.

Despite the important knowledge gained from the above
studies regarding the effects of chronic or cumulative lifetime
stress on HPA axis function, the relation of HPA axis function
to SLEs that are acute, proximal, and thus most germane to
depression onset, is still unknown. To our knowledge, only
two studies have examined the relation of proximal and acute
SLEs to HPA axis function in clinical samples. In a sample of
depressed and non-depressed women, Heim et al. (2002)
found no relation of negative SLEs in the past year, as
assessed by self-report checklist, and peak cortisol release
during the TSST in the full sample; however, they did not
examine the differential relation of negative SLEs to cor-
tisol release by depression status. Similarly, in a sample of
depressed and non-depressed adolescents, Rao et al. (2008)
also failed to find an association between SLEs in the past
6 months, assessed by a contextual life event interview, and
peak cortisol during the TSST in the full sample; however,
again, they did not examine this relation separately by depres-
sion group.

Neither of the studies with clinical samples above provided
information regarding the specific relation of acute SLEs to
HPA axis function in depression. Further, neither study
focused on the SLEs most relevant to depression onset
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(i.e., those occurring 3 months prior to onset). Further,
one of the above studies used a self-report checklist as-
sessment of SLEs; such measures are highly prone to both
false positive and false negative endorsements of SLEs as
a function of depressive response biases (see Monroe 2008).
Therefore, a strong test of the relation of etiologically-relevant
SLEs to HPA axis function in depression is still needed.

A further important source of variability in depression that
must be considered when examining HPA axis reactivity is the
disorder’s recurrent course. As documented extensively, the
relation of SLEs to the onset of depression changes as the
disorder progresses from the first lifetime episode to recur-
rences. In particular, increasingly more minor levels of SLEs
are required to trigger recurrent episodes of depression than
were required to trigger its first onset (Monroe and Harkness
2005; Post 1992), a phenomenon known as stress sensitiza-
tion, or kindling. One possible neurobiological mechanism
that may explain kindling is progressive sensitization of
the HPA axis response to stress. Indeed, individuals on a
recurrent episode of depression show a more reactive cor-
tisol response to pharmacologic challenge than those on a
first episode (Gervasoni et al. 2004; Hatzinger et al. 2002).
However, no studies have examined potential differences
between first episode and recurrent depression in terms of
the cortisol response to laboratory stress challenge tests
such as the TSST. Further, no studies have tested whether
the relation of SLEs prior to depression onset to HPA axis
function is moderated by whether the depressive episode is
a first onset or a recurrence.

The goal of the current study was to examine cortisol
responses to the TSST with respect to two sources of vari-
ability in adolescents with MDD: (1) the presence versus
absence of contextually defined acute SLEs in the 3-month
period prior to onset; and (2) first-onset versus recurrent
episode. Our sample included adolescents who met Diagnostic
and Statistical Manual of Mental Disorders (DSM-IV-TR;
American Psychiatric Association 2000) criteria for a first or
recurrent episode of a depressive disorder compared to
a sample of psychiatrically healthy youth. Adolescence
is a crucial developmental period for the etiology of
depression; most first onsets occur in adolescence and
lifetime prevalence rates grow to mirror adult levels in
this developmental period (e.g., Avenevoli et al. 2015; Hankin
and Abramson 1999; Kessler et al. 2001). Compared to adult-
onset depression, depression that first develops in childhood
or adolescence is associated with a different risk factor profile
(Jaffee et al. 2002), and with a more chronic and recurrent
course (Rao et al. 1995; Weissman et al. 1999; Zisook et al.
2007). Therefore, identifying neuroendocrine biomarkers as-
sociated with factors critically implicated in the etiology of
depression in youth has implications for understanding the
diverse endophenotypes that underlie the depression syn-
drome. Further, uncovering early mechanisms that drive the
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development of depression may lead to clear targets for inter-
vention to curb a lifetime course of illness.

We theorize that sensitization, or kindling of the HPA axis
response to stress occurs over recurrent episodes of depression
via depressogenic changes in the higher order cortico-limbic
circuitry that promotes heightened stress sensitivity. Further,
we theorize that the kindling effects on the HPA axis will
emerge over recurrence but only when primed by the occur-
rence of etiologically relevant SLE. Therefore, we hypothe-
size that depressed adolescents on a recurrent episode of de-
pression with acute SLEs before onset will show a heightened
cortisol response, as evidenced by greater reactivity and im-
paired recovery of the response curve, relative to those on their
first onset of depression or non-depressed controls with SLEs.
Further, we hypothesize that those on their first onset of de-
pression with acute SLEs prior to onset will show a height-
ened cortisol response relative to non-depressed controls with
SLEs in a matched time period.

It is important in any study examining the effects of acute
SLEs on pathological outcomes to account for the effects of
chronic stress. This is because chronic stressors can cause
acute SLEs (e.g., chronic marital strife can cause an acute
marital break-up event; Brown and Harris 1989) and,
like SLEs, are associated with the onset of depression
(Brown and Harris 1989). Further, as reviewed above,
they are associated with alterations in HPA axis func-
tion. Therefore, in the current study we include chronic
stress as a covariate in our models to provide a rigorous
test of the hypothesis that acute and proximal SLEs are
associated with differential patterns of HPA reactivity
and recovery in depressed and non-depressed groups
over and above the background context of chronic stress
(see also Hammen et al. 2000; Harkness et al. 2006).

Method
Participants

The current study sample was collected as part of a larger
study (N=205) of stress in adolescence (Harkness et al.
2011; Stewart et al. 2013). Participants included in the current
analyses were 42 depressed and 58 non-depressed youth (age
range: 12-21; M=16.09, SD=2.37; 72 female; see Table 1 for
clinical and demographic characteristics) recruited from a
mid-sized community in Ontario, Canada. Depressed partici-
pants were referred by community mental health providers or
recruited through advertisements. Non-depressed participants
were recruited through advertisements.

All participants in the depressed group met DSM-IV-TR
criteria for a current non-bipolar, non-psychotic depressive
disorder of less that 2 years’ duration. The duration criterion
was employed to ensure reliable recollection of the SLEs prior

to onset (Brown and Harris 1978). Exclusion criteria were
lifetime psychotic disorder, bipolar disorder, substance depen-
dence, conduct disorder, developmental disability, or medical
condition that could cause depression. Participants in the non-
depressed group did not meet lifetime criteria for any psychi-
atric disorder. No female participants were pregnant at the
time of the study. Some adolescents in our sample were taking
antidepressant medication or oral contraceptives at the time of
participation.'

Out of the initial 205 who took part in the larger study from
which we drew the current sample, 78 participants were
excluded because they did not meet the inclusion or ex-
clusion criteria for the current study. Eighteen participants
were excluded for missing cortisol samples (did not com-
plete the TSST [#=12] or did not have enough samples to
reliably estimate a cortisol curve [e.g., baseline sample
only; n=6]). A further 9 participants did not complete
the SLE interview. The final sample of 100 did not differ
from excluded participants on sex, age, ethnicity, or paren-
tal social status assessed using the Hollingshead index of
social position (Hollingshead 1975; ps>.35).

Measures

Diagnoses and Symptoms The child and adolescent version
of the Schedule for Affective Disorders and Schizophrenia
(K-SADS; Kaufman et al. 1997) was administered to assess
for current and past DSM-IV diagnoses. Interviews were
conducted by graduate students in clinical psychology
who were trained to reliability by the senior author according
to standard protocols (see Grove 1981). Interviewers met with
the senior author on every case throughout the study to discuss
diagnoses and interview procedure. The depressed group in-
cluded 42 participants (24 first-onset, 18 recurrent) whose pri-
mary diagnoses were the following: (1) Major Depressive
Disorder (n=31); (2) Dysthymia (2=3)%; (3) Depressive
Disorder Not Otherwise Specified (n=6); and (4) Adjustment
Disorder with Depressed Mood (n=2).> The remaining 58 par-
ticipants did not meet criteria for a current or past psychiatric
disorder.

We administered the 21-item self-report Beck Depression
Inventory-II (BDI-II; Beck et al. 1996) to assess the presence
and severity of depression symptoms. Participants completed
the 17-item anxious arousal (AA) subscale from the Mood and

! We did not have complete data on oral contraceptive use for our sample;
however, there were no significant differences in the distribution of users
across the study variables. We ran our main analyses below controlling
for the use of antidepressant medication. The pattern of our results
remained unchanged. Results are available upon request.

2 These participants met the adolescent criteria for dysthymia, which
requires only a 1-year duration.

3 Results of the main statistical model including only those participants
who met strict criteria for MDD did not differ from the full sample.
Results are available upon request.
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Table 1 Demographic and

clinical characteristics by First-Onset Recurrent Non-Depressed Statistic
diagnostic group (n=24) (n=18) (n=58) (Forx’)
Sex (Female) n (%) 13 (54.2) 17 (94.4) 42 (72.4) 8.29*
Age M (SD) 15.75, (1.80) 17.61,, (2.06) 15.76, (2.51) 4.87*
Tanner M (SD) 4.23 (0.73) 4.65 (0.52) 4.30 (0.79) 1.83
Social Status® M (SD) 3.54 (1.92) 3.44 (1.72) 2.80 (1.70) 1.85
Ethnicity n (%) 7.73
White 20(83.3) 15 (83.3) 52 (89.7)
Asian 0(0) 0(0) 4(6.9)
Other 4 (16.7) 3(16.7) 2334
BDI score M (SD) 24.87, (10.09) 29.17, (12.77) 6.60,, (5.91) 68.12%**
AA score M (SD) 35.45, (11.19) 39.76, (11.63) 24.25,, (6.23) 26.57%%*
Number of Episodes M (SD) 222 (0.73)
Age at first onset M (SD) 14.79 (2.02) 14.67 (3.03) 0.16
Duration (months) M (SD) 13.50 (13.50) 34.50 (41.91) 2.21*
Antidepressant (yes) n (%) 2(8.3) 10 (55.5) 11.24%*
Comorbidity (yes) n (%) 11 (45.8) 9 (50.0) 0.072
GAD 4 (16.7) 2 (11.1)
Specific Phobia 1(4.2) 1(5.6)
Social Phobia 2 (8.3) 2 (11.1)
Panic Disorder 1(4.2) 1(5.6)
OCD 2(8.3) 2 (11.1)
PTSD 1(4.2) 1(5.6)
ADHD 0(0) 1(5.6)
Alcohol/ Substance Abuse 2(8.3) 2 (11.1)

Means or frequencies with the same subscripts differ at p<.05. BDI Beck Depression Inventory-II; 44 Anxious
Arousal subscale from the Mood and Anxiety Disorders Questionnaire; GAD Generalized Anxiety Disorder;
OCD Obsessive-Compulsive Disorder; PTSD Posttraumatic Stress Disorder; ADHD Attention Deficit Hyperac-

tivity Disorder

#Social status was assessed using the Hollingshead Index of Social Position (Hollingshead 1975), a ranking of
parental occupation (Cronbach’s alpha>.95)

* p<.05; ¥* p<.01; *** p<.001

Anxiety Symptom Questionnaire (MASQ; Watson and Clark
1991) to assess symptoms of anxiety. Items were rated on a 5-
point scale from 1 (not all) to 5 (extremely). The AA subscale
was included in our main statistical models to control for the
effect of anxiety symptoms on cortisol trajectories; however,
our final results were unaffected by controlling for anxiety.
Therefore, we report the simplified models below.

Pubertal Status The Tanner Stages of Pubertal Maturation
(Tanner 1962) is a physician validated (Taylor et al. 2001)
assessment of pubertal development. Participants select among
five illustrations of pubic hair (males and females) and breast
development (females only). Higher scores (range from 1 to 5)
indicate later stages of development. Pubic hair and breast
development scores were averaged for female participants.

Life Events and Chronic Difficulties The Life Events and
Difficulties Schedule (LEDS-II; Bifulco et al. 1989; adolescent
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version, Frank et al. 1997) is a semi-structured contextual in-
terview and rating system that assesses stressful life events and
chronic stressors in several domains (e.g., health, education,
relationships). Graduate student interviewers were trained to
not query about the effect of stressors on the participants’ de-
pression or their subjective reaction to identified stressors.
Interviews were audiotaped and the transcribed vignettes based
on interview content were rated by a team of 2—4 judges, who
were unaware of participant’s depression status, using the
LEDS-II manual, which contains over 5000 examples for an-
choring and standardization. All interviewers and raters re-
ceived extensive training and supervision in the Bedford
College LEDS-II procedures by the senior author.

The contextual threat of SLEs was rated on a 5-point scale:
1 — marked, 2a— high moderate, 2b — low moderate, 3 — some,
4 — little/none (Brown and Harris 1989). Pairwise comparisons
among raters ranged from k=0.76 to k=0.94. Discrepancies
among raters were discussed and a consensus rating was used
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in analyses. For the purposes of the current analyses, we cre-
ated a variable that represented the presence versus absence of
a SLE of any severity occurring in the 3-month period prior to
current episode onset. For non-depressed participants, we an-
chored events using the mean period of time between the de-
pressed group’s onset date and the LEDS-II interview date
(M=6 months). Thus, for non-depressed participants, we in-
cluded SLEs that occurred in the 3-month period that fell be-
tween 6 and 9 months before the interview date. We chose a
variable representing the presence or absence of a SLE of any
severity because we were interested in differentiating the cor-
tisol trajectories of individuals whose depression was versus
was not precipitated by stressful life events, including even
minor stressors.* Further, although much of the research on
the role of SLEs in the onset of depression has focused on
severe events (i.e., according to convention, events rated
1-marked or 2a-high moderate) we did not have enough
participants in our young sample who endorsed these
events to permit analysis.

Chronic stressors were also rated by the team using the
LEDS manual. The LEDS defines chronic stressors as diffi-
culties that last at least 4 weeks, although they may last longer.
We included in analyses the total number of chronic stressors
of any severity present in the 3-month period prior to
onset (or the matched control period). As noted above, it
is important to control for the chronic context of stress in
studies examining the relation of SLEs to HPA axis function
because chronic stressors are associated with depression onset
(Brown and Harris 1989) and with alterations in HPA axis
function (Miller et al. 2007; Rao et al. 2008).

Cortisol Collection and Stress Task

Trier Social Stress Test (Kirschbaum et al. 1993) A baseline
cortisol sample (A) was collected after a 10 min rest period
during which participants adjusted to the laboratory setting.
Participants were then led into another room where two re-
search assistants (RAs) were introduced as members of the
selection committee for a human resources department. The
RAs were unaware of participants’ depression status or re-
sponses to any of the questionnaire or interview material.
Participants were instructed by the committee that they would
be given 10 min to prepare a 5-min speech to be delivered to
the committee as part of a mock job interview. They were

4 We also ran our analyses with SLEs defined as a continuous measure of
cumulative threat (i.e., the sum of the contextual threat rating for all SLEs
in the relevant 3-month period). Although the pattern of results was the
same, the models were not significant, suggesting that the dichotomous
event definition may be most powerful in reflecting the nature of the
relation between environmental triggering stress and HPA axis function.
> Although some comparisons no longer reached conventional statistical
levels of significance, removing chronic stress as a covariate from our
models did not change the pattern of results.

informed that their speech would be videotaped. Participants
returned to the experimental room to prepare, after which they
provided a second cortisol sample (B). They then delivered
the speech to the committee, and when finished, the commit-
tee surprised them with an arithmetic task that involved seri-
ally subtracting 13 s beginning at 2083. The speech and arith-
metic task took approximately 15 min. Participants provided a
third cortisol sample (Sample C) after completing the arith-
metic task. Two additional samples were collected 40 min (D)
and 80 min (E) later.

Cortisol Collection and Hormone Determinations All par-
ticipants completed the TSST between 3 and 5 pm to lessen
the effect of diurnal changes in cortisol levels (Groschl 2003).
Participants were instructed to refrain from eating or drinking
for 1 h before their appointment. Saliva samples were collected
by passive drool into 5-ml polypropylene vials (Rose Scientific
Ltd, Edmonton, Alberta) and immediately stored in a freezer
before being transported to a secure storage freezer (-20 C).
A high sensitivity enzyme immunoassay designed for saliva
(1-3002; Salimetrics LLC, State College, PA) was used to
assay the resulting supernatant for cortisol. All samples for a
given participant were placed on the same plate to ensure
that inter-assay variability did not contribute to quantifica-
tion error. Further, all samples were quantified in duplicate
at 25 pl with duplicate high and low controls distributed
across each plate to monitor precision. Samples with a co-
efficient of variation of>15 % were repeated on a different
plate. The repeated samples were used to reject one of the
original duplicates, and were not included in the analyses. A
total of 32 assay runs were conducted in six batches. The
low control, measured at 0.103 pg/dL had an intra-assay
coefficient of variation of 6.2 % and an inter-assay coeffi-
cient of variation of 9.8 %. The high control, measured at
1.071 pg/dL, had an intra-assay coefficient of variation of
3.6 % and an inter-assay coefficient of variation of 5.0 %.

Procedure

Participants were scheduled for 2, 2.5-h laboratory sessions
separated by about 1 week. Session 1 consisted of the diag-
nostic interview and questionnaires. Session 2 consisted of the
TSST followed by the LEDS interview during the rest period.
Participants were remunerated with $10/h. Participants in the
depressed group who self-referred to the study were provided
with a treatment referral.

Data Analysis
Data were analyzed using piecewise multi-level modeling
(MLM) conducted with HLM 7 software. MLM offers the

advantage of distinguishing within-individual change in cor-
tisol over time from inter-individual differences in change.
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Consequently, MLM provides a better estimate of group-level
effects and a more powerful data analytic approach than using
repeated measures general linear modeling.

We set up the MLM model by nesting cortisol samples
(A-E; Level 1) within participants (Level 2). To model
change in cortisol across time as a function of diagnostic
status (i.e., non-depressed, first-onset, or recurrent) and
SLE status (i.e., present versus absent), Time (minutes)
was entered as a fixed effect at Level 1, and between-
subjects predictors were included at Level 2. We allowed
for random intercepts and slopes to permit unique growth
trajectories for each individual. We selected and report the
restricted maximum likelihood method of estimating the
model effects because full maximum likelihood estimates
tend to have a downward bias in small samples (Snijders
and Bosker 1999). Based on simulation studies of Maas
and Hox (2005), our study of 100 participants was suffi-
ciently powered to obtain unbiased estimates and standard
errors for the model parameters.

The cortisol trajectory was split into two pieces, which
were modeled separately, but simultaneously, as two linear
components.® Doing so allowed us to capture the reactiv-
ity (A to C) and recovery (C to E) slopes of the cortisol
trajectories in the same model. This was achieved by in-
cluding two Time variables to represent each piece. This
piecewise method provided us with estimates for the effect
of Level 2 predictors on the intercept and slopes. Our
Time variables were coded such that the intercept of our
model was cortisol levels at baseline (Sample A). Slopes
represented the rate of change in cortisol concentration
over the reactivity and recovery periods, respectively.
The Level 1 function was as follows:

Y= moi + i (T imeReactivitySlope) + i (T imeRecoveryS[ope)

+ €y

where Y; is participant i’s log cortisol value at time ¢, 7,
is participant s log cortisol value at baseline (Time vari-
ables coded as 0), 7y; and m,; are the instantaneous rates
of linear change in log cortisol for the reactivity and re-
covery periods, respectively, for participant 7, and e, is the
residual variance in repeated measurements of log cortisol
for participant i that cannot be accounted for by baseline
log cortisol (7;) or linear change in log cortisol over time.

In our model, SLEs prior to onset were modeled dichoto-
mously (i.e., the presence of at least one SLE before onset
versus the absence of SLEs before onset). Diagnostic group
was evaluated by coding the three-level variable (i.e., first-on-
set, recurrent, non-depressed) into two dummy coded variables.

¢ Other researchers have fit the curve to a polynomial function (i.e., linear,
quadratic, cubic etc.). However, we had fewer sampling points and, thus,
a piecewise MLM approach provided a better fit for our data.
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Covariates were centered at their mean. The Level 2 equations
were as follows:

Intercept

70i = Boo + Boi (SLEs) + By (FirstOnset)
+ Bo3 (Recurrent) + B4 (Chronic Stress)
+ Bos (FirstOnset*SLEs) + (3ys(Recurrent*SLEs)
+ roi

Reactivity Slope

m; = Bio + B11(SLEs) 4 By (FirstOnset)
+ B3 (Recurrent) + [3,4(Chronic Stress)
+ B,5(FirstOnset*SLEs) + [3,4(Recurrent*SLEs)
+

Recovery Slope

721 = Boo + 21 (SLEs) + (3, (FirstOnset)
+ o3 (Recurrent) + [,4(Chronic Stress)
+ By5(FirstOnset*SLEs) + [3,5(Recurrent*SLEs)

+ 1y

The inclusion of a three level factor (diagnostic status)
in a regression-based model restricted us to specifying
only two contrasts and did not permit examination of the
main effect of diagnostic status. That is, we could com-
pare: (1) First-Onset vs. Non-Depressed Controls; (2)
Recurrent vs. Non-Depressed Controls, within any given
single model, and as a function of either the presence or
absence of SLEs. We report these comparisons in the re-
sults of our main statistical analyses as they best captured
the differences we observed in the cortisol response curves
among the three levels of the diagnostic group variable.
We also examined an alternative method of specifying
diagnostic group in our models that allowed for the direct
comparison of First-Onsets and Recurrents. This direct
comparison was not always significant on account of larg-
er error variance among the depressed groups. Greater
variance among depressed individuals is likely attributable
to wider within group heterogeneity in cortisol response
patterns. However, given our interest in how the First-
Onsets differ from Recurrents, we also report the results
of this contrast in text for comparison. Because diagnostic
group was modeled by two dummy coded variables, the
interaction effect in the model was represented by two
variables: First-Onset X SLEs; and, Recurrent X SLEs.
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Results
Preliminary Analyses

Four participants in our final sample (»=100) were missing
only one of the five cortisol samples. HLM can accommodate
missing data at Level 1 by excluding the data point from
analysis and assigning greater statistical weight to complete
participant data; therefore we included these participants in
the analyses. Prior to all analyses, a log transformation was
applied to all cortisol samples to correct for the positive
skew of Sample C (Skewness=3.00). After transformation
of the cortisol data, there were no statistical outliers (i.e.,
cases +/- 3 SD from the mean).

Those with recurrent depression were significantly older
than those on their first onset and than non-depressed partic-
ipants, and were more likely to be female (see Table 1). They
also had a significantly longer duration of the current depres-
sive episode and were more likely to be taking anti-depressant
medication than the first-onset group. As expected, both de-
pressed groups scored significantly higher on the BDI-II and
AA than the non-depressed participants.

The first-onset (n=16; 66.7 %), recurrent (n=11; 61.1 %),
and non-depressed (n=40; 69.0 %) groups did not differ sig-
nificantly in the number and percentage of participants with
SLEs prior to onset, x> (2)=0.39, p=.823. However, the re-
current group (M=1.94, SD=2.15) reported significantly
higher numbers of chronic stressors than the first-onset
(M=1.00, SD=1.06) and non-depressed (M=0.64, SD=1.09)
groups, F (2, 98)=6.61, p=.002. Finally, there were no sig-
nificant differences among the groups on any of the untrans-
formed mean cortisol samples or in terms of pre-onset SLEs
(all ps>.14).

We ran our primary analyses including age, sex, and AA
separately as covariates in our model. The results did not differ
from those reported below; therefore, we report the model
covarying only chronic stressors. Figure 1 shows the results
of the estimated cortisol trajectories over time as a function of
SLE and depression status based on the multilevel model in-
cluding chronic stressors as a covariate. Although log trans-
formed cortisol values were used to compute the model shown
in Table 2, Fig. 1 shows the backtransformed data to facilitate
cross-study comparison.

Primary Analysis

We examined the interaction of depression status (non-de-
pressed, first-onset, and recurrent) and SLEs prior to onset
(presence versus absence) on log cortisol over the course of
the TSST, controlling for chronic stressors. We modeled dif-
ferences in baseline cortisol (intercept at A), cortisol reactivity
(slope from A to C), and cortisol recovery (slope from C to E).
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== First-Onset SLEs
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Non-Depressed SLEs
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0.02

Time

(o2

0.2
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0.14
0.12

0.1

et First-Onset No SLEs
=== Recurrent No SLEs

Non-Depressed No SLEs

0.08
0.06
0.04
0.02

Cortisol Concentration (ug/nL)

0 20 40 60 80 100 120
Time

Fig. 1 Multilevel model estimates of cortisol concentrations stratified by
depression status (first-onset depression, recurrent depression, non-
depressed) for those with SLEs before onset (a) and those without SLE
before onset (b). Note. Cortisol concentrations were log transformed prior
to analysis but backtransformed for cross study comparison

We present the model estimates and simple effects in
Table 2. Simple effects estimates for adolescents without
SLEs are provided in brackets in-text, as are results for the
First-Onset vs. Recurrent comparison.

Baseline Cortisol As depicted in the top panel of Table 2,
older age was associated with significantly higher cortisol
concentration at baseline. However, neither the main effect
of SLEs or its 2-way interaction with diagnostic group was
significant.

Cortisol Reactivity As depicted in the middle panel in
Table 2, the main effect of SLEs on the cortisol reactivity slope
approached significance (p=.058), such that the absence of
SLEs was associated with a flatter (i.e., less reactive) cortisol
reactivity slope than was the presence of SLEs prior to onset.
This main effect was qualified by the significant 2-way inter-
action of First-Onset X SLEs. Among those with an SLE,
participants on their first onset of depression had a flatter
cortisol reactivity slope relative to non-depressed adolescents
(see Table 2; the simple effect estimates for Diagnostic Status
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Table 2 Parameter estimates for

the multi-level model Fixed Effects

Baseline (intercept at Sample A)
Intercept
Chronic Stress
Stressful Life Events

Diagnostic Group

First-Onset vs. Non-Depressed
Recurrent vs. Non-Depressed

First-Onset X SLEs
Recurrent X SLEs

Reactivity (slope from Sample A to C)

Intercept

Chronic Stress
Stressful Life Events
Diagnostic Group

First-Onset vs. Non-Depressed
Recurrent vs. Non-Depressed

First-Onset X SLEs
Recurrent X SLEs

Recovery (slope from Sample C to E)

Intercept

Chronic Stress
Stressful Life Events
Diagnostic Group

First-Onset vs. Non-Depressed

Recurrent vs. Non-Depressed

First-Onset X SLEs
Recurrent X SLEs

Random Effects

Intercept
Reactivity Slope
Recovery Slope
Within Individual

Coefficient SE t p
—0.962 0.037 —26.32 <0.001
0.004 0.018 0.21 0.837
—0.028 0.066 —0.43 0.666
—0.031 0.119 —0.26 0.798
—0.092 0.129 -0.71 0.481
0.020 0.069 0.29 774
0.127 0.081 1.57 0.121
Coefficient SE t )4
0.075 0.016 4.62 <0.001
—0.010 0.008 -1.25 0.215
—0.056 0.030 -1.92 0.058
—0.070 0.030 —2.32 0.023
—0.025 0.036 —0.69 0.494
0.128 0.053 2.44 0.017
0.062 0.057 1.08 0.284
Coefficient SE t p
-0.020 0.004 —4.61 <0.001
0.002 0.002 0.83 0411
—0.004 0.008 —0.52 0.605
0.006 0.008 0.79 0.430
—0.021 0.010 —2.20 0.031
—0.005 0.014 —0.32 0.753
0.019 0.015 1.25 0.216
Variance Component df X P
0.05 93 905.66 <0.001
0.0074 93 319.70 <0.001
0.0005 93 359.88 <0.001

Deviance=—350.18 (parameters=7); df=93. The coeficient values for each variable in the model represent the
difference between those participants with stressful life events before onset compared to those without; SLEs

Stressful Life Events

are the differences between diagnostic groups for those
participants with SLEs prior to onset). However, the direct
comparison of First-Onset vs. Recurrent was not significant
(coefficient=0.022, SE=0.020, #[93]=1.135, p=.259).

Among those without SLEs, neither the first-onset or
recurrent participants differed significantly from non-
depressed participants, or each other, in terms of their
cortisol reactivity slope (First-Onset vs. Non-Depressed:
coefficient=0.058, SE=0.043, 1[93]=1.344, p=.182;
Recurrent vs. Non-Depressed: coefficient=0.037, SE=0.047,
1193]1=0.788, p=.433; First-Onset vs. Recurrent: coefficient=
0.010, SE=0.027, 93]=—0.391, p=.697).

@ Springer

Cortisol Recovery As depicted in the bottom panel of
Table 2, neither the main effect of SLEs nor the 2-way inter-
action effect of diagnostic group and SLEs on the cortisol
recovery slope was significant. Simple effects analysis re-
vealed that those with recurrent depression with SLEs prior
to onset had a significantly steeper recovery slope compared
to non-depressed participants. However, this effect should be
interpreted with caution because it was detected in the absence
of a significant interaction term. Steeper cortisol recovery was
also found when youth with recurrent depression were com-
pared directly to first-onset youth with SLEs prior to onset
(coefficient=—0.010, SE=0.005, #{93]=-2.552, p=.012).
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Depressed first-onset and recurrent participants without
SLEs before onset did not differ from non-depressed par-
ticipants, or each other, in terms of their recovery slope
(First-Onset vs. Non-Depressed: coefficient=0.002, SE=
0.012, #93]=1.70, p=.866; Recurrent vs. Non-Depressed:
coefficient=—0.002, SE=0.013, #[93]=-0.151, p=.880;
First-Onset vs. Recurrent: coefficient=—0.002, SE=0.007,
1931=-0.270, p=.787).

Discussion

The current study is the first to demonstrate a significant rela-
tion of stressful life events (SLEs) that occur in the most eti-
ologically important 3-month period prior to the onset of de-
pression and the HPA axis response to stress. The results pro-
vide novel evidence that the relation of etiologically-relevant
SLEs and cortisol responsivity varies as a function of depres-
sion history. Among youth on their very first episode of de-
pression, the presence of at least one SLE prior to onset was
associated with blunted cortisol reactivity to the TSST com-
pared to non-depressed youth. Further, among youth on a
recurrent episode of depression, SLEs prior to onset were
associated with steeper cortisol recovery compared to first
onset and non-depressed youth. In contrast, no group differ-
ences in either cortisol reactivity or recovery were found in
those without SLEs prior to onset. Importantly, the relations of
acute and proximal SLEs to HPA axis function emerged above
and beyond the effect of chronic stress exposure.

Research on HPA axis function in depression has shown
wide heterogeneity in the cortisol response among adolescents
and adults. Our results address this heterogeneity by providing
evidence that individual differences in stress-related depres-
sion etiology and depression course moderate HPA axis func-
tion. As such, these results suggest that changes in HPA axis
functioning may represent a neurobiological mechanism that
distinguishes depressed and non-depressed groups, but only
for the subset of depressed adolescents whose depression is
precipitated by SLEs. Further, our results suggest that this
neurobiological mechanism may play a different role in the
onset of the very first episode of depression than it does in
recurrent episodes.

In contrast to our hypotheses, adolescents on a recurrent
episode of depression with SLEs did not show significantly
greater cortisol reactivity than the other two groups. However,
they did show a significantly steeper recovery slope than both
the first-onset and non-depressed groups. While it is important
to note that these simple effects occurred in the absence of a
significant higher-order interaction, we offer the following
tentative interpretation given its relevance for our a priori
specified hypotheses. Specifically, we suggest that youth with
recurrent depression and SLEs prior to onset had further to fall
to re-regulate the HPA axis system from an already elevated

baseline and/or peak. Although not statistically significant,
the recurrent depressed group had a higher initial sample
(Sample A) and peak (Sample C) than the first-onset and
non-depressed groups, which implies greater total cortisol
output in the reactivity portion of the curve. However, all
three groups ended up at nearly identical levels following
recovery (Sample E). We suggest that adolescents with a
recurrent history of stress-induced depression may have
been particularly sensitive to the laboratory environment,
and thus excreted higher levels of cortisol simply in an-
ticipation of participating in the research study. As such,
their baseline (Sample A) cortisol may have been elevated
relative to their biologically relevant baseline (Sample E).
As a result of this potentially heightened sensitivity, and
HPA axis reactivity, to the relatively minor stress of the
laboratory environment among depressed adolescents on a
recurrent episode, these adolescents had a steeper recovery
trajectory back to equal baseline levels across groups.
Thus, these steeper recovery results lend support to the
presence of an intact mechanism for re-regulating HPA
axis functioning from peak cortisol back to baseline fol-
lowing the offset of the stressor. However, our interpreta-
tion of the recovery results is based on the assumption of
differences in the cortisol response trajectories even before
the stress task began; thus, further examination of individual
differences in acclimatization to the laboratory environment
may, in and of itself, yield important information about
the wide heterogeneity in cortisol response trajectories in
depression (Balodis et al. 2010).

Adolescents on a first-onset of depression with SLEs, in
contrast, showed a pattern of blunted cortisol reactivity in
comparison with the non-depressed group, but did not differ
significantly in terms of reactivity from the recurrent group.
Failure to detect a statistically significant difference between
the first-onset and recurrent group in the reactivity portion of
the curve is likely due to greater heterogeneity in cortisol
response patterns among our depressed participants than
among the non-depressed group (i.e., greater error variance).
One physiological process that may account for blunting of
the HPA axis response to stress is down-regulation of CRH
receptors on ACTH-producing cells in the anterior pituitary
(Heim et al. 2000). Two factors that have been proposed to
moderate this mechanism are genetic differences in glucocor-
ticoid receptor resistance (Holsboer et al. 1995; Modell et al.
1998) and repeated or prolonged environmental stress expo-
sure (Fries et al. 2005). Consistent with the hypothesized role
of these two factors in facilitating a blunted cortisol response,
cortisol blunting in response to the TSST has been reported in
adolescents with severe depression and a chronic history of
childhood maltreatment (Harkness et al. 2011), and samples
that would be expected to have a high genetic loading, includ-
ing depressed children with pre-pubertal onset (Hankin et al.
2010). Therefore, our results converge with prior studies to
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suggest that blunted HPA axis reactivity may represent an
endophenotype of depression that is associated with an early
first onset and activated by stress.

An important question that remains from our results is why
stress-precipitated depression was associated with a blunted
pattern of cortisol output among adolescents on the very first
episode of depression, but with a more reactive pattern for
those on a recurrence. On the one hand, individuals who show
initial blunting of the stress response at first-onset may go on
to develop heightened reactivity in subsequent episodes,
through a process of sensitization to the recurrent episodes
of depression. On the other hand, not all adolescents who
develop a first onset will go on to have a recurrence, and, thus,
our recurrent group represents only a subset of their first onset
cohort that may have had, even from the beginning, a very
different pattern of cortisol reactivity. In order to address this
critical distinction, prospective longitudinal designs are need-
ed to examine within-individual changes in HPA axis function
from prior to depression onset through the first onset and to
recurrent episodes. Nevertheless, the current results provide
an intriguing first look at how the HPA axis response to stress
may correspond with the role of SLEs in adolescent depres-
sion (Monroe and Harkness 2005; Post 1992).

Another important question for future research is whether
our results will generalize to adult-onset depression. Meta-
analytic studies that have synthesized the cortisol response
patterns of depressed adults (Burke et al. 2005) yield a pattern
of responsivity that greatly differs from the cortisol trajectories
that we and other researchers have found in adolescent depres-
sion (Hankin et al. 2010; Lopez et al. 2009; Rao et al. 2008).
Therefore, while we speculate that it is unlikely our results
will directly translate to adult-onset depression, examining
the relation of SLEs before onset and episode status in adults
is of critical importance to further our understanding of the
relative contribution of factors that affect regulation of the
cortisol response to stress, as well as to understanding the
precise role of the HPA axis in the etiological pathway to
depression, in adolescence versus adulthood. Longitudinal
studies that examine the within-subject changes in cortisol
trajectories from childhood into adulthood as a function of
episode status will also be important for illuminating the
important developmental trajectories of HPA axis function
in depression.

The results of the current study should be considered in
light of the following limitations. First, we had a modest
sample size to examine the interaction of SLEs and depres-
sion history status. We applied a more sophisticated data
analysis strategy (i.e., multilevel modeling) than traditional
general linear model techniques in order to maximize the
power to detect our hypothesized effects. Nevertheless, rep-
lication in larger samples is needed. Our small sample also
precluded investigation of important moderators of the
above effects, such as sex, age, and anxiety or externalizing
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disorder comorbidity. Further, we were unable to explicitly
model the interactive effects of chronic stressors and acute
SLEs. Second, this was a volunteer community sample that
was ethnically homogenous. Consequently, our results may
not generalize to more diverse epidemiological or patient
samples, or to samples in which first-onsets occur later in
adulthood or earlier in childhood. Third, we did not have
data on menstrual cycle phase or complete data on oral
contraceptive use, although the inclusion of gender and
pubertal status in our statistical analyses did not change
our results. Fourth, our design was cross-sectional and thus
we cannot make conclusions regarding changes in HPA axis
function over the recurrent course of depression. Large-scale
longitudinal designs that follow adolescents to the first onset
of depression and across recurrence are required to provide a
prospective test of the stress sensitization model.

Finally, the LEDS is a retrospective interview, thus raising
the concern of recall bias. The LEDS helps to minimize bias in
anumber of ways. For example, interviewers are trained not to
query respondents’ subjective perception of events, or the
effect of events on respondents’ depression. Further, raters
anchor their judgments using a standardized manual. The
contextual approach to defining and rating SLEs has consis-
tently shown superior reliability and validity to self-report
checklist assessments of stress (see Karg et al. 2011; Monroe
2008). This contextual approach also provides rich measure-
ment of stress exposure that we were unable to fully exploit
given our limited sample size. In particular, due to low event
frequencies we were unable to restrict our analyses to the
sorts of severely stressful life events that have been most
strongly implicated in the etiology of depression (Brown
and Harris 1989), or to examine the differential relation of
severe versus non-severe SLEs to HPA axis function in first-
onset versus recurrent groups (Monroe and Harkness 2005).
Similarly, we were unable to examine the specific relation of
particular types of events (e.g., dependent versus indepen-
dent; interpersonal versus non-interpersonal events) to HPA
axis function. Therefore, these more fine-grained analyses
await further research with larger sample sizes. Such analy-
ses will not only provide a more complete test of the stress
sensitization hypothesis, but would also permit the examina-
tion of additional stress theories in depression, such as stress
generation (e.g., Hammen and Shih 2008).

Our results highlight the heterogeneity in cortisol response
patterns in depression, even among those early in the course of
the disorder. Specifically, in this sample of depressed youth,
differences in cortisol reactivity and recovery relative to non-
depressed youth were seen only when the episodes were pre-
ceded by SLEs. These SLE-related differences at the most
critical developmental period for depression onset may reflect
heightened sensitivity to the depressogenic effects of SLEs as
adolescents and young adults learn to cope with life events
more independently. Further, different portions of the cortisol
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trajectory were affected depending on whether the episode
was a first onset or a recurrence. Specifically, we found that
depressed youth with SLEs prior to onset had blunted cortisol
reactivity to the TSST if they were on their first onset of
depression, and a steeper cortisol recovery following the
TSST if they were on a recurrence. Depression that onsets
early is associated with a more chronic course; thus, these
distinct neurobiological differences may also help to differenti-
ate those at heightened risk for multiple episodes. Consequently,
this avenue of research may help to inform treatment strategies
aimed at targeting specific pathophysiologies by identifying
neuroendocrine biomarkers of the diverse endophenotypes that
comprise major depression.
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