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Abstract

Rumination is a maladaptive form of emotion regulation associated with psychopathology.
Research with adults suggests that rumination covaries with diurnal cortisol rhythms, yet this has
not been examined among adolescents. Here, we examine the day-to-day covariation between
rumination and cortisol, and explore whether trait rumination is associated with alterations in
diurnal cortisol rhythms among adolescent girls. Participants (A= 122) provided saliva samples 3
times per day over 3 days, along with daily reports of stress and rumination, questionnaires
assessing trait rumination related to peer stress, and diagnostic interviews assessing depression and
anxiety. Greater rumination than usual during the day was associated with lower cortisol
awakening responses the following morning, but this effect was not significant after accounting for
wake time and an objective measure of adherence to the saliva sampling protocol. Trait rumination
was associated with lower average cortisol levels at waking and flatter diurnal slopes, accounting
for wake time, protocol compliance, and other factors. These patterns may help to explain why
rumination is related to the development of psychopathology.
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Rumination is a cognitive style of regulating one’s negative emotions by passively dwelling
on them without taking action. Unsurprisingly, it has been associated with the development
of psychopathology among adolescents (Nolen-Hoeksema, Wisco, & Lyubomirsky, 2008,
for review). Research with adults has linked rumination to indices of the hypothalamic—
pituitary—adrenal (HPA) axis, one of the body’s primary stress-response systems (Zoccola &
Dickerson, 2012, for review). Because disorders associated with rumination (e.g. depression)
often first emerge in adolescence, it is important to understand whether stress physiology
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may be one mechanism underlying associations between rumination and subsequent
psychopathology. Thus, the present study examines the relationship between rumination and
diurnal cortisol rhythms among early adolescent girls.

Rumination is more common among females than males by early adolescence, and this may
partially explain the gender difference in depression (Nolen-Hoeksema et al., 2008). One of
the reasons that adolescence may be a particularly challenging time for girls is because of
peer stress. Peers become increasingly important throughout adolescence, replacing parents
as a primary agent of social support (Furman & Buhrmester, 1992). Adolescent girls, in
particular, place a high value on peer relationships, resulting in stress when difficulties in
these relationships arise, as often happens during this developmental period (Rose &
Rudolph, 2006). The resulting stress may fuel rumination, placing girls at higher risk for
depression and other forms of psychopathology.

Rumination may also alter the body’s stress-response systems. In her Response Styles
Theory, Nolen-Hoeksema (1991) suggested that rumination may be associated with
increased stress reactivity. Furthermore, the Perseverative Cognition Hypothesis (Brosschot,
Gerin, & Thayer, 2006) posits that rumination may prolong physiological stress responses,
including those involving the neuroendocrine system. According to this hypothesis, the time
course is important, because once a stressful event has ended, cognitive perseveration can
continually activate the stress response, resulting in higher allostatic load (McEwen, 1998)
over time. These theories suggest that an examination of rumination and physiological stress
processes may provide important information about how rumination affects the daily lives of
adolescents.

One of the body’s primary stress response systems is the HPA axis, with cortisol as the main
hormonal output and regulator of the system. Cortisol follows a diurnal pattern with peak
secretion occurring approximately 30 minutes after waking (the cortisol awakening
response; CAR), followed by a decline throughout the day (Clow, Hucklebridge, Stalder,
Evans, & Thorn, 2010). The CAR appears to be more responsive to daily variation, whereas
the diurnal slope (i.e. linear rate of decline in cortisol levels from waking to bedtime)
appears to represent relatively more stable individual differences (Ross, Murphy, Adam,
Chen, & Miller, 2014). Another metric often examined, area under the curve with respect to
ground (AUCg; Pruessner, Hellhammer, Pruessner, & Lupien, 2003), estimates the total
daily cortisol output; evidence regarding its stability has been inconsistent (e.g. Ross et al.,
2014). Alterations in these diurnal cortisol indices have been associated with
psychopathology in adolescence (e.g. Doane et al., 2013; Vrshek-Schallhorn et al., 2013).

If rumination does prolong the physiological stress response, as suggested by the
Perseverative Cognition Hypothesis, we would expect to see covariation between rumination
and cortisol output. On a day-to-day basis, rumination may be associated with alterations in
cortisol patterns. In one study, adults who reported ruminating one day (i.e. greater daily
rumination) showed an increased CAR the next day compared to adults who did not
ruminate to the same degree (Zoccola, Dickerson, & Yim, 2011), offering preliminary
support for this hypothesis. However, another study of adults showed that those who
ruminated in the evening had a decreased CAR the next day (Cropley, Rydstedt, Devereux,
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& Middleton, 2015). Some studies examining the relationship between daily rumination and
other indices of diurnal cortisol have offered support for the Perseverative Cognition
Hypothesis. In one study, higher daily rumination was associated with higher daily cortisol
output (averaged across 10 samples over 2 days; Huffziger et al., 2013). In another study,
greater rumination regarding recent interpersonal difficulties predicted higher afternoon
cortisol levels (McCullough, Orsulak, Brandon, & Akers, 2007).

Habitual rumination may also be associated with diurnal cortisol. The literature examining
the relationship between habitual (i.e. trait) rumination and the CAR, however, is mixed,
with prior work finding either no relationship (e.g. Zoccola et al., 2011) or a negative
relationship (e.g. Kuehner, Holzhauer, & Huffziger, 2007). Studies examining the
relationship between trait rumination and other cortisol indices have also found inconsistent
patterns. One study found no relationship between trait rumination and diurnal cortisol
(Kuehner et al., 2007), while another found that trait rumination predicted greater evening,
but not morning, cortisol (Rydstedt, Cropley, Devereux, & Michalianou, 2009), offering
mixed support for the Perseverative Cognition Hypothesis. We are not aware of previous
research examining the relationship between rumination and diurnal slope, but given that
slope tends to be a relatively more stable index (Ross et al., 2014), we might expect it to be
related to trait rumination.

Thus, although there is some indication that daily and trait rumination may be related to the
CAR and other indices of the diurnal rhythm, research is limited and mixed regarding
support for the Perseverative Cognition Hypothesis. Additionally, prior work has focused on
adults, leaving questions about whether rumination and diurnal cortisol patterns are linked
earlier in development, such as during adolescence.

This heterogeneity among findings could be due to several factors including measurement of
rumination and cortisol (Zoccola & Dickerson, 2012). Rumination is often measured as a
trait using a questionnaire where participants indicate how they typically respond when
distressed, yet spontaneous use of rumination varies even among those scoring high on trait
rumination (Moberly & Watkins, 2008). Daily measures of rumination are more consistently
related to cortisol responses in studies utilising laboratory stressors (Zoccola & Dickerson,
2012). Additionally, trait rumination in response to stress is more consistently linked to
cortisol than trait rumination in response to depression (Zoccola & Dickerson, 2012).
Further, cortisol rhythms, although somewhat stable within individuals over time, can also
vary on a daily basis (Ross et al., 2014). Thus, measuring diurnal rhythms across multiple
days is advantageous. Many prior studies have relied on cortisol collected on only 1 day (e.g.
Kuehner et al., 2007; Zoccola et al., 2011) or only one or two samples obtained each day
(e.g. McCullough et al., 2007), the latter of which does not permit evaluation of all of the
indicators (e.g. CAR, slope, AUCq) typically used to capture the diurnal rhythm.

In the present study, we attempted to overcome some of these methodological challenges by
examining both spontaneous, daily rumination, as well as habitual, trait rumination, and
their relationship to diurnal cortisol patterns utilising cortisol samples obtained over multiple
days. We used a sample of adolescent girls, and conducted analyses with and without
accounting for symptoms of depression and anxiety. Based upon the Perseverative Cognition
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Hypothesis (Brosschot et al., 2006), we expected to find day-today covariation in rumination
and cortisol, such that higher levels of daily rumination (as compared to an individual’s
typical level) would predict a greater CAR the following day. In an exploratory manner, we
examined whether day-to-day associations between daily rumination and cortisol differed
for individuals who were high or low on trait rumination. Based on the Perseverative
Cognition Hypothesis, we also predicted that trait rumination would be associated with a
larger AUCqg. Given the relative stability of the diurnal slope over time (e.g. Ross et al.,
2014) and prior research showing that flatter slopes are associated with adverse
psychological and physical health outcomes (e.g. Doane et al., 2013), we predicted that
greater trait rumination in response to peer stress would also be associated with flatter
diurnal slopes.

Participants and procedures

Participants were 122 early adolescent girls (M age = 12.39 years, SD = 0.76 years; 87%
White) who completed the cortisol portion of a larger study examining biopsychosocial
predictors of emotional disorders (total sample: A= 132 mother-adolescent dyads).1
Participants were recruited from two rural New England counties through advertisements or
flyers; referrals and word-of-mouth; and local schools. Most families were middle to upper
class (<$40,000 [17.6%]; $41,000-$60,000 [19.4%]; $61000-$100,000 [24.1%]; >$100,000
[38.9%]).

Participation included one laboratory visit during which girls completed diagnostic
interviews and a packet of questionnaires, including a measure of pubertal status. They also
completed a battery of online questionnaires at home, including a measure of trait
rumination. Of the 122 girls who completed the laboratory visit and the cortisol collection,
108 completed the online questionnaires.2

Cortisol collection procedure—At the laboratory visit, participants were provided
instructions and the materials for the cortisol collection; and scheduled to complete the
collection on three consecutive weekdays within approximately one week of the visit (M=
7.48 days; SD = 8.86), avoiding atypical days such as vacations or birthdays. Three saliva
samples were provided on each collection day: waking (M= 0.26 pg/dl, SD = 0.19, range = .
007-1.800), 30 min after waking (M= 0.37 pg/dl, SD = 0.21, range = .002-1.177), and
bedtime (M= 0.04 pg/dl, SD = 0.10, range = .000-.725). Following each sample,
participants recorded the time and completed a diary assessment (see below). Cortisol was
obtained non-invasively from saliva by passive drool using straws and 1.5 mL vials. Families
were contacted the night before, and on the second day of, collection to answer questions
and ensure that protocols were followed. Samples were returned via mail and stored at —20

IThere were not significant differences between those who did and did not complete the cortisol assessment on child age, family
income, pubertal status, trait rumination, or depressive and anxiety symptoms (ps > .10). One father, who identified himself as the
primary caregiver, participated with his daughter in the present study. In addition, three sibling pairs were included. However, results
were identical when the father—daughter dyad and when one of the siblings were excluded. Full results upon request.

There were not significant differences between those who did and did not complete the online questionnaires on child age, family
income, pubertal status, depressive and anxiety symptoms or the cortisol indices (s > .10).
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degree Celsius and sent by courier on dry ice over 3 days to the Biochemisches Labor at the
University of Trier, Germany to be assayed. On average, participants provided 8.81 (SD =
0.72) samples over the 3-day protocol.

To obtain an objective time of collection, the straws used in the passive drool were stored in
a container with a MEMS 6 TM (Aardex) track cap that records each time it is opened.
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 (e.g. Doane & Zeiders, 2014). Given the importance of
fidelity to the sampling protocol to accurately characterise the CAR (Kudielka, Broderick, &
Kirschbaum, 2003), the CAR and cortisol levels at 30 min after waking were treated as
missing for participants who failed to use the track cap (7= 31). For other diurnal cortisol
outcomes (e.g. diurnal slope), dummy variables for individuals who did not use the track cap
and specific non-compliant days were created, and tested as covariates (see below).

Cortisol—Samples were assayed for cortisol in duplicate, using a solid phase time-resolved
fluorescence immunoassay with fluorometric endpoint detection (DELFIA; Dressendérfer,
Kirschbaum, Rohde, Stahl, & Strasburger, 1992). The intra-assay coefficients of variation
ranged from 4.0% to 6.7% and the inter-assay coefficients of variation ranged from 7.1% to
9.0%. Four cortisol values were windsorised at 1.81 pg/dl and then all raw values were
natural log transformed. In addition to cortisol levels at waking and 30 min after waking,
three indices were considered as outcomes: a) CAR, using the formula for area under the
curve with respect to increase (AUCI) for the two morning samples (Pruessner et al., 2003);
b) 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 (difference in time between first and last sample of the day), and c) total diurnal
cortisol output, using the formula for area under the curve with respect to ground (AUCg)
for all samples (Pruessner et al., 2003).

Trait rumination—Trait rumination was assessed with the 3-item rumination scale from
the social stress version of Responses to Stress Questionnaire (RSQ; Connor-Smith,
Compas, Wadsworth, Thomsen, & Saltzman, 2000). Participants indicated whether they had
experienced peer problems over the past 3 months (e.g. being left out or rejected), and then
reported how much they had engaged in various responses to the peer stressors, including
rumination. The mean was used (a =.70).

Daily rumination—Daily rumination was assessed with one question in each bedtime
diary report (Overall today, how much did you focus on your problems/stress?), rated on a 4-
point scale (1 = not at all to 4 = a lot). Moberly and Watkins (2008) used this item and
another (focus on feelings) to measure spontaneous rumination in an ecological momentary
assessment study, and demonstrated construct validity via its association with trait
rumination and predictive validity via its association with negative affect. We chose to use
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the single item regarding focus on problems, as it better reflects rumination regarding stress,
in line with our measure of trait rumination.

Potential covariates—\We also considered between-person and day-to-day factors that
have been associated with diurnal cortisol in prior work as covariates. Models were tested
with and without these covariates. Racial/ethnic background was represented with a dummy
variable (0 = non-White, 1 = White). Parents’ income was assessed continuously as an
indicator of socioeconomic status (1 = under $10,000/year to 6 = over $100,000/year). At
the time of each collection, participants completed a dairy assessment including time of
waking (in the waking diary report), caffeine use in the last hour (range = 4.4-7.1%),
negative affect (negative subscale from the Positive and Negative Affect Schedule; Watson,
Clark, & Tellegen, 1988; rated on a 5-point scale from 0 = very slightly or not at all to 4 =
extremely), and perceived stress level (“How stressful was the most stressful event or
problem you encountered in the last hour?” rated on a 5-point scale from 1 = notatall to 5 =
very much). Due to limited frequency, birth control and nicotine use were not included.
Dummy variables indicating adherence to the protocol were also included as predictors to
test whether compliance problems influenced cortisol estimates, including whether
participants used the track cap devices or whether the first two samples of the day were
compliant. The dummy variable for track cap usage was not included in wake + 30 or CAR
models because these outcomes were treated as missing if the track cap was not used.

We measured pubertal status with the Pubertal Development Scale (Petersen, Crockett,
Richards, & Boxer, 1988). The 5 items, which assess growth spurt in height, skin and body
hair changes, breast development, and age at menarche, are rated on a 4-point scale, from 1
= no development to 4 = development seems completed; except for menarche which is rated
1 or 4. The mean was used (a =.70).

Current (past month) and lifetime depressive and anxiety symptoms were assessed using the
Schedule for Affective Disorders and Schizophrenia for school-aged children-present and
lifetime version (Kaufman et al., 1997). Symptoms were rated on a 4-point scale from 0 = no
symptoms to 3 = meets DSM-IV criteria. Inter-rater reliability (assessed via electronic
recordings for 27% of interviews) was good (inter-class correlations [ICCs]: M= .89).
Depression and anxiety composites were formed by averaging current and lifetime
depressive and anxiety symptoms, respectively.

Data analytic plan

Preliminary analyses examined descriptive statistics, zero-order correlations, and the impact
of compliance (e.g. timing, track cap use) on cortisol estimates. Multilevel models were
estimated in Mplus 7 (Muthén & Muthén, 1998-2012) using maximum likelihood
estimation with robust standard errors to account for the nested nature of the data (days
nested within persons). This approach allowed for the examination of between- and within-
person variation in cortisol and was consistent with current recommendations for handling
missing data (Baraldi & Enders, 2010). Diurnal cortisol outcomes were treated as
continuous variables and unstandardised coefficients are reported.
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A series of two-level models were tested separately for each of the five cortisol outcomes
(waking cortisol, wake + 30 cortisol, CAR, diurnal slope, and diurnal AUCg). First, we
conducted unconditional models with no predictors to assess between- and within-person
variance present for each outcome. Next, we tested random intercept models in which diary-
reported rumination was entered as a Level 1 (day-to-day) predictor of daily differences in
cortisol. Based on the timing of bedtime diary reports, we focused on lagged associations to
examine whether ruminating more than usual during the day prior to saliva sampling was
associated with variation in cortisol. Likelihood ratio chi-square difference tests (i.e. nested
model tests) indicating the day-to-day associations between rumination and cortisol did not
significantly vary across individuals for waking cortisol, wake + 30 cortisol, diurnal slope, or
diurnal AUCg (s > .10). However, the day-to-day association between daily rumination and
CAR varied significantly across individuals, ;(2(2) =6.26, p=.04. Thus, random slope
models were used to account for between-person variance in this day-to-day association. We
then added day-specific covariates at Level 1 (e.g. wake time) and individual factors at Level
2 (e.g. race/ethnicity) that could influence cortisol estimates or account for associations
between rumination and cortisol. Continuous predictors at Level 1 were centred within-
person (i.e. daily scores subtracted from individual averages) and Level 2 predictors were
grand-mean centred. Dummy coded variables (e.g. race/ethnicity, compliance) were not
centred for ease of interpretation. Please see below for an example equation using CAR as
an outcome:

Level 1:CAR;=00;+ /1 (prior day rumination;;)

+B2; (wake time;; )+ (3 (compliance, ;) +&;;
Level 2:80;="00+701 (race/ethinicity ;)

+702 (family income; ) +vo3 (pubertal status;)

+uo;

Bri="10+u1;

B2j=720

B3;="30.

Finally, we estimated means-as-outcome models in which trait rumination was entered as a
Level 2 (between-person) predictor of intercepts (average cortisol parameters), followed by
more complex models with potential covariates at both levels. Example equation using
waking cortisol as an outcome:

Level l:wakingcort;;=/f0;+51; (wake time;;)
+02; (compliance,;)+€;;

Level 2:8yj=200+"701 (trait rumination )
+702 (race/ethinicity ;)+03 (family income;)
+704 (pubertal status;) +05 (track cap usage;)
+U0j
B1;="10
B2;="20-
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Results

Preliminary analyses

See Table 1 for descriptive statistics and zero-order correlations. Average daily rumination
was significantly related to trait rumination (r= .31, p<.01), but unrelated to the cortisol
indices (ps > .05). Greater trait rumination was associated with lower waking cortisol (r= -.
20, p=.04), but not with other cortisol indices (s > .05). Notably, average daily and trait
rumination were each positively correlated with age.

Unconditional models with no predictors for each of the five outcomes were conducted to
compute ICCs, which quantify the proportion of person-level variance for nested cortisol
data: 1CCyakingcort = -41, ICCyakezo = 24, ICCcaR = .11, ICCyjgpe = .23, ICCaycg = -38.
By considering the residual variances for these variables (1 — ICC), day-to-day influences
accounted for approximately 59% of the variance in waking cortisol, 76% for wake + 30
cortisol, 89% for CAR, 77% for diurnal slope, and 62% for diurnal AUCg.

Day-to-day variability in rumination and cortisol

On average, within-person changes in daily rumination were not associated with waking
cortisol the next day (B =0.092, p=.13), wake + 30 cortisol (8= 0.020, p=.75), diurnal
slope (B=-.005, p=.63) or AUCg (B=-0.357, p=.75). Results were similar when
adjusting for significant correlates of cortisol parameters, including wake time, non-
compliance, race/ethnicity, family income, pubertal status, and track cap usage, and when
additionally adjusting for symptoms of anxiety and depression, daily caffeine use, daily
negative affect, and perceived stress level at bedtime, none of which significantly contributed
to prediction. Within-person increases in prior night rumination were associated with lower
CAR, B=-0.027, p< .001. However, this association was not significant (p = .43) after
adjusting for other factors that accounted for significant variance in cortisol, including wake
time, non-compliance, race/ethnicity, family income, and pubertal status. Of note, there were
no significant within-person associations between daily rumination and cortisol parameters
from the same day (s > .39).

Given that there was significant between-person variance in the day-to-day association
between prior night rumination and CAR, we conducted exploratory analyses to consider
whether individual differences in trait rumination might account for this individual variation.
Specifically, we used trait rumination as a Level 2 (between-person) predictor of the extent
to which the day-to-day association between state rumination and CAR differed across
individuals (i.e. cross-level interaction). Trait rumination did not significantly predict
individual variation in this day-to-day association with, B=0.030, p= .31, or without
covariates, B=0.048, p=.21.

Individual differences in trait rumination and cortisol

In models with a single between-person predictor, individual differences in trait rumination
were significantly associated with lower average cortisol levels at waking, B=-0.162, p=.
04, but not wake + 30 cortisol, CAR, diurnal slope, or AUCg (s > .15). After adjusting for
wake time, non-compliance, race/ethnicity, family income, and pubertal status, the
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association remained significant for waking cortisol (p = .03) and greater trait rumination
significantly predicted flatter diurnal cortisol slopes, B=0.017, p= .04 (see Table 2 for full
results and Figure 1 for a visual representation). Results were also similar when also
adjusting for symptoms of anxiety and depression, daily caffeine use, daily negative affect,
and perceived stress level at bedtime, none of which significantly contributed to prediction.

Results were highly similar when we entered daily rumination at Level 1 and trait
rumination at Level 2 in the models simultaneously with covariates. There were no
significant within-person associations of daily rumination with cortisol parameters (ps > .
15), but individual differences in trait rumination remained a significant predictor of lower
average cortisol levels at waking, 8= -0.170, p= .03, and flatter diurnal cortisol slopes, B =
0.017, p=.04.

We also tested whether between-person differences in average daily rumination (assessed
using an individual’s average from available diary reports) were related to average cortisol
parameters; none of these associations were significant (o5 > .60).

Discussion

This study examined daily covariation between rumination and diurnal cortisol, as well as
trait associations between rumination and typical diurnal patterns in a community sample of
early adolescent girls. This is the first study examining relations between rumination and
diurnal cortisol patterns in adolescent girls. Research examining these relations among
adults has been mixed. To overcome some potential methodological issues that may account
for mixed findings in previous research, we assessed cortisol over 3 days, used track caps to
objectively assess adherence to the sampling protocol, and adjusted for non-compliance in
analyses.

The CAR is more responsive to contextual factors that vary from day to day (Ross et al.,
2014); thus, we predicted that daily (but not trait) rumination would be associated with an
increased CAR. Daily rumination was associated with the CAR, but in an unexpected
direction: greater than average daily rumination predicted a lower CAR the next day.
Importantly, daily rumination was no longer associated with the CAR after accounting for
several covariates, such as wake time and non-compliance, suggesting caution in interpreting
this finding. Nonetheless, this finding adds to a mixed literature regarding the direction of
the association between daily rumination and the CAR, with prior studies with adult non-
clinical samples finding that between-person differences in daily rumination were associated
with an increased (Zoccola et al., 2011) or decreased (Cropley et al., 2015) CAR. Both prior
studies examined rumination levels between individuals, while we examined within-person
variability (i.e. whether ruminating more than one’s average level predicted the CAR).
Although the Perseverative Cognition Hypothesis (Brosschot et al., 2006) would likely
suggest that greater rumination would be associated with an increased CAR, any deviation
from typical functioning in the diurnal rhythm may indicate dysfunction. The increase in
cortisol in the first 30 minutes after waking (the CAR) is a normative pattern that may give
individuals a “boost” to prepare for perceived daily demands (Adam, Hawkley, Kudielka, &
Cacioppo, 2006). In line with this, our finding that greater daily rumination predicted a
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decreased CAR the next day may suggest that ruminating disrupts the body’s ability to
prepare for perceived demands. Consistent with predictions, daily variation in rumination
was not associated with other indices of the diurnal rhythm including the diurnal slope,
which has demonstrated greater stability and thus is less likely to be influenced by daily
contextual factors (e.g. Ross et al., 2014).

Given the relative stability of the diurnal slope over time (Ross et al., 2014) and prior
research showing that flatter slopes are associated with adverse psychological and physical
health outcomes (e.g. Doane et al., 2013), we predicted and found that habitual (i.e. trait)
rumination in response to peer stress was associated with flatter slopes, suggesting less of a
decline in cortisol throughout the day in girls who habitually ruminate. Higher trait
rumination was also associated with lower waking cortisol, suggesting that trait rumination
was associated with lower (rather than elevated) flatter slopes in our sample. This could
indicate hypoactivation of the HPA axis, a potential result of chronic stress, reflecting
allostatic load (McEwen, 1998), though more research has focused on elevated, flatter slopes
than on lower, flatter slopes (Miller, Chen, & Zhou, 2007).

Counter to predictions, trait rumination did not predict greater daily output (measured by
AUCg). Although our results appear to run counter to the Perseverative Cognition
Hypothesis (Brosschot et al., 2006), the hypothesis may be better reflected in reactivity to
acute stressors, (e.g. those detected in laboratory settings and over shorter time frames). In
fact, HPA-axis studies that find the most support for the Perseverative Cognition Hypothesis
involve increased cortisol response and/or delayed cortisol recovery following acute stress
(Ottaviani et al., 2015). This reactivity literature highlights a psychological mechanism
underlying specific HPA responses to acute stressors, whereas the current study examined
both state and trait rumination in relation to diurnal cortisol patterns, which reflect typical
daily functioning of the HPA axis and not reactivity per se. Although frequent activation of
the HPA axis in response to stress may contribute to a flattening of the diurnal rhythm over
time (Miller et al., 2007), our sample comprised otherwise healthy early adolescent girls; it
remains unclear whether rumination is associated with acute cortisol reactivity and diurnal
cortisol activity in a similar fashion.

This study is the first to examine the relationship between rumination and diurnal cortisol
patterns among a sample of adolescent girls and across multiple time scales. Because
rumination is associated with several forms of psychopathology that often emerge during
adolescence (Nolen-Hoeksema et al., 2008), it is important to understand potential
physiological mechanisms in the developmental period before the onset of psychopathology.
Our results linking trait rumination to lower, flatter diurnal slopes reflects the link between
rumination and diurnal cortisol patterns even after accounting for symptoms of
psychopathology. Moreover, our trait rumination measure focused specifically on rumination
related to peer stress; peer relationships are highly valued among adolescents, especially
girls (Furman & Buhrmester, 1992; Rose & Rudolph, 2006). Additionally, we assessed
compliance with objective indicators to ensure the quality of our measurement, and we
sampled over 3 days.
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Several limitations merit note. First, we used a small, self-selected sample of girls from the
community, which may limit generalisability. It will be important for future research to
examine the relationships between cortisol and rumination in clinical samples, for example,
in order to investigate possible interactive effects between depressive symptoms and
rumination on cortisol outcomes. Second, although we used a track-cap to assess compliance
to the saliva sampling procedure, we used self-reported wake time rather than a more
objective indicator (e.g. actigraphy). Third, because our trait rumination measure was
specific to interpersonal problems, we do not know whether results will generalise to
habitual rumination about other types of stressors. Finally, although our daily and trait
measures of rumination both focused on stress, the one-item daily measure tapped
rumination about general stress, while the trait measure tapped rumination related to peer-
focused stress. It would have been optimal to have a more parallel (i.e. peer stress focused)
measure of daily rumination to better compare effects of daily and habitual rumination.

An important next step in this line of research will be to examine the prospective
relationships among rumination, diurnal cortisol patterns, and psychopathology. The diurnal
cortisol patterns that were concurrently associated with rumination in the present study have
been found to predict psychopathology in adolescence (e.g. VVrshek-Schallhorn et al., 2013).
Although it is possible that these patterns are simply correlates, it is likely that they are
mechanistically linked; for example, diurnal patterns may mediate the association between
rumination and health outcomes. Understanding these relationships will be important for
prevention and treatment given rumination’s role as a transdiagnostic risk factor for the
development of psychopathology and other health concerns such as self-injury, substance
use, compliance with medical treatment, and cardiovascular health (Nolen-Hoeksema et al.,
2008).
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Figurel.
Diurnal cortisol levels plotted at waking, approximately 30 min after waking, and at bedtime

for girls 1 SD above (7= 20) and below (/7= 25) the sample mean of trait rumination.
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