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Psychological distress and coping styles have been suggested to relate to altered function in the
hypothalamic-pituitary-adrenal (HPA) axis, although there remains much to be understood about their
relationships. High and low cortisol levels (or reactivity) both represent HPA axis dysfunction, with
accumulated evidence suggesting that they are linked to different types of psychopathology. The
dexamethasone (DEX)/corticotropin-releasing hormone (CRH) test has been extensively used to identify
HPA axis abnormalities in various psychiatric conditions including mood disorders; however, the
possible associations of psychological distress and coping styles with HPA axis function have not been
well documented using this test. Here, we examined the relationships of HPA axis reactivity as measured
by the DEX/CRH test with subjectively perceived psychological distress and coping styles, both of which
were assessed with self-report questionnaires, in 121 healthy volunteers. Subjects were divided into
three groups by the cortisol suppression pattern, namely the incomplete-suppressors (DST-
Cortisol > 5 pg/dL or DEX/CRH-Cortisol > 5 pg/dL), moderate-suppressors (DST-Cortisol < 5 pg/dL and
1 pg/dL < DEX/CRH -Cortisol < 5 pg/dL), and enhanced-suppressors (DST-Cortisol < 5 pg/dL and DEX/
CRH-Cortisol < 1 pg/dL). The enhanced-suppressors showed significantly higher scores in obsessive-
compulsive, interpersonal sensitivity and anxiety symptoms and significantly more frequent use of
avoidant coping strategy, compared to the other two groups. These results point to the important role of
enhanced suppression of cortisol, or blunted cortisol reactivity, in non-clinical psychopathology such as
avoidant coping strategy and greater psychological distress.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

2004; Liberzon et al,, 2008), self-reported symptoms (Van den
Bergh et al, 2008), psychological coping styles (Nicolson, 1992;

A wide variety of stress is associated with alteration in the
hypothalamic-pituitary-adrenal (HPA) axis function. Studies look-
ing at cortisol as the main output substance of the HPA axis have
thus been critical to advancing our understanding of psychobio-
logical underpinnings of various stress-related conditions (de Kloet
et al.,, 2005; Heim et al,, 2000). For instance, perceived stress in
everyday life (Pruessner et al., 1999), stressful situations such as
academic examinations and seafaring (Droogleever Fortuyn et al.,
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Ogawahigashi, Kodaira, Tokyo, 187-8502, Japan. Tel./fax: +81 42 346 1714.

E-mail address: hkunugi@ncnp.go.jp (H. Kunugi).
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O'Donnell et al,, 2008), rejection sensitivity (Tops et al, 2008),
sleep status (Backhaus et al.,, 2004; Lasikiewicz et al., 2008; Wright
et al,, 2007) and personality profile (Tyrka et al., 2007) have been
reported to be associated with alteration in cortisol levels. These
studies in healthy subjects have investigated HPA axis function
using several different cortisol measures including diurnal cortisol
profiles, cortisol awakening response, and cortisol reactivity to
psychosocial challenge tests such as Trier Social Stress Test
(Kirschbaum et al., 1993).

On the other hand, HPA axis function in clinical populations,
particularly in patients with major depression, has been investi-
gated with pharmacological challenge tests including dexametha-
sone (DEX) suppression test (DST, Carroll et al., 1976) and DEX/
corticotropin-releasing hormone {CRH) test (Heuser et al.,, 1994a;
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Holsboeer et al., 1987). The DEX/CRH test is an integrated challenge
test for HPA axis function that combines DEX-pretreatment with
CRH administration on the following day; thus, it is essentially
a DST followed by CRH challenge. The merit of this combined test is
that at the moment of CRH infusion the HPA axis is downregulated
due to negative feedback induced by the DEX. In the DEX/CRH test
a relatively high dose (i.e.,, 1.5 mg) of DEX is usually used, whereas
DST studies, in particular those which examine the HPA function of
post-traumatic stress disorder (PTSD), have used a lower dose (i.e,,
0.5 mg or 1 mg) of DEX (e.g., Grossman et al., 2003; Yehuda et al,,
2004). Sensitivity of the DEX/CRH test in depressed patients has
been shown to be high in prior studies including ours (Heuser et al.,
1994a; Kunugi et al., 2004, 2006; Watson et al,, 2006b). Moreover,
this test has revealed altered HPA axis function in those individuals
with specific characteristics: dampened cortisol reactivity in
healthy adults reporting childhood emotional abuse (Carpenter
et al,, 2009), increased cortisol responses in healthy adults report-
ing childhood parental loss with the exception of attenuated
cortisol responses in those with parental desertion and low levels
of care (Tyrka et al., 2008b), increased cortisol responses in healthy
adults with certain personality traits (Tyrka et al., 2006, 2008a), and
attenuated cortisol responses in depressed women on job-stress-
related longterm sickleave (Rydmark et al., 2006; Wahlberg et al,,
2009). On the other hand, the possible associations of more
commonly presented psychopathology such as perceived distress
in everyday life and coping styles with HPA axis function have not
been well documented using the DEX/CRH test. However, these
psychological measures are suggested to relate to altered cortisol
level (Heim et al, 2000, 2002; Nicolson, 1992; O'Donnell et al,,
2008; Pruessner et al, 1999; Van den Bergh et al., 2008). For
instance, severity of daily hassles in the past month was negatively
related to cortisol concentrations (Heim et al., 2002). Perceived
stress was positively, and burnout was negatively, associated with
cortisol levels after DEX administration (Pruessner et al,, 1999).
Passive coping is suggested to relate to hypocortisolism (Heim et al.,
2000). Healthy adults scoring high in either problem engagement
or seeking social support showed lower cortisol levels (O'Donnell
et al, 2008). Given these findings, it would be of interest to
examine HPA axis function in relation to psychopathology at a non-
clinical level such as psychological distress and coping styles by
using the DEX/CRH test.

Various kinds of psychiatric disorders have been shown to be
associated with HPA axis hyperactivity as reflected by the high
cortisol levels and impaired negative feedback inhibition due to an
impaired corticosteroid receptor function (Holsboer, 2000). On the
other hand, a number of psychoneurocendocrinological studies have
demonstrated that a variety of conditions are associated with
hypocortisolism, including low basal cortisol levels, enhanced
sensitivity to the negative feedback, and blunted reactivity of
provoked cortisol, Examples of psychiatric conditions characterized
by hypocortisolism include PTSD, chronic fatigue syndrome,
fibromyalgia and atypical depression (Fries et al., 2005; Heim et al,,
2000). Together, while both of these two extremes of cortisol
activity can represent HPA axis dysfunction, they are likely to be
linked to different types of psychopathology. Concerning hypo-
cortisolism, there remains much to be clarified as to its natural
course and meaning. Although hypocortisolism is considered to
represent the result of prolonged stress exposure (Fries et al,, 2005;
Heim et al., 2000; Ising et al., 2005), a condition so-called “allo-
stasis” (McEwen, 2003), there also exists some evidence suggesting
that this state could be a preexisting vulnerability to stress-related
disorders (Delahanty et al, 2000; Wahlberg et al,, 2009; Yehuda
et al,, 2000).

Arginine vasopressin (AVP), in addition to CRH, is an HPA axis
secretagogue. AVP produced in parvocellular neurons of

hypothalamic paraventricular nucleus (PVN) and secreted into
pituitary portal vein system plays an important role in stress
response (Herman, 1995; Romero and Sapolsky, 1996). It is reported
that, in chronic stress paradigms, the expression of AVP in parvo-
cellular neurons increases and pituitary V1b receptor, through
which AVP stimulates the ACTH secretion, up-regulates (Aguilera
et al., 1994; Aguilera and Rabadan-Diehl, 2000). There also exist
clinical studies that support this notion. For example, de Kloet et al.
(2008) have recently reported elevated plasma AVP levels in
veterans with PTSD. Watson et al. (2006a) measured plasma AVP
levels after pre-treatment of DEX in patients with chronic depres-
sion and those with bipolar disorder, and found significantly higher
post-DEX AVP levels in the patient groups than in healthy controls,
suggesting that post-DEX AVP levels could be more sensitive than
baseline AVP levels in detecting HPA axis abnormalities. These
findings raise the possibility that the post-DEX AVP measure may
help understand whether the hypocortisolism, if present, is a result
of chronic HPA axis overactivity or a preexisting vulnerability factor
for psychopathology.

In this context, the present study sought to examine the rela-
tionships between subjectively perceived psychological distress,
psychological coping styles and the cortisol suppression pattern to
the DEX/CRH test in non-clinical volunteers. We also examined the
relationships of these psychological measures with the post-DEX
AVP level to see whether the possible low cortisol levels would
reflect allostatic shift or preexisting vulnerability. The study
hypothesis was that the higher cortisol levels (or less suppression
of cortisol) and/or lower cortisol levels (or more suppression of
cortisol) would be related to greater distress and a unique pattern
of coping strategies. If the low cortisol, together with elevation of
AVP, is related to these psychological measures, it would indicate
allostatic shift; while if the low cortisol, together with no elevation
of AVP, is related to such psychological measures, it may indicate
preexisting vulnerability.

2. Materials and methods
2.1, Participants

From February 2006 to December 2008, 121 healthy volunteers
(age range: 20—70; male, 28, female, 93) were recruited from the
community, through advertisements in free local information
magazines which contained a wide variety of information including
healthcare-related information and by our website announcement.
Participants were interviewed using the Japanese version of the
Mini-International Neuropsychiatric Interview (MIN], Otsubo et al.,
2005; Sheehan et al., 1998) by research psychiatrists (H.H., Y.0., T.T.
and H.K)), and only those who demonstrated no current Axis I
psychiatric disorders, including PTSD, were enrolled in this study.
In addition, those who demonstrated one or more of the following
conditions during a non-structured interview by an experienced
psychiatrist were excluded from this study: past or current contact
to psychiatric services, taking psychotropic drugs or had a history of
regular use of psychotropics, and the other obvious self-reported
signs of past primary psychotic and mood disorders as well as
PTSD. Additional exclusion criteria were as follows: having a prior
medical history of central nervous system disease or severe head
injury, having major systemic medical illnesses, having a history of
substance dependence or abuse, or taking corticosteroids or anti-
hypertensive medication. No subjects reported that they were on
oral contraceptives or estrogen replacement therapies. The present
experiments on our subjects were conducted in accordance with
the Declaration of Helsinki. After the nature of the study procedures
had been fully explained, written informed consent was obtained
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from all subjects, The study was approved by the ethics committee
of the National Center of Neurology and Psychiatry, Japan.

2.2. DEX/CRH test procedure and presentation for neuroendocrine
data

The DEX/CRH test was administered to all subjects by a single
examiner (H.H.) according to a protocol proposed in a previous
report (Kunugi et al.,, 2006). First, they took 1.5 mg of DEX (Banyu
Pharmaceutical Corporation, Tokyo, Japan) orally at 2300 h. On the
next day, they attended our laboratory and sat on a comfortable
couch in a calm room. A vein was cannulated at 1430 h to collect
blood at 1500 and 1600 h via an intravenous catheter. Human CRH
(100 pug) (hCRH *Mitsubishi’, Mitsubishi Pharma Corporation, Tokyo,
Japan) was administered intravenously at 1500 h, immediately after
the first blood collection, Subjects fasted and rested semi-supine
throughout the testing. Blood samples were immediately centri-
fuged and stored at —20 °C. Plasma concentrations of cortisol and
AVP were measured by radioimmunoassay at SRL Corporation
(Tokyo, Japan). The detection limits for cortisol and AVP were
1.0 pg/dL and 0.2 pg/ml, respectively (SRL Corporation, Tokyo,
Japan). Cortisol and AVP values under the detection limits were
treated as 0 pg/dL and O pg/mL, respectively. For cortisol, the intra-
assay coefficients of variation at 2.37 pg/dL, 13.02 pg/dL, and
36.73 pg/dL were 6.90%, 4.94%, and 5.78%, respectively. The inter-
assay coefficients of variation at 2.55 pg/dL, 13.04 pg/dL, and
34.17 pg/dL were 8.91%, 6.03%, and 6.44%, respectively. For AVP, the
intra-assay coefficients of variation at 0.97 pg/mL, 1.64 pg/mL, and
2.88 pg/mL were 1.7%, 7.2%, and 3.5%, respectively. The inter-assay
coefficients of variation at 0.94 pg/mlL, 1.59 pg/mL, and 2.88 pg/
mL were 3.9%, 10.3%, and 6.9%, respectively (SRL Corporation,
Tokyo, Japan). Outcome measures of this neuroendocrine test were
the DST-Cortisol (i.e., the concentration of cortisol [ug/dl]
at 1500 h), DEX/CRH-Cortisol (i.e., the concentration of cortisol at
1600 h) and DST-AVP (i.e. the concentration of AVP [pg/ml] at
1500 h). To further dissect the extent to which the subject's HPA
axis responded to the CRH challenge, the magnitude of change from
DST-Cortisol to DEX/CRH-Cortisol, namely ACortisol, was calculated
for each subject. For DST-AVP, data were available for only 106 of
the total 121 subjects. This reduction of subjects was because we
started to collect the AVP data on May 2006, which was about
3 months after the study initiation.

A cut-off criterion for suppression status was considered as
follows; ‘Incomplete-suppressors’ were defined a priori to be
individuals where either or both of DST- and DEX/CRH-Cortisols
were equal to or more than 5 pg/dL This cut-off value was based
on our previous studies (Kunugi et al., 2004, 2006), where the
cortisol value of 5 pg/dL was shown to sensitively distinguish
depressed patients from healthy controls. Based on these reports of
ours, recent studies (Ising et al., 2007; Schiile et al., 2009) also used
the same cut-off value of cortisol. Given these findings, in the
present study we assumed that the cortisol value of 5 pg/dL would
be also useful in detecting those participants whose negative
feedback of cortisol was “incomplete”. On the other hand,
‘Enhanced-suppressors’ were defined as those individuals whose
DST-Cortisol was less than 5 pg/dL and DEX/CRH-Cortisol was less
than 1 pg/dL, because this DEX/CRH-Cortisol value corresponded to
its detection limit and can therefore be regarded as an extremely
low cortisol level. The remaining individuals were considered to be
‘Moderate-suppressors’. We would like to note that the ‘Incom-
plete-suppressors’ were the sum total of the ‘Intermediate
suppressors’ and ‘Non-suppressors’ as defined in our previous
studies (Kunugi et al.,, 2004, 2006). This slight modification on the
grouping criterion was because it was expected that very few

subjects would fall into the ‘Non-suppressors’ group since the
present study included only healthy subjects.

2.3. Psychological assessment

To assess subjectively perceived psychological distress and
psychological coping styles, the following two self-report ques-
tionnaires were distributed to the participants.

2.3.1. The hopkins symptom checklist (HSCL)

Subjectively perceived psychological distress during one week
preceding the neuroendocrine test was assessed via the Hopkins
Symptom Checklist (HSCL, Derogatis et al., 1974), a self-report
questionnaire consisting of 58 (or 54) items which are scored on
5 underlying symptom dimensions, i.e., somatization, obsessive-
compulsive, interpersonal sensitivity, anxiety, and depression
symptoms. In the present study, a validated Japanese version of the
HSCL (Nakano, 2005) comprising 54 items was used. In this ques-
tionnaire, subjects were instructed to rate each item based on the
distress perceived during the previous week, using a four-point
scale of frequency, with “not-at-all” being scored 1, “occasion-
ally”, 2, “sometimes”, 3, and “frequently”, 4. All of the 121 partici-
pants answered this questionnaire.

2.3.2. The ways of coping checklist (WCCL)

Psychological coping can be defined as the thoughts and
behaviors used to manage the internal and external demands of
situations that are appraised as stressful (Folkman and Moskowitz,
2004). Coping styles of the participants were assessed using the
Japanese version of the Ways of Coping Checklist (WCCL) (Folkman
and Lazarus, 1985; Nakano, 1991), a self-report questionnaire con-
sisting of 47 items which measure each participant's preferred
coping styles using a four-point scale of frequency, with “not used”
being scored 0, “not frequently used”, 1, “sometimes used”, 2, and
“regularly used”, 3. The 47 items were grouped into 6 coping
strategies, namely planful problem-solving, positive reappraisal,
seeking social support, self-blame, wishful thinking, and escape-
avoidance (Nakano, 1991), thus measuring both problem-focused
and emotion-focused coping strategies. The WCCL data were
obtained from 102 of the total 121 participants. This reduction of
participants was because we started to collect the WCCL data on
June 2006.

2.4. Statistical analysis

Averages are reported as means + SD (standard deviation).
Categorical variables were compared using the y? test. Man-
n—Whitney U-test was used to compare hormonal measures
between two groups. The analysis of variance (ANOVA) or Krus-
kal-Wallis test was used to examine differences between three
groups. Pearson's r was used to examine correlations among
psychological measures, while Spearman's p was used to examine
correlations among hormonal data or between hormonal data and
psychological measures. To examine the difference between DST-
and DEX/CRH-Cortisols, Wilcoxon signed rank test was performed.
The analysis of covariance (ANCOVA), controlling for confounding
variables, was performed to compare the scores of questionnaires
between the three participant groups. Since age and sex have been
shown to significantly influence the cortisol levels (e.g., Heuser
et al,, 1994b; Kunugi et al,, 2006; Kunzel et al., 2003), these vari-
ables were considered as confounders regardless of the present
data. Statistical significance was set at two-tailed p < 0.05. Analyses
were performed using the Statistical Package for the Social Sciences
(SPSS) version 11.0 (SPSS Japan, Tokyo).




4 H. Hori et al. / Journal of Psychiatric Research xxx {2010) 1-9

Table 1
Correlations between coping styles and psychological distress (Pearson's r).
Somatization Obsessive-compulsive Interpersonal sensitivity Anxiety Depression

Problem-solving -0.10 -0.22* -0.24* -0.17 -0.25*
Positive reappraisal -0.08 -0.16 -0.26** -0.20* -0.32**
Sacial support 0.11 0.14 0.14 6.16 -0.03
Self-blame 0.29™ 0.47*** 0.52*** 049 0.48***
Wishful thinking 0.22¢ 0.42*** 0.37*** 0.40™** 0.31**
Escape-avoidance 0.08 030" 0.33*** 0.30** 0.20*

*p < 0.05, **p < 0.01, **p < 0.001.

3. Results
3.1. Demographic characteristics of the subjects

The numbers of incomplete-suppressors, moderate-suppres-
sors, and enhanced-suppressors were 55, 54, and 12, respectively,
indicating that the enhanced-suppressors corresponded to
approximately the bottom 10% of total subjects for cortisol levels.
The mean ages of incomplete-suppressors, moderate-suppressors,
and enhanced-suppressors were 46.8 + 14.3, 42,7 + 15.1, and
44.4 + 14.7, respectively. These three suppression groups did not
significantly differ in age [F2,118) = 1.49, p = 0.23]. Maie/female
ratios of incomplete-suppressors, moderate-suppressors, and
enhanced-suppressors were 6/49, 15/39, and 7/5, respectively.
There was a significant difference in sex distribution [y%(2) = 13.6,
p = 0.001}; males demonstrated significantly greater suppression
than females.

3.2. Correlations between coping styles and psychological distress

Table 1 shows the correlations between coping styles assessed
with the WCCL and psychological distress assessed with the HSCL.
Significant negative correlations were seen between problem-
focused coping strategies (i.e., problem-solving and positive
reappraisal) and greater psychological symptoms including inter-
personal sensitivity and depression. In contrast, significant posi-
tive correlations were observed between emotion-focused coping
strategies (i.e., self-blame, wishful thinking and escape-avoidance)
and most of the symptom dimensions. Social support was not
significantly related to any of the symptom dimensions.

3.3. Relationships between hormonal measures

The cortisol values for the three suppressor groups on the three
cortisol indices are provided in Table 2. DST-Cortisol of 64 subjects
and DEX/CRH-Cortisol of 12 subjects fell under the detection limit,
while DST-AVP did not fall under the detection limit in any subjects.
DEX/CRH-Cortisol was significantly higher than DST-Cortisol in the
whole sample, as expected (p < 0.001; Wilcoxon signed rank test).
There was no significant correlation of DST-AVP with DST-Cortisol

Table 2

{p = 0.07, p = 0.50), DEX/CRH-Cortisol (p = 0.03, p = 0.75), or
ACortisol (p = 0.02, p = 0.83). The three suppression groups did not
significantly differ in DST-AVP [Kruskal-Wallis y*(2) = 0.4,
p = 093]

3.4. Correlations between hormonal and psychological measures

No significant correlations were seen between DST-Cortisol and
any measures of the two questionnaires (all p > 0.2). No significant
correlations were seen between DEX/CRH-Cortisol and any
measures of the two questionnaires (all p > 0.2) except for inter-
personal sensitivity (p = —0.20, p = 0.03) in the HSCL. Similarly, no
significant correlations were observed between ACortisol and any
measures of the two questionnaires (all p > 0.2) except for inter-
personal sensitivity (p = —0.21, p = 0.02) in the HSCL. No significant
correlation was found between DST-AVP and any of the outcomes of
the two questionnaires (all p > 0.1).

3.5. Relationships between psychological measures and DEX/CRH
outcomes

3.5.1. Psychological distress and DEX/CRH outcomes

Fig. 1 shows the relationships between 5 symptom dimensions
of the HSCL and DEX/CRH suppression status. The ANCOVA on 5
symptoms controlling for age and sex showed significant main
effects of the suppression status on obsessive-compulsive [F
(2,114) = 5.19, p = 0.007], interpersonal sensitivity [[(2,114) = 5.43,
p = 0.006], and anxiety [F(2,114) = 5.86, p = 0.004], symptoms.
Post-hoc analyses with Bonferroni correction revealed that the
enhanced-suppressors, compared to the other two groups or to
moderate-suppressors alone, had significantly greater scores on
these three symptom dimensions, while no significant differences
were seen between incomplete- and moderate-suppressors (Fig. 1).

However, a considerable portion of the subjects fell into the
incomplete-suppressors and thus we considered that this group
would not necessarily represent those individuals whose cortisol
levels were abnormally high. Therefore, to confirm the results
obtained by the main analysis, the same ANCOVA was repeated
with another grouping criterion as follows: ‘incomplete-suppres-
sors’ to be individuals where either or both of DST- and DEX/CRH-

Plasma cortisol concentrations (mean + SD (range)) for the three subject groups, based on the suppression pattern.

Incomplete-suppressors

Moderate-suppressors Enhanced-suppressors

(n=55)¢ (n=54) (n=12)
DST-Cortisol® 1.4+ 1.5(0 ~ 5.8) 04£07 (0~ 1.9) 01+03(0~ 1.1)
DEXJCRH-Cortisol® 100+ 46 (5.0 ~ 25.1) 254 1.1 (1.1~ 49) 0£0(0~0)

ACortisol® 86+ 44(23 ~ 202)

21113 (=03 ~ 48) ~0.103(-11 ~ 0)

2 The concentration of cortiso! [ug/dl] at 1500 h (i.e,, immediately before the CRH challenge).
b The concentration of cortisol {ug/dl] at 1600 h (i.e., 1 h after the CRH challenge).
¢ Defined as "DEX/CRH-Cortisol minus DST-Cortisol".

¢ Defined as “DST-Cortisol > 5 or DEX/CRH-Cortisol > 5",

¢ Defined as “DST-Cortisol < 5 and 1 < DEX/CRH -Cortisol < 5”.

f Defined as “DST-Cortisol < 5 and DEX/CRH-Cortisol < 1",
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H Incomplete-suppressors (n=55)
1 Moderate-suppressors (n=54)

30 1 ** ** & Enhanced-suppressors (n=12)
25 + * *k
20 - é ’_i ok
2 = =
8 4 — —
3" = = =
10+ — — =
3 = = =
0 = = =
Somatization Obsessive- Interpersonal Anxiety Depression
compulsive sensitivity

Fig. 1. Comparisons of scores on the 5 dimensions of the Hopkins Symptom Checklist (HSCL) between the three suppression groups. Black, white, and borderline bars are incomplete-
suppressors (defined as "DST-Cortisol >5 or DEX/CRH-Cortisol >5”; n== 55), moderate-suppressors {defined as “DST-Cortisol <5 and 1 < DEX/CRH -Cortisol <5"; n==54),and enhanced-
suppressors (defined as “DST-Cortisol <5 and DEX/CRH-Cortisol <1"; n = 12), respectively. *p < 0.05; **p < 0.01. Error bars represent standard errors of the mean.

Cortisols were equal to or more than 13 pg/dL, ‘enhanced-
suppressors' to be those whose DST-Cortisol was less than 13 pg/dL
and DEX/CRH-Cortisol was less than 1 pg/dL, and ‘moderate-
suppressors' to be the remaining individuals. The reason why we
here used the cortisol level of 13 pg/dL, instead of the original 5 pg/
dL, as the cut-off value for the ‘incomplete-suppressors’ was that
this value corresponded to approximately the top 10% of total
subjects for cortisol levels. This 10% derived from the fact that the
cortisol value of “enhanced-suppressors” corresponded to
approximately the bottom 10% of total subjects. Using this new
grouping, additional ANCOVA on the 5 symptoms controlling for
age and sex was performed, again showing significant main effects
of the suppression status on obsessive-compulsive [F{2,114) = 4.63,
p = 0.012], interpersonal sensitivity [[(2,114) = 5.50, p = 0.005] and
anxiety [F(2,114) = 5.81, p = 0.004] symptoms. Post-hoc analyses
with Bonferroni correction revealed that the enhanced-
suppressors, compared to the other two groups or to moderate-
suppressors alone, scored significantly higher on these three
symptom dimensions, while no significant differences were seen
between incomplete- and moderate-suppressors {data not shown).

3.5.2. Coping styles and DEX/CRH outcomes

The relations between the 6 different coping styles of WCCL and
suppression status are provided in Fig. 2. The ANCOVA on the 6
coping subscales controlling for age and sex showed a significant
main effect of the suppression status on escape-avoidance [F
(2,95) = 5.26, p = 0.007]. Post-hoc analyses with Bonferroni
correction revealed that the enhanced-suppressors, compared to
the other two groups, had significantly greater scores on this coping
strategy, while no significant differences were found between
incomplete- and moderate-suppressors (Fig. 2).

The additional ANCOVA with the other grouping criterion of
suppression status on the 6 coping subscales showed significant
main effects of the suppression status on wishful thinking [F
(2,95) = 3.31, p = 0.041] and escape-avoidance {F(2,95) = 5.56,
p = 0.005]. Post-hoc analyses with Bonferroni correction revealed
that the enhanced-suppressors, compared to the other two groups
or to incomplete-suppressors alone, scored significantly higher on
these two coping strategies, while no significant differences were
seen between incomplete- and moderate-suppressors (data not
shown).

A Incomplete-suppressors (n=49)

2.5 4 1 Moderate-suppressors (n=43) *
™ Enhanced-suppressors (n=10)
%
2.0 - T e T L T P
15 = BE gE L 'S
g = — = = =
A = = = TS o —
1.0 | o — — — —
et — o e —
p— ps— [r— — —
— — e — —
0.5 e o — —_ e
= = = = =
— e v e o
 — p——— pa— J———
0.0 - T T T T 1
Problem- Positive Social support  Self-blame ‘Wishful Escape-
solving reappraisal thinking avoidance

Fig. 2. Comparisons of scores on the 6 subscales of the Ways of Coping Checklist (WCCL) between the three suppression groups. Black, white, and borderline bars are incomplete-
suppressors (defined as “DST-Cortisol >5 or DEX/CRH-Cortisol >5"; n = 49), moderate-suppressors (defined as “DST-Cortisol <5 and 1 < DEX/CRH-Cortisol <5"; n = 43}, and
enhanced-suppressors (defined as “DST-Cortisol <5 and DEX/CRH-Cortisol <1"; n = 10), respectively. *p < 0.05; **p < 0.01. Error bars represent standard errors of the mean,
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4. Discussion

We examined the relationships of cortisol reactivity to the DEX/
CRH test with subjectively perceived psychological distress and
psychological coping styles as assessed with the self-report ques-
tionnaires in a non-clinical population. The most salient finding
was that the enhanced cortisol suppression to the DEX/CRH test, or
blunted cortisol response to CRH challenge, was significantly
related to various psychological distress and avoidant coping style.

Besides the well-established relation between acute stress and
elevated cortisol levels, numerous studies have linked low cortisol
levels to various kinds of stress, in particular to chronic stress
(reviewed in Heim et al., 2000). In line with this, a large number of
DST studies using a low dose of DEX have observed enhanced
suppression of cortisol in a variety of psychiatric conditions
including PTSD {Grossman et al,, 2003; Yehuda et al,, 1993). To our
knowledge, however, the present study is the first DEX/CRH study
where the overtly defined enhanced suppression, in addition to the
incomplete suppression, was examined in the context of non-
clinical psychological distress and coping styles. Based on the
previous literature, it was hypothesized that both incomplete and
enhanced suppression of cortisol due to the negative feedback by
DEX administration would be related to greater distress and/or
a unique pattern of coping strategies. The significant associations of
enhanced suppression with greater distress and more frequent use
of avoidant coping strategy supported the hypothesis, while
contrary to our prediction incomplete suppression was not signif-
icantly related to any of the psychological measures.

We observed significant negative correlations between inter-
personal sensitivity in the HSCL and cortisol values, namely DEX/
CRH-Cortisol and ACortisol. A significant relation between inter-
personal sensitivity and enhanced cortisol suppression was also
found. These results were in line with a recent study showing the
association between higher rejection sensitivity and lower cortisol
awakening responses in community women (Tops et al., 2008). In
addition, the significant relationships of enhanced cortisol
suppression with obsessive-compulsive and anxiety symptoms, but
not depressive symptom, point to the possibility that enhanced
suppression is more related to anxiety symptoms than depressive
symptoms -in healthy populations. Several studies investigated
cortisol levels as measured by DST in patients with obsessive-
compulsive disorder (OCD), and the majority of these studies
found that OCD patients did not show non-suppression or their
baseline cortisol levels did not differ from healthy controls (e.g.,
Kuloglu et al,, 2007; Lieberman et al., 1985). These previous find-
ings, combined with the present result, might suggest that
obsessive-compulsive symptoms are associated with normal
cortisol suppression to DEX and subsequent blunted response to
CRH challenge.

Several lines of research have documented the relationship of
coping styles with psychobiological measures including cortisol
levels (Frecska et al., 1988; Nicolson, 1992; O'Donnell et al., 2008).
While cortisol activity has been considered to reflect the effec-
tiveness of coping strategies (Nicolson, 1992), how differential
coping styles in everyday settings relate to cortisol reactivity has
not been well documented using pharmacological challenge tests.
The present study found that blunted, but not exaggerated, cortisol
reactivity was significantly associated with the avoidant coping
style. This finding is consistent with the previous study reporting
the association between passive coping and low cortisol levels
(Heim et al., 2000). However, the findings to date on the association
between coping styles and cortisol activity have not been
unequivocal. A 1-mg DST study (Frecska et al., 1988), for example,
observed an association between high post-DEX cortisol levels and
denial and passivity. Furthermore, O'Donnell et al. (2008) found no

significant association between the avoidant coping style and
cortisol levels in healthy older adults. Instead, they found that
individuals who scored higher in either problem engagement or
seeking social support had lower cortisol output over the day. These
inconsistent findings might be due to different instruments for the
measurement of coping styles and/or to different measures for the
assessment of HPA axis function (e.g., DST vs. DEX/CRH and high-
vs. low-dose of DEX) between studies. Still, the present finding of
the association between blunted cortisol reactivity and more
frequent use of avoidant coping style might be intriguing, taking
into account that atypical depression, a disorder known to relate to
down-regulation of HPA axis (Gold and Chrousos, 2002), has been
reported to be associated with avoidant personality (Alpert et al.,
1997; Parker et al.,, 2005). Similarly, PTSD has been found to be
associated with avoidant coping styles (Bryant and Harvey, 1995;
Krause et al,, 2008) as well as with low cortisol levels, including
somewhat low baseline cortisol levels (Meewisse et al,, 2007) and
enhanced suppression of cortisol to the low dose of DEX (Grossman
et al,, 2003; Yehuda et al., 1993).

The associations between coping styles and psychological
distress, more specifically the significant positive correlation
between more frequent use of avoidant coping strategy and
greater psychological distress, were in line with previous studies
(Goossens et al., 2008; Spira et al,, 2004). Taken together, we
observed significant relationships between greater distress,
avoidant coping style, and blunted cortisol response. A feasible
scenario for this relation would be that psychological distress
and avoidant coping style result from the failure to mobilize
cortisol to adequately cope with stressors. Alternatively, persis-
tent psychological distress and/or avoidant coping style may end
up in blunted cortisol reactivity.

The potential mechanism by which the enhanced suppression
was related to the psychological distress and avoidant coping style
could be discussed as follows. Since the negative feedback by DEX
occurs mainly at the level of the pituitary (Cole et al., 2000), the
excessively suppressed cortisol response to the DEX/CRH challenge
is likely to stem from high sensitivity of pituitary glucocorticoid
receptor. In line with this, enhanced negative feedback inhibition at
the level of the pituitary caused by the low dose of DEX (0.5 mg) is
considered to underlie the enhanced suppression of cortisol and
ACTH in PTSD (Yehuda et al, 2004). The present study, using
a higher dose of DEX (1.5 mg), was not primarily aimed to test the
association of enhanced feedback inhibition by DEX itself with
psychological measures, and actually cortisol levels of a consider-
able portion of our subjects fell under detection limit. A DST with
the higher dose of DEX pre-treatment is optimized for the detection
of decreased HPA axis feedback sensitivity whereas a DST with the
lower dose of DEX is more sensitive for the detection of increased
HPA axis feedback sensitivity. Indeed, using a 0.5-mg DST, a number
of studies have found individuals with PTSD to display enhanced
suppression of cortisol relative to those without PTSD (e.g.,
Grossman et al,, 2003; Yehuda et al., 2004). Nevertheless, the fact
that no significant correlational relationships were seen between
DST-Cortisol and the psychological measures might indicate that
DST is not very sensitive in detecting HPA axis alteration in relation
to the psychopathology at a non-clinical level. Instead, the signifi-
cant associations between the enhanced suppression to the
combined DEX/CRH challenge and the unfavorable psychological
outcomes may suggest that HPA axis alteration in relation to the
psychopathology in healthy populations would be accounted for, at
least in part, by the down-regulation of CRH receptors on the level
of the pituitary rather than by the enhanced feedback inhibition
detectable by the DST. However, to draw any conclusions as to
where in the HPA axis the alteration exists, more adequate dose of
DEX for pre-treatment should be further explored.
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Based on the preclinical and clinical evidence that elevation of
AVP occurs as a consequence of chronic stress (De Goeij et al.,, 1992;
Watson et al., 2006a), we measured the post-DEX AVP level to
investigate whether the blunted cortisol response would reflect
allostatic shift toward elevation of AVP or preexisting vulnerability,
as stated earlier. Actually, no significant association was seen
between the post-DEX AVP level and psychological measures,
suggesting that the relation of blunted cortisol response with
several psychological measures would not be attributable to the
allostatic shift. Rather, the blunted cortisol response observed here
could be considered to relate to preexisting non-clinical psycho-
pathology, including the psychological distress and avoidant coping
style. This corresponds well to the evidence that low cortisol levels
may be a risk factor for psychopathological conditions, in particular
PTSD (Yehuda et al,, 2000). Simeon et al. (2007) also demonstrated
the positive association between resilience and higher urinary
cortisol levels in healthy adults. However, caution should be exer-
cised in accepting this argument because evidence from clinical
studies that the peripheral AVP level is elevated after chronic stress
has not been sufficient to date.

Findings reported here should be interpreted in the context of
a number of limitations. First, since the DEX/CRH test used here was
based on a simple test protocol (i.e, measuring hormones only
twice and omitting the ACTH measures), it may have provided less
information on HPA axis hormones than the standard DEX/CRH test
measuring both cortisol and ACTH levels at 5 time points between
1500 h and 1615 h. Moreover, we did not measure baseline levels of
cotisol or AVP, i.e., those before the DEX challenge, which precluded
us from knowing the extent to which each participant suppressed
his/her cortisol and AVP secretions in response to the 1.5 mg of DEX.
Second, the criteria for the suppression pattern employed here do
not have sufficient empirical basis of the literature; however, the
consistency between the a priori defined grouping (where cut-off
values of cortisol were 1 pg/dL and 5 pg/dL) and the other
grouping (where cut-off values of cortisol were 1 pg/dL and 13 pg/
dL) in terms of their associations with the psychological measures
might justify the grouping criteria. Third, this cross-sectional study
cannot provide information as to whether the psychological
outcomes assessed with the questionnaires were temporary or
prolonged ones, nor can it address the natural history of the
alteration in HPA axis function. Fourth, we cannot determine from
the peripheral AVP measures alone whether they originated from
the parvocellular or magnocellular system of PVN. Fifth, we did not
collect data on menstrual cycle in the female participants, which
may have affected HPA axis function. Sixth, one might think that
there would be some biases in our sampling because none of the 93
female subjects reported that they were on oral contraceptives or
hormone replacement therapies at the time of the neurcendocrine
test. However, this issue should be considered in the context of
considerable ethnic differences in the prevalence of these medi-
cations; some data show that approximately 1% and 4% of Japanese
women were on low-dose oral contraceptives and hormone
replacement therapies, respectively (Katanoda et al, 2003;
Matsumoto et al,, 2003), while that approximately 35—60% and
20-30% of women in Western countries were on low-dose oral
contraceptives and hormone replacement therapies, respectively
(Mishra et al., 2006; Tanis et al,, 2003; Terry et al., 2002). Therefore,
the absence of the use of such medications in the present sample
could be attributed to the very low prevalence of these medications
in Japan, unlike in most Western countries. Finally, as we did not
collect data on the history of childhood trauma or maltreatment,
which has been repeatedly reported to lead to HPA axis dysfunction
in aduithood (Carpenter et al., 2007, 2009; Heim et al., 2008), some
findings of the present study (e.g., the association of avoidant
coping strategy with enhanced suppression of cortisol) might be

confounded by such a history of early-life adversity. However, even
if this is the case, our purpose of investigating the cross-sectional
relations between HPA axis function and its psychological corre-
lates in non-clinical adults will not be hampered.

In conclusion, the present study found that enhanced suppres-
sion, or blunted response, of cortisol in the DEX/CRH test was
associated with greater psychological distress and avoidant coping
style in a healthy population. This finding further suggests that
impaired ability to mount an adequate cortisol response to phar-
macological challenge may serve as a biomarker to define certain
psychopathology in a non-clinical population. Such a biomarker
might be useful to better understand the etiology of mental
disorders and risk for symptom development.
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