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Abstract

Objective—The cortisol awakening response (CAR) is a natural metabolic response that can be
potentiated by negative cognitive-emotional processes, including stress appraisals, negative affect,
and rumination. Psychological distress and the CAR are not consistently related, however.
Individual differences in aspects of dispositional mindfulness which reflect how people relate to
negative thoughts and emotions may help explain such inconsistencies. We tested whether the
tendency to 1) label and describe inner experiences and 2) accept negative thoughts and feelings
without judgment moderated the association between psychological distress and the CAR.

Methods—Self-reported dispositional mindfulness, perceived stress, anxiety, negative affect, and
rumination, and the CAR were assessed among overweight/obese women. Regression analyses
were conducted to examine whether dispositional mindfulness moderated the relationship between
indicators of psychological distress and the CAR.

Results—While psychological distress was consistently positively related to the CAR, these
associations were qualified by significant interactions with both components of dispositional
mindfulness. Psychological distress was associated with the CAR at lower levels of dispositional
mindfulness but not at higher levels.

“Corresponding Author: Jennifer Daubenmier, PhD, Assistant Professor, Osher Center for Integrative Medicine, Department of
Medicine, University of California, San Francisco, P.O. Box 1726, San Francisco, CA 94143-1726, Tel: 415-514-8601; Fax: (415)
353-9686. Jennifer.Daubenmier@ucsf.edu.

Contributors

Author EE and JD designed the study and wrote the protocol. Authors JD and DH managed the literature searches. Authors JD, EE
and VC established the methodology; Author JD completed the statistical analysis. Author DH wrote the first draft of the manuscript.
Authors JD, VC, DH and EE reviewed and edited the manuscript. Author JD wrote the final draft of the manuscript. All authors
significantly contributed to and have approved the final manuscript.

Conflict of Interest
The authors declare no conflict of interest.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Daubenmier et al.

Page 2

Conclusion—These findings support the idea that the tendency to describe and accept
distressing experiences may buffer the impact of psychological distress on physiological arousal.
These metacognitive processes may be important moderators in unraveling the complex
relationship between psychological distress and physiological stress reactivity. Further research is
recommended to replicate this approach in other populations.
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The cortisol awakening response (CAR) is a naturalistic indicator of hypothalamic-pituitary-
adrenal (HPA) axis activation. Cortisol concentrations are low at night and rise in the early
morning hours. The CAR is the increase or total amount of cortisol concentrations up to 45
minutes after awakening. The CAR has a slope steeper than the circadian rise of cortisol
concentrations in the early morning hours suggesting that the CAR reflects
psychophysiological processes unique to awakening (Wilhelm et al., 2007). Core identity
and personality representations as well as anticipation of daily events are thought to become
conscious upon awakening triggering HPA activation.

According to a meta-analysis, higher CARs are associated with increased appraisals of
general life and job stress (Chida & Steptoe, 2009). However, negative affect, anxiety, and
rumination are not reliably associated with the CAR (Chida & Steptoe, 2009; Zoccola
&Dickerson, 2012). A lack of consistency across studies could be due to methodological
issues, yet dispositional factors may moderate the relationship between psychological
distress and the CAR and account for some of the observed inconsistencies.

Dispositional mindfulness is one potential factor that may moderate the association between
psychological distress and the CAR. Dispositional mindfulness is the natural tendency to be
aware of present-moment experiences in an accepting and nonjudgmental manner (Baer et
al., 2004). The process of attending to internal experiences with mindful awareness entails a
shift in relation to those experiences. Rather than identifying with thoughts and emotions as
accurate reflections of “me” or “reality”, thoughts and emotions are experienced as passing
mental events - which may or may not be valid - occurring in a larger field of awareness
(Teasdale et al., 2002). This shift in perspective is thought to prevent escalation of
dysfunctional cognitive and emotional patterns and allow for the occurrence of more
adaptive responses. Therefore, mindfulness may promote well-being not just by changing
the content of thought, such as reducing the frequency of negative thoughts or emotions, but
also by shifting the relationship to negative thoughts and feelings themselves.

Dispositional mindfulness is associated with less psychological distress (Brown, Ryan,
&Creswell, 2007) and reduced HPA reactivity to a standardized laboratory stressor (Brown,
Weinstein, & Creswell, 2012). Additionally, a mindfulness intervention reduced the CAR
compared to a waitlist control condition in a subgroup of obese women (Daubenmier et al.,
2011).
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Here we examine whether components of dispositional mindfulness moderate the
association between psychological distress and HPA activity. One component involves the
ability to label or describe experiences (Baer, 2004). The process of mentally or verbally
labeling internal experiences may reduce identification with negative states. A second
component involves accepting unwanted thoughts and feelings without judging them or
oneself as good/bad or right/wrong. Individuals who tend to label or refrain from judging
initial negative thoughts and emotions may have reduced emotional reactivity. In turn, such
individuals may show attenuated activation of or quicker recovery from physiological stress
responses. Therefore, how individuals relate to distressing thoughts and emotions may
impact the duration or intensity of physiological stress reactivity.

In support of this theory, components of dispositional mindfulness have been shown to
moderate the association between psychological risk factors and mental health outcomes.
For example, neuroticism predicts depressive symptoms six years later among individuals
with lesser tendency to label experiences but not among those with greater tendency,
suggesting that the ability to describe inner experiences may protect against long-term
negative effects of neuroticism (Barnhofer et al., 2011). However, to our knowledge, no
studies have investigated whether dispositional mindfulness moderates the relationship
between psychological distress and indicators of physiological arousal, such as the CAR. In
the current study, we predicted that (1) indicators of psychological distress, including
perceived stress, negative affect, anxiety, and rumination would be positively related to the
CAR, and that (2) mindfulness would be negatively related to the CAR, but also that (3)
components of dispositional mindfulness, including the tendencies to describe inner
experiences and accept them without judgment, would moderate the relationship between
distress and the CAR. Specifically, we hypothesized positive relations between distress and
the CAR at lower but not higher levels of dispositional mindfulness, as higher levels would
presumably buffer the impact of psychological distress on the CAR.

Participants

This study was comprised of 43 of 47 women enrolled in a mindfulness-based intervention
at the University of California, San Francisco (UCSF) who had complete data on measures
used in the present study (for more detailed description of the parent study see Daubenmier
et al., 2011). All measures were collected at baseline prior to randomization. Pre-
menopausal overweight and obese women with no history of diabetes, cardiovascular
disease, or active endocrine disorder, not taking steroid medications, and had no prior
meditation or yoga practice were eligible. Potential participants visited the lab for two
baseline assessment sessions and responded to an online questionnaire battery before being
enrolled into a mindfulness intervention. All participants were compensated for their
participation. The study was approved by the UCSF Institutional Review Board and all
participants provided informed consent.
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Self-Report Measures—Two components of dispositional mindfulness that reflect how
individuals relate to thoughts and emotions were assessed using the Kentucky Inventory of
Mindfulness Skills (Baer et al., 2004): Describe—the ability to express one’s experience
verbally and Accept—the ability to accept one’s experience without judgment were rated on
a 5-point scale ranging from 1 (never or very rarely true) to 5 (almost always or always
true). General feelings of anxiety were assessed with the Spielberger State-Trait Anxiety
Inventory (Spielberger, 1983). Participants rated statements on a 4-point scale which ranged
from 1 (almost never) to 4 (almost always). The Perceived Stress Scale (Cohen, Kamarck, &
Mermelstein, 1983) was used to assess perception of stress over the past month on a 5-point
scale ranging from O (never) to 4 (very often). The Rumination and Reflection Questionnaire
(Trapnell & Campbell, 1999) assessed rumination along a 5-point scale ranging from 1
(strongly disagree) to 5 (strongly agree). Negative Affect was assessed with the Positive and
Negative Affect Scale (Watson, Clark, & Tellegen, 1988) along a 5-point scale ranging from
1 (very dlightly or not at all) to 5 (extremely).

Salivary cortisol—Participants collected saliva samples at home across 4 days at
awakening and 30 minutes post-awakening (more details provided in Daubenmier et al.,
2011). Participants were instructed to wake according to their regular schedule and collect
the first morning sample in bed prior to eating, drinking or brushing teeth. Saliva was
collected into 2mL SaliCaps tubes (IBL Hamburg, Germany) using the passive drool
method. Participants were asked to record the time at which they took the samples. In 95%
of cases across the four days of saliva collection (138 out of 145 samples), participants
reported taking the second morning sample within + 5 minutes of the 30 minute guideline.
Cortisol analysis was performed at Dresden Lab Service, overseen by Dr. Clemens
Kirschbaum, at the Dresden University of Technology (Germany) using a commercial
chemiluminescence immunoassay (CLIA, IBL, Hamburg, Germany). Intra and inter-assay
coefficients of variation were below 9%. The CAR was calculated by subtracting the 30-
minute post-waking value from the morning value. Values were averaged across days and
participants with at least one full day of sampling were included in analyses.

Statistical Analyses

Separate regression analyses were used to test whether aspects of dispositional mindfulness
moderated the relation between indicators of distress and the CAR. On Step 1 of the model,
one of four measures of psychological distress was entered (perceived stress, anxiety,
negative affect, or rumination). On Step 2, one component of dispositional mindfulness
(Describe, Accept) and one distress factor were regressed simultaneously onto the CAR.
One Step 3, the corresponding interaction term was entered to test for moderation (e.g.,
Accept x Anxiety). Eight models were computed in total reflecting the eight possible
interactions between the four psychological distress and two dispositional mindfulness
variables. Additional follow-up analyses were conducted in the case of a significant
interaction to assess associations between psychological distress factors and the CAR at low
and high levels of dispositional mindfulness (i.e., 1 SD below and above the mean,
respectively). Specifically, the coefficient for a psychological distress variable (e.g, Anxiety)
at a particular value of dispositional mindfulness (e.g., Accept) is a linear combination of the
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coefficients for the psychological distress variable and the interaction term. Using the /
LMATRIX subcommand of SPSS GLM, we tested whether this combination of parameter
estimates was significantly different from 0. A significant difference would indicate that the
relationship between psychological distress and the CAR was significant at a specific level
of dispositional mindfulness. Variables were centered to avoid multi-collinearity in the
models. SPSS version 21 was used to compute analyses.

Descriptive Results and Correlations

The sample was predominantly White (61.7%), but also included Hispanic/Latino and
Asian/Pacific Islander participants (14.9% each), with 8.6% endorsing “other” for ethnicity.
Other sample characteristics are presented in Table 1 along with scale and cortisol means
and standard deviations. As predicted, the CAR was negatively related to Describe (r = -.39,
p =.009) and Accept (r = -.37, p = .01). Describe and Accept were moderately correlated (r
=.37,p=.01).

Regression Models Predicting Cortisol Awakening Response

Of the eight interaction models, four were statistically significant, two were of marginal
significance, and two were non-significant (see Table 2). Specifically, in regards to the four
models including Accept, the two interactions including negative affect and anxiety were
statistically significant and those including perceived stress and rumination were of marginal
significance (ps = .08 and .09, respectively). The pattern of interaction was similar across
models such that the association between psychological distress and the CAR was positively
related at lower levels of Accept (1 SD below the mean) but not at higher levels (1 SD above
the mean; see Figure 1). For example, a significant interaction between Accept and negative
affect was observed such that a 1-SD increase in negative affect was associated with a 4.15
nmol/L increase in the CAR when Accept was low (p = .003), but no significant association
with the CAR was observed when Accept was high (p = .92).

The models testing the interaction of Describe with rumination and anxiety were significant,
showing a similar pattern to those including Accept (see Figure 1). However, the two
remaining interactions of Describe with perceived stress and negative affect were not
significant. Collectively, these results provide convergent evidence that dispositional
mindfulness, particularly the acceptance component, moderates the association between
psychological distress and the CAR.

Discussion

To our knowledge, this is the first study to report that aspects of dispositional mindfulness —
the tendency to describe and accept thoughts and emotions — are negatively related to the
CAR. As expected, psychological distress was positively associated with the CAR as found
in prior studies. However, these associations were qualified by interactions with components
of dispositional mindfulness, which explained significant proportions of variance in the
CAR (13-27%) beyond indicators of psychological distress alone. Anxiety, negative affect,
and rumination were positively related to the CAR at lower levels of dispositional
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mindfulness but not at higher levels. These findings suggest that the reported tendency to
consciously label or accept negative thoughts and emotions may buffer their impact on HPA
axis activation. Put another way, strong identification with or judgment of negative thoughts
and emotions may increase or prolong HPA axis activation but not if those thoughts and
emotions are experienced with mindful awareness.

Neuroimaging findings suggest “top down” and “bottom up” pathways reflecting the
labeling and acceptance aspects of mindfulness, respectively, by which dispositional
mindfulness may attentuate HPA axis activity. First, the process of labeling negative
affective stimuli increases prefrontal activation and reduces amygdala activation (Hariri,
Bookheimer, and Mazziotta, 2000; Lieberman et al, 2007) and this response is enhanced
among individuals higher in dispositional mindfulness (Creswell et al., 2007). Rather than a
passive response, the mental process of labeling negative thoughts or emotions - without
changing their content - may activate prefrontal cortical regions and thereby attenuate limbic
regions and downstream HPA activation. Secondly, other research suggests that the
acceptance component of mindfulness involves deactivation of the medial pre-frontal cortex
in response to negative affective stimuli, suggesting reduced rumination about emotional
states (Kross et al, 2009; Taylor et al, 2011). Although mindful awareness of emotions led to
reduced subjective emotional intensity among experienced meditators in this study, initial
amydala activity was not reduced, suggesting that acceptance may involve a full experience
but quicker dissipation of the emation (Taylor et al, 2011). In support, higher dispositional
mindfulness is related to reduced resting state amygdala activity (Way, Creswell,
Eisenberger, & Lieberman, 2010), and smaller right amygdala volumes (Taren, Creswell, &
Gianaros, 2013), potential mechanisms for reduced HPA reactivity. Hence, the present
research is consistent with previous studies implicating both top-down prefrontal regulatory
processes in labeling and reduced bottom-up central stress reactivity during acceptance in
mindful individuals (Creswell, 2014).

The potential buffering effect of mindfulnes on the CAR did not clearly generalize to stress
appraisals, although the interaction with acceptance was marginally sigificant. Interestingly,
perceived stress was the only psychological distress variable consistently related to the CAR
in a meta-analysis (Chido and Steptoe, 2009). Stress appraisals may more closely reflect the
presence of objective stressors. Accordingly, labeling and accepting internal experiences
may do less to buffer the impact of negative thoughts and feelings on physiological
responses in the presence of objective stressors, as HPA reactivity to objective stressors may
be adaptive. Mindful awareness of internal experiences may more likely reduce HPA
reactivity when situations are ambiguous, trait levels of negative affect or rumination are
high, or during recovery from stressors. Of note, these findings were observed in non-
meditators, suggesting natural variations in trait aspects of mindfulness may be protective of
physical health.

The sample included highly-stressed overweight and obese women (based on a comparison
of perceived stress scores to the national average, reported in Daubenmier et al, 2011) and
was prodiminately White, although approximately 40% of the sample identified as non-
White. It will be important to test the generalizability of these findings and establish whether
they replicate in other populations, including men and among individuals with training in
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mindfulness meditation. Of note, these effects may be most observable in highly stressed
populations, according to the stress-buffering hypothesis of mindfulness (Creswell, 2014). In
addition, it is important to note the cultural context of this study. Recent research suggests
cultural variation in acceptance of negative emotions, with individuals from Asian cultures
tending to accept negative emotions as a part of life and individuals from Western cultures
tending to view negative emotions as unacceptable and to be avoided (Miyamoto et al,
2013). This cultural variation is thought to account for the positive association of negative
emotions with elevated levels of a pro-inflammatory cytokine (interleukin-6) among
individuals in the United States but not in Japan (Miyamoto et al, 2013). In the current
study, we found that a lack of acceptance of negative emotions is associated with
physiological stress arousal and that psychological distress is associated with physiological
arousal among those with low but not high levels of acceptance in the United States, yet
future work could test the generalizability of these findings among members of Asian
cultures or by comparing how such associations may differ on a cultural level.

In terms of methodological improvements, future research could validate time of saliva
collection using hidden time-stamped devices. Finally, these results are cross-sectional and
we cannot be sure of the causal direction of the relation among variables or whether genetic
predispositions or environmental exposures account for the relations.

In summary, inconsistent findings in the literature on psychological distress and the CAR
may be due to variations across samples in moderating variables that reflect how individuals
relate to distressing thoughts and emotions. If individuals are able to label distressing
internal experiences or not judge themselves for having them (presumably decreasing
identification with them) the impact of those experiences on HPA stress arousal may be
attenuated. Further consideration of components of dispositional mindfulness as moderating
variables may show for whom and in what circumstances negative psychological factors
affect the CAR and other stress reactivity measures.
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Figure 1.

Interactions between aspects of psychological distress and components of dispositional
mindfulness predicting the cortisol awakening response. For Panels A-D, the interaction
terms are significant indicating that psychological distress is related to the cortisol
awakening response at low levels of dispositional mindfulness (i.e., 1 SD below the mean)
but not at higher levels (i.e., 1 SD above the mean). Interactions represented in Panels E and
F are of marginal significance (p <.10). Panel A: Rumination is positively related to the
CAR at low levels of Describe (p < .0001) but not at high levels (p = .81). Panel B: Anxiety
is positively related to the CAR at low levels of Describe (p = .025) but not at high levels (p
=.38). Panel C: Negative Affect is positively related to the cortisol awakening response
(CAR) at low levels of Accept (p = .003) but not at high levels (p = .91). Panel D: Anxiety is
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positively related to the CAR at low levels of Accept (p =.003) but not at high levels (p =.
14). Panel E: Interaction between perceived stress and Accept (p = .08). Panel F: Interaction
between rumination and Accept (p = .09).

Note: Graphs of non-centered variables are presented for ease of interpretation. Error bars
represent + 1 standard error of the estimate.
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Means and Standard Deviations of Variables Across Entire Sample (n=43)

Table 1

Variable Mean  Standard Deviation
Perceived Stress 18.6 5.8
Rumination 3.73 0.7
Negative Affect 2.18 0.6
Anxiety 43.0 8.7
Accept — KIMS 3.14 0.8
Describe — KIMS 3.38 0.7
Morning Cortisol (nmol/L) 17.6 6.3
Cortisol 30 min After Waking (nmol/L) 24.7 8.9
Cortisol Awakening Response (nmol/L) 7.0 7.8
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