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Summary
Individuals with major depressive disorder show blunted cortisol responses to psychosocial
stressors, but the extent to which this pattern of dampened responding characterizes individuals
experiencing sub-clinical levels of depressive symptoms is unknown. This study investigated
whether self-reports of depressive and anxious symptoms over the previous two weeks were
associated with cortisol responses to a laboratory social stress task. In addition, we tested whether
these associations were mediated by baseline cortisol, subjective responses to the task, or health
behaviors. Healthy adults (N = 76) completed the Mood and Anxiety Symptom Questionnaire
prior to engaging in the Trier Social Stress Task. Salivary cortisol was measured at 8 points before
and after the task to assess cortisol responding. Linear regressions revealed that men reporting
more distress and somatic symptoms had smaller cortisol responses, but anhedonic symptoms
were not related to cortisol. Distress was associated with lower baseline cortisol, which in turn
statistically mediated the relationship between distress and cortisol response. These results
demonstrate that the recent experience of depressive and anxious symptoms is associated with
smaller cortisol responses to a psychosocial stressor in a nonclinical population.
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Recent depressive and anxious symptoms predict cortisol responses to
stress in men

Major depressive disorder is associated with alterations in hypothalamic-pituitary-adrenal
(HPA) responses to stress. While healthy controls exhibit an acute elevation in cortisol
following exposure to a psychosocial stressor, followed by a return to baseline levels,
depressed patients show smaller elevations and more sluggish recovery (see Burke et al.,
2005a, for a review). This pattern of blunted responding has been observed among depressed
inpatients (Trestman et al., 1991; Croes et al., 1993), outpatients (Ravindran et al.,1996), and
remitted patients (Ahrens et al., 2008), both in response to laboratory stressors and to
negative events in daily life (Peeters et al., 2003). The biological mechanisms that explain
how depression alters HPA axis function are not clear, but may include dysfunction in the
negative feedback circuitry of the HPA axis, as administration of dexamethasone, a
synthetic glucocorticoid, does not typically suppress cortisol production among most
depressed patients (Carroll et al., 1981). In addition, depression may be associated with
alterations in the number and function of glucocorticoid receptors, thereby altering the
functional effects of cortisol (Raison & Miller, 2003).

Although prolonged elevations in cortisol are deleterious (Sapolsky, 1996; McEwen, 1998),
brief elevations are considered adaptive. Once released into the bloodstream, cortisol enacts
a series of physiological changes that help the body respond to environmental demands
(Sapolsky et al., 2000) and restrain other components of the stress response from becoming
overly active. Thus, the failure to mount a sufficient cortisol reponse to stressors may
indicate underlying HPA axis dysregulation, and may ultimately contribute to the
development of disease, as insufficient cortisol signaling has been implicated in numerous
stress-related disease states (Raison & Miller, 2003).

Historically, clinical depression was viewed as a discrete condition, qualitatively distinct
from the experience of negative affect in non-depressed individuals (e.g. Robins & Helzer,
1986), but there is increasing evidence from large clinical and non-clinical populations that
depressive symptoms exist on a continuum (Flett et al., 1997, Ruscio & Ruscio, 2000). If
depression represents the extreme end of a continuum of affective symptoms, then the
clinical depression literature can inform hypotheses about physiological correlates of
negative affect in non-depressed individuals. Indeed, depressive symptoms may be
associated with cortisol responses to stress in non-clinical populations. In a study of 1,109
women, those women high in depressive symptoms failed to show a cortisol response to an
unexpected home visit by a team of experimenters, which was considered a naturalistic
stressor (Burke et al., 2005b). In a meta-analysis of 8 studies assessing depression and
cortisol responses to stress, the degree of depressive symptom severity was marginally
associated with the degree of cortisol response blunting (Burke et al., 2005a), suggesting
that the degree of affective disturbance may be related to cortisol responses to acute stress in
individuals with reporting depressive symptoms within a normal or sub-clinical range.

The association between sub-clinical depressive symptoms and cortisol may extend to sub-
clinical symptoms of anxiety. Anxiety disorders and depression are highly co-morbid and
share common symptoms (Mineka et al., 1998). In their tripartite model, Clark and Watson
(1991) suggested that depression and anxiety share a cluster of general distress symptoms,
which includes symptoms like irritability and poor concentration. In addition to these shared
symptoms, depression is characterized by anhedonic symptoms indicating lack of positive
affect such as feelings of disinterest and apathy, and anxiety tends to be characterized by
symptoms of physiological hyperarousal such as shortness of breath and feeling dizzy
(1991). There is evidence of HPA dysregulation in anxiety disorders, but the specific nature
of these alterations varies across studies and across disorders (for review, see Mantella et al.,
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2008). For example, post-traumatic stress disorder has been associated with lower basal
cortisol and flatter diurnal rhythms (Yehuda, 2006), while general anxiety disorder has been
associated with elevations in basal cortisol (Mantella et al., 2008). The extent to which sub-
clinical levels of anxious symptoms are associated with altered cortisol responses to stress
has not been explicitly evaluated.

Determining whether HPA axis alterations observed in major depression extend to sub-
clinical levels of depressive and anxious symptoms can improve our understanding of the
physiological correlates of negative affective experience. In addition, studying physiological
responses to stress in individuals experiencing a non-clinical range of affective symptoms
sheds light on the pathogenesis of affective disorders. Cortisol has been researched
extensively in the context of depression, anxiety, and negative affect more generally, but
most studies focus on diurnal patterns of cortisol release or cortisol responses to
pharmacological challenge, rather than cortisol responses to acute psychosocial stressors that
elicit negative affect. Observing how cortisol secretion changes in response to
environmental challenges provides important information about the flexibility and efficiency
of the HPA axis, and is relevant to understanding how stress ultimately contributes to
neuroendocrine and affective disturbance. This study uses a brief psychological stressor that
approximates social-evaluative stressors that individuals experience in their daily lives.

Potential Mediators
Individuals experiencing sub-clinical levels of depressive or anxious symptoms may exhibit
smaller cortisol responses for a number of reasons. First, recent depressive and anxious
symptoms may contribute to altered basal cortisol function. Negative affective episodes tend
to be accompanied by the release of cortisol (Peeters et al., 2003; Smyth et al., 1998; Steptoe
& Wardle, 2005; Adam, 2006), and individuals experiencing higher levels of depressive and
anxious symptoms may experience more frequent HPA activations and greater daily cortisol
production. A recent meta-analysis found that higher subjective reports of distress were
related to greater total daily cortisol output (Miller et al., 2007), suggesting a linear
relationship between negative affect and cortisol output. Elevated daily output may
subsequently lead to diminished magnitude of cortisol responses to subsequent stressors.
Mechanisms involved in this process could include inhibitory effects of cortisol on the
hypothalamus and down-regulation of glucocorticoid receptors (Sapolsky et al., 2000;
Raison & Miller, 2003).

Alternatively, depressive or anxious symptoms could influence cortisol responses by altering
subjective responses to stressors. Depression is characterized by decreased emotional
reactivity to both positive and negative stimuli (see Bylsma et al., 2008, for review).
Individuals experiencing more depressive or anxious symptoms might perceive potentially
stressful situations as less threatening and experience dampened emotional reactions to
stressors. Perceptions of threat and uncontrollability (Dickerson & Kemeny, 2004) and the
acute experience of negative emotion (Smyth et al., 1998) are related to cortisol production;
thus, individuals who perceive stressors as less threatening and experience fewer negative
emotions may show smaller cortisol responses.

Finally, individuals experiencing depressive or anxious symptoms may engage in health
behaviors that alter cortisol responses to stressors. Distressed individuals are more likely to
have risky health habits such as excessive alcohol consumption, smoking, inadequate
exercise, poor nutrition, and poor sleep hygiene, and these behaviors are known to alter
neuroendocrine, immune, and cardiovascular parameters (Kiecolt-Glaser & Glaser, 1988). In
particular, sleep habits influence basal cortisol function, such that one night of poor sleep
results in elevated evening cortisol the subsequent day (Leproult et al.,1997).
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Aims and Hypotheses
This study tested whether recent depressive and anxious symptoms predict cortisol
responses to a laboratory social stress task in a non-clinical population. We predicted that
higher levels of recent depressive and anxious symptoms would be associated with smaller
cortisol responses to acute stress. We also investigated three potential mediators of this
association: baseline cortisol, stress appraisals, and health behaviors.

Method
Participants

Healthy individuals ages 18 to 44 were recruited from the local community surrounding a
large Midwest university using fliers posted in public places. Individuals with medical
conditions or taking medications known to affect cortisol levels were excluded. These
exclusion criteria included: current pregnancy; medical conditions or medications with
obvious immunological, dermatological, or endocrinological consequences; allergies to tape
or other adhesives; smoking; and excessive caffeine or alcohol use. Individuals taking
hormone-based contraception were excluded because of effects on cortisol responses to
stress (Kirschbaum et al., 1999). Female participants were not scheduled around their
menstrual cycle stage. A total of 99 individuals participated in the study, of which 12
women did not report taking hormonal-based contraception on our initial screening form,
but reported it during the experimental session. Two individuals were unable to complete the
entire protocol. In addition, 7 participants did not provide sufficient saliva samples for
computing cortisol production and 2 participants did not complete the affective symptom
measures. Therefore, data from those 23 individuals were not included in the data analyses
that follow, leaving a sample of 76 individuals for the data analyses. The final sample
included 41 female and 35 male participants, 65% white, 21% Asian, 10% black, and 4% of
other ethnicities. Most participants (65%) had some college education; the remaining
participants had either completed college (28%) or completed high school (8%).

Procedure
All participants were run individually during a single 3.5 h session at The Ohio State
University General Clinical Research Center (GCRC) beginning at 1:30 PM. Data collection
took place between October 2003 and July 2005. The data reported in this paper were
collected as part of a study on stress, social support, and skin healing, described in detail
elsewhere (Robles, 2007). Participants refrained from eating, vigorous exercise, and
smoking for 1 h prior to the appointment. After providing informed consent, participants
completed self-report measures assessing depressive and anxious symptoms, health
behaviors, and provided a baseline saliva sample. As part of the study participants were
fitted with a blood pressure cuff and received a minor skin irritation (described in Robles,
2007). After these procedures, participants were randomly assigned to a one of three groups
(No Stress, Stress, Stress + Support) described below. Each group received task instructions,
prepared for the task for 10 min, and then performed the 10 min task. All participants were
seated throughout the tasks.

Participants in the No Stress group were instructed to read an article silently and alone
during the preparation period, followed by reading the article and an additional article out
loud into a tape recorder. Participants in the No Stress group were told that they were not
being evaluated, and they performed the task alone. Video recording equipment was present,
but the video camera was turned off and pointed towards a wall. Participants in the Stress
group were provided instructions for the Trier Social Stress Test (TSST), a 5 min speech and
5 min mental arithmetic task (Kirschbaum et al.,1993). Participants in the Stress + Support
group completed the TSST, and during the preparation period, received social support from
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a confederate. By comparison, the Stress group prepared for the task alone. In previous work
(Robles, 2007), we showed that this social support manipulation did not have an effect on
psychological or physiological responses to the task, and thus we collapsed across the Stress
and Stress + Support groups for all analyses in this paper and will be referring to the “Stress
group” throughout the paper. After a ten minute preparation period, the Stress group began
the TSST in front of an evaluative and harassing audience and were videotaped throughout.
After the tasks, saliva measures were collected over the next two hours (see below).
Participants were debriefed by the experimenter at the end of the session. All procedures
were approved by The Ohio State University Biomedical Sciences Institutional Review
Board.

Measures
Recent Depressive and Anxious Symptoms—Depressive and anxious symptoms
over the previous two weeks were assessed using the Mood and Anxiety Symptom
Questionnaire – Short Form (MASQ-S), a 62 item scale based on Watson and Clark’s
tripartite model of anxiety and depression (Clark & Watson, 1991). Though the MASQ-S is
not a diagnostic instrument, it identifies the presence of symptoms that commonly occur in
depression and anxiety and has been well validated (Watson et al., 1995). We generated
three scales: distress symptoms (23 items), which refer to general symptoms common to
both depression and anxiety (e.g. “felt like crying” or “felt tense”), anhedonic symptoms (22
items), which refer to the absence of positive emotion (e.g. “felt like nothing was very
enjoyable” and reverse-keyed items like “felt hopeful about the future”), and somatic
symptoms (17 items), which refer to symptoms of physiological hyperarousal (e.g. “was
short of breath” and “was trembling or shaking”).

Participants completed the MASQ-S in the laboratory at the beginning of the session, prior
to completing the stressor task. For each item, participants were asked to indicate how much
that item describes how they felt over the past two weeks using a five point Likert-type
scale, where 1 indicates “not at all” and 5 indicates “extremely.” The mean scores and
standard deviations for the subscales were comparable with previous reports of non-clinical
populations (Watson et al., 1995) and are presented in Table 1, along with descriptive
statistics for other key independent and dependent variables. The subscales were moderately
correlated, and the full correlation matrix is presented in Table 2.

Subjective Responses to Stress—Cognitive appraisals, including perceptions of threat
and coping, were measured after the task instructions, and again after the preparation period
(Tomaka et al., 1993). Perceived stress, control and helplessness (Brier et al., 1987)
experienced during the task were assessed with single items after the task. Emotional
responses to the task were assessed by administering the Positive and Negative Affect
Schedule (Watson et al., 1988) and Spielberger State-Trait Anxiety Inventory (Spielberger et
al., 1983) before and immediately after the task.

Health Behaviors—A background questionnaire collected a variety of demographic and
health information including age, weight, height, and medical comorbidity. Health-related
behaviors assessed included medication use (number of aspirin, extra strength aspirin, and
ibuprofen tablets taken in the previous 72 hours), alcohol use (number of drinks consumed
in the previous week), and caffeine use (amount consumed in previous 24 hours). As sleep is
closely related to cortisol, sleep quality over the previous month was assessed using the
Pittsburgh Sleep Quality Index (Buysse et al.,1989). This measure provides an overall sleep
quality score, which accounts for a variety of factors including sleep latency, sleep duration,
sleep disturbances, and daytime dysfunction.
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Salivary cortisol—Eight saliva samples were obtained: 30 min after arriving at the
laboratory (1 h 20 min before the task), before receiving instructions for the task (20 min
before the task), and 10, 30, 45, 60, 75, and 90 min after the beginning of the task using
Salivettes (Sarstedt 1534, Sarstedt Inc., Newton, NC). Mean cortisol values for each time
point are presented in Table 1 by group (see Table 1). The assays were performed in the
GCRC laboratory, using chemiluminescent techniques (Glaser et al., 1999). Raw cortisol
values were used as they did not demonstrate significant skew.

As the novelty of arriving at the laboratory can elicit a cortisol reponse, the second saliva
sample, obtained 1.5 hours into the protocol, was used as a baseline measure. This sample
was collected prior to group randomization and task instructions, and thus was not
influenced by experimental group or anticipation of the task. The last seven cortisol values
were integrated into a single cortisol response measure by computing area under the curve
with respect to the ground (AUCG), which was used in subsequent analyses (Pruessner et al.,
2003). Using log-transformed values did not significantly alter the results, so for clarity and
ease of interpretation raw values are used in all analyses.

Data analysis
Throughout the data analyses, SPSS 15 (SPSS, 2006) was used for all descriptive statistics
and group comparisons. In order to determine whether the manipulation succeeded in
producing a subjectively stressful experience, we conducted a one-way ANOVA with group
(stress vs. no stress) as the independent variable and subjective ratings of the task and
emotional responses as dependent variables. To examine how the stress manipulation
influenced cortisol production, we regressed group, gender, and the group X gender
interaction on cortisol. Gender was included as a predictor based on previous reports of
gender differences in cortisol responses to laboratory stressors (Kajantie & Phillips, 2006).
To test our hypotheses that higher levels of depressive and anxious symptoms would be
associated with smaller cortisol responses, we added symptoms as a predictor in this
regression equation, performing separate tests for each symptom score (distress, anhedonic
symptoms, and somatic symptoms), including all two and three way interactions in these
tests. Finally, to test for mediation, we performed a series of linear regressions based on
previous recommendations (Baron & Kenny, 1986).

Results
The Stress and No Stress groups did not significantly differ on any demographic variables,
health behaviors, baseline salivary cortisol, or depressive and anxious symptoms over the
previous two weeks.

Manipulation Check
Descriptive statistics by condition are presented in Table 1. Prior to engaging in the task,
participants in the Stress condition appraised the task as more threatening and appraised
themselves as less able to cope than participants in the No Stress condition. After the task,
participants in the Stress condition rated the task as more stressful, felt more helpless, were
less satisfied with their performance, and felt less in control. Participants in the Stress
condition reported significantly greater increases in anxiety and marginally greater increases
in negative emotion (p = .06). A paired samples t-test confirmed that self reported levels of
negative emotion and anxiety increased from baseline to post-task in the stress condition (all
p’s < .01), but did not change in the No Stress condition. There were no gender differences
in subjective responses to the task.
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Cortisol Responses to Stress
The main effect of condition (β = 0.22, t (71) = 2.06, p < .05) and the condition X gender
interaction (β = 0.47, t (71) = 2.35, p < .05) were significant. Independent samples t-tests
revealed that men in the stress condition had larger cortisol responses than men in the No
Stress condition (t (33) = −2.63, p < .05), but there were no differences in cortisol between
conditions for women (t (39) = 0.15, p = .88). Mean cortisol responses for men and women
in each condition are presented in Figure 1. These findings suggest that the stress
manipulation did not succeed in eliciting a cortisol response among women.

Do recent depressive and anxious symptoms predict smaller cortisol responses to acute
stress?

We predicted that higher levels of each of depressive and anxious symptoms would predict
smaller cortisol responses to the stressor. To test this prediction, we added symptoms, the
group X symptoms interaction, the gender X symptoms interaction, and the group X gender
X symptoms interaction. In light of the gender X group interaction, if there was an effect of
symptoms, this should be evident in the three-way interaction term. As noted previously, we
ran separate regressions for each symptom score (distress, somatic symptoms, and
anhedonic symptoms). There were no main effects of symptoms in any of the models, and
the two and three way interaction terms were not significant.

However, given the number of predictors relative to the sample size, this test was somewhat
underpowered, and we suspected that this level of power might not be sufficient to detect a
three-way interaction (Cohen & Cohen, 2003). To fully test whether symptoms were related
to cortisol responses to stress, we split the sample by gender and condition and regressed
symptoms on cortisol response in each of these four groups. Consistent with our predictions,
two types of symptoms – general distress and somatic symptoms – were related to cortisol
responses, but only among men in the Stress group. Higher levels of distress (F(2, 32) =
7.03, β = −0.36, p < .05, f2 = 0.19) and somatic symptoms (F(2, 32) = 7.51, β = −0.38, p < .
05, f2 = 0.22) were associated with smaller cortisol responses among men in the Stress
group. There were no significant relationships between symptoms and cortisol among
women in the stress group, or among men or women in the non-stress group (all p’s > .05).
Anhedonic symptoms were not related to cortisol responses in any of our tests (all p’s > .
05). Figure 2 illustrates this pattern of results, depicting mean cortisol response curves and
total production for men high and low in distress (as determined by a median split). Figure 3
depicts similar information for men high and low in somatic symptoms. When entered
simultaneously, distress and somatic symptoms were not significant predictors, most likely
because the variables were highly correlated (r = 0.83, p < .001)1.

Potential Mediators
As discussed previously, a number of factors could explain the relationship between
negative affective symptoms and cortisol responses, including baseline cortisol level,
subjective responses to the task, and health behaviors. We evaluated these potential
mediators in male participants in the stress condition (n = 25).

1To address any concerns that the support manipulation, included as part of another study, did not alter the pattern of results, we
regressed support condition (support vs. no support), gender, and the support X gender interaction on cortisol response. This test
revealed no effect for support or the support X gender interaction. In addition, we added symptoms and all interactions to this model,
running separate tests for each symptom score. Again, there were no main or interaction effects for support on cortisol, leading us to
conclude that the presence (or absence) of a confidant did not influence cortisol responding and did not moderate the relationship
between symptoms and cortisol, for either men or women. As an additional test of this conclusion, we split the sample by gender and
regressed symptoms, support, and the symptoms X support interaction on cortisol. These tests revealed no effects of support on
cortisol.
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Baseline Cortisol
Among men in the stress condition, higher levels of distress were associated with marginally
lower baseline cortisol levels (β = −0.38, p = .06), and lower baseline cortisol was associated
with smaller cortisol responses (β = 0.73, p < .001). To test whether baseline cortisol
mediated the association between distress and cortisol response, we entered distress and
baseline cortisol as predictors in a linear regression with cortisol response as the dependent
variable. Adding baseline cortisol as a predictor rendered the association between distress
and cortisol response non-significant, although the Sobel test failed to reach significance (z
= −1.86, p = .06).

Subjective Responses
Next, we examined whether subjective experience during the task mediated the relationship
between negative affect and cortisol. Men reporting higher levels of distress appraised the
task as more threatening (β = .40, p < .05), and afterwards rated the experience as more
stressful (β = 0.40, p < .05), felt less satisfied with their performance (β = −0.42, p < .05),
felt more helpless (β = 0.63, p = .001), and reported larger increases in anxiety (β = .46, p < .
05). Men with more somatic symptoms felt more helpless (β = 0.49, p < .05) and reported
larger increases in negative emotion (β = .47, p < .05) and anxiety (β = 0.52, p = .05).
However, subjective responses were not related to cortisol, so we did not conduct further
tests of mediation.

Health Behaviors
Finally, we examined whether health behaviors mediated the relationship between
symptoms and cortisol. Using data for men in the stress condition, we regressed distress or
somatic symptoms onto each of the following potential mediators: alcohol use (number of
drinks consumed in previous week), caffeine use (amount consumed in previous 24 hours),
and sleep quality. None of the men in the stress condition reported taking any aspirin or
ibuprofen in the previous 72 hours, so medication use was not tested as a mediator. Men
with more distress or somatic symptoms reported poorer sleep over the previous month
(βdistress = 0.44, βsomatic = 0.34, both p’s < .05), but sleep quality was not associated with
cortisol and therefore we did not conduct further tests of mediation.

Discussion
This study examined whether recent depressive and anxious symptoms were related to
cortisol responses to acute stress in a non-clinical population. As predicted, in a sample of
individuals with a normal range of symptoms, men reporting higher levels of distress and
somatic symptoms had smaller cortisol responses to a laboratory stressor. These findings
suggest that the experience of sub-clinical depressive and anxious symptoms is associated
with alterations in HPA function similar to those observed in major depression. The pattern
of diminished responding observed in our sample is consistent with a dysregulation
hypothesis of depression (Siever & Davis, 1985), which maintains that depression and other
affective disorders are characterized by a dysregulation of neural systems involved in affect
regulation, rather than an absolute increase or decrease in activity in these systems. Our
findings are also consistent with reports that depressed patients show flatter diurnal cortisol
rhythms than do patients with PTSD and other affective disorders (Yehuda et al., 1996).
Anhedonic symptoms were not related to cortisol responses, suggesting that different types
of negative affective symptoms have may different implications for stress physiology.
Consistent with this premise, patterns of diurnal cortisol secretion vary between clinical
depression subtypes (i.e. atypical vs. melancholic depression; Gold et al., 1995), and some
depressed patients do not show cortisol non-suppression in response to the dexamethasone
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challenge (see Burke et al., 2005a, for discussion). Our data suggest there may be similar
heterogeneity among individuals experiencing sub-clinical negative affective symptoms.

Depressive and anxious symptoms were not related to cortisol responses among women,
presumably because the stressor did not elicit a cortisol response among women. This
finding is consistent with other evidence that men show larger cortisol responses to
laboratory stressors, particularly achievement-oriented tasks like the public speaking task
used in this study. Men may be more physiologically responsive to achievement-oriented
stressors and women may be more physiologically responsive to relational stressors (Stroud
et al., 2002). As the stressor task used in our study was a prototypical achievement stressor,
our finding that men showed larger cortisol responses is consistent with previous work.

We tested three potential mediators of the association between depressive and anxious
symptoms and cortisol responding: baseline cortisol, subjective responses to the task, and
health behaviors. We found evidence that alterations in baseline cortisol may partially
account for the association between depressive and anxious symptoms and cortisol
responses to acute stress. Men reporting higher levels of distress had lower baseline cortisol,
which statistically mediated the association between distress and cortisol response. Although
this may seem at odds with previous reports of elevated baseline cortisol in distressed and
clinically depressed individuals (see Burke et al., 2005a, and Miller et al., 2007, for
reviews), it is worth noting that ours not have been a true baseline measure. We deliberately
collected our baseline measure one hour after participants arrived at the laboratory, in order
to allow them to acclimate to the laboratory setting. However, participating in a laboratory
experiment is a novel experience and the mere process of arriving at a laboratory may elicit
cortisol responding in some individuals. In addition, the events that occurred during the first
hour of the session (i.e., filling out questionnaires, undergoing a skin irritation procedure)
may have elicited additional cortisol responding. Thus, the differences in baseline cortisol
we observed may reflect differences in cortisol responses to the laboratory context. In other
words, individuals reporting more distress in the previous week may have shown smaller
cortisol responses both to the novelty of the laboratory context and to the stressor task.

The association between depressive and anxious symptoms and cortisol responses could not
be explained by subjective responses to the task. Although men reporting higher levels of
distress and somatic symptoms found the task more aversive and experienced more negative
emotion in response to the task, these subjective responses were not related to cortisol
responses. This finding is consistent with other reports that subjective experience and
physiology are not closely correlated (Mauss et al., 2005). The discrepancy between
subjective experience and cortisol responding may be especially pronounced for individuals
with depression or sub-clinical levels of depressive symptoms. Consistent with this premise,
Peeters and colleagues (2003) found that negative affect was less closely related to cortisol
levels in daily life for depressed patients compared to healthy controls.

The association between symptoms and cortisol response could also not be explained by
health behaviors. Men reporting more distress and somatic symptoms reported poorer sleep,
but sleep was not related to cortisol responses. Although clinical depression is associated
with alterations in sleep quality, our data suggest that the decrements in sleep quality
associated with normal levels of depressive and anxious symptoms may not be sufficient to
alter cortisol responses to acute stress.

There are several limitations to this study. First, we assessed negative affect at only one time
point by asking participants to self-report on their feelings over the previous week. Though
retrospective reports of emotion are not weighted averages and tend to be biased by the most
intense portions of emotional episodes and the end of these episodes (Kahneman, 2003), the
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fact that our measures of distress and somatic symptoms were related to cortisol responding
in men is noteworthy. Future research ought to use daily diary or experience-sampling
methods to investigate how real-time reports of sub-clinical depressive and anxious
symptoms are related to cortisol responding to acute stress, and whether changes in
symptoms over time are related to changes in cortisol responding within individuals.
Second, we had limited information about basal cortisol function, as our baseline measure
may have been altered by the novel laboratory setting. Future work is needed to understand
how diurnal patterns of cortisol release and other aspects of daily functioning are related to
responses to acute stressors. Finally, a relatively small sample size limited our ability to
conduct mediation analyses. Subsequent studies utilizing larger sample sizes will be useful
in testing other potential mediators. Given the modest sample size, the fact that baseline
cortisol statistically mediated the association between distress and men’s cortisol responses
suggests that this may be one important pathway by which affective symptoms influence
cortisol responding to stressors.

This study suggests that the pattern of blunted cortisol responding observed in clinical
depression may represent a more general association between depressive and anxious
symptoms and HPA function. Our data suggest that normal between-person variation in
recent depressive and anxious symptoms may predict cortisol responding to acute stress.
These findings highlight the importance of attending to the physiological consequences of
negative affective symptoms along the continuum from normal function to pathology and
demonstrate that between-person differences in negative affect within the normative range
have meaningful consequences for physiology.
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Figure 1.
Estimated marginal means and standard errors for cortisol production, by gender and
condition.
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Figure 2.
Cortisol response curves and total production for men high and low in distress, by condition.
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Figure 3.
Cortisol response curves and total production for men high and low in somatic symptoms,
by condition.
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Table 1

Demographic Variables, Salivary Cortisol, Depressive and Anxious Symptoms, Task Ratings, and Emotional
Responses to the Task, by Condition

Variable No Stress
(n = 23)

Stress
(n = 53)

Age 23.35 (5.48) 22.33 (3.69)

Salivary Cortisol (µg/dL) relative to task onset

  1 h 20 min pre 0.17 (0.73) 0.22 (0.29)

  20 min pre (baseline) 0.17 (0.15) 0.16 (0.16)

  10 min post† 0.14 (0.10) 0.21 (0.15)

  30 min post* 0.12 (0.10) 0.21 (0.14)

  45 min post† 0.13 (0.08) 0.18 (0.13)

  60 min post 0.14 (0.11) 0.16 (0.10)

  75 min post 0.13 (0.09) 0.16 (0.11)

  90 min post 0.14 (0.07) 0.13 (0.08)

  Cortisol response (AUCG) 14.58 (9.76) 20.60 (13.92)

Depressive and Anxious Symptoms

  Distress Symptoms 40.73 (14.49) 47.02 (16.98)

  Somatic Symptoms 28.41 (6.73) 29.13 (6.84)

  Anhedonic Symptoms 39.27 (9.71) 39.09 (10.70)

Pre-task Ratings (1–7)

  Perceived threat*** 1.43 (.73) 3.79 (1.67)

  Perceived ability to cope *** 6.70 (.56) 5.02 (1.46)

Post-task Ratings (1–7)

  Stress *** 1.64 (1.33) 4.47 (1.60)

  Control *** 6.32 (1.32) 4.55 (1.64)

  Helplessness *** 1.27 (.88) 3.74 (1.67)

  Performance Satisfaction*** 5.68 (1.17) 4.06 (1.61)

Emotional Responses (Change from pre to post task)

  Negative emotion† −0.30 (2.23) −2.08 (5.30)

  Positive emotion 0.18 (5.06) 0.60 (4.43)

  Anxiety** 0.62 (5.57) 5.25 (8.07)

Note. Values are means with SDs in parentheses. Sample size for cortisol levels varied at each timepoint due to missing or undetectable levels,
described as follows (No Stress n/Stress n): 1 h 20 min pre (22/50), 20 min pre (23/53), 10 min post (21/50), 30 min post (22/51), 45 min post
(22/52), 60 min post (21/48), 75 min post (21/49), 90 min post (22/48).

Main effect of condition,

†
p <.10,

*
p < .05,

**
p < .01,

***
p < .001
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AUCG = area under the curve with respect to ground; SD = standard deviation
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Table 2

Correlation Matrix for MASQ-S Symptom Subscales (N = 75)

Distress Somatic Anhedonic

Distress 1.00 .71** .28*

Somatic .71** 1.00 .08

Anhedonic .27* .08 1.00
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