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Abstract

Background—Altered hypothalamic-pituitary-adrenal (HPA) function is common in youth with
major depressive disorder (MDD) but variability in the strength and direction of HPA alterations
has prompted a search for symptom-based subtypes with unique neuroendocrine signatures. This
study investigated the extent to which depressive symptom composites were differentially
associated with cortisol responses to psychosocial stress.

Methods—This study examined salivary cortisol responses to the Trier Social Stress Test (TSST)
in 145 adolescents who varied in their risk for MDD: 38 had current MDD; 35 were healthy but at
high risk for MDD based on having one or both parents with unipolar MDD; and 72 were healthy
youth with no personal or family history of a psychiatric disorder. Multilevel models examined
within-person change in cortisol levels during a 2-hour resting phase prior to the TSST and both
linear and quadratic changes in cortisol levels following the TSST.

Results—Anticipatory cortisol reactivity was lower in MDD youth compared to low-risk youth,
and in youth with higher compared to lower depressive symptom severity. Whereas affective
symptoms were associated with increased anticipatory cortisol reactivity and more rapid recovery
to the TSST, neurovegetative symptoms were associated with decreased anticipatory cortisol
reactivity and slower recovery.
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Limitations—The cross-sectional design does not permit inferences regarding temporal relations
between cortisol responses and depressive symptom composites.

Conclusions—The present findings suggest that heterogeneity among studies examining HPA
reactivity in depressed youth may be driven, in part, by differences in depressive symptom
composites across samples.
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1. Introduction

Hypothalamic-pituitary-adrenocortical (HPA) alterations in youth with major depressive
disorder (MDD) are not universal (for reviews, see Lopez-Duran et al., 2009; Stetler and
Miller, 2011). Heterogeneity in stress responses in healthy individuals has spurred the
development of criteria for distinguishing cortisol “responders” from “nonresponders”
(Miller et al., 2013). These individual differences are especially pronounced in depressed
youth (for a review, see Lopez-Duran et al., 2009) and have likely contributed to inconsistent
findings on the relation between depression and HPA reactivity in youth. Some efforts to
explain why only 40% to 60% of depressed individuals exhibit HPA alterations (for a review,
see Parker et al., 2003) have proposed depressive subtypes with unique neuroendocrine
signatures and distinct etiologies (for a review, see Antonijevic, 2006). These efforts, driven
in part by growing dissatisfaction with descriptive phenomenological approaches to
psychiatric diagnosis, examined whether neuroendocrine abnormalities might adhere more
closely to specific depressive symptom clusters than to depressive diagnoses (Halbreich,
2006). The present study adopted a symptom-based approach to investigate the determinants
of cortisol stress reactivity in adolescents who varied in their depressive symptom
presentation.

1.1 Psychosocial Stressors and Cortisol Reactivity in Youth

Adolescence is a developmental period characterized by elevated stress levels, due to
changes in academic environment, social activities, and physical development (Ge et al.,
2003; Wigfield et al., 1991). Further, youth who experienced stressful life events were more
likely to develop MDD (Grant et al., 2004). Interpersonal stressors predicted first onsets and
recurrences of MDD (Sheets and Craighead, 2014), and the HPA axis appeared to play a role
in this increased vulnerability (Colich et al., 2015; Rao et al., 2008). For example, cortisol
reactivity to psychosocial stressors predicted depressive symptom trajectories in formerly
depressed emerging adults (Morris et al., 2012) and development of MDD in girls (Colich et
al., 2015). Therefore, cortisol reactivity may be especially useful as a risk marker for
depression. Further supporting this view, Stroud et al. (2009) proposed that changes in the
stress response over the adolescent transition may account, in part, for the growing risk for
MDD during adolescence (Hankin et al., 1998).

Most research to date examining relations between depressive symptoms and HPA activity
has focused on diurnal cortisol secretion (Rao et al., 1996) and responses to a pharmacologic
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challenge (for reviews, see O’Keane et al., 2012; Stetler and Miller, 2011). Psychosocial
stress paradigms complement these approaches by probing suprahypothalamic circuits
involved in the HPA response to stress. Studies of cortisol reactivity to psychosocial stress in
child and adolescent samples, however, have yielded inconsistent findings. Greater cortisol
responses have been reported for depressed compared to non-depressed adolescents (Rao et
al., 2008), dysphoric post-pubertal youth compared to non-dysphoric youth (Hankin et al.,
2010), and adolescents with more recent onset of depressive symptoms (Booij et al., 2013).
In contrast, blunted cortisol responses have been reported for dysphoric pre-pubertal youth
compared to non-dysphoric youth (Hankin et al., 2010), adolescents with more severe
depression severity (Harkness et al., 2011), adolescents with internalizing symptoms (Spies
etal., 2011), children with higher self-reported depressive symptoms (Dieleman et al.,
2010), children with current, past or sub-syndromal MDD (Suzuki et al., 2013), and
adolescents with more chronic depressive symptoms (Booij et al., 2013). Taken together,
these findings suggest that alterations in cortisol reactivity are not limited to youth with
depressive diagnoses and may be determined by a variety of factors including depression
severity and developmental timing. Recent evidence suggests that prepubertal girls with
blunted cortisol responses and postpubertal girls with elevated cortisol responses were at
greatest risk for MDD onset (Colich et al., 2015). The present study considered associations
between pubertal stage and cortisol response parameters.

1.2 Depressive Symptom Composites

MDD is a syndrome characterized by heterogeneity in symptom presentation: there are 227
possible symptom combinations that satisfy the diagnostic criteria (van Loo et al., 2012).
Although youth with MDD must present with at least one core affective symptom (depressed
or irritable mood and/or anhedonia), they may exhibit different combinations of
neurovegetative symptoms (i.e., sleep or appetite disturbances, fatigue, psychomotor
retardation) or cognitive symptoms (i.e., impaired concentration, worthlessness, guilt,
suicidal ideation). Heterogeneity in the presentation of depressive symptoms may help to
explain why youth exhibit increased ordecreased cortisol reactivity to psychosocial
stressors. Research in depressed preschoolers suggested that those with anhedonia have
higher cortisol reactivity than those without anhedonia (Luby et al., 2004) but did not differ
from hedonically depressed or non-depressed preschoolers in cortisol levels at the end of a
stress task (Luby et al., 2003). Research on neurovegetative symptoms indicated that higher
fatigue was associated with lower cortisol reactivity to a laboratory stressor in non-depressed
adults (Lennartsson et al., 2015), and relations between sleep disturbances and cortisol
reactivity to laboratory stressors differed for boys and girls (Pesonen et al., 2012). To our
knowledge, no studies have examined relations between cognitive depressive symptoms and
cortisol reactivity in depressed youth. However, self-esteem has been implicated as a
vulnerability factor for depression and is closely tied to one of the cognitive depressive
symptoms — feelings of worthlessness (Beck, 1991; Roberts and Monroe, 1999). Research in
healthy adults indicated that higher self-esteem was associated with lower anticipatory
cortisol reactivity to a stress task (Turan, 2015) and lower cortisol reactivity to interpersonal
rejection (Ford and Collins, 2010).
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1.3 Maltreatment History

Exposure to childhood maltreatment (including physical, sexual or emotional abuse,
physical or emotional neglect, and exposure to domestic violence) can produce enduring
changes in HPA function and can increase vulnerability to MDD (for a review see Heim et
al., 2008). Neurodevelopmental traumatology models posit that the long-term negative
sequelae of childhood maltreatment are caused, in part, by the adverse effects of stress
response dysregulation on brain development during critical vulnerability periods (for a
review, see De Bellis et al., 2011). Previous studies indicated that adolescents with a history
of maltreatment exhibit elevated cortisol reactivity and delayed cortisol recovery to
psychosocial stress tasks (MacMillan et al., 2009), except in cases of more severe depressive
symptoms (Harkness et al., 2011). The importance of accounting for childhood maltreatment
in studies examining associations between HPA reactivity and MDD is underscored by
researchers who posit that MDD in the context of maltreatment may represent a distinct
subtype (for a review, see Heim et al., 2004; Rao et al., 2008). Accordingly, the present
study accounted for the effects of maltreatment history while examining the association
between depressive symptoms and cortisol response parameters.

1.4 The Present Study

The present study sought to examine the extent to which specific depressive symptoms
(affective, cognitive, neurovegetative) predict cortisol reactivity to a psychosocial stressor,
thereby accounting for the mixed findings regarding depression and cortisol reactivity. As a
first step, our aim was to replicate prior research on the associations between MDD status
(currently depressed, at high risk for depression, or low risk for depression) and cortisol
reactivity in youth. We expected that our largely post-pubertal sample of adolescents with
MDD would exhibit greater cortisol responses than adolescents at high- or low-risk for
depression. Second, based on evidence that alterations in cortisol reactivity were present in
both syndromal and sub-syndromal depressed youth (Suzuki et al., 2013), we examined the
association of depression severity and cortisol responses. We hypothesized that higher
overall depression severity, regardless of diagnostic status, would be associated with more
blunted anticipatory cortisol reactivity and recovery in adolescents (Harkness et al., 2011).

Third, our primary study aim was to examine affective, neurovegetative and cognitive
depressive symptom composites as predictors of cortisol stress responses. This method of
categorizing depressive symptoms conceptually has proven useful in prospective studies
(Kouros et al., 2016) and limits the number of predictors tested per model. Based on prior
work in depressed adolescents (Hankin et al., 2010; Rao et al., 2008), we hypothesized that
affective symptoms would be associated with a robust cortisol response pattern in
adolescents marked by increased anticipatory reactivity and more rapid cortisol recovery.
Although no studies, to our knowledge, have examined associations between the
neurovegetative symptom cluster and cortisol reactivity in youth, we nonetheless
hypothesized that neurovegetative symptoms would be associated with a pattern of blunted
anticipatory cortisol reactivity and recovery in adolescents based on research examining
fatigue in adults (Lennartsson et al., 2015). Given the lack of research on cognitive
symptoms and cortisol reactivity in youth, no specific hypotheses were made. However,
based on studies in adults (Ford and Collins, 2010; Turan, 2015), we expected that higher
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levels of cognitive symptoms would be associated with blunted anticipatory cortisol
reactivity. We expected relations between depressive symptom composites and cortisol
outcomes to hold after accounting for pubertal status, given that this sample was primarily
post-pubertal (Colich et al., 2015).

2.1. Participants

This study is part of a larger ongoing, programmatic investigation of the onset and course of
depression in adolescents. Participants were 145 youth, ages 12 to 17 years old, who varied
in their risk for MDD: 38 had current MDD; 35 were adolescents who had no personal
history of a psychiatric disorder but were at high risk for MDD based on having one or both
parents with unipolar MDD (high-risk youth); and 72 were adolescents with no personal or
family history of a psychiatric disorder (low-risk youth). Participants with depression who
had a lifetime history of mania, hypomania, schizophrenia, schizoaffective disorder, autism,
or with a family history of bipolar disorder were excluded from the study. All participants
were medically healthy and free from psychotropic medication (for a minimum of 8 weeks
but most of the depressed youth were psychotropic-naive), other medications that can impact
HPA activity, and nicotine and alcohol or illicit drug use, as determined by physical
examination, laboratory investigations, breath carbon monoxide levels, and urine cotinine
and drug screens. Written informed consent/assent was obtained from all participants and all
procedures were approved by the institutional review board.

2.2. Measures

Depression diagnosis—The diagnosis of MDD and other psychiatric disorders was
based on the Schedule for Affective Disorders and Schizophrenia for School-Age Children-
Present and Lifetime Version (K-SADS-PL; Kaufman et al., 1997), which was administered
by a trained research staff member and reviewed with the Principal Investigator (UR). A
random set of assessments (25%) were independently coded for reliability (x’s = 0.85). The
K-SADS-PL was administered to both the adolescent and parent and summary scores were
tabulated after re-interviewing the youth and parent to resolve discrepancies.

Depressive symptoms—The presence and severity of individual symptoms of
depression in the last two weeks was assessed with the Children’s Depression Rating Scale-
Revised Version (CDRS-R; Poznanski and Mokros, 1996). The CDRS-R is a semi-
structured interview that was administered separately to mothers and adolescents by the
same interviewer. The interviewer uses information obtained from both the mother and the
adolescent to rate each of 17 depressive symptoms on a 7- or 5-point severity scale
(Poznanski and Mokros, 1996). The CDRS has good internal consistency, construct validity,
inter-rater reliability, and is sensitive to changes in specific symptoms over time (Mayes et
al., 2010); inter-rater reliability scores in this sample (based on 25% of independently coded
assessments) were > 0.85. The total score was used to index depressive symptom severity.
Composite mean scores were computed for affective symptoms (symptoms of difficulty
having fun, social withdrawal, irritability, depressed feeling, excessive weeping, depressed
facial affect, listless speech), cognitive symptoms (symptoms of impaired school work,
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excessive guilt, low self-esteem, morbid ideation, suicidal ideation), and neurovegetative
symptoms (symptoms of sleep disturbance, appetite disturbance, excessive fatigue, physical
complaints, hypoactivity).

Family history of psychopathology—History of psychiatric disorders in family
members was determined by a semi-structured interview: The Family History-Research
Diagnostic Criteria (FH-RDC; Andreasen et al., 1977). The adolescent’s mother was
interviewed regarding lifetime psychiatric disorders in all first-degree relatives (including
self, spouse, and all offspring). The FH-RDC was used to determine depression-risk status
for the non-depressed youth.

Psychosocial stressor and cortisol assay—A standardized psychosocial stress
protocol- the Trier Social Stress Test (TSST) modified for pediatric samples— was used to
induce HPA reactivity (Buske-Kirschbaum et al., 1997). Participants completed semi-
structured diagnostic interviews and questionnaires on a different day than the TSST. Youth
were not given details regarding the TSST; instead, they were informed that they would be
completing a challenging task similar to tasks they had likely performed in school.
Participants were instructed not to drink caffeinated drinks after 12 pm on the day of the
TSST and not to eat or drink anything other than water prior to 1 hour before arrival to the
laboratory and during the laboratory visit. After arrival to the laboratory and an initial rest
period for 30 minutes, baseline saliva samples were collected at 30-min intervals for 2 hours
prior to the stress task (five samples). Participants arrived at the laboratory at 4:30 pm and
the stress protocol (with baseline pre-stress saliva sampling) began at 5:00pm. During this
rest period, participants either read or watched TV with a neutral content. After a 5-min
preparation period, youth completed a 5-min public-speaking task and a 5-min mental
arithmetic task; both tasks were performed in front of an audience and a video-recorder.
Post-stress saliva samples were collected immediately after the task and at 10-min intervals
for 60 minutes (seven samples). Salivary cortisol levels were determined in duplicate using a
commercially available enzyme immunoassay kit (Enzyme-Linked ImmunoSorbent Assay,
ALPCO diagnostics, Salem, NH). The intra- and inter-assay coefficients of variation for the
assays were less than 10%. Samples from the same subject were analyzed in the same assay.

Childhood Maltreatment—The presence of maltreatment occurring before age 12 was
determined by the Childhood Adversity Interview (CAIl; Henry and Hammen, 1998), which
is a semi-structured interview that was administered by trained raters to youth and parent.
The presence of maltreatment was determined by a score of =3 (1 = none, 5 = most severe)
on at least one of the following subscales: physical abuse/assault, sexual abuse/assault, and
witnessing domestic violence. The CAI has demonstrated good inter-rater and test-retest
reliability (Espejo et al., 2007); inter-rater reliability scores in this sample (based on 25%
independently coded assessments) were = 0.85.

Pubertal maturation—Tanner staging was determined based on pictorial representations
of breast, genital, and pubic hair development provided by youth self-report (Marshall and
Tanner, 1969, 1970). Tanner stages 1 and 2 reflect development up to the onset of puberty
and Tanner stages 3 to 5 reflect post-pubertal development. A summary Tanner score was
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calculated for each participant as her/his highest stage for breast/genital and pubic hair
development.

2.3 Data Analytic Plan

Cortisol data were log-transformed to reduce skewness. Depressive symptom composites
were computed for all youth based on their mean scores for affective, cognitive, and
neurovegetative symptoms. Preliminary analyses examining depressive symptom composite
measures revealed no problems with multicollinearity (VIF’s < 4.2, tolerances > .30) (Cohen
et al., 2003). To examine within- and between-person change in cortisol responses
simultaneously, we specified a piecewise multilevel model (MLM) using hierarchical linear
models (HLM v. 6; Raudenbush et al., 2004). At Level 1, within-person change was
modeled to examine (1) linear change in cortisol levels during acclimation to the laboratory
environment (resting), (2) instantaneous rate of change in cortisol levels immediately prior
to the TSST (anticipatory reactivity), and (3) quadratic change in cortisol levels post-TSST
(recovery). These within-person estimates were aggregated at Level 2 (between-person
model) to provide the average level of resting, anticipatory reactivity and recovery estimates
for the sample.

A piecewise MLM approach was adopted to allow simultaneous modeling of both pre- and
post-TSST cortisol slopes (Llabre et al., 2001; MacMillan et al., 2009; Willett et al., 1998).
We created two dummy coded vectors that were centered at time = 0 (final pre-stress saliva
sample): a pre-TSST vector, d1, coded as ‘1’ for time < 0 and as “0’ for time = 0; a post-
TSST vector, d2, coded as ‘1’ for time > 0 and as ‘0’ for time < 0. The time vector was
coded as follows (in minutes relative to the final pre-stress saliva sample): =120, —90, —60,
=30, 0, +15, +25, +35, +45, +55, +65, +75. The interaction of time and d1 yielded the Level
1 ‘resting slope’ and the time X d2 interaction yielded the Level 1 ‘anticipatory reactivity
slope’. Finally, the Level 1 ‘recovery’ parameter was computed as the product of
anticipatory reactivity slope with itself. A resting cortisol slope was included based on prior
work suggesting that this ‘arrival index’ may convey important information regarding how
individuals habituate or acclimate to a novel environment (Balodis et al., 2010). A baseline
model without predictors indicated significant level 1 parameter variance components for
resting slope and anticipatory reactivity slope but not for quadratic change; hence,
subsequent MLMs specified random intercepts, resting slopes, and anticipatory reactivity
slopes.

Prior to testing primary hypotheses regarding depressive symptom severity and depressive
symptom composites, between-group differences based on MDD status (MDD, high-risk,
low-risk) in cortisol response outcomes were tested by entering group status as a Level 2
predictor of resting, anticipatory reactivity, and recovery. Next, to address the depressive
symptom severity hypothesis, participants’ CDRS-R total score was included at Level 2 to
test the extent to which overall depressive symptom severity was associated with pre- and
post-TSST changes in cortisol levels. Finally, to address depressive symptom composite
hypotheses, all three depressive symptom composites (affective, neurovegetative, cognitive)
were entered simultaneously at Level 2 to test the extent to which each composite was
uniquely associated with pre- and post-TSST changes in cortisol. The impact of pubertal
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status on cortisol outcomes was examined in preliminary analyses and the impact of
maltreatment (Maltx) status on pre- and post-TSST changes in cortisol levels was controlled
for in all models.

The two-level MLM was as follows:

Level 1 Model:

Cortisol=mp+m; Resting+mo Anticipatory Reactivity+msRecovery+e

Level 2 Model:

w0  =Poo+ o1 Maltx+ g Affective+ o3 Cognitive+[y4 Neurovegetative+r
w1 =p10+511 Maltx+ 512 Affective+ 313 Cognitive+/314 Neurovegetative+rq
mo =20+ P21 Maltx+ o9 Affective+ o3 Cognitive+ P24 Neurovegetative+ro
T3 =[30+031 Maltx+ 332 Affective+ 33 Cognitive+ (34 Neurovegetative

The parameter Bgg represents the cortisol trajectory’s intercept (i.e., baseline cortisol level)
immediately prior to the TSST, B1g represents the rate of change in cortisol levels during
acclimation to the laboratory environment (i.e., linear cortisol change from arrival to the
laboratory up until the start of the TSST; resting) oo represents the instantaneous rate of
change in cortisol levels (i.e., linear slope/anticipatory reactivity) immediately prior to the
TSST, and PB3g represents how this rate of change accelerates or decelerates over the course
of the TSST (i.e., curvature/recovery). For example, an individual may exhibit elevated
anticipatory cortisol reactivity (i.e., a positive value for B,g), but this rate of increase could
slow over time such that cortisol levels reach a peak and eventually decline (i.e., a negative
value for B3g). The cross-level interactions of depressive symptom composite scores and the
resting, anticipatory reactivity and recovery slopes tested the extent to which change in
cortisol levels pre- and post-TSST differed depending on depressive symptom composites.
Significant interactions were probed, and simple slopes were calculated using Preacher and
colleagues’ online calculator (Preacher, Curran, & Bauer, 2006). Three youth were missing
depressive symptom composite scores and one youth was missing cortisol data for the TSST;
missing data at Level 1 was handled using maximum-likelihood estimation.

Demographic and clinical characteristics of the sample (Table 1) and correlations between
study variables (Table 2) are presented for MDD, high-risk, and low-risk youth. Group
differences were found for ethnic composition and for mean scores on all depressive
symptom composites, with the depressed group manifesting higher levels of all symptom
composites. Preliminary analyses revealed that neither age, pubertal status (Tanner stage),
sex, nor ethnic composition were significantly associated with changes in cortisol levels (i.e.,
resting, anticipatory reactivity, recovery).

3.1 Piecewise Multilevel Models of Pre- and Post-TSST Cortisol Levels

Preliminary analyses on the full sample without substantive predictors revealed that, on
average, cortisol levels decreased over time during the resting period (6= —0.003, SE =
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0.001, p<.001), anticipatory cortisol levels were increasing at the start of the TSST (b=
0.033, SE=0.002, p<.001), and cortisol levels showed deceleration during the course of
the post-TSST collection (4 =-0.0004, SE = 0.00003, p< .001). For descriptive purposes
and to replicate prior research examining the impact of MDD on cortisol responses, group
status (MDD, high-risk, low-risk) was examined as a predictor of resting slopes, anticipatory
reactivity, and recovery. Between-group differences were observed for anticipatory cortisol
reactivity (6= -0.006, SE = 0.003, p=.024) and cortisol recovery (6= 0.0001, SE=
0.00004, p=.023), but not for cortisol levels prior to the TSST (6= -0.010, SE=0.094, p
=.919) or resting cortisol slopes (6=0.001, SE=0.001, p =.426). Simple slope analyses
revealed that anticipatory cortisol reactivity was higher for low-risk (6= 0.039, SE = 0.003,
p<.001) than for high-risk (6= 0.032, SE=0.002, p< .001) or MDD youth (6= 0.026, SE
=0.004, p<.001). Simple slope analyses revealed more rapid deceleration in post-TSST
cortisol levels (i.e., faster recovery) among low-risk youth (6= -0.001, SE=0.00004, p<.
001) than for high-risk (6= -0.0004, SE=0.00003, p< .001) or MDD youth (6= -0.0003,
SE=0.0001, p<.001).

3.2 Depressive Symptom Severity as a Predictor of Cortisol Levels

Depressive symptom severity was positively associated with cortisol levels immediately
prior to the TSST (6= .159, SE = 0.079, p=.045) and significantly moderated anticipatory
cortisol reactivity (6= —-0.010, SE=0.002, p< .001) and quadratic change in post-TSST
cortisol levels (6=0.0001, SE=0.00003, p<.001). Simple slope analysis revealed that
anticipatory cortisol reactivity was lower among youth with higher (+1 SD) depressive
symptom severity (6= 0.02, SE=0.004, p< .001) compared to youth with lower (-1 SD)
depressive symptom severity (6= 0.04, SE=0.003, p<.001). Regions of significance
indicated that that the depressive symptom severity X anticipatory cortisol reactivity
interaction was significant for youth scoring less than 2.3 SD above the mean and greater
than 6.6 SD above the mean. Simple slope analyses also revealed that there was more rapid
deceleration in post-TSST cortisol levels (i.e., faster recovery) among youth with lower (-1
SD) depressive symptom severity (6= —0.0005, SE= 0.0001, p < .001) compared to youth
with higher (+1 SD) depressive symptom severity (6= —0.0003, SE=0.0001, p <.001).
Regions of significance indicated that the depressive symptom severity X cortisol recovery
interaction was significant for youth scoring less than 2.4 SD above the mean and greater
than 9.9 SD above the mean. There was a non-significant trend for depressive symptom
severity moderating resting cortisol levels (6= 0.001, S£=0.001, p=.051). Results of this
model indicated that there was significant variation in cortisol parameters that remained to
be explained after accounting for depressive symptom severity; subsequent analyses
examined whether depressive symptom composites could account, in part, for this variation.

3.3 Depressive Symptom Composites as Predictors of Cortisol Levels

This model simultaneously included all three composites as predictors of pre- and post-
TSST cortisol levels and change to determine the effect of each composite over and above
the effect of the other composites and maltreatment history (Table 3).2 Maltreatment history

2Findings for this model were unchanged when group status (MDD, high-risk, low-risk) was included as an additional Level 2
predictor of resting cortisol levels, anticipatory cortisol reactivity, and cortisol recovery.
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was associated with lower cortisol levels immediately prior to the TSST (6= -0.519, SE=
0.168, p=.003) but was not significantly associated with changes in resting cortisol levels (b
=-0.002, SE=0.001, p=.229), anticipatory cortisol reactivity (6= —0.003, SE=0.005, p
=.510), or quadratic change in post-TSST cortisol levels (6= —-0.00001, SE=0.0001, p=.
853).

Affective symptoms—Affective symptom composite scores significantly moderated
anticipatory cortisol reactivity (6= 0.020, SE=0.005, p < .001) and quadratic change in
post-TSST cortisol levels (6= —-0.0002, SE=0.0001, p<.001) (Figure 1). Simple slope
analysis indicated higher anticipatory cortisol reactivity among youth with higher (+1 SD)
affective symptom composite scores (6= 0.05, SE = 0.006, p < .001) compared to youth
with lower (-1 SD) affective symptom composite scores (6= 0.01, SE=0.006, p=.014).
Regions of significance indicated that that the affective symptom composite X anticipatory
cortisol reactivity interaction was significant for youth scoring less than 3.3 SD below the
mean and greater than 1.1 SD below the mean. Simple slope analysis also revealed more
rapid deceleration in post-TSST cortisol levels (i.e., faster recovery) among youth with
higher (+1 SD) affective symptom composite scores (6= -0.0006, SE = 0.0001, p< .001)
compared to youth with lower (-1 SD) affective symptom composite scores (6= —0.0002,
SE=0.0001, p =.003) (Figure 1). Regions of significance indicated that the affective
symptom composite X cortisol recovery interaction was significant for youth scoring less
than 4.9 SD below the mean and greater than 1.2 SD below the mean. Affective symptom
composite scores were not significantly associated with cortisol levels immediately prior to
the TSST (6= 0.126, SE=0.163, p=.440) or with changes in resting cortisol levels (6=
0.001, SE=0.001, p=.303).

Cognitive symptoms—Caognitive symptom composite scores were not significantly
associated with changes in resting cortisol levels (6= —-0.0001, S£=0.001, p=.969),
cortisol levels immediately prior to the TSST (6= 0.057, SE=0.167, p=.735), anticipatory
cortisol reactivity (6= 0.007, SE=0.005, p =.169), or quadratic change in post-TSST
cortisol levels (6=-0.0001, SE=0.0001, p=.200).

Neurovegetative symptoms—Neurovegetative symptom composite scores significantly
moderated anticipatory cortisol reactivity (6= -0.037, SE=0.005, p < .001) and quadratic
change in post-TSST cortisol levels (6= 0.0005, SE = 0.0001, p< .001) (Figure 2). Simple
slope analysis indicated that anticipatory cortisol levels were increasing at the beginning of
the TSST among youth with lower (-1 SD) neurovegetative symptom composite scores (b=
0.07, SE=0.005, p<.001) but were not changing significantly for youth with higher (+1
SD) neurovegetative symptom composite scores at the beginning of the TSST (6= -0.003,
SE=0.005, p=.544). Regions of significance indicated that that the neurovegetative
symptom composite X anticipatory cortisol reactivity interaction was significant for youth
scoring less than 0.7 SD above the mean and greater than 1.2 SD above the mean. Simple
slope analysis also revealed that whereas youth with lower (-1 SD) neurovegetative
symptom composite scores showed deceleration in post-TSST cortisol levels (6= -0.001,
SE=0.0001, p<.001), youth with higher (+1 SD) neurovegetative symptom composite
scores did not exhibit any acceleration or deceleration in their post-TSST cortisol levels (b=
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0.0000, SE=0.0001, p =.428) (Figure 2). Regions of significance indicated that that the
neurovegetative symptom composite X cortisol recovery interaction was significant for
youth scoring less than 0.7 SD above the mean and greater than 1.2 SD above the mean.
Neurovegetative symptom composite scores were not significantly associated with cortisol
levels immediately prior to the TSST (6= -0.007, SE = 0.155, p=.966) or with change in
resting cortisol levels (6= 0.00004, SE=0.001, p=.974).

4. Discussion

Major depression is characterized by significant heterogeneity in symptom presentation (van
Loo et al., 2012) and variability in the strength and direction of HPA axis alterations (Lopez-
Duran et al., 2009). The MDD diagnosis may encompass multiple depressive subtypes with
distinct phenomenology, pathophysiology, and treatment response (Halbreich, 2006). The
present study is the first to investigate whether depressive symptom composites explain
variability in adolescents’ cortisol responses to psychosocial stress. Although adolescents
with more severe overall depressive symptoms (and those with current MDD) exhibited
blunted anticipatory cortisol reactivity to the TSST and slower cortisol recovery, which is
consistent with prior work in adolescents (Harkness et al., 2011), depressive symptom
composite scores were associated with contrasting cortisol response patterns. Whereas
affective symptoms of MDD were associated with greateranticipatory cortisol reactivity and
more rapid cortisol recovery, neurovegetative symptoms were associated with blunted
anticipatory cortisol reactivity and more protracted recovery. Depressive symptom
composites predicted cortisol response patterns over and above maltreatment history, which
prior work has established is an important determinant of HPA reactivity (MacMillan et al.,
2009). Taken together, these findings suggest that discrepancies between studies
investigating cortisol responses in depressed youth could be driven by sample differences in
affective and neurovegetative symptoms.

Adolescents with higher affective symptom composite scores exhibited greater anticipatory
cortisol reactivity and more rapid cortisol recovery than adolescents with lower affective
symptom composite scores. These findings extend prior work that showed higher cortisol
stress responses in anhedonic compared to hedonic depressed preschoolers (Luby et al.,
2003, 2004) and complement studies that associated melancholic features of depression
(including anhedonia) with both elevated diurnal cortisol secretion (Stetler and Miller, 2011)
and greater cortisol nonsuppression to the dexamethasone suppression test (for a review see
Rush and Weissenburger, 1994). Studies in youth have generally not found an association
between depression status and altered response to corticotropin-releasing hormone challenge
(Lopez-Duran et al., 2009), suggesting that suprahypothalamic factors — including cognitive
appraisals (for a review see Denson et al., 2009) — may help to explain why youth with more
affective symptoms show heightened acute cortisol responses to social stressors.

The present findings add to a growing literature on blunted cortisol responses in individuals
with stress-related conditions (Petrowski et al., 2010) and suggest that both overall
depression severity and neurovegetative symptoms, in particular, play an important role in
determining cortisol responses in these diverse populations. One important avenue for future
research is to identify which neurovegetative symptoms are most closely tied to blunted
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cortisol responses in depressed youth. Sleep disturbances have been differentially associated
with cortisol stress reactivity in boys and girls (Pesonen et al., 2012). Recent evidence
suggested that blunted cortisol responses to psychosocial stress were associated with
physical complaints - including musculoskeletal pain - in young adults (Paananen et al.,
2015). Fatigue has also been associated with lower cortisol responses to stress in non-
depressed adults (Lennartsson et al., 2015). Understanding the mechanisms linking fatigue
and blunted cortisol reactivity is critical given that depressed adolescents with prolonged
fatigue exhibited greater disability and health service use than adolescents with either
prolonged fatigue or depression alone (Lamers et al., 2013). The relative impact of insomnia
versus hypersomnia and increased versus decreased appetite on cortisol responses could not
be addressed because all symptoms were included in the neurovegetative composite.

The arrival index reflects how much an individual’s cortisol levels decrease from the
moment s/he first presents to the laboratory until immediately prior to the TSST. In healthy
individuals, higher arrival indices predicted greater cortisol reactivity to the TSST and higher
self-reported anxiety levels following the TSST (Balodis et al., 2010). Elevated anticipatory
cortisol levels prior to a social challenge predicted higher depressive symptoms in children
exposed to peer victimization (Rudolph et al., 2011). In the present study, slower declines in
resting cortisol levels prior to the TSST were associated with higher depressive symptom
severity; however, none of the depressive symptom composites accounted for unique
variance in resting cortisol slopes over and above the other composites.

Limitations of the present study provide directions for future research. First, the cross-
sectional design does not permit inferences regarding whether cortisol responses predispose
youth to, are an epiphenomenon of, or reflect a biological scar of, depressive symptom
composites. Second, despite careful selection of participants to minimize psychiatric and
medical comorbidities, methodological rigor in the implementation of the TSST protocol,
and use of an interview-based measure of depressive symptoms, cortisol responses to
psychosocial stress are influenced by a host of factors that could not all be accounted for in
the present study (e.g., wake time and same-day exercise levels). Third, although pubertal
stage did not significantly predict cortisol responses in the present study, this may have been
due to the relatively small proportion of pre-pubertal youth that were enrolled. Fourth,
although maltreatment history was not associated with change in cortisol levels during the
TSST protocol (i.e., resting, anticipatory reactivity, recovery), future studies should examine
whether maltreatment history interacts with depressive symptom composites to influence
cortisol responses to the TSST; the current study was not sufficiently powered to test such 3-
way interactions.

In summary, the present study highlights the contrasting associations between affective
Versus neurovegetative symptoms and cortisol responses to psychosocial stress in
adolescents varying in their presentation of depressive symptoms. Importantly, these distinct
and opposing cortisol response patterns were masked when focusing solely on the role of
depressive symptom severity and MDD status, and occurred in spite of a strong, positive
correlation between affective and neurovegetative symptom composites. Individual
differences in affective and neurovegetative symptoms may prove useful in identifying
depressed youth at risk for negative mental and physical health conditions associated with
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hyper- or hypo-cortisolism, respectively. In addition, youth who present with predominantly
affective versus neurovegetative symptoms may benefit from interventions that seek to
correct heightened versus blunted cortisol responses to social stressors. In light of recent
evidence that changes in specific depressive symptoms predicted increased likelihood of
developing MDD during adolescence (Kouros et al., 2016), future studies should examine
whether changes in cortisol stress response indices over time are differentially associated
with risk for specific depressive symptom composites or depressive subtypes.
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Highlights

. Altered cortisol responses to stress are common in depressed youth.

. However, the strength and direction of cortisol responses are highly variable.

. Relations between depressive symptom profiles and cortisol responses were
examined.

. Affective symptoms predicted higher cortisol reactivity and more rapid
recovery.

. Neurovegetative symptoms predicted lower cortisol reactivity and slower
recovery.
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Pre-Stress Post-Stress
Figure 1.

Interaction of affective symptoms and sampling time predicting quadratic changes in cortisol
levels during the TSST (recovery). **p < .001; *p< .01,

J Affect Disord. Author manuscript; available in PMC 2018 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Morris et al.

Page 19

4 4 Lower Neurovegetative Symptoms (-1 SD)

Log-transformed Cortisol

=Higher Neurovegetative Symptoms (+1 SD)

Pre-Stress Post-Stress
Figure 2.

Interaction of neurovegetative symptoms and sampling time predicting quadratic changes in
cortisol levels during the TSST (recovery). *p < .001.
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Descriptive Statistics for Currently Depressed Youth and Youth at High or Low Risk for MDD.

Current MDD (n = 38)

High Risk for MDD (n = 35)

Low Risk for MDD (n = 72)

Group Differences

N (%) N (%) N (%) X2
Sex 2.09
Male 18 (47) 22 (63) 36 (50)
Female 20 (53) 13 (37) 36 (50)
Race 2.75
Caucasian 18 (47) 10 (29) 29 (40)
Ethnicity
Hispanic 12 (32) 16 (46) 15 (21) 7697
Non-Hispanic 26 (68) 19 (54) 57 (79)
Maltreatment History 16 (42) 12 (34) 18 (25) 3.50
M (SD) M (SD) M(SD) F
Age 14.3 (1.7) 145 (1.9) 14.6 (1.8) 0.41
Tanner stage 4.4 (0.7) 4.3(0.8) 4.3 (0.8) 0.10
CDRS-R total score 8.3 (2.1 3.8 (0.7)° 3.4(0.6)° 210.12***
CDRS-R composites
Affective 2.9(0.9) 1.3 (0.3)° 1.2 (0.3) 13452 %%
Cognitive 25(0.7) 1.2 (0.3) 11(0.3)P° 124.75™
Neurovegetative 2.9 (0.9 13(03) 11(0.2) 157.30
o< 001
*p< .05.

Within rows, values with different superscripts differ significantly at p < .05.

Note: MDD = major depressive disorder; CDRS-R = Children’s Depression Ratings Scale-Revised.
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Multilevel Model Predicting Cortisol Responses to the TSST

Predictors Coefficient
b (SE)
Intercept (baseline cortisol level), Byo -3.214 (.094) **

Maltreatment, Bo;
Affective Composite, B,
Cognitive Composite, B3
Neurovegetative Composite, Bos
Resting (linear rate of change during acclimation to laboratory), 19
Maltreatment, By,
Affective Composite, B1,
Cognitive Composite, B13
Neurovegetative Composite, B14
Anticipatory Reactivity (linear rate of change at start of TSST), B2g
Maltreatment, B,
Affective Composite, B,
Cognitive Composite, B,3
Neurovegetative Composite, B4
Recovery (trajectory curvature post-TSST), B3g
Maltreatment, B3;
Affective Composite, Bz,
Cognitive Composite, B33

Neurovegetative Composite, B4

-0.519 (.168) ™
0.126 (.163)

0.057 (.167)
-0.007 (.155)
-0.002 (.001)
-0.002 (.001)

0.001 (.001)
-0.0001 (.001)
0.00004 (.001)
0.034 (.003) ™
-0.003 (.005)
0.020 (.005)

0.007 (.005)

-0.037 (.005) **

-0.0004 (.00004) **

~0.00001 (.0001)

-0.0002 (.0001) **
-0.0001 (.0001)

0.0005 (.0001) ™

*k
p<.001;

*
p<.01.
Note: TSST = Trier Social Stress Test.
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