1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Youth Adolesc. Author manuscript; available in PMC 2018 January 01.

-, HHS Public Access
«

Published in final edited form as:
J Youth Adolesc. 2017 January ; 46(1): 121-135. doi:10.1007/s10964-016-0591-2.

Individual and Day-to-Day Differences in Active Coping Predict
Diurnal Cortisol Patterns among Early Adolescent Girls

Michael R. Sladek!, Leah D. Doanel, and Catherine B. Stroud?
1Department of Psychology, Arizona State University, Tempe, AZ 85287, USA

2Department of Psychology, Williams College, Williamstown, MA, USA

Abstract

Prior work has identified alterations in activity of the hypothalamic-pituitary-adrenal axis as a
potential mechanism underlying stress-induced emotional health problems, which
disproportionately impact girls beginning in mid-adolescence. How adolescent girls differ from
one another in dispositional coping tendencies and shift specific coping strategies in response to
varying stressors have been theorized as important predictors of their adaptation, health, and well-
being during this dynamic period of development. The goal of this study was to examine whether
individual and day-to-day (within-person) differences in adolescent girls’ coping responses are
associated with daily patterns of hypothalamic-pituitary-adrenal axis activity, indexed by cortisol.
Participants were 122 early adolescent girls (Mage = 12.39) who provided three saliva samples per
day for 3 days and completed daily coping reports, as well as a standard coping survey.
Participants and primary caregivers also completed objective life stress interviews. On average,
girls who were more likely to respond to interpersonal stress with voluntary engagement (active)
coping exhibited generally adaptive daily physiological regulation—steeper diurnal cortisol slopes,
lower total diurnal cortisol output, and lower cortisol awakening responses. Chronic interpersonal
stress level significantly moderated these associations in different ways for two distinct
components of the diurnal pattern—the slope and cortisol awakening responses. Regarding within-
person differences, using active coping more than usual was associated with higher waking
cortisol the following morning, which may help to prepare adolescent girls for perceived daily
demands. These findings highlight the interactive influence of stress and coping in the prediction
of daily hypothalamic-pituitary-adrenal axis activity and support the stress-buffering role of active
coping for adolescent girls.
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Introduction

Conflict with friends, social rejection, and other forms of interpersonal stress grow in
salience during adolescence, particularly for young girls (Rudolph and Hammen 1999).
These interpersonal stressors disproportionately impact girls’ health and well-being
compared to boys (Conley and Rudolph 2009; Hampel and Petermann 2006). For example,
interpersonal stress contributes to the development of girls’ depression (Ge et al. 2001),
which begins to increase in prevalence during mid-adolescence (Rohde et al. 2009). There
are also potentially long-lasting physiological consequences of interpersonal stress during
adolescence, such as alterations to hypothalamic-pituitary-adrenal (HPA) axis activity
(Peters et al. 2011), which are theorized to play a role in the development of depression
(Nolen-Hoeksema 2001; Slavich et al. 2010). Yet adolescent girls differ from one another in
their characteristic styles of responding to interpersonal stress; some coping tendencies are
thought to be more adaptive than others, such as using active rather than avoidant strategies
(Compas et al. 2001; Zahn-Waxler et al. 2000). On average, girls tend to score higher on
putatively maladaptive coping responses relative to boys, such as emotional venting and
rumination (Hampel and Petermann 2006; Malooly et al. in press). Thus, it is particularly
critical to consider differences in coping responses to interpersonal stress among adolescent
girls, who are at elevated risk for depression and other internalizing psychopathology by
virtue of their gender and developmental status (Gore et al. 1993; Nolen-Hoeksema 2001).

Most available research has considered biological and psychological components of stress
responses separately, but examining biopsychosocial connections is critical to better
understand mechanisms underlying stress-induced emotional and physical health problems
(Miller et al. 2011; Slavich et al. 2010). The present study focused on how individual
differences in early adolescent girls’ psychological responses to interpersonal stress (i.e.,
coping tendencies) were associated with daily patterns of cortisol, a hormonal product of the
HPA axis. Taking into account the dynamic role of context in coping processes (DeLongis
and Holtzman 2005; Lazarus and Folkman 1984), this study also examined day-to-day
(within-person) differences in coping assessed via daily diaries in relation to diurnal cortisol.

Diurnal Cortisol Activity

The HPA axis is responsible for activating cortisol production in response to environmental
threat (de Kloet 2004). Socially evaluative stressors (e.g., public speaking) consistently
produce the cortisol response in laboratory settings (Dickerson and Kemeny 2004). This
effect is more pronounced among adolescents compared to younger children (Stroud et al.
2009) and for women compared to men (Stroud et al. 2002). Cortisol also follows a typical
daily pattern: relatively high levels at waking, an increase 30 min post-waking (the cortisol
awakening response), and then a general decrease across the day (Adam and Kumari 2009).
Alterations in the diurnal cortisol rhythm, such as less rapid rates of daily decline (i.e., flatter
slopes), are considered to reflect HPA dysregulation that can contribute to health problems
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over time (Miller et al. 2007). Specifically, elevated flatter diurnal cortisol slopes have been
linked with severity of mental health symptoms among middle school students (Shirtcliff
and Essex 2008), internalizing problems among adolescent girls (Klimes-Dougan et al.
2001), and diagnoses of major depression among late adolescents (Doane et al. 2013).

Evidence suggests that the cortisol awakening response (CAR) is distinct from variations in
cortisol later in the day (Clow et al. 2010). A greater average cortisol awakening response
has prospectively predicted major depression in late adolescence (Vrshek-Schallhorn et al.
2013), but a smaller-than-average cortisol awakening response can also reflect burnout and
other health problems (Saxbe 2008; see Chida and Steptoe 2009, for review of other mixed
findings). Given that over 75 % of the variance in the cortisol awakening response is
attributable to day-to-day fluctuations rather than differences between individuals (Ross et
al. 2014), researchers have recently focused greater attention on daily demands, specifically
anticipation of and preparation for the upcoming day, that may contribute to within-person
(i.e., day-to-day) alterations in the size of the cortisol awakening response (Adam et al.
2006; Fries et al. 2009).

Various forms of interpersonal stress have been associated with diurnal cortisol patterns
during adolescence. For example, cortisol levels were higher when adolescents reported
being alone in their daily lives (Adam 2006), and loneliness and social exclusion have been
associated with flatter diurnal slopes (Doane and Adam 2010; Peters et al. 2011).
Psychological coping responses theoretically influence adolescents’ regulatory capacity
when facing stressful social demands (Compas et al. 2001), but most empirical studies have
focused solely on the impact of stress or adversity on HPA functioning (Obradovi¢ 2012). To
address this limitation, the present study took advantage of a traditional survey measure and
daily diaries to consider both coping style (i.e., individual differences in dispositional coping
tendencies) and day-to-day variation in coping (i.e., within-person differences) as predictors
of multiple indices of diurnal HPA activity.

Coping with Interpersonal Stress

Coping is an ongoing dynamic process including efforts to manage external or internal
demands appraised as exceeding a person’s resources (Lazarus and Folkman 1984).
Adolescents’ voluntary coping responses that involve deliberate attempts to manage stress
have most consistently been linked with positive adjustment, whereas involuntary responses
to stress that are not deliberate have generally been linked with regulatory dysfunction and
other adverse outcomes (Compas et al. 2001; Connor-Smith et al. 2000). Voluntary
engagement coping includes efforts directed toward a stressor (e.g., problem-solving) or
one’s reactions to the stressor (e.g., acceptance). Involuntary responses to stress may take the
form of engagement (e.g., intrusive thoughts) or disengagement (e.g., inaction; Connor-
Smith et al. 2000). Moreover, adolescents’ maladaptive involuntary responses to
interpersonal stress have helped to explain associations between several risk factors (e.g.,
deficits in emotional clarity) and depressive symptoms (Flynn and Rudolph 2007, 2010).

Covariation between individuals’ coping style and diurnal cortisol activity can inform Aow,
for whom, and under what circumstances interpersonal stress leads to regulatory problems.
For example, involuntary engagement responses (e.g., intrusive thoughts) were associated
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with greater cortisol reactivity to a lab-based social stressor among adolescent girls (Sontag
et al. 2008). Similarly, putatively maladaptive coping strategies, including fighting or
breaking things, were associated with flatter diurnal cortisol slopes among children of
parents with HIVV/AIDS (Slatcher et al. 2015). In another study, girls with mothers
diagnosed with depression who scored higher on involuntary responses to stressors
associated with maternal depression exhibited greater overall diurnal cortisol production,
compared to girls who more frequently used voluntary coping (Foland-Ross et al. 2014). As
of yet, fewer studies have focused on adaptive coping and its theorized role in promoting
physiological regulation among early adolescent girls.

This next step is important because an active coping style is generally thought to be one
characteristic of adolescents that can moderate the impact of stress on emotional adjustment
and health, potentially via physiological processes (Grant et al. 2003). Indeed, numerous
studies have demonstrated that active coping buffers adolescents from the adverse outcomes
typically associated with stressful circumstances (Dumont and Provost 1999; Herman-Stahl
and Petersen 1996; Marceau et al. 2014). However, whether certain coping responses can be
utilized effectively also depends on the type and severity of stress exposure (Compas et al.
2001; Graber and Sontag 2009). When mismatched with the burden of chronic stress, a
generally active coping style may not be linked with the same degree of physiological
regulatory benefit. Thus, the present study also explored whether associations between girls’
coping style and diurnal cortisol patterns varied with levels of past year chronic
interpersonal stress.

Coping in the Context of Daily Life

Lazarus and Folkman (1984) emphasized the role of context in determining individuals’
ability to cope effectively. Accordingly, many have argued for a daily process approach to
capture within-person, dynamic changes in coping (e.g., Tennen et al. 2000). Followers of
this approach argue that measuring the ongoing dynamic process of coping via daily diary
reports gathers different information than more traditional self-report coping measures,
which charge participants with the difficult task of remembering how they typically respond
to stressors irrespective of context (Almeida 2005; DeLongis and Holtzman 2005).
Supporting this, research indicates that trait-like measures of coping style are poor predictors
of coping responses captured by daily reports, with studies using both methods reporting
between 0 and 37 % shared variance between the two (Ptacek et al. 1994; Schwartz et al.
1999; Smith et al. 1999). For example, one study indicated that a trait-like self-report
measure assessing typical responses to hypothetically stressful events and an average
measure from diary reports only shared 0-12 % of their variance across 16 types of coping
responses (Schwartz et al. 1999).

Thus, trait-like measures of coping style and daily reports are both important tools in the
study of stress and coping; the former are better suited to examine differences between
individuals, and the latter are better suited to examine differences across days withina single
individual. Applying diary reports of coping to cortisol research has been limited. In one
study, cortisol levels were higher during late adolescents’ particularly stressful real-life
situations only when they also reported more active coping (Sladek et al. 2016), highlighting
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the adaptive nature of the cortisol response in context. Here, we built upon this prior work by
collecting multiple diary reports from early adolescent girls in coordination with saliva
sampling outside of the laboratory to consider daily coping responses to temporally
proximal, naturally occurring stressors.

Present Study and Hypotheses

We tested two primary questions to better understand how early adolescent girls’ coping
responses to interpersonal stress are associated with daily stress physiology. First, we
examined individual differences in girls’ coping style in response to interpersonal stress
(assessed using a standard survey measure) in relation to several diurnal cortisol indices:
cortisol levels at waking, the cortisol awakening response, diurnal cortisol slope, and total
diurnal cortisol output. We expected that girls who were more likely to use voluntary
engagement (active) coping strategies relative to other responses to interpersonal stress
would exhibit average diurnal cortisol patterns reflecting generally adaptive physiological
regulation, specifically steeper slopes and lower total output (Hypothesis 1a). Due to
generally mixed literature regarding the cortisol awakening response (Chida and Steptoe
2009) and its distinction from the rest of the diurnal pattern (Clow et al. 2010), we did not
make a specific hypothesis for the between-person association of active coping style with the
cortisol awakening response. We also expected that an active coping style would be more
strongly associated with physiological regulation (steeper slopes, lower output) for girls
experiencing lower to average levels of chronic interpersonal stress in the last year. Under
more chronically stressful conditions, active coping would not provide the same degree of
regulatory benefit (Hypothesis 1b). Next, we considered whether day-to-day (within-person)
changes in voluntary engagement coping were associated with daily differences in the same
diurnal cortisol indices. Although prior work is limited, we expected that using active coping
to a greater extent than usual would be associated with greater cortisol production the
following morning (waking cortisol or the cortisol awakening response) as a daily boost to
prepare for upcoming demands (Adam et al. 2006; Hypothesis 2).

Methods

Participants

Early adolescent girls (V= 122, Mage = 12.39 years, SD = 0.76; 87 % White) completed a
daily saliva collection protocol as part of a larger study examining biopsychosocial
predictors of emotional disorders (V= 132 daughters and primary caregivers, herein called
mothers, in the larger study). Three siblings of participants and one father participated in the
saliva collection protocol. All results remained the same when these individuals were
excluded from analyses. Girls who completed the saliva collection protocol did not differ
from those who did not on age, parents’ income, pubertal status, or coping style (s > .10).
Participants were recruited from two rural New England counties through advertisements/
flyers, referrals, and local schools. Most families were middle to upper class (17.6 % <
$40k/year, 19.4 % $41-60k, 24.1 % $61-100k, 38.9 % > $100K).
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The college Institutional Review Board approved all procedures. During a laboratory visit,
adolescents and their mothers completed assent and consent forms, respectively, and were
invited to ask questions to ensure adequate understanding of study procedures. Subsequently,
girls and their mothers each completed separate objective stress and diagnostic interviews,
along with a packet of questionnaires (including a measure of pubertal status). Girls also
completed online questionnaires at home, including a measure of coping style. Of the 122
girls who completed the laboratory visit and saliva collection, 108 completed the online
questionnaires. Girls who completed the questionnaires did not differ from those who did
not on race/ethnicity, parent income, pubertal status, chronic interpersonal stress, or cortisol
variables (ps > .35). At the laboratory visit, participants were provided instructions and
materials for saliva collection. Participants were scheduled to complete the collection on
three consecutive weekdays within approximately 1 week of the visit (M= 7.48 days; SD =
8.86), avoiding atypical days such as vacations or birthdays. Participants were asked to
provide three saliva samples each day at waking, 30 min after waking, and bedtime.
Participants recorded the time and completed a diary assessment for each saliva sample.
Saliva was collected by passive drool. Families were contacted the night before and on the
second day of collection to ensure adherence to the protocol. On average, participants
provided 8.66 saliva samples (SD = 0.82).

To obtain an objective sampling time, straws were stored in a container with a MEMS 6™
(Aardex) track cap that electronically recorded time of openings. Waking samples were
considered compliant if track cap detected-time was within 15 min of self-reported wake
time. Samples scheduled for 30 min after waking were considered compliant if provided
between 23 and 37 min after the waking sample according to track cap data, and if the track
cap was used (Doane and Zeiders 2014). Given the importance of fidelity to the sampling
protocol in order to accurately characterize the cortisol awakening response (Kudielka et al.
2003), this outcome measure was treated as missing for participants who failed to use the
track cap (7= 31). For other diurnal cortisol outcomes, dummy variables for individuals who
did not use the track cap and specific non-compliant days were created and tested as
covariates (see below). Participants who did not use the track cap (M= 2.25, SD = 0.46) had
significantly higher past year chronic interpersonal stress compared to those who did use the
track cap (M= 2.02, SD=0.48), {120) = —-2.29, p=.02. These groups did not significantly
differ on average diurnal cortisol activity, coping style, internalizing symptoms, or
demographic factors (s > .12).

Active Coping Style—Adolescents completed the 57-item Responses to Stress
Questionnaire—social stress version (RSQ; Connor-Smith et al. 2000). Participants
indicated on a 4-point scale how much they respond in different ways when they have
“problems with other kids” (1 = not at allto 4 = a lof). We computed a mean score for
voluntary engagement coping, including primary control (“I do something to try to fix the
problem or take action to change things™) and secondary control (“I think about the things
I’m learning from the situation, or something good that will come from it”). Consistent with
original factor analyses (Connor-Smith et al. 2000), primary and secondary control were
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positively correlated, r= .43, p<.001, and thus collapsed to collectively assess voluntary
engagement (18 items; a = .81). We also computed a mean score for involuntary responses,
including involuntary engagement (“When | have problems with other kids | can’t stop
thinking about what | did or said”) and involuntary disengagement (“My mind just goes
blank when | have problems with other kids, I can’t think at all”). Similar to original factor
analyses, these two dimensions were positively correlated, r=.83, p<.001, and thus
collapsed to assess involuntary responses (27 items; a = .92). To account for individual
differences in overall rates of item endorsement, we formed proportion scores by dividing
voluntary engagement coping scores by involuntary responses scores (see Foland-Ross et al.
2014). Thus, higher scores (>1.00) reflected a greater tendency to use active voluntary
coping strategies to handle interpersonal stress rather than involuntary responses. The RSQ
also includes items that assess voluntary disengagement coping (e.g., denial, avoidance) but
these were not included given the focus of the present analyses.

Chronic Interpersonal Stress—A modified version of the UCLA Life Stress Interview
(LSI; adapted from Hammen 1991; Rudolph et al. 2000) was used to assess adolescents’
past year chronic stress. Mothers and daughters completed separate semi-structured
interviews with the same interviewer, and interviewers were blind to other study data. Probes
were used to elicit behavioral descriptions of adolescents’ ongoing objective stress in five
interpersonal domains: parent-child relationship, close friendships, peer social life, romantic
relationships/dating, parents’ marital (or cohabiting) romantic relationship (if applicable).
Using the behavioral descriptions, interviewers assessed and rated each domain of life stress
on a 9-point scale from 1 (excellent/optimal circumstances) to 5 (very bad circumstances) in
half-point increments. Inter-rater reliability was good (ICCs: M= .80 [.72-.89] for daughter;
M = .83 [.70-.91] for mother). We computed a chronic interpersonal stress composite from
the mean of ratings of the interpersonal domains. The composites based on mother and
daughter report were highly correlated, r= .74, p < .001; thus, we used the mean of mother
and daughter ratings (Rudolph et al. 2000; see Stroud et al. 2016).

Daily Engagement Coping—At bedtime the night before the first day of saliva sampling
and after each sampling day (4 diary reports per person), participants were asked to report
how much they used active coping strategies throughout the course of the day (1 = not at all
to 4 = a /oi) without a specific type of stress specified. Nine items were modified from the
RSQ to specifically assess daily voluntary engagement coping (e.g., “Overall today, how
much did you try to fix your problems or take action to change things?”; as =.71t0 .74,
across days).

Diurnal Cortisol—Samples were returned to the lab by mail and then stored at —20 °C
until sent by courier on dry ice over 3 days to the Biochemisches Labor at the University of
Trier, Germany, for assay. Samples were assayed for cortisol in duplicate, using a solid
phase time-resolved fluorescence immunoassay with fluorometric endpoint detection
(DELFIA,; Dressendorfer et al. 1992). The intra-assay coefficients of variation ranged from
4.0 t0 6.7 % and the inter-assay coefficients of variation ranged from 7.1 to 9.0 %. Cortisol
values were natural log transformed and four samples were windsorized at 1.81 pg/dl
(Nicolson 2008). In addition to cortisol levels at waking, we calculated three daily indices:
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(1) cortisol awakening response, using the formula for area under the curve with respect to
increase for the two morning samples (AUCI; Pruessner et al. 2003), (2) hourly rate of
change from waking to bedtime (diurnal slope), found by computing the difference between
log transformed waking and bedtime cortisol values and dividing by total time awake, and
(3) total diurnal cortisol output, using the formula for area under the curve with respect to
ground for all samples (AUCg; Pruessner et al. 2003).

Potential Covariates—We also considered between-person and day-to-day factors that
have been associated with diurnal cortisol in prior work as covariates. Racial/ethnic
background was represented with a dummy variable (0 = non-White, 1 = White; other
between-person covariates detailed below). Daily factors captured in the diary reports were
also considered, including time of waking, caffeine use, daily negative affect, and perceived
stress level at bedtime (participants were asked to briefly describe the most stressful event of
the last hour and subjectively rate how stressful this event was, from 0 = not at all stressfulto
3 = very stressful, see Adam 2006; Sladek et al. 2016). Finally, we included dummy
variables indicating adherence to the protocol as predictors to test whether compliance
problems influenced cortisol estimates, including whether participants used the track cap
devices and whether the first two samples of the day were compliant. The dummy variable
for track cap usage was not included in CAR models because these outcomes were treated as
missing for individuals who did not use the track cap. Models were tested with and without
these covariates.

Pubertal Status: The mean of five items from the Pubertal Development Scale assessed
growth spurt in height, skin and body hair changes, breast development, and age at menarche
(Petersen et al. 1988; a = .70).

Internalizing Symptoms: Current symptoms of anxiety and depressive disorders were
assessed using the Schedule for Affective Disorders and Schizophrenia for school-aged
children—present and lifetime version (K-SADS-PL; Kaufman et al. 1997) on a 4-point
scale from 0 (no symptoms) to 3 (meets DSM-1V criteria). Given the low prevalence of
internalizing symptoms (none had diagnosable depression), we created a composite to
increase variance by taking the maximum of those ratings across anxiety and depressive
disorders (Starr et al. 2016).

Analytic Strategy

We conducted multilevel models in Mplus 7 (Muthén and Muthén 1998-2012) using
maximum likelihood estimation with robust standard errors to account for nested data (days
within persons) and handle missing data. We tested a series of two-level models separately
for each of four cortisol outcomes (waking cortisol, CAR, diurnal slope, diurnal AUCg).
First, we conducted unconditional models with no predictors to assess between- and within-
person variance for each outcome. Next, we entered active coping style as a Level 2
(between-person) predictor of intercepts (average cortisol parameters; Hypothesis 18). Then
we added day-specific covariates at Level 1 (e.g., wake time) and individual factors at Level
2 (e.g., chronic interpersonal stress) that could influence cortisol estimates or might account
for associations between coping and cortisol. We then included the product of active coping
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style and chronic interpersonal stress to test their interaction in predicting cortisol outcomes
(Hypothesis 1b). As recommended (Enders and Tofighi 2007), we centered continuous
predictors at Level 1 within-person (i.e., an individual’s average score across 3 days
subtracted from each daily score) and centered Level 2 predictors at the grand mean (i.e., the
average for the entire sample subtracted from each individual’s score). By centering in this
way, we can interpret Level 1 coefficients as estimated changes in cortisol associated with a
1-unit increase in daily coping relative to an individual’s average or typical coping score
(i.e., when coping more than usual); we can interpret Level 2 coefficients as estimated
changes in cortisol associated with a 1-unit increase in an individual’s coping style relative
to the sample average (i.e., girls who cope more actively than other girls). We investigated
significant two-way interactions using simple slopes techniques for multilevel modeling
(Preacher et al. 2006). We estimated simple slopes for associations between coping and
cortisol at the mean of interpersonal stress and +/-1 SD (Aiken and West 1991). We also
assessed the range of interpersonal stress for which relations were significant.

We estimated multilevel models of day-to-day variation in cortisol in a similar fashion with
diary-reported coping entered as a Level 1 (within-person) predictor of daily differences in
cortisol, followed by models including covariates ( Hypothesis 2). Based on the timing of
bedtime diary reports, we tested both concurrent and lagged associations to examine whether
coping more than usual during the day of or day prior to saliva sampling was associated with
variation in cortisol. Likelihood ratio chi-square difference tests indicated the within-person
associations between coping and cortisol did not significantly vary across individuals (ps > .
08).

Preliminary Analyses

Descriptive statistics and correlations are shown in Table 1. The sample mean of voluntary
engagement coping was 2.34 (SD = 0.44), indicating that participants usually used these
types of strategies in response to interpersonal stress between a /ittle and some of the time.
The sample mean of involuntary responses was 1.80 (SD = 0.54), indicating that participants
usually responded to interpersonal stress in this way less than a /ittle. On average,
participants reported using more voluntary engagement coping in response to interpersonal
stress compared to involuntary responses (M of voluntary to involuntary ratio = 1.39, where
1.00 indicates equal use of voluntary to involuntary responses, SD = 0.40); 84.9 % of
participants typically used more voluntary relative to involuntary responses (participants
with ratio scores > 1.00). On average, higher scores on this active coping style were
associated with lower CARs, steeper diurnal slopes, and lower diurnal AUCg. Notably,
individual averages of daily diary-reported engagement coping were not significantly
associated with average diurnal cortisol parameters.

Results from unconditional models with no predictors for each of the four outcomes were
used to compute intraclass correlations (ICCs), which quantify the proportion of person-
level variance for nested cortisol data that was stable within individuals over 3 days:
ICCyakingcort = 413, ICCcar = .113, ICCqjope = -231, ICCaycg = -377. The residual
variances for these variables (1 — ICC) indicated that day-to-day fluctuations or changes
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accounted for approximately 58.7 % of the variance in waking cortisol, 88.7 % for CAR,
76.9 % for diurnal slope, and 62.3 % for diurnal AUCg. These results from unconditional
models demonstrated that, similar to prior work (e.g., Ross et al. 2014), these diurnal
cortisol parameters differ between individuals but also within individuals across days of the
study.

Individual Differences in Active Coping Style and Chronic Interpersonal Stress

In models with a single between-person predictor, individual differences in active coping
style were significantly associated with steeper average diurnal cortisol slopes, yo1 =
-0.044, p=.007, and lower diurnal AUCg, yo1 = —6.310, p = .013, but not cortisol levels at
waking, yo1 = 0.173, p=.367. The association of active coping style with a lower CAR was
marginally significant, yg; = —0.114, p=.061. Between-person associations of coping and
cortisol remained significant when adjusting for other factors, including wake time, non-
compliance, race/ethnicity, pubertal status, interpersonal stress, and internalizing symptoms.

In addition, interpersonal stress significantly moderated the associations of active coping
style with the diurnal slope and CAR (Table 2). The negative association between coping
and diurnal slope was significant for those scoring at the mean (8= -0.041, p=.004) and 1
SD below (B=-0.074, p<.001), but not 1 SD above the mean (B =-0.008, p=.641), of
chronic interpersonal stress (Fig. 1); this association was significant for those scoring below
2.28 on stress (70 % of the sample). The negative association between coping and CAR was
significant for those scoring at the mean (8= -0.132, p=.032) and 1 SDabove (B=
-0.253, p=.001), but not 1 SD below the mean (8= -0.012, p=.883), of chronic
interpersonal stress (Fig. 2); this association was significant for those scoring above 2.03 on
stress (50 % of the sample). These findings were generally consistent when also adjusting
for caffeine use, daily negative affect, age, parent income, and whether participants used
track cap devices (for waking cortisol, diurnal slope, and AUCg), none of which
significantly contributed to prediction.

Day-to-Day Differences in Coping

There were no significant within-person associations between diary-reported engagement
coping and cortisol parameters from the same day (us > .15). However, lagging daily coping
reported at bedtime to predict cortisol parameters the following day revealed that within-
person increases in prior night engagement coping were associated with increases in waking
cortisol, y19 = 0.209, p=.062. This association was significant (p = .024) after adjusting for
wake time, non-compliance, perceived stress level at bedtime (reported in conjunction with
coping), race/ethnicity, and pubertal status (Table 3). The association remained significant
when also adjusting for caffeine use, daily negative affect, internalizing symptoms, age,
parent income, and compliance indicators, none of which significantly contributed to
prediction. Within-person differences in prior night coping were not significantly associated
with daily variation in the CAR, slope, or AUCg (ps > .18). As a check of directionality,
within-person differences in cortisol parameters did not significantly predict variation in
same-day coping (o5 > .25).
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Alternative Models

We considered several alternative models in order to check the robustness of our findings.
First, we examined whether findings involving chronic interpersonal stress were consistent
when considering different interview sources (i.e., mothers and daughters separately).
Highly similar to results presented in Table 2, adolescents’ chronic interpersonal stress
assessed in mother interviews significantly moderated between-person associations of active
coping style with the diurnal slope (o3 = 0.065, p=.002) and CAR (yg3 = —0.218, p<.
001). In contrast, chronic interpersonal stress assessed in adolescent interviews did not
significantly moderate these associations, but the pattern of interactive effects remained the
same (for diurnal slope: yo3 = 0.036, p=.215; for CAR: yg3 = —0.153, p=.132). Given that
combining highly correlated ratings of adolescents’ chronic interpersonal stress in the past
year from separate mother and daughter interviews followed convention to reduce
measurement error (e.g., Rudolph et al. 2000; Stroud et al. 2016) and that we failed to find
substantially different findings across interview sources, we remain confident in full results
presented in Table 2 and the simple slope plots for interactions presented in Figs. 1 and 2.

Second, we conducted all analyses without three siblings of participants and one participant
whose father participated with her in the study (V=118 vs. 122) to assess whether the
possibility for non-independence or characteristics of father as primary caregiver unduly
influenced results. All significant findings reported above remained significant when
excluding these data. Retaining these individuals in analyses is consistent with prior work
using this sample (Stroud et al. 2016).

Finally, we conducted supplementary analyses to examine whether between-person
associations of active coping style with diurnal cortisol parameters varied with pubertal
status. None of these interactions were significant: waking cortisol (g3 = —0.098, p = .386),
CAR (yg3 = —0.028, p=.344), diurnal slope (yg3 = 0.024, p=.136), and AUCY (yo3 =
-2.200, p=.323).

Discussion

A prominent gender gap in the prevalence of major depression and internalizing symptoms
begins to emerge during mid-adolescence (Hankin et al. 1998; Wade et al. 2002). Among
many factors, interpersonal stress and alterations in HPA axis stress physiology have been
identified as potential contributors to the development of adolescent girls’ internalizing
psychopathology (Doane et al. 2013; Ge et al. 2001; Klimes-Dougan et al. 2001). Various
forms of interpersonal stress grow in salience during adolescence, and these stressors
disproportionately impact adolescent girls’ emotional well-being compared to boys (Conley
and Rudolph 2009; Hampel and Petermann 2006). Although previous research has
demonstrated connections between interpersonal stress (e.g., social exclusion, loneliness)
and HPA axis activity during middle childhood and adolescence (e.g., Doane and Adam
2010; Peters et al. 2011), relatively less work has focused on how adolescent girls’
psychological responses to such stressors might promote (or hinder) their physiological
regulation. The extent to which early adolescent girls develop adaptive tendencies of
responding to stress has been identified as a critical factor in the prevention of stress-related
mental and physical health problems (Sontag et al. 2008; Miller et al. 2011). Only more
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recently have researchers also focused greater attention on the confext of stress and coping
by considering adolescents’ ability to shift their use of specific coping strategies to meet
daily life demands in relation to HPA axis activity (e.g., Sladek et al. 2016).

In the present study, we provided novel contributions to extant literature by examining how
individual differences in early adolescent girls’ active coping style and day-to-day (within-
person) differences in active coping efforts were associated with daily HPA axis activity, a
candidate biological mechanism underlying the link between interpersonal stress and
internalizing psychopathology. The identification of such patterns during early adolescence,
a theorized “sensitive” developmental period, both socially and biologically (Conley and
Rudolph 2009; Graber and Sontag 2009; Stroud et al. 2009), may strengthen existing
arguments suggesting interactive effects of stress biology and interpersonal stress in the
development of psychopathology. The findings revealed that girls who more likely used
voluntary engagement (active) coping in response to interpersonal stress, relative to
involuntary responses (assessed via standard self-report survey), exhibited steeper diurnal
cortisol slopes, lower total diurnal cortisol output, and lower cortisol awakening responses.
The association between this active coping style and steeper diurnal slopes was most
pronounced for girls with lower chronic interpersonal stress, whereas the association with
lower cortisol awakening response was most pronounced for girls with higher chronic
interpersonal stress. Regarding within-person differences (assessed via daily diaries), using
active coping strategies more than usual during the day was associated with higher waking
cortisol the following morning.

Prior literature has mostly focused on associations between specific forms of interpersonal
stress and diurnal cortisol without considering adolescents’ capacity to respond
psychologically to these stressors. For example, loneliness and social exclusion have been
associated with flatter diurnal cortisol slopes among children and adolescents (Doane and
Adam 2010; Peters et al. 2011). Results from the present study complement this prior work
by demonstrating that early adolescent girls who more readily respond to interpersonal stress
through active coping efforts (assessed with standard survey) tended to exhibit the opposite
—steeper slopes—and also lower total cortisol output, indices that generally reflect adaptive
physiological stress regulation. These results also complement studies that have shown
associations between involuntary responses to stress and cortisol dysregulation (Foland-Ross
et al. 2014; Sontag et al. 2008). Further, these findings contribute to the broader gendered
perspective on the salient contributions of interpersonal stress and maladaptive coping (e.g.,
venting, rumination) to the development of depression in adolescent girls (Gore et al. 1993;
Nolen-Hoeksema 2001). These findings also have direct implications for health promotion
by showing that a voluntary, active coping style is related to adaptive physiological
regulation. Overall, our findings suggest adolescent girls should be encouraged to cope
actively with increasing interpersonal stress during this sensitive period in development with
primary or secondary control strategies (e.g., problem-solving, seeking help from others,
acceptance), while working to reduce or minimize involuntary responses (e.g., intrusive
thoughts) that may heighten daily cortisol production and contribute to emotional
disturbance or other disease outcomes over time.
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Importantly, however, the association between active coping style in response to
interpersonal stress and steeper diurnal slope was only significant for girls with average and
low (but not high) levels of chronic interpersonal stress. This interactive influence of coping
and stress is in line with the hypothesized stress buffering role of active coping efforts,
which may be limited at higher levels of stress (Grant et al. 2003; Compas et al. 2001). This
finding is also consistent with prior literature showing that girls who tend to actively respond
when facing interpersonal stress are protected from poor adjustment and psychopathology
(Marceau et al. 2014), but such active efforts may not prove as useful under more
chronically stressful conditions (Compas et al. 1997). Based on the present findings,
messages about using active coping strategies should acknowledge that the most adaptive
disposition of responding to chronic stress likely includes some degree of intrapersonal
flexibility in which individuals alter responses depending on level and type of stress
exposure (Aldao et al. 2015). Other coping styles that do not comprise the usual “adaptive”
profile, such as avoidance or other forms of disengagement coping, may be of greater use in
facilitating daily physiological regulation for girls facing more chronically stressful
conditions (Compas et al. 2001).

Girls with a more active coping style (i.e., greater tendency to use voluntary engagement
coping rather than involuntary responses to interpersonal stress) also exhibited a lower
cortisol awakening response, on average. Other studies have identified a heightened cortisol
awakening response as a potential early risk marker of depression among adolescents
(Vrshek-Schallhorn et al. 2013). Importantly, an active coping style in response to
interpersonal stress (assessed with standard survey) was associated with a lower cortisol
awakening response for girls with average or above average levels of chronic interpersonal
stress, suggesting that the specific combination of more active coping tendencies in the
presence of chronic interpersonal stress may produce a blunted awakening response. A
blunted or flattened cortisol awakening response has been found in individuals facing
chronically stressful conditions, such as “burnout” and chronic fatigue (Adam et al. 2006;
Saxbe 2008). In the present study, girls who tended to use more active coping strategies in
response to interpersonal stress who also had above average levels of chronic interpersonal
stress were probably the most likely to routinely engage psychological and physiological
resources to meet interpersonal demands. In the short term such responses may be
beneficial, but a prolonged pattern of heightened responses can result in HPA hypoactivation
over time (Miller et al. 2007). Zahn-Waxler et al. (2000) have argued that promoting
emotion regulation and other coping strategies too early in development may encourage
some girls to overregulate their behaviors and emotions without learning what types of
coping strategies will be effective across situations. The interactive influence of an active
coping style and chronic interpersonal stress in predicting a lower cortisol awakening
response in the present study highlights the importance of providing developmentally and
contextually tailored messages to girls regarding the use of active coping for dealing with
interpersonal stress early in adolescence.

Taking advantage of a daily diary approach, within-person analyses revealed that waking
cortisol levels were higher following days characterized by greater than usual engagement
(active) coping in response to any stressors deemed relevant by the participants (i.e., not
specific to interpersonal stress, per se). Utilizing particularly active coping responses to meet
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an array of daily demands might produce physiological benefits the following day in an
adaptive carryover effect. This is consistent with the “boost” hypothesis, which suggests that
higher morning cortisol levels (the cortisol awakening response or waking cortisol) are
adaptive in the short-term by providing resources to help meet perceived daily demands
(Adam et al. 2006). Clinicians and other stakeholders invested in supporting early adolescent
girls prior to the initiation of stress-induced health problems should consider how coping
functions differently across daily situations, in addition to more general differences between
girls. For instance, clinicians should be encouraged to highlight diverse coping skills that
adolescent girls can use to manage various stressors, rather than a “one-size-fits-all”
approach. Interestingly, there was not a significant day-to-day association between
engagement coping and the cortisol awakening response. It is possible that the awakening
response is not as necessary in the psychophysiological process of daily preparation when
there is already heightened cortisol production immediately upon waking. Consistent with
expectations, day-to-day differences in engagement coping were not associated with daily
variation in diurnal slope or total diurnal output, indices with relatively greater day-to-day
stability (Ross et al. 2014).

This study is not without limitations. First, the sample was small, self-selected, and
comprised early adolescent girls who were mostly White. Thus, generalizability may be
limited. Future work should replicate these findings in a representative sample of early
adolescents from diverse racial and ethnic backgrounds, during other developmental periods,
and in boys. For example, examining whether these psychobiological processes are specific
to adolescent girls (rather than girls and'boys) will be important to further understanding of
gender-specific pathways to internalizing symptoms, particularly given the abundance of
conceptual models that prominently feature gender and gender-linked processes as risk
factors and/or moderators of depression (Nolen-Hoeksema 2001). Second, although stability
of average diurnal cortisol estimates may be limited by only three sampling days, protocol
compliance was carefully considered using objective measures and diary reports of wake
time. Third, the diary measures of perceived stress and coping in this study were not specific
to interpersonal stress, and are thus not directly comparable to the survey assessment of
coping with interpersonal stress and the interpersonal domain of the life stress interview.
Future work should consider including items capturing adolescent girls’ daily interpersonal
stressors and associated coping strategies using a diary approach. Finally, causal ordering of
between-person associations remains unclear given the cross-sectional design. It is possible
that differences in diurnal cortisol patterns somehow influence coping style, or more likely,
that psychological and physiological stress responses reciprocally influence one another. For
within-person associations, the temporal ordering of diary-reported coping prior to observed
cortisol patterns the next day supports this direction of effect, with less support found for
cortisol as a predictor of daily coping. A compelling avenue for future research will be to
examine how coping early in adolescence impacts later HPA functioning, and more
importantly, how subsequent changes in HPA functioning lead to the development of mental
and physical health problems over time.
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Conclusion

The present study provided unique contributions to the study of psychological and
physiological stress and coping processes during early adolescence. Drawing upon the
methodological benefits of in-person objective life stress interviews, a daily diary approach,
and repeated saliva sampling outside the laboratory, results from multilevel models revealed
both individual and day-to-day differences in active coping as predictors of cortisol patterns
in the daily lives of early adolescent girls. These results join a growing stress and coping
literature that extends biological methods beyond the laboratory to gain valuable insight into
the daily landscape of stress responses during adolescence, a sensitive and dynamic period
of development coinciding with a marked rise in internalizing symptoms and disorders (Ge
et al. 2001; Hankin et al. 1998). This study advances available literature by highlighting both
a typically active coping style and specific daily active coping efforts as resources that may
allow early adolescent girls to adapt to interpersonal stress and/or prepare them to
successfully face such stressors in daily life. These findings should be of interest to
developmental scientists interested in how gender, stress, and coping contribute to
adjustment, as well as to psychobiologists interested in physiological mechanisms of stress
and coping. More importantly, this study joins prior work (e.g., Foland-Ross et al. 2014) in
aiming to foster a multi-disciplinary conversation regarding the importance of encouraging
adaptive forms of responding to interpersonal stress among adolescent girls. By
demonstrating the underlying physiological benefits of these active coping responses (under
typical but not chronically stressful conditions), results from the present study should
encourage clinicians and other stakeholders (e.g., schools, healthcare providers) invested in
using evidence-based forms of stress-related health promotion, which already include
teaching effective coping skills (e.g., cognitive behavioral therapy). It is particularly critical
to focus prevention efforts early in adolescence prior to the emergence of many long-term
health problems and before adolescents develop unhealthy patterns of coping with
interpersonal stress.
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Fig. 1.

Simple slope plots of average diurnal cortisol slope [(bedtime sample — waking sample)/time
awake] by active coping style (at the grand mean and +/-1 SD) at chronic interpersonal
stress scores at the grand mean and +/-1 SD. Cortisol values (ug/dl) log transformed. Note
that lower (more negative) values reflect steeper slopes. *p < .05
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Fig. 2.

Simple slope plots of average cortisol awakening response (AUCI) by active coping style (at
the grand mean and +/-1 SD) at chronic interpersonal stress scores at the grand mean and +/
-1 SD. Cortisol values (ug/dl) log transformed. *p < .05
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