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Abstract: Stress may contribute to illness through the impaired recovery or sustained activity of
stress-responsive biological systems. Rumination, or mental rehearsal of past stressors, may alter the
body’s stress-responsive systems by amplifying and prolonging exposure to physiological mediators,
such as cortisol. The primary aim of the current investigation was to test the extent to which the
tendency to ruminate on stress predicts diminished diurnal cortisol recovery (i.e., elevated evening
cortisol) in a sample of sexual and gender minority young adults. Participants included 58 lesbian,
gay, bisexual, and transgender young adults (Mage = 25.0, SD = 4.1) who completed an initial
online survey that assessed trait rumination and current depressed mood. Participants completed
daily evening questionnaires and provided salivary cortisol samples at wake, 45 min post-wake,
12 h post-wake, and at bedtime over seven consecutive days. Trait rumination predicted significantly
higher cortisol concentrations at bedtime, but was unrelated to other cortisol indices (e.g., morning
cortisol, diurnal slope, total output). The association with trait rumination was not accounted
for by daily negative affect, and was largely independent of depressed mood. These results have
implications for identifying and treating those who may be at risk for impaired diurnal cortisol
recovery and associated negative health outcomes.
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1. Introduction

As internal or external stimuli that challenge a person, stressors elicit changes in mood
(e.g., increased negative affect), behavior (e.g., increased arousal and vigilance), and physiological
function (e.g., increased neuroendocrine and cardiovascular reactivity [1]). Acutely, these changes
can be beneficial for dealing with the stressful situation at hand, but, over time, alterations in
stress-related systems can contribute to allostatic load, or detrimental wear and tear on the body [2].
For example, increased activation of the hypothalamic pituitary adrenal (HPA) axis (e.g., cortisol)
and cardiovascular system (e.g., heart rate and blood pressure) collectively can improve blood flow,
oxygenation, energy availability, and immune function to help an individual meet the demands of
a stressor in the short term [3]. However, when the magnitude or duration of physiological stress
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responding is excessive (e.g., impaired recovery), it contributes to allostatic load, manifested as
an increased risk for the development or progression of diseases and disorders, such as diabetes,
cardiovascular disease, depression, and anxiety [4–6].

Critical to physiological stress responding and allostatic load is the HPA axis [3]. The HPA axis
is a neuroendocrine cascade that begins in the central nervous system but ends with the release of
the hormone cortisol from the adrenal glands in the body’s periphery. Broadly, cortisol assists in the
regulation of metabolism, appetite, inflammation and immune functions, reproduction, cardiovascular
function, and cognition. In response to physical and psychological stressors, activation of the HPA
axis results in acute increases in cortisol concentrations. In addition to responding to acute threats,
the HPA axis is regulated both by circadian rhythms that respond to changes in the day/night cycle of
the external environment and by a negative feedback loop. As such, cortisol concentrations typically
exhibit a diurnal pattern, with a sharp increase from wake to a daily peak occurring approximately
30 to 45 min after awakening and a decline to a nadir around midnight [7]. Repeated or prolonged
stress may dysregulate the HPA axis, resulting in either hyper- or hypo-arousal of the HPA axis [3].
This is problematic because non-normative diurnal salivary cortisol profiles (i.e., flattened daily
cortisol slopes, elevated evening cortisol concentrations) have been linked prospectively to a variety of
adverse conditions, including type II diabetes, cardiovascular disease, and mortality [8–11]. Given the
significant and wide-ranging consequences and correlates of HPA axis activation, it is important to
document for whom and under what circumstances cortisol concentrations are altered in response to
stressors and in daily life.

Cognitive processes such as rumination—repetitive past-oriented thought about negative content
(e.g., stressful events, negative mood) [12,13]—can enhance or prolong physiological stress responses
and exacerbate somatic symptoms [14]. For example, individuals with a tendency to ruminate exhibited
greater cortisol reactivity and delayed recovery in response to a laboratory-based psychosocial
stressor [15]. Although rumination is an emotion regulation process that is fairly stable over time [16],
there is also within-person variability, such that some situations or emotions elicit greater ruminative
thought than others (e.g., [17]). In the present study, trait rumination is defined as the tendency to
mentally dwell upon, or cognitively rehearse, past stressful experiences. It is important to note that
the present conceptualization of trait stress-related rumination is distinct from depressive rumination,
which reflects dwelling on symptoms of depression (e.g., sadness) and the consequences of such
symptoms and has been identified as a major risk factor for the development and progression of
depression (e.g., [18]). As past work has shown, depressive rumination predicts different cortisol stress
responses than stress-related rumination does (for review, see [19]).

To date, a handful of studies have documented the association between trait stress-related
rumination and diurnal or evening cortisol. For example, in our past work, we have found that among
university students, individuals with high scores on a measure of trait stress-related rumination did
not exhibit the expected drop in cortisol concentrations on the evening following a laboratory speech
stressor [20]. This suggests that ruminating on a stressful circumstance may prevent the normative
diurnal cortisol decline. Similarly, two other studies of working adults found that trait stress-related
rumination [21] and work-related rumination [22] predicted elevated evening cortisol. In the latter
study, rumination was also related to a flattened cortisol response to awakening.

Although our focus is on stress-related rumination, it may be informative to examine other
studies that have used standard or modified depressive rumination measures to investigate the
relationship between ruminative thought and cortisol. In one such study, trait depressive self-focused
rumination was associated with lower cortisol awakening responses, but not total diurnal cortisol
output (calculated as area under the curve with respect to ground; AUCg) assessed across one day in a
sample of undergraduate students [23]. In another study of early adolescent girls, a three-item modified
trait depressive rumination measure focused on peer problems was related to lower waking cortisol
and flatter diurnal slope, but no other cortisol parameter assessed over three consecutive weekdays [24].
In a third study, trait depressive rumination in remitted depressed patients and healthy controls was not
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related to cortisol concentrations assessed five times per day over two days [25]; however, mean daily
ruminative self-focus (i.e., thinking about my problems and my feelings) was associated with elevated
cortisol concentrations in patients and controls.

Taken together, these initial findings suggest that trait stress-related rumination may be related
to elevated diurnal cortisol—particularly in the evening. However, some of the past work has
limitations, including using only one day or just a few days of cortisol assessment and not evaluating
the independent effects of stress-related rumination and depressed mood. As such, the current study
sought to overcome some prior methodological challenges by examining diurnal cortisol over the
course of a full week and taking depressed mood and negative affect into consideration.

In addition, the current project focused on lesbian, gay, bisexual, and transgender (LGBT)
young adults as a population of interest to replicate and extend past work. Theoretical models
of stress and health suggest that LGBT individuals experience specific minority stressors (i.e., external
stressors like overt discrimination and internal stressors such as internalization of negative stereotypes)
that can directly and indirectly influence health outcomes [26]. Indirect influences on health may
operate via health behaviors (e.g., smoking as way cope with stress) or physiological processes
(e.g., greater exposure to stress hormones like cortisol). Past meta-analytic work has shown that
minority stressors may lead to dysregulated physiological responses which, in turn, can lead
to poorer health [27]. For example, the experience of recent LGBT-related stressful life events
(e.g., arguments with friends or family over homosexuality/bisexuality) was related to flatter diurnal
cortisol slope, and, in turn, more depressive symptoms in a sample of sexual minority young
adults [28]. Moreover, although the diurnal cortisol levels of sexual minority individuals may
not differ from their heterosexual counterparts (although note that transgender individuals were
not included) [29], LGBT adolescents and young adults may be especially vulnerable to minority
stress, as self-identification and identity disclosures are commonly made during this developmental
period [30]. Furthermore, stigma and shame-related processes are potent elicitors of HPA axis
activity [20,31,32] and rumination [17,33–35]. Finally, we focused on LGBT adults from relatively rural
and small-town locations in the Midwest of the United States as they may be at greater risk for minority
stress and associated health outcomes, relative to their counterparts in major metropolitan areas [36].

The primary aim of the current investigation was to test the extent to which trait stress-related
rumination predicts diminished diurnal cortisol recovery in a sample of LGBT young adults. Based on
prior literature, we expected to find that individuals with greater tendencies to ruminate would have
elevated evening salivary cortisol. We also explored whether trait rumination was related to greater
overall daily cortisol output (AUCg) and diurnal cortisol trajectories (slope). Given the extant links
between rumination and depression, we also tested the extent to which any rumination–cortisol
associations are independent of depressed mood and negative affect in daily life.

2. Materials and Methods

2.1. Participants

A flexible recruitment approach was used to identify LGBT individuals for a larger project
examining the stress and health of sexual and gender minority young adults. We advertised with
a variety of organizations and utilized snowball sampling methods that have been successfully
applied in past work to recruit difficult-to-reach samples, including sexual minorities (e.g., [37,38]).
Consistent with these approaches, we used e-mail and online communications to target university- and
community-based LGBT organizations and listservs based in Ohio and the surrounding Midwestern
region of the United States. Study recruitment materials were also posted on relevant social media sites
(e.g., public LGBT groups on Facebook). In addition, individuals were asked to reach out to friends and
acquaintances who they thought may be eligible for the study. Participants were considered eligible
if they were between 18 and 35 years of age, identified as a sexual or gender minority (i.e., not both
heterosexual and cisgender), had reliable access to the Internet between the hours of 9:00 PM and
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1:00 AM, were not pregnant, and did not use steroid medication or report a major psychiatric/endocrine
disorder. A total of 121 individuals enrolled in the full study. Among these participants, a randomly
selected subset (n = 58) was asked to provide four saliva samples per day during the week of data
collection. The current sample was limited to those with useable cortisol data (n = 49); four participants
did not follow saliva sampling procedures, and five did not return saliva samples (88.6% completion
rate). The final sample included 49 individuals who were, on average, 24.8 years of age (SD = 4.1 years,
range = 18–34). Of the 49, 30 participants reported female biological sex at birth and 19 reported male
sex at birth. The sample was predominantly White (79% White; 14% multi-racial, and 6% other race),
university-educated (61% with at least a college degree), employed (61% full-time, 29% part-time, 10%
not employed), homosexual (61% homosexual; 21% bisexual, and 18% other sexuality), and cisgender
(82% cisgender; 10% transgender, and 8% unsure).

2.2. Procedure

All participants completed an initial online screening survey that was linked to recruitment
communications. At completion of the screening, eligible participants were immediately invited to
complete the week-long study of “Daily Activities, Stress, & Health”. Interested individuals provided
consent online and then completed an initial survey which included a variety of questionnaires
regarding health behaviors, trait measures, and sociodemographics. Those who fully completed the
initial survey were invited into the week-long portion of the study. Participants were randomly
assigned to one of two arms of the larger study: (1) complete evening surveys only (n = 63);
or (2) complete evening surveys plus cortisol sampling (n = 58). Informed consent for this part
of the study was obtained over the phone and in writing via a paper version that was returned when
the participant had completed the study. For seven consecutive days, participants were asked to
collect saliva four times per day and complete evening online surveys lasting 15–20 min. To minimize
variation in reporting times, participants were only able to complete the evening survey between
9:00 PM and 1:00 AM (participants’ local time). Individuals participating in the cortisol sampling
procedure were mailed pre-packaged saliva collection kits that contained time-labeled, color-coded
cryogenic saliva storage vials, two-inch straws to collect saliva, illustrated saliva collection instructions,
paper logs (to assess sampling time, wake time, bedtime, food intake, physical activity, and other
daily activities), and pre-paid return mailers. To aid compliance, participants were sent reminders
(in the form of text messages and e-mails), and urged to set their own alarms. Participants were
compensated $15 for completing the initial survey, $5 for completing each daily evening survey, $5 for
each day of completed saliva collection, a $5 bonus for completing all evening surveys, and a $5 bonus
for completing all saliva samples. In total, participants could receive up to $95 for full participation.
Data were collected between April 2015 and July 2016. The investigations were carried out following
the rules of the Declaration of Helsinki, and the protocol was approved by the Ohio University
Institutional Review Board (14F057).

2.3. Measures

2.3.1. Salivary Cortisol

For seven consecutive days, participants were instructed to collect saliva upon awakening,
45 min post-wake, 12 h post-wake, and immediately before going to bed. Number of days and
sampling times were guided by the MacArthur Research Network recommendations [39]. The passive
drool method was used to collect saliva samples in four sterile 2.0 mL cryogenic storage vials.
Participants were asked to store samples in a freezer before mailing them back to the laboratory.
Salivary cortisol samples stored at 5 ◦C do not degrade for up to 3 months [40] and concentrations
are stable across extended periods of time at room temperature (i.e., beyond the typical mailing
time of 2–5 days [41]). All returned samples arrived at the laboratory within 3 months of collection.
Upon arrival to the research facility, samples were stored at −80 ◦C until centrifuged and assayed
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in duplicate (results averaged) using enzyme-linked immunosorbent assays (R&D Systems, Inc.,
Minneapolis, MN, USA) at Ohio University. The lower limit of detection for assays was 0.07 ng/mL;
intra- and inter-assay variation coefficients of variation were less than 10%. To address positive
skewness, salivary cortisol values were natural log transformed.

2.3.2. Trait Rumination

The 14 item Rehearsal subscale of the Revised Emotion Control Questionnaire was used to
assess trait stress-related rumination [42]. Participants rated the degree to which a given statement
(e.g., “I find it hard to get thoughts about things that have upset me out of my mind.”) was “most
like” them by selecting either “1 = True” or “0 = False”. Scores on this scale were summed (M = 6.10,
SD = 3.30, α = 0.78).

2.3.3. Depressed Mood

Depressed mood over the past week was assessed during the initial survey with the 10 item
version of the Center for Epidemiologic Studies Depression Scale [43]. Participants rated how often a
given statement (e.g., “I felt depressed.”) occurred over the past week on a four-point scale (0 = Rarely
or none of the time (less than 1 day); 3 = Most or all of the time (5–7 days)). Scores were summed
(M = 10.83, SD = 5.40, α = 0.81).

2.3.4. Daily Negative Affect

Negative affect was measured using the 10 item subscale of the Positive Affect Negative Affect
Scale [44]. As part of daily surveys, participants rated the degree to which they had “felt this way”
(e.g., afraid, nervous, upset) on a five-point scale (1 = not at all; 5 = a great deal) on the day of the survey.
Scores were averaged for each day separately (Mweek = 1.46, SDweek = 0.58, αs range = 0.80 to 0.94).

2.3.5. Additional Descriptive Variables and Covariates

A variety of factors that may influence diurnal cortisol or be associated with trait rumination
were assessed with the initial survey, evening surveys, or with the saliva sampling logs. Such variables
included time of awakening, bedtime, day of the week, and biological sex at birth [45]. Day of the week
was coded as a binary variable (1 = weekend: Saturday and Sunday; 0 = weekday), while self-reported
time of wake (M = 8.43, SD = 1.76) and bedtime (M = 24.08, SD = 1.48) were recoded as hours
since midnight.

2.4. Statistical Analyses

Analyses predicting diurnal cortisol values were performed with multilevel modeling using
the SAS 9.4 PROC MIXED procedure (SAS Institute, Cary, NC, USA). Diurnal cortisol trajectories
and bedtime cortisol levels were modeled using three-level models, in which samples were nested
within days and days were nested within individuals. For analyses predicting diurnal cortisol
trajectories, we modeled temporal changes in cortisol as a cubic function of time (in hours, centered
at wake) because it provided the best fit to the data (i.e., two inflection points in the diurnal
cortisol trajectory). Trait rumination, depressed mood, day-to-day negative affect, and covariates
were all allowed to interact with cubic diurnal cortisol slopes in the three-level models. Day-level
and individual-level intercepts were modeled as random effects using unstructured covariance
matrices. Similarly, day-level and individual-level linear slopes were modeled as random effects
using unstructured covariance matrices. To quantify daily cortisol output, area under the curve with
respect to ground (AUCg) was computed for each day using the trapezoidal method [46]. Computing
AUCg using the trapezoidal method requires all four cortisol values and sampling time data for a
given day. For this reason, AUCg could only be computed for 82% of days during which cortisol
was sampled. Cortisol AUCg and self-reported bedtimes were modeled using two-level models,
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in which days were nested within participants and day-level intercepts were allowed to vary randomly.
Maximum likelihood mixed models were used to analyze cortisol AUCg, diurnal cortisol trajectories,
and bedtime cortisol levels, as well as self-reported bedtimes.

Outlying cortisol sampling times (±3 SDs from instructed sampling times or the average bedtime
(15.5 h post-wake, ±2.00 h)) were excluded from final analyses predicting cortisol levels (n = 21,
1.59%), and cortisol values exceeding 60 nmol/L were considered implausibly high [47] and removed
(n = 15, 1.14%), yielding a final sample of 1278 cortisol values. Self-reported bedtime data was available
for 91.5% of days (7 outlying values; 21 missing values). All statistical tests were two-tailed with a
significance level set at p < 0.05 and borderline significance set at p < 0.10.

3. Results

3.1. Descriptive Results

Men and women had equivalent levels of trait rumination and depressed mood, and neither trait
rumination nor depressed mood differed by sexual orientation (all ps > 0.05). There was a moderate
positive correlation between trait rumination and depressed mood, with values r(49) = 0.44 and
p = 0.002. Correlations between trait rumination and daily negative affect measures were positive and
ranged from r(49) = 0.19, p = 0.069 to r(49) = 0.35, p = 0.001.

Diurnal cortisol levels fluctuated across the day as a cubic function of time (β = 0.0019,
F(1, 530) = 28.13, p < 0.001), such that cortisol concentrations rose from wake to 45 min post-wake,
decreased from 45 min post-wake to 12 h post-wake, and continued to decrease at a slower rate from
12 h post-wake to bedtime.

As shown in Table 1, multiple variables were related to cortisol indices. For example, diurnal
cortisol output (AUCg) was lower on days that participants awoke later. Wake time also interacted
with cubic diurnal cortisol slopes (β = −0.0005, F(1, 571) = 6.94, p = 0.008). Follow-up analyses revealed
that later wake times were associated with lower cortisol levels 45 min post-wake (β = −0.0788,
F(1, 571) = 10.39, p = 0.001) and 12 h post-wake (β = −0.0762, F(1, 570) = 6.89, p = 0.008). Diurnal
cortisol output was greater on weekdays than weekends, and cortisol levels were significantly larger
on weekdays relative to weekends 45 min post-wake and marginally greater on weekdays relative to
weekends 12 h post-wake. Self-reported bedtime and biological sex did not predict cortisol AUCg,
diurnal cortisol slopes, or individual cortisol intercepts (all ps > 0.05), and thus were not retained as
covariates in subsequent analyses.

Table 1. Salivary cortisol indices as predicted by rumination and other variables of interest.

Variables of
Interest

Waking 45 min Post-Wake 12 h Post-Wake Before Bed AUCg

Estimate SE Estimate SE Estimate SE Estimate SE Estimate SE

Intercept 2.52 ** 0.06 2.67 ** 0.06 1.30 ** 0.08 1.00 ** 0.09 4.99 ** 0.06
Rumination 0.00 0.02 0.00 0.02 0.03 0.02 0.07 * 0.02 0.01 0.02

Depressed mood 0.01 0.01 −0.01 0.01 0.00 0.01 0.03 † 0.02 −0.01 0.01
Negative affect 0.06 0.07 0.03 0.07 0.27 ** 0.10 0.16 0.10 0.12 0.07

Wake time 0.01 0.02 −0.07 ** 0.02 −0.07 ** 0.02 0.01 0.03 −0.10 ** 0.02
Day of the week −0.14 0.08 −0.25 ** 0.08 −0.18 † 0.10 0.12 0.11 −0.21 0.07

Sex 0.12 0.13 0.13 0.12 −0.02 0.16 −0.17 0.20 0.07 0.13
Bedtime 0.01 0.02 −0.00 0.02 0.00 0.02 0.03 0.03 0.01 0.03

Notes: Estimates depict the unadjusted relationship between variables of interest and log-transformed cortisol
indices. Day of the week was coded as follows: 0 = weekday; 1 = weekend. Sex represents biological sex at birth and
was coded as follows: 0 = male; 1 = female. Wake time refers to self-reported wake time in hours since midnight.
Bedtime refers to self-reported bedtime in hours since midnight. † p < 0.10; * p < 0.05; ** p < 0.01.

3.2. Rumination and Cortisol Results

The relationship between trait rumination and diurnal cortisol is depicted in Figure 1. As shown,
trait rumination predicted significantly higher cortisol concentrations at bedtime (β = 0.0774,
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F(1, 527) = 8.07, p = 0.004), controlling for waketime and day of the week. Trait rumination was
not related to cortisol concentrations at wake, 45 min post-wake, or 12 h post-wake, with values
β = 0.0120, F(1, 522) = 0.33, p = 0.56; β = 0.0011, F(1, 522) = 0.00, p = 0.95; and β = 0.0363, F(1, 522) = 2.52,
p = 0.11; respectively. Trait rumination was also unrelated to diurnal cortisol output or diurnal
cortisol slopes, with values β = 0.0147, F(1, 208) = 0.53, p = 0.46; and β = −0.00006, F(1, 522) = 0.28,
p = 0.59; respectively.Int. J. Environ. Res. Public Health 2017, 14, 1365  7 of 13 
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Figure 1. Diurnal salivary cortisol as predicted by trait rumination. Data points shown are
estimated means (along with standard errors of mean estimates) for high (+1 SD) and low (−1 SD)
levels of rumination. Precise sampling time guidelines were provided for samples taken at wake,
45 min post-wake, 12 h post-wake, and at bedtime (M = 15.5 h post-wake).

3.3. Depressed Mood and Daily Negative Affect

Depressed mood did not predict cortisol output (AUCg, β = −0.003, F(1, 209) = 0.06, p = 0.79),
or interact with cubic diurnal cortisol slopes (β = −0.0001, F(1, 523) = 2.33, p = 0.12), controlling for
waketime and day of the week. Follow-up analyses revealed that there was a significant association
between greater depressed mood and greater bedtime cortisol levels (β = 0.041, F(1, 523) = 5.20,
p = 0.023). When controlling for depressed mood, the association between trait rumination and
bedtime cortisol levels was marginally significant (β = 0.053, F(1, 521) = 3.03, p = 0.082).

On days that more negative affect was reported, cortisol levels 12 h post-wake were significantly
greater (β = 0.24, F(1, 522) = 5.98, p = 0.014), controlling for waketime and day of the week. Daily reports
of negative affect were not related to other cortisol indices (all ps > 0.05). The association between trait
rumination and bedtime cortisol levels remained significant after controlling for daily negative affect
(β = 0.066, F(1, 521) = 5.95, p = 0.015).

3.4. Additional Exploratory Results

The relationship between trait rumination and bedtime cortisol levels was not moderated by sex,
day of the week, or self-reported bedtime (all ps > 0.05). In addition, trait rumination did not interact
with depressed mood or negative affect to predict evening cortisol (all ps > 0.05). Further, the association
between trait rumination and bedtime cortisol levels remained marginally significant after concurrently
controlling for daily negative affect and depressed mood as well as waketime and day of the week
(β = 0.051, F(1, 518) = 2.82, p = 0.093). Finally, trait rumination did not predict the time at which
participants went to bed (β = −0.0248, F(1, 267) = 0.52, p = 0.46).
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4. Discussion

Rumination is considered to be a psychological mechanism that may contribute to stress-related
disease processes resulting from prolonged activation or impaired recovery of stress-related biological
systems [14]. Although there is growing support for this premise [48], prior research focused on
rumination and diurnal cortisol in daily life has been somewhat mixed. The present study examined
the association between trait stress-related rumination and diurnal cortisol assessed over the course
of a week in a sample of LGBT young adults. Our main hypothesis was that trait rumination would
predict elevated evening cortisol (i.e., impaired diurnal cortisol recovery).

As predicted, we found that greater trait rumination scores were related to greater evening
cortisol across the week-long assessment period. This finding is consistent with two past studies,
in which greater trait stress-related rumination [21] and work-related rumination [22] predicted
elevated evening cortisol AMong working adults, as well as an additional study that linked trait
stress-related rumination to elevated cortisol on the evening following a laboratory speech stressor [20].
Our results also suggest that rumination may prevent the normative evening decline in diurnal
cortisol, or impaired diurnal cortisol rhythm, which has important health implications. Multiple
studies have documented prospective links between increased evening cortisol concentrations and
disease incidence and mortality. For example, elevated evening cortisol predicted new-onset type II
diabetes and impaired fasting glucose in the subsequent nine-year follow-up period [11]. In another
study, flattened slope, with raised evening cortisol in particular, predicted an increase in all-cause and
cardiovascular mortality six years later [8].

We also explored whether trait rumination would be associated with other cortisol indices,
including total output (AUCg), diurnal slope, and other intercepts (e.g., waking cortisol), as some
prior work has connected other forms of ruminative thought to these cortisol measures (e.g., [23–25]).
For example, trait self-focused depressive rumination has been linked to a lower cortisol awakening
response [23], and depressive rumination on peer problems was tied to lower waking cortisol
concentrations in a sample of adolescents [24]. In the current study, we found no associations between
trait stress-related rumination and other cortisol measures. These seemingly discrepant findings
may be due in part to how rumination was assessed. Although stress-related and depression-related
rumination may share some similar features (i.e., repetitive focus on negative content), the two are
conceptually distinct and have been differentially linked to cortisol reactivity to acute stress in past
work (i.e., trait depressive rumination was associated with blunted cortisol reactivity whereas state
stress-related rumination was related to enhanced cortisol reactivity [49]). It is of note that neither the
present nor past studies linked rumination to total cortisol output (AUCg), which does not capture the
important temporal dynamics of diurnal cortisol concentrations.

Temporal dynamics are important to consider in understanding diurnal rumination and cortisol
patterns. Some research points to a diurnal pattern of unpleasant mood and cognition, and that
rumination may be more likely to occur in the evening [50]. In addition, a week-long experience
sampling study of rumination and negative affect demonstrated that ruminative self-focus was highest
in the morning and evening, perhaps reflecting anticipating the day ahead or reviewing the day prior
during relatively distraction-free times of the day [51]. Taken together, it is perhaps not surprising
to find an association between trait rumination and evening cortisol, but no links to other cortisol
indices in the current study. Diurnal influences on rumination and cortisol patterns warrant additional
attention in future studies.

Because there are well-documented links between ruminative thought, depressed mood,
and negative affect (e.g., [51]), we also explored the extent to which the rumination–cortisol association
was independent of depressed mood and daily negative affect. In the current study, we report small to
moderate correlations between depressed mood, daily negative affect, and trait rumination. When we
re-examined the association between trait rumination and evening cortisol with depressed mood
and daily negative affect, the results were largely the same; the rumination–cortisol association was
independent of negative affect and the association became marginally significant with the addition of
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depressed mood (which had a significant independent effect on evening cortisol). It is worth noting
that while we only enrolled individuals who reported no major psychiatric or medical conditions,
the current sample had relatively high symptoms of depressed mood (i.e., mean levels near the
screening cut-off score for identifying those at risk for depression [52]). Elevated depressive symptoms
does not appear to be specific to the sexual and gender minority status of our sample, as we have
found mean depressed mood levels near the established cut-off in our other studies of university
students (not selected for sexual orientation) [20]. It may be informative to compare individuals with
and without depression in future work to see if the relationship between rumination and evening
cortisol holds across groups.

The current study focused on rumination as a dispositional construct, rather than a state
process. Nonetheless, our results have implications for targeting state ruminative thinking, which is
greater AMong trait ruminators (e.g., [51]). A variety of potential interventions could be considered in
altering or reducing ruminative thought and facilitating recovery in daily life. For instance, distraction
or non-reactive forms of thought (i.e., reflection) predict enhanced physiological recovery from
acute stress [53–55]. In addition, recent meta-analytic findings indicate that cognitive behavioral
interventions and mindfulness-based interventions may be effective in altering and reducing
maladaptive ruminative thinking [56]. Possible next steps are to test the effects of such interventions
on ruminative thinking and diurnal cortisol in daily life.

The current study is the first to report on the links between stress-related rumination and diurnal
cortisol in a sample of sexual and gender minorities. Previous studies have reported on the associations
between exposure to minority stress and cortisol in LGBT adults with somewhat inconsistent
outcomes. For instance, some studies have linked greater minority stress exposure (e.g., arguments
with friends or family over homosexuality/bisexuality, coming-out stress, transitioning-identity
stress) to elevated or dysregulated diurnal cortisol in sexual and gender minority men [28,57].
However, in another study, an opposite result was found: greater disclosure of sexual orientation at
the workplace (i.e., less concealment of sexual identity, which is considered a minority stressor [26]),
was associated with greater cortisol output across the day in a sample of gay and bisexual men [58].
Together, these studies indicate that more work needs to be done to better understand which minority
stressors or under what circumstances minority stressors are linked to cortisol. To that end, the current
study shows that, beyond exposure to minority stressors, cognitive-behavioral responses to stressors
(i.e., stress-related rumination) are important for understanding cortisol and minority stress processes
in the LGBT community. As such, future investigations of minority stress and biological stress markers
may benefit from including measures of stress-related ruminative thinking.

The vast majority of prior work on stress and health in LGBT adults has focused on samples
drawn from major metropolitan areas, where LGBT resources are more plentiful and attitudes more
favorable to sexual and gender minorities [36]. In the current study, we deliberately focused on the
understudied population of LGBT adults from relatively rural and small-town locations because they
may be at increased risk for minority stress and associated negative health outcomes. Without the
inclusion of a heterosexual cisgender comparison group in the current study and without comparable
published reports on rumination and diurnal cortisol in heterosexual cisgender samples (or samples
unselected for sexual and gender identity), it remains unknown whether the rumination–cortisol
connection is more strongly coupled AMong LGBT individuals relative to others. Future studies that
include LGBT and non-LGBT adults and test the potential moderating role of sexual or gender identity
in the rumination–cortisol association would shed light on this issue.

Although we did not include a comparison group in the current study, it should be noted
that our sample did not exhibit greater rumination tendencies [20] or abnormal diurnal cortisol
profiles relative to other adult samples from the United States (e.g., [59]). However, bedtime salivary
cortisol values in the current sample appear to be somewhat greater. Other lines of work show
that throughout their lives LGBT persons are at increased risk for many mental and physical health
conditions [60,61]. For example, lesbians and bisexual men and women are at elevated risk for
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cardiovascular disease [62,63]. Consistent with minority stress theory [26], these health disparities may
be explained in part by alterations in stress processes, such as elevated evening cortisol, which may
indicate poor recovery from stress. As already discussed, separate lines of work indicate that elevated
evening cortisol is linked to diabetes risk [11] and cardiovascular mortality [8]. Thus, the current
findings may help to shed light on the extant health disparities between sexual and gender minorities
and their heterosexual and cisgender counterparts.

The present study had several key strengths, including a full week of daily life assessments with
four saliva samples collected per day, which increases the reliability of our cortisol indices relative to
past work [64]. In addition, we included measures of depressed mood and daily negative affect to
better tease apart stress-related rumination measure from associated depression-related constructs.
Despite these strengths, the current study is not without limitations. For instance, the current study
is cross-sectional, which only allows for a snapshot in time. It will be important for future research
to test the prospective, longitudinal relationships between rumination, diurnal cortisol, and health
outcomes. In addition, to determine the extent to which rumination predicts elevated evening cortisol
across the lifespan and in different cultures, replication is warranted with samples drawn from a wider
range of ages as well as with samples that are more ethnically and culturally diverse.

5. Conclusions

Trait rumination predicted significantly higher cortisol concentrations at bedtime, but was not
related to other diurnal cortisol indices. Furthermore, this association was independent of daily
negative affect and was similar when controlling for depressed mood. Given the documented
links between elevated evening cortisol and future disease and mortality [8,11], these results have
implications for identifying and treating those at risk for impaired diurnal cortisol recovery and
associated negative health outcomes.

Acknowledgments: This work was supported by a Research Challenge Grant from the Department of Psychology
at Ohio University (PI: Peggy M. Zoccola). Alex Woody was supported by NIH grant T32 DE014320 while
completing this work. Katrina Hamilton was supported by the Osteopathic Heritage Foundation’s Graduate
Assistantship Program at Ohio University Heritage College of Osteopathic Medicine while completing this work.

Author Contributions: Peggy M. Zoccola, Wilson S. Figueroa, and Ryan C. Johnson conceived and designed the
study; Wilson S. Figueroa, Cari Hollenbeck, and Anna Mendlein, conducted the study; Andrew W. Manigault,
Cari Hollenbeck, Wilson S. Figueroa, Alex Woody, Katrina Hamilton, and Matt Scanlin analyzed the data;
Peggy M. Zoccola and Andrew W. Manigault wrote the first draft of the paper; all authors contributed to
paper revisions.

Conflicts of Interest: The authors declare no conflict of interest. The funding sponsors had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the
decision to publish the results.

References

1. Allen, A.P.; Kennedy, P.J.; Cryan, J.F.; Dinan, T.G.; Clarke, G. Biological and psychological markers of stress in
humans: Focus on the Trier Social Stress Test. Neurosci. Biobehav. Rev. 2014, 38, 94–124. [CrossRef] [PubMed]

2. McEwen, B.S.; Seeman, T. Protective and damaging effects of mediators of stress: Elaborating and testing the
concepts of allostasis and allostatic load. Ann. N. Y. Acad. Sci. 1999, 896, 30–47. [CrossRef] [PubMed]

3. Charmandari, E.; Tsigos, C.; Chrousos, G. Endocrinology of the stress response. Annu. Rev. Physiol. 2005, 67,
259–284. [CrossRef] [PubMed]

4. Ehlert, U.; Gaab, J.; Heinrichs, M. Psychoneuroendocrinological contributions to the etiology of
depression, posttraumatic stress disorder, and stress-related bodily disorders: The role of the
hypothalamus-pituitary-adrenal axis. Biol. Psychol. 2001, 57, 141–152. [CrossRef]

5. Juster, R.-P.; Marin, M.-F.; Sindi, S.; Nair, N.P.V.; Ng, Y.K.; Pruessner, J.C.; Lupien, S.J. Allostatic
load associations to acute, 3-year and 6-year prospective depressive symptoms in healthy older adults.
Physiol. Behav. 2011, 104, 360–364. [CrossRef] [PubMed]

6. Mattei, J.; Demissie, S.; Falcon, L.M.; Ordovas, J.M.; Tucker, K. Allostatic load is associated with chronic
conditions in the Boston Puerto Rican Health Study. Soc. Sci. Med. 2010, 70, 1988–1996. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.neubiorev.2013.11.005
http://www.ncbi.nlm.nih.gov/pubmed/24239854
http://dx.doi.org/10.1111/j.1749-6632.1999.tb08103.x
http://www.ncbi.nlm.nih.gov/pubmed/10681886
http://dx.doi.org/10.1146/annurev.physiol.67.040403.120816
http://www.ncbi.nlm.nih.gov/pubmed/15709959
http://dx.doi.org/10.1016/S0301-0511(01)00092-8
http://dx.doi.org/10.1016/j.physbeh.2011.02.027
http://www.ncbi.nlm.nih.gov/pubmed/21352837
http://dx.doi.org/10.1016/j.socscimed.2010.02.024
http://www.ncbi.nlm.nih.gov/pubmed/20381934


Int. J. Environ. Res. Public Health 2017, 14, 1365 11 of 13

7. Weitzman, E.D.; Fukushima, D.; Nogeire, C.; Roffwarg, H.; Gallagher, T.F.; Hellman, L. Twenty-four hour
pattern of the episodic secretion of cortisol in normal subjects. J. Clin. Endocrinol. Metab. 1971, 33, 14–22.
[CrossRef] [PubMed]

8. Kumari, M.; Shipley, M.; Stafford, M.; Kivimaki, M. Association of diurnal patterns in salivary cortisol with
all-cause and cardiovascular mortality: Findings from the Whitehall II Study. J. Clin. Endocrinol. Metab. 2011,
96, 1478–1485. [CrossRef] [PubMed]

9. Sephton, S.E.; Sapolsky, R.M.; Kraemer, H.C.; Spiegel, D. Diurnal cortisol rhythm as a predictor of breast
cancer survival. J. Natl. Cancer Inst. 2000, 92, 994–1000. [CrossRef] [PubMed]

10. Sephton, S.E.; Lush, E.; Dedert, E.A.; Floyd, A.R.; Rebholz, W.N.; Dhabhar, F.S.; Spiegel, D.; Salmon, P.
Diurnal cortisol rhythm as a predictor of lung cancer survival. Brain Behav. Immun. 2013, 30, S163–S170.
[CrossRef] [PubMed]

11. Hackett, R.A.; Kivimäki, M.; Kumari, M.; Steptoe, A. Diurnal cortisol patterns, future diabetes, and impaired
glucose metabolism in the Whitehall II Cohort Study. J. Clin. Endocrinol. Metab. 2016, 101, 619–625. [CrossRef]
[PubMed]

12. Segerstrom, S.C.; Stanton, A.L.; Alden, L.E.; Shortridge, B.E. A multidimensional structure for repetitive
thought: What’s on your mind, and how, and how much? J. Personal. Soc. Psychol. 2003, 85, 909–921.
[CrossRef] [PubMed]

13. Smith, J.M.; Alloy, L.B. A roadmap to rumination: A review of the definition, assessment, and
conceptualization of this multifaceted construct. Clin. Psychol. Rev. 2009, 29, 116–128. [CrossRef] [PubMed]

14. Brosschot, J.F.; Gerin, W.; Thayer, J.F. The perseverative cognition hypothesis: A review of worry, prolonged
stress-related physiological activation, and health. J. Psychosom. Res. 2006, 60, 113–124. [CrossRef] [PubMed]

15. Zoccola, P.M.; Quas, J.A.; Yim, I.S. Salivary cortisol responses to a psychosocial laboratory stressor and
later verbal recall of the stressor: The role of trait and state rumination. Stress 2010, 13, 435–443. [CrossRef]
[PubMed]

16. Just, N.; Alloy, L.B. The response styles theory of depression: Tests and an extension of the theory. J. Abnorm.
Psychol. 1997, 106, 221–229. [CrossRef] [PubMed]

17. Zoccola, P.M.; Dickerson, S.S.; Lam, S. Eliciting and maintaining ruminative thought: The role of
social-evaluative threat. Emotion 2012, 12, 673–677. [CrossRef] [PubMed]

18. Nolen-Hoeksema, S.; Morrow, J.; Fredrickson, B.L. Response styles and the duration of episodes of depressed
mood. J. Abnorm. Psychol. 1993, 102, 20–28. [CrossRef] [PubMed]

19. Zoccola, P.M.; Dickerson, S.S. Assessing the relationship between rumination and cortisol: A review.
J. Psychosom. Res. 2012, 73, 1–9. [CrossRef] [PubMed]

20. Zoccola, P.M.; Dickerson, S.S. Extending the recovery window: Effects of trait rumination on subsequent
evening cortisol following a laboratory performance stressor. Psychoneuroendocrinology 2015, 58, 67–78.
[CrossRef] [PubMed]

21. Rydstedt, L.W.; Cropley, M.; Devereux, J.J.; Michalianou, G. The effects of gender, long-term need for recovery
and trait inhibition-rumination on morning and evening saliva cortisol secretion. Anxiety Stress Coping 2009,
22, 465–474. [CrossRef] [PubMed]

22. Cropley, M.; Rydstedt, L.W.; Devereux, J.J.; Middleton, B. The relationship between work-related rumination
and evening and morning salivary cortisol secretion. Stress Health 2015, 31, 150–157. [CrossRef] [PubMed]

23. Kuehner, C.; Holzhauer, S.; Huffziger, S. Decreased cortisol response to awakening is associated with
cognitive vulnerability to depression in a nonclinical sample of young adults. Psychoneuroendocrinology 2007,
32, 199–209. [CrossRef] [PubMed]

24. Hilt, L.M.; Sladek, M.R.; Doane, L.D.; Stroud, C.B. Daily and trait rumination: Diurnal cortisol patterns in
adolescent girls. Cogn. Emot. 2016, 1–11. [CrossRef] [PubMed]

25. Huffziger, S.; Ebner-Priemer, U.; Zamoscik, V.; Reinhard, I.; Kirsch, P.; Kuehner, C. Effects of mood and
rumination on cortisol levels in daily life: An AMbulatory assessment study in remitted depressed patients
and healthy controls. Psychoneuroendocrinology 2013, 38, 2258–2267. [CrossRef] [PubMed]

26. Meyer, I.H. Prejudice, social stress, and mental health in lesbian, gay, and bisexual populations: Conceptual
issues and research evidence. Psychol. Bull. 2003, 129, 674–697. [CrossRef] [PubMed]

27. Pascoe, E.A.; Smart Richman, L. Perceived discrimination and health: A meta-analytic review. Psychol. Bull.
2009, 135, 531–554. [CrossRef] [PubMed]

http://dx.doi.org/10.1210/jcem-33-1-14
http://www.ncbi.nlm.nih.gov/pubmed/4326799
http://dx.doi.org/10.1210/jc.2010-2137
http://www.ncbi.nlm.nih.gov/pubmed/21346074
http://dx.doi.org/10.1093/jnci/92.12.994
http://www.ncbi.nlm.nih.gov/pubmed/10861311
http://dx.doi.org/10.1016/j.bbi.2012.07.019
http://www.ncbi.nlm.nih.gov/pubmed/22884416
http://dx.doi.org/10.1210/jc.2015-2853
http://www.ncbi.nlm.nih.gov/pubmed/26647151
http://dx.doi.org/10.1037/0022-3514.85.5.909
http://www.ncbi.nlm.nih.gov/pubmed/14599253
http://dx.doi.org/10.1016/j.cpr.2008.10.003
http://www.ncbi.nlm.nih.gov/pubmed/19128864
http://dx.doi.org/10.1016/j.jpsychores.2005.06.074
http://www.ncbi.nlm.nih.gov/pubmed/16439263
http://dx.doi.org/10.3109/10253891003713765
http://www.ncbi.nlm.nih.gov/pubmed/20666646
http://dx.doi.org/10.1037/0021-843X.106.2.221
http://www.ncbi.nlm.nih.gov/pubmed/9131842
http://dx.doi.org/10.1037/a0027349
http://www.ncbi.nlm.nih.gov/pubmed/22390710
http://dx.doi.org/10.1037/0021-843X.102.1.20
http://www.ncbi.nlm.nih.gov/pubmed/8436695
http://dx.doi.org/10.1016/j.jpsychores.2012.03.007
http://www.ncbi.nlm.nih.gov/pubmed/22691553
http://dx.doi.org/10.1016/j.psyneuen.2015.04.014
http://www.ncbi.nlm.nih.gov/pubmed/25965871
http://dx.doi.org/10.1080/10615800802596378
http://www.ncbi.nlm.nih.gov/pubmed/19337886
http://dx.doi.org/10.1002/smi.2538
http://www.ncbi.nlm.nih.gov/pubmed/24166947
http://dx.doi.org/10.1016/j.psyneuen.2006.12.007
http://www.ncbi.nlm.nih.gov/pubmed/17291694
http://dx.doi.org/10.1080/02699931.2016.1262332
http://www.ncbi.nlm.nih.gov/pubmed/27922343
http://dx.doi.org/10.1016/j.psyneuen.2013.04.014
http://www.ncbi.nlm.nih.gov/pubmed/23684479
http://dx.doi.org/10.1037/0033-2909.129.5.674
http://www.ncbi.nlm.nih.gov/pubmed/12956539
http://dx.doi.org/10.1037/a0016059
http://www.ncbi.nlm.nih.gov/pubmed/19586161


Int. J. Environ. Res. Public Health 2017, 14, 1365 12 of 13

28. Parra, L.A.; Benibgui, M.; Helm, J.L.; Hastings, P.D. Minority stress predicts depression in lesbian,
gay, and bisexual emerging adults via elevated diurnal cortisol. Emerg. Adulthood 2016, 4, 365–372. [CrossRef]

29. Juster, R.-P.; Smith, N.G.; Ouellet, É.; Sindi, S.; Lupien, S.J. Sexual orientation and disclosure in relation to
psychiatric symptoms, diurnal cortisol, and allostatic load. Psychosom. Med. 2013, 75, 103–116. [CrossRef]
[PubMed]

30. Floyd, F.J.; Bakeman, R. Coming-out across the life course: Implications of age and historical context.
Arch. Sex. Behav. 2006, 35, 287–296. [CrossRef] [PubMed]

31. Dickerson, S.S.; Kemeny, M.E. Acute stressors and cortisol responses: A theoretical integration and synthesis
of laboratory research. Psychol. Bull. 2004, 130, 355–391. [CrossRef] [PubMed]

32. Dickerson, S.S.; Mycek, P.J.; Zaldivar, F. Negative social evaluation, but not mere social presence, elicits
cortisol responses to a laboratory stressor task. Health Psychol. 2008, 27, 116–121. [CrossRef] [PubMed]

33. Cheung, M.S.-P.; Gilbert, P.; Irons, C. An exploration of shame, social rank and rumination in relation to
depression. Personal. Individ. Differ. 2004, 36, 1143–1153. [CrossRef]

34. Joireman, J. Empathy and the self-absorption paradox II: Self-rumination and self-reflection as mediators
between shame, guilt, and empathy. Self Identity 2004, 3, 225–238. [CrossRef]

35. Hatzenbuehler, M.L. How does sexual minority stigma “get under the skin”? A psychological mediation
framework. Psychol. Bull. 2009, 135, 707–730. [CrossRef] [PubMed]

36. Swank, E.; Frost, D.M.; Fahs, B. Rural location and exposure to minority stress AMong sexual minorities in
the United States. Psychol. Sex. 2012, 3, 226–243. [CrossRef]

37. Browne, K. Snowball sampling: Using social networks to research non-heterosexual women. Int. J. Soc.
Res. Methodol. 2005, 8, 47–60. [CrossRef]

38. Sadler, G.R.; Lee, H.-C.; Lim, R.S.-H.; Fullerton, J. Recruitment of hard-to-reach population subgroups via
adaptations of the snowball sampling strategy. Nurs. Health Sci. 2010, 12, 369–374. [CrossRef] [PubMed]

39. MacArthur Research Network on Socioeconomic Status and Health. Salivary Cortisol Measurement.
Available online: http://www.macses.ucsf.edu/research/allostatic/salivarycort.php (accessed on
28 September 2017).

40. Garde, A.H.; Hansen, Å.M. Long-term stability of salivary cortisol. Scand. J. Clin. Lab. Investig. 2005, 65,
433–436. [CrossRef] [PubMed]

41. Clements, A.D.; Parker, C.R. The relationship between salivary cortisol concentrations in frozen versus
mailed samples. Psychoneuroendocrinology 1998, 23, 613–616. [CrossRef]

42. Roger, D.; Najarian, B. The construction and validation of a new scale for measuring emotion control.
Personal. Individ. Differ. 1989, 10, 845–853. [CrossRef]

43. Kohout, F.J.; Berkman, L.F.; Evans, D.A.; Cornoni-Huntley, J. Two shorter forms of the CES-D depression
symptoms index. J. Aging Health 1993, 5, 179–193. [CrossRef] [PubMed]

44. Watson, D.; Clark, L.A.; Tellegen, A. Development and validation of brief measures of positive and negative
affect: The PANAS scales. J. Pers. Soc. Psychol. 1988, 54, 1063–1070. [CrossRef] [PubMed]

45. Fries, E.; Dettenborn, L.; Kirschbaum, C. The cortisol awakening response (CAR): Facts and future directions.
Int. J. Psychophysiol. 2009, 72, 67–73. [CrossRef] [PubMed]

46. Fekedulegn, D.B.; Andrew, M.E.; Burchfiel, C.M.; Violanti, J.M.; Hartley, T.A.; Charles, L.E.; Miller, D.B. Area
under the curve and other summary indicators of repeated waking cortisol measurements. Psychosom. Med.
2007, 69, 651–659. [CrossRef] [PubMed]

47. Miller, R.; Plessow, F.; Rauh, M.; Gröschl, M.; Kirschbaum, C. Comparison of salivary cortisol as measured by
different immunoassays and tandem mass spectrometry. Psychoneuroendocrinology 2013, 38, 50–57. [CrossRef]
[PubMed]

48. Ottaviani, C.; Thayer, J.F.; Verkuil, B.; Lonigro, A.; Medea, B.; Couyoumdjian, A.; Brosschot, J.F. Physiological
concomitants of perseverative cognition: A systematic review and meta-analysis. Psychol. Bull. 2016, 142,
231–259. [CrossRef] [PubMed]

49. Zoccola, P.M.; Dickerson, S.S.; Zaldivar, F.P. Rumination and cortisol responses to laboratory stressors.
Psychosom. Med. 2008, 70, 661–667. [CrossRef] [PubMed]

50. Rusting, C.L.; Larsen, R.J. Diurnal patterns of unpleasant mood: Associations with neuroticism, depression,
and anxiety. J. Personal. 1998, 66, 85–103. [CrossRef]

51. Moberly, N.J.; Watkins, E.R. Ruminative self-focus, negative life events, and negative affect. Behav. Res. Ther.
2008, 46, 1034–1039. [CrossRef] [PubMed]

http://dx.doi.org/10.1177/2167696815626822
http://dx.doi.org/10.1097/PSY.0b013e3182826881
http://www.ncbi.nlm.nih.gov/pubmed/23362500
http://dx.doi.org/10.1007/s10508-006-9022-x
http://www.ncbi.nlm.nih.gov/pubmed/16804747
http://dx.doi.org/10.1037/0033-2909.130.3.355
http://www.ncbi.nlm.nih.gov/pubmed/15122924
http://dx.doi.org/10.1037/0278-6133.27.1.116
http://www.ncbi.nlm.nih.gov/pubmed/18230022
http://dx.doi.org/10.1016/S0191-8869(03)00206-X
http://dx.doi.org/10.1080/13576500444000038
http://dx.doi.org/10.1037/a0016441
http://www.ncbi.nlm.nih.gov/pubmed/19702379
http://dx.doi.org/10.1080/19419899.2012.700026
http://dx.doi.org/10.1080/1364557032000081663
http://dx.doi.org/10.1111/j.1442-2018.2010.00541.x
http://www.ncbi.nlm.nih.gov/pubmed/20727089
http://www.macses.ucsf.edu/research/allostatic/salivarycort.php
http://dx.doi.org/10.1080/00365510510025773
http://www.ncbi.nlm.nih.gov/pubmed/16081365
http://dx.doi.org/10.1016/S0306-4530(98)00031-6
http://dx.doi.org/10.1016/0191-8869(89)90020-2
http://dx.doi.org/10.1177/089826439300500202
http://www.ncbi.nlm.nih.gov/pubmed/10125443
http://dx.doi.org/10.1037/0022-3514.54.6.1063
http://www.ncbi.nlm.nih.gov/pubmed/3397865
http://dx.doi.org/10.1016/j.ijpsycho.2008.03.014
http://www.ncbi.nlm.nih.gov/pubmed/18854200
http://dx.doi.org/10.1097/PSY.0b013e31814c405c
http://www.ncbi.nlm.nih.gov/pubmed/17766693
http://dx.doi.org/10.1016/j.psyneuen.2012.04.019
http://www.ncbi.nlm.nih.gov/pubmed/22641005
http://dx.doi.org/10.1037/bul0000036
http://www.ncbi.nlm.nih.gov/pubmed/26689087
http://dx.doi.org/10.1097/PSY.0b013e31817bbc77
http://www.ncbi.nlm.nih.gov/pubmed/18606726
http://dx.doi.org/10.1111/1467-6494.00004
http://dx.doi.org/10.1016/j.brat.2008.06.004
http://www.ncbi.nlm.nih.gov/pubmed/18684437


Int. J. Environ. Res. Public Health 2017, 14, 1365 13 of 13

52. Andresen, E.M.; Malmgren, J.A.; Carter, W.B.; Patrick, D.L. Screening for depression in well older adults:
Evaluation of a short form of the CES-D (Center for Epidemiologic Studies Depression Scale). Am. J. Prev. Med.
1994, 10, 77–84. [CrossRef] [PubMed]

53. Gerin, W.; Davidson, K.W.; Christenfeld, N.J.S.; Goyal, T.; Schwartz, J.E. The role of angry rumination and
distraction in blood pressure recovery from emotional arousal. Psychosom. Med. 2006, 68, 64–72. [CrossRef]
[PubMed]

54. Woody, A.; Figueroa, W.S.; Benencia, F.; Zoccola, P.M. Trait reflection predicts interleukin-6 response to a
social-evaluative stressor. Brain Behav. Immun. 2016, 52, 27–31. [CrossRef] [PubMed]

55. Zoccola, P.M.; Figueroa, W.S.; Rabideau, E.M.; Woody, A.; Benencia, F. Differential effects of poststressor
rumination and distraction on cortisol and C-reactive protein. Health Psychol. 2014, 33, 1606–1609. [CrossRef]
[PubMed]

56. Querstret, D.; Cropley, M. Assessing treatments used to reduce rumination and/or worry: A systematic
review. Clin. Psychol. Rev. 2013, 33, 996–1009. [CrossRef] [PubMed]

57. DuBois, L.Z.; Powers, S.; Everett, B.G.; Juster, R.-P. Stigma and diurnal cortisol AMong transitioning
transgender men. Psychoneuroendocrinology 2017, 82, 59–66. [CrossRef] [PubMed]

58. Huebner, D.M.; Davis, M.C. Gay and bisexual men who disclose their sexual orientations in the workplace
have higher workday levels of salivary cortisol and negative affect. Ann. Behav. Med. 2005, 30, 260–267.
[CrossRef] [PubMed]

59. Stawski, R.S.; Cichy, K.E.; Piazza, J.R.; Almeida, D.M. Associations AMong daily stressors and salivary
cortisol: Findings from the National Study of Daily Experiences. Psychoneuroendocrinology 2013. [CrossRef]
[PubMed]

60. Cochran, S.D.; Mays, V.M. Physical health complaints AMong lesbians, gay men, and bisexual and
homosexually experienced heterosexual individuals: Results from the California Quality of Life Survey.
Am. J. Public Health 2007, 97, 2048–2055. [CrossRef] [PubMed]

61. Przedworski, J.M.; McAlpine, D.D.; Karaca-Mandic, P.; VanKim, N.A. Health and health risks AMong sexual
minority women: An examination of 3 subgroups. Am. J. Public Health 2014, 104, 1045–1047. [CrossRef]
[PubMed]

62. Farmer, G.W.; Jabson, J.M.; Bucholz, K.K.; Bowen, D.J. A population-based study of cardiovascular disease
risk in sexual-minority women. Am. J. Public Health 2013, 103, 1845–1850. [CrossRef] [PubMed]

63. Conron, K.J.; Mimiaga, M.J.; Landers, S.J. A population-based study of sexual orientation identity and gender
differences in adult health. Am. J. Public Health 2010, 100, 1953–1960. [CrossRef] [PubMed]

64. Segerstrom, S.C.; Boggero, I.A.; Smith, G.T.; Sephton, S.E. Variability and reliability of diurnal cortisol in
younger and older adults: Implications for design decisions. Psychoneuroendocrinology 2014, 49, 299–309.
[CrossRef] [PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1177/2050312113514576
http://www.ncbi.nlm.nih.gov/pubmed/8037935
http://dx.doi.org/10.1097/01.psy.0000195747.12404.aa
http://www.ncbi.nlm.nih.gov/pubmed/16449413
http://dx.doi.org/10.1016/j.bbi.2015.10.011
http://www.ncbi.nlm.nih.gov/pubmed/26526647
http://dx.doi.org/10.1037/hea0000019
http://www.ncbi.nlm.nih.gov/pubmed/24467256
http://dx.doi.org/10.1016/j.cpr.2013.08.004
http://www.ncbi.nlm.nih.gov/pubmed/24036088
http://dx.doi.org/10.1016/j.psyneuen.2017.05.008
http://www.ncbi.nlm.nih.gov/pubmed/28511045
http://dx.doi.org/10.1207/s15324796abm3003_10
http://www.ncbi.nlm.nih.gov/pubmed/16336077
http://dx.doi.org/10.1016/j.psyneuen.2013.06.023
http://www.ncbi.nlm.nih.gov/pubmed/23856186
http://dx.doi.org/10.2105/AJPH.2006.087254
http://www.ncbi.nlm.nih.gov/pubmed/17463371
http://dx.doi.org/10.2105/AJPH.2013.301733
http://www.ncbi.nlm.nih.gov/pubmed/24825204
http://dx.doi.org/10.2105/AJPH.2013.301258
http://www.ncbi.nlm.nih.gov/pubmed/23948018
http://dx.doi.org/10.2105/AJPH.2009.174169
http://www.ncbi.nlm.nih.gov/pubmed/20516373
http://dx.doi.org/10.1016/j.psyneuen.2014.07.022
http://www.ncbi.nlm.nih.gov/pubmed/25137484
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Procedure 
	Measures 
	Salivary Cortisol 
	Trait Rumination 
	Depressed Mood 
	Daily Negative Affect 
	Additional Descriptive Variables and Covariates 

	Statistical Analyses 

	Results 
	Descriptive Results 
	Rumination and Cortisol Results 
	Depressed Mood and Daily Negative Affect 
	Additional Exploratory Results 

	Discussion 
	Conclusions 

