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Summary The normal diurnal cortisol cycle has a peak in the morning, decreasing
rapidly over the day, with low levels during the night, then rising rapidly again to the
morning peak. A pattern of flatter daytime slopes has been associated with more
rapid cancer progression in both animals and humans. We studied the relationship
between the daytime slopes and other daytime cortisol responses to both
pharmacological and psychosocial challenges of hypothalamic—pituitary—adrenal
(HPA) axis function as well as DHEA in a sample of 99 women with metastatic breast
cancer, in hopes of elucidating the dysregulatory process.

We found that the different components of HPA regulation: the daytime cortisol
slope, the rise in cortisol from waking to 30min later, and cortisol response to
various challenges, including dexamethasone (DEX) suppression, corticotrophin
releasing factor (CRF) activation, and the Trier Social Stress Task, were at best
modestly associated. Escape from suppression stimulated by 1mg of DEX
administered the night before was moderately but significantly associated with
flatter daytime cortisol slopes (r = 0.28 to .30 at different times of the post DEX
administration day, all p<.01). Daytime cortisol slopes were also moderately but
significant associated with the rise in cortisol from waking to 30 min after awakening
(r=.29, p =.004, N = 96), but not with waking cortisol level (r = —0.13, p = .19).
However, we could not detect any association between daytime cortisol slope and
activation of cortisol secretion by either CRF infusion or the Trier Social Stress Task.
The CRF activation test (following 1.5 mg of DEX to assure that the effect was due to
exogenous CRF) produced ACTH levels that were correlated (r = 0.66, p<.0001,
N =74) with serum cortisol levels, indicating adrenal responsiveness to ACTH
stimulation. Daytime cortisol slopes were significantly correlated with the slope of
DHEA (r = .21, p = .04, N = 95). Our general findings suggest that flatter daytime

*Corresponding author. Tel.: +1650723 6421; fax: +1650498 6678.
E-mail addresses: dspiegel@stanford.edu (D. Spiegel), jgiese@stanford.edu (J. Giese-Davis), btaylor@stanford.edu (C.B. Taylor),

hkraemer@stanford.edu (H. Kraemer).

0306-4530/6 - see front matter © 2006
doi:10.1016/j.psyneuen.2006.09.004

Elsevier Ltd. All rights reserved.


www.elsevier.com/locate/psyneuen
dx.doi.org/10.1016/j.psyneuen.2006.09.004
mailto:btaylor@stanford.edu
mailto:hkraemer@stanford.edu

1232

D. Spiegel et al.

cortisol slopes among metastatic breast cancer patients may be related to disrupted
feedback inhibition rather than hypersensitivity in response to stimulation.
© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

The diagnosis of breast cancer constitutes a series
of stressors, including existential threat, changes in
social and vocational roles, the need to make
important treatment decisions, and serious side
effects associated with treatment. Although most
women diagnosed with breast cancer will not
develop a psychiatric diagnosis, the vast majority
will experience the disease as a major stressor, and
10% have severe maladjustment as long as six years
later (Omne-Ponten et al., 1994). Thus, breast
cancer causes substantial psychological stress,
which is likely to increase physiological conse-
quences as well. Recent work in stress response
physiology has emphasized the cumulative effect of
stressors on physiological response systems, re-
ferred to as “allostatic load” (McEwen, 1998).
Allostatic load has been defined as the price that
the body has to pay for maintaining allostasis, or
stability through physiologic change. Recently, it
has been suggested that increased allostatic load,
which may occur through cumulative build-up of
stress over a lifespan, may significantly hinder the
functioning of different physiologic systems (See-
man et al., 1997; McEwen, 1998). Exposure to
frequent or severe stress over a period of time may
lead to increased sensitization of the hypothala-
mic—pituitary-adrenal (HPA) axis resulting in pro-
nounced stress response (Rosmond et al., 1998;
Heim et al., 2000a,b). Abnormalities in the
trajectory of the daytime slope of cortisol have
been observed in about 10% of normal populations
(Stone et al., 2001), and at higher levels among
subjects undergoing psychological stress (e.g.,
depression, unemployment, post-traumatic stress
disorder) (Irwin et al., 1988; Ockenfels et al., 1995;
Yehuda et al., 1996) and some types of physical
stress (e.g., shift work and excessive workloads)
(Caplan et al., 1979; Shinkai et al., 1993). However,
chronic stress may also result in hypocortisolism
(Heim et al., 20004, b; Fries et al., 2005) along with
flatter daytime slope, with exaggerated stress
sensitivity and proliferation of glucocorticoid re-
ceptors on peripheral lymphocytes and the CNS
(Heim et al., 2000a, b). Recent studies of children
show that those who are under stress and those who
are less outgoing and energetic show flatter day-
time cortisol slopes (Adam and Gunnar, 2001).
There is evidence that a substantial minority of

‘normal’ individuals have flatter daytime cortisol
slopes, and that it is a trait-like measure (Smyth
et al., 1997; Stone et al., 2001) (i.e., it does not
change over long periods of time). A recent study
showed that mothers with flatter daytime cortisol
slopes had more children at home, poorer relation-
ships with them, and more hours of maternal
employment (Adam and Gunnar, 2001). Health
problems associated with aberrations in the tra-
jectory of the daytime cortisol slope include PTSD,
chronic fatigue syndrome, and fibromyalgia/pain
hypersensitivity (Yehuda et al., 1993, 1995; Heim
et al., 1998; Bower et al., 2005a, b; Griffin et al.,
2005).

Two other daytime cortisol activation measures
considered to be important indicators of HPA
regulation are the awakening level and waking rise
(change in cortisol from waking to a set time,
usually 30-45min after waking). There is still
considerable lack of agreement about what the
waking rise in cortisol means. One study suggests
that a strong waking rise in cortisol may indicate
the general health of the HPA (Pruessner et al.,
1997). However, a number of studies have shown
that daily stress and overcommitment at work are
positively associated with waking rise in cortisol
(Kunz-Ebrecht et al., 2004). Furthermore, there is
evidence that the waking rise is lower on weekends
than weekdays (Kunz-Ebrecht et al., 2004). How-
ever, while waking response is higher with per-
ceived stress, it may be lower among those with
‘burnout’ (Pruessner et al., 1999; Gunnar and
Vazquez, 2001). In a preliminary study from this
project (Kraemer et al., 2006), the test-retest
reliability of waking rise from one day to another is
quite low, suggesting that this behaves more as a
‘“state” than a “trait” response. Such low relia-
bility would make it difficult to document trait
correlates of the waking rise in cortisol.

These findings in relation to stress, trauma and
depression are salient to the chronic stress of
breast cancer as well. One study found a blunted
ACTH response to stress among metastatic breast
cancer patients, and an inverse relationship be-
tween stress-induced ACTH and basal cortisol
levels, suggesting that the blunted response was a
result of hypercortisolemia (van der Pompe et al.,
1996). However, low plasma cortisol levels have
been found among recently diagnosed breast
cancer patients with a history of depression or
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PTSD (Luecken et al., 2004). Decreased peak levels
occurring at abnormal times in the cortisol profile
may be caused by general HPA hyporesponsiveness
(McEwen, 1998) or increased metabolic clearance
of cortisol related to the increased use of metabolic
substrates that has been observed with neoplastic
growth (van der Pompe et al., 1996).

Flatter daytime slopes of cortisol have been
associated with fatigue in breast cancer patients
(Bower et al., 2005a,b), and are predictive of
earlier mortality with metastatic breast cancer
(Sephton et al., 2000a, b), independent of other
known prognostic factors. This latter observation
provided evidence that abnormalities in daytime
slopes of cortisol were related to host resistance to
cancer progression. We found that only one-third of
a sample of 104 women with metastatic breast
cancer exhibited the normal pattern with high
levels in the morning, rapidly decreasing through-
out the day. The remainder exhibited either flatter
trajectories, or even increases at noon, 1700 h, or
2100 h, with considerable variability in the sample
of the trajectory. Flatter slopes predicted earlier
mortality up to 7 years later, and were associated
with loss of a spouse and reported sleep disrup-
tions. In a related study we observed that women
with metastatic breast cancer were more likely to
have flatter slopes than a comparison sample
without disease (Abercrombie et al., 2004). The
sources of such dysregulation could be failure of
feedback inhibition, excessive responsiveness to
activation from stress throughout the day, altera-
tions in cortisol clearance, or sleep disruption. For
these reasons, it is important to examine whether
flatter cortisol response is associated with failure of
feedback inhibition (to administration of dexa-
methasone; DEX), hyper-responsiveness to stimula-
tion (either by CRF or acute stress), or is associated
with disruption in other diurnal rhythms, such as
dehydroepiandrosterone (DHEA).

Recent research shows how circadian dysregula-
tion might underlie associations between stress and
cancer (Sephton and Spiegel, 2003). Two separate
lines of investigation have demonstrated that stress
(e.g., chronic/work-related stress, depression) can
disrupt circadian corticosteroid rhythms (Chrousos
and Gold, 1998), favoring tumor initiation and
progression (Filipski et al., 2002; Sephton and
Spiegel, 2003). Nighttime shift work, which disrupts
circadian endocrine rhythms, is a risk factor for
breast and colorectal cancer (Schernhammer et al.,
2003). Mice with circadian gene mutations are
prone to tumor development and early death (Fu
et al., 2002; Fu and Lee, 2003). Cancer patients as
well as tumor-bearing animals show disruption in
rhythms of cortisol, melatonin (Blask et al., 2005),

prolactin, TSH, GH, LH, FSH, temperature, circu-
lating proteins, and cell trafficking and prolifera-
tion cycles. Advanced cases demonstrate the
greatest circadian disruption (Mormont and Levi,
1997). In murine studies, tumor progression and
mortality are accelerated after elimination of
circadian rhythms (Filipski et al., 2002). Two
clinical studies have shown that circadian (cortisol
and rest-activity) cycles predict long-term cancer
survival (Mormont et al., 2000; Sephton et al.,
2000a, b).

The association between daytime cortisol rhythm
and DHEA might be important in understanding the
relationship between daytime cortisol slope and
cancer survival. DHEA is produced in large quan-
tities by the adrenal cortex, shows some daytime
variation, and is considered an ‘anti-glucocorti-
coid’ hormone. There is evidence that higher levels
of the adrenal androgens dehydroepiandrosterone
(DHEA) and its sulfate (DHEA-S) are associated with
higher breast cancer risk, especially in post-
menopausal women, possibly because of conversion
by aromatase to estrogen-like steroids that can
stimulate tumor growth, (Massobrio et al., 1994;
Secreto and Zumoff, 1994; Dorgan et al., 1997;
Kaaks et al., 2005), although one study found lower
levels of DHEA-S in women with metastatic breast
cancer, especially those with visceral metastases
(Lissoni et al., 1998). It may also act as a partial
estrogen receptor agonist blocking estrogen recep-
tors, which would have a protective effect in pre-
menopausal women.

The present study was designed to analyze the
pathophysiology of certain disruptions in daytime
cortisol patterns (cortisol slope, waking cortisol,
and rise 30 min after waking) among women with
metastatic breast cancer. In this study we exam-
ined the specific hypotheses that a flatter daytime
cortisol slope would be related to (1) lack of
suppression of cortisol in response to 0.5 mg of DEX;
(2) hyperactive and protracted ACTH and cortisol
response to CRF challenge; (3) higher cortisol
response to the Trier Social Stress Task (TSST) and
higher afternoon and evening cortisol levels follow-
ing the TSST, (4) DHEA diurnal slope and a lower
DHEA/cortisol ratio. In addition, we conducted
exploratory analyses examining relationships
among other measures of daytime HPA function.

2. Methods
2.1. Sample

One hundred eleven women with metastatic breast
cancer were eligible and consented to participation



1234

D. Spiegel et al.

from a total pool of 221. Referrals came from
oncologists at Stanford and in the Bay Area,
responses to newspaper advertisements, and word
of mouth among subjects and patients. Of these
referrals, 25 were not eligible, 83 were eligible but
not interested, and 2 died before the study began.
Of the 111 eligible who consented, 8 dropouts
provided no data and four additional subjects who
reported steroid use during baseline assessment
were excluded, leaving a study sample of 99.
Inclusion criteria were documented metastatic or
recurrent breast cancer; age 55 or older, a
Karnofsky rating of at least 70%; residence within
the Greater San Francisco Bay Area; and proficiency
in English. Exclusion criteria were: active cancers
within the past 10 years other than breast cancer,
basal cell or squamous cell carcinomas of the skin,
or in situ cancer of the cervix; positive supraclavi-
cular lymph nodes as the only metastatic lesion at
the time of initial diagnosis; a concurrent medical
condition likely to influence short term survival,
utilization of a corticosteroid within the preceding
month, or a history of major psychiatric illness for
which patient was hospitalized or medicated, with
the exception of depression or anxiety.

Participants began collection of baseline saliva
and questionnaires a median of 3 days after
consenting to participate. Our goal was then to
collect measures in the following order with a
minimum of one week between each major
physiological assessment: (1) Three-day at home
collection of baseline saliva samples (Cortisol,
DHEA), in which day-3 sample collection was to
determine response to DEX suppression; and base-
line questionnaires (including demographics, med-
ical history, medical data from oncologist); (2) the
Trier Social Stress Task (TSST) was conducted a
median of 18 days later; (3) Blood samples for
measuring baseline ACTH and the CRF Challenge
test were collected a median of 14 days later. Due
to scheduling issues (e.g., participant treatments
that included Decadron or Steroids), the time
interval between tests could not be identical across
subjects.

Not all measures were obtained on all 111
subjects who qualified. Eight dropped out of the
study before providing any data. One provided no
biologic data and another subject provided inade-
quate saliva samples for the cortisol assay. Eight
others did not participate in the TSST, leaving 93
with those measures. Of these, 17 did not provide
blood samples for immunophenotyping, largely
because of limited available veins due to nodal
dissections and the need to preserve remaining
venous access. Table 1 documents current levels of
chemotherapy, radiation, hormonal treatments,

and antidepressant use in this population. Anti-
depressant use included, 18.2% on SSRIs, 11.1% on
SNRIs, 2.0% on tricyclic antidepressants, 1.0% on
buproprion, 1.0% on an SNRI/tricyclic combination,
2.0% on an SNRI and buproprion, 1.0% on an SSRI
and tricyclic, 2.0% on an SSRI/buproprion combina-
tion, and 1.0% on hypericum.

3. Measures
3.1. Demographics

We obtained demographics and medical history
from a brief, self-report measure. Medical data
were also obtained using a brief questionnaire in
which treating oncologists reported patients’ diag-
nosis, treatments, and hormone receptor status.

3.2. Physiological measures

Cortisol. Salivary cortisol has been found to be a
reliable tool for investigations of HPA axis activity
(Kirschbaum and Hellhammer, 1994). It is a non-
invasive approach that reflects unbound plasma
cortisol levels regardless of salivation rate (Ock-
enfels et al., 1995). Salivary cortisol is known to be
responsive to anxiety or stress in normal subjects
(Shinkai et al., 1993; Yehuda et al., 1996). Saliva
samples were obtained on two consecutive days, at
five intervals throughout each day (at waking,
30 min later, 1200, 1700 and 2100 h) in their homes.
The assessments at waking and 30 min later were
obtained to examine the pattern of morning
increase noted to index normal HPA activation in
the morning (Pruessner et al., 1997). In a pre-
liminary study, we documented the test-retest
reliability of daytime cortisol slopes and waking
rise obtained in this protocol (Kraemer et al.,
2006). In the current study, daytime cortisol slope
was calculated by regressing cortisol values on time
from awakening on all points (1200, 1700, and
2100 h but not wake+30) for 2 days. Waking cortisol
was the mean of waking levels for 2 days. Waking
rise was the 2-day mean of the difference between
the cortisol levels at waking and 30min post-
waking. Recovery at 2100 h on the day of the TSST
was the difference score between the average log
cortisol level at 2100h during the 2-day baseline
and the 2100h cortisol level following the TSST.
Recovery at wake the day following the TSST was
computed similarly. Spearman correlations (and
percentiles rather than means and standard devia-
tions in the tables) were utilized because of the
non-normal distributions and outliers.
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Table 1 Descriptive statistics for sociodemographic, medical, and treatment variables in metastatic breast
cancer patients (N = 99).

Measure N Percentile
25th Median (50th) or % 75th
Demographic
Age at baseline (years) 99 47 54 62
Age at initial diagnosis 93 42 47 53
Age at metastasis/recurrence 93 45 51 58
Ethnicity (% Caucasian) 98 85.7
Education 99
High School Diploma or below 2.0
Trade school or some college 34.3
Bachelor’s Degree 20.2
Some Graduate School or Master’s 39.4
Ph.D., M.D. or J.D. 4.0
Income (%) 89
<$20,000 5.6
$20,000-$39,999 20.2
$40,000-559,999 12.4
$60,000-579,999 18.0
$80,000-599,999 13.5
$100,000 and Above 30.3
Marital status (%) 99
Single/never Married 71
Married/living as married 67.7
Separated, Divorced, or widowed 25.3
Employment status (%) 99
Full time 22.2
Part time 12.1
Retired/not employed 65.7
Medical Status, Treatment for Cancer
Disease-free interval 93 14 37 84
Time DX to study entry (months) 93 30 77 116
Time metastasis to study entry (months) 93 7 13 36
Estrogen receptor status (% negative) 92 29.3
Progesterone Receptor status (% negative) 89 31.5
Site of metastasis/recurrence 93
Chestwall 35.5
Bone 22.6
Viscera 41.9
Treatment (% Yes)
Surgery 93 93.8
Reconstruction 93 25.8
Chemotherapy within 2 months of baseline 98 14.3
Radiation within 2 months of baseline 98 12.2
Hormone therapy Within 2 months of baseline 98 29.6
Reported Antidepressant use at baseline 97 40.2
Ever had diabetes? 98 3.1
Ever had a stroke? 98 1.0
Ever had high blood pressure? 98 17.3
Ever had heart disease? 97 3.1
Do you smoke? 99 5.1

Each participant was scheduled to obtain saliva  day, and similar samples throughout the day were
samples on each of two baseline saliva collection collected on day 3 to determine response to DEX
days. One mg of DEX was administered after the  suppression. The TSST (Kirschbaum et al., 1993)
evening saliva sample was obtained on the second  was administered at least a week after this baseline
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sampling. Saliva samples throughout the day were
obtained on the day of, during, and the day
following the stress task. Patients were offered
wrist-worn timers to prompt them at scheduled
saliva collection times. Saliva collection swabs
(Sarstedt, Inc., Newton, NC) were stored in
medication event monitoring system bottles so that
exact saliva collection times could be recorded
electronically. During home-based collections, par-
ticipants were instructed to refrigerate completed
samples. They were advised not to eat, drink,
smoke, brush teeth, or use mouthwash for 30 min
prior to before saliva collections, and not to collect
saliva if they had any mouth wound. They were
asked not to drink alcohol during the hours prior to,
or during any days when saliva samples were
collected.

Samples were stored at —70°C prior to labora-
tory centrifugation and assays for salivary cortisol
using luminescence immunoassay (LIA) reagents
provided by Immuno-Biological Laboratories,
Inc. Hamburg, Germany. Assay sensitivity was
0.015ug/dl. Intra assay variation on three saliva
pools of the low, medium, and high controls were
averaged 2.8%, 10.5%, and 4.8%, respectively. The
mean values of the low, medium, and high controls
were .054, .228, and .863 ug/dl. The inter-assay
coefficients of variation for the low, medium, and
high controls were 10.9%, 10.5%, and 5.5%, respec-
tively. The range of sensitivity is from .07 to
3.12ug/dl, and the average intra- and inter-assay
coefficients of variation are 5.4% and 7.3%, respec-
tively. Values from matched serum and saliva
samples were strongly correlated (r(17) = 0.94,
p<.0001). External controls were included in each
batch representing low and high cortisol levels, and
all samples were assayed in duplicate. Those
duplicates between .07 and .18ug/dl with a
coefficient of variation greater than 15% were
reassayed, and those between .18 and 3.12ug/dl
were reassayed if the CV was greater than 10%.
Those below .07ug/dl were not reassayed, and
those above 3.12 ug/dl and outside of the standard
range were reassayed using dilutions.

ACTH: The ACTH Double Antibody IRMA, by
DiaSorin Corporation was used. External controls
were included in each batch representing low and
high ACTH levels. All samples were assayed in
duplicate. The minimal detectable dose is approxi-
mately 1.5 pg/ml. The ACTH antiserum used in the
test is highly specific for ACTH, with an extremely
low cross reactivity to other hormones. CVs are low
and uniform. The intra-assay reliability for low
controls was 4.18 and for high controls was 3.54.
The inter-assay reliability for low control is 5.74
and for high control is 3.16. The linear range of

with 2 S.D. is 7.0 to 1128 pg/ml of ACTH. Sample
values that represent extreme scores were retested
using two and fourfold dilutions.

DHEA: DHEA was analyzed using a Salivary DHEA
ELISA Kit, by Salimetrics. It is an enzyme immu-
noassay (no radioactivity). The average intra-assay
coefficient of variation is 4.9% (1.0% for high and
5.9% for low DHEA levels). The minimal concentra-
tion of DHEA that can be distinguished from 0 is
10pg/mL. The correlation between serum and
salivary DHEA was determined by assaying 40
matched samples using the Diagnhostic Systems
Laboratories serum DHEA radioimmunoassay and
the Salimetrics Salivary DHEA EIA. The serum-
saliva correlation was, r(38) = 0.883, p<.001. All
samples were assayed in duplicate. Sample values
that represented extreme scores were retested
dilutions.

3.3. HPA suppression and activation

DEX suppression test. To assess feedback sensitivity
of the HPA axis, the DEX suppression test (DST) was
conducted by giving 1 mg of DEX at 2200 h and then
obtaining saliva samples for cortisol measurement
at waking, wake plus 30, 1200 h, 1700 h, and 2100 h
the next day.

HPA activation: Trier Social Stress Task (TSST): A
modified version of the TSST (Kirschbaum et al.,
1993) was used in this study. The TSST is a
standardized social and cognitive stressor com-
posed of 5min of anticipatory stress, 5min of
public speaking in the form of a job interview, and
5 min of mental arithmetic done in front of a panel
of 2 evaluators. Upon arrival, participants were
fitted with physiological recording equipment.
After a 5min baseline and a calibration procedure
for the respiration belts, participants were told
that they would have 5 min to prepare a speech for
a job interview. The 5min speech task was
immediately followed by a mental math task.
Evaluators provided no facial feedback in response
to the participants. Participants were then in-
structed to sit quietly for the next hour, without
moving or speaking much. Debriefing occurred the
next-day following saliva collection.

On the day of the stress task, samples were
obtained at waking, 30min later, 1200, and at
2100 h. The stress task began in the late afternoon
between 1600 and 1900 h because past research has
shown that HPA effect sizes for stress tasks are
greater for late afternoon sessions due to the lower
background daytime level of cortisol (Dickerson and
Kemeny, 2004). Saliva samples during the stress
task were collected 10 times: (1) when participants
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first arrived at the GCRC before autonomic hook up,
(2) after electrode hook-up and before respiration
calibration, (3) After 5min of baseline quiet sitting
and 5min of paced breathing, right before stress
task instructions, (4) after 5min speech prepara-
tion, (5) after the speech (5min) and math (5min)
stressors, and at 10, 20, 30, 45, and 60 min. Saliva
was sampled 5 times the following day on the same
time schedule as the two baseline days.

CRF challenge: The CRF challenge was utilized to
assess the possibility that flattening of daytime
slope is due to hyper responsiveness of the adrenal
cortex to stimulation. To assess optimal pituitary
responsiveness, the CRF stimulation test was
applied in the afternoon, a time when endogenous
pituitary-adrenal activity is low (Linton and Lowry,
1989). Patients were pretreated with 1.5 mg of DEX
at 2200 h the night before to be sure that response
the next day was due purely to the exogenously
administered CRF. On arrival at the General Clinical
Research Center (GCRC), patients were asked to
recline from 1530 to 1800 h. At 1530h, an indwel-
ling heparinized catheter was inserted into a
forearm vein (on the side contralateral to the
breast cancer), and at 1600h 1m/kg of CRF was
administered by intravenous bolus injection. Speci-
mens of blood were obtained at —15, 0, 15, 30, 45,
60, 75, 90, 105, and 120 min for determination of

plasma ACTH and cortisol levels. Blood was
collected in EDTA/Trasylol-containing tubes, placed
immediately on ice, and centrifuged at 3000 rpm at
4°C for 10 min. Plasma was separated and stored at
—80°C until it is assayed. Saliva was collected in
Salivettes and stored at —80 °C until assayed.

4, Results

The demographic and clinical characteristics of this
sample are presented in Table 1. Descriptive
statistics describing the pertinent physiological
measures are presented in Table 2. Spearman
correlations between daytime cortisol measures
(slope, waking level, and waking rise at 30 min) and
demographic and medical variables are in Table 3.
Daytime cortisol slope was not significantly corre-
lated with most demographic variables such as age,
medical variables such as disease-free interval and
treatment variables such as chemotherapy. The
only demographic or medical condition variable
that was correlated with daytime cortisol slope was
income (Spearman r = —0.28, p=.008, N = 86).
This suggests that the stress associated with lower
income may be associated with flatter daytime
slopes (Table 4).

Table 2 Descriptive statistics for baseline biological measures in metastatic breast cancer patients (N = 99).

Measures N 25th percentile Median: 50th 75th percentile

percentile

Log cortisol slope (2-day mean) 96 —0.21 —0.16 —0.11

Hypothesis 1.

1200 h and 1700 h cortisol on DEX day (mean) 93 0.01 0.01 0.02

Hypothesis 2.

Dex-CRF ACTH (pg/ml) (Mean) 74 9.68 15.85 23.27
Dex-CRF serum cortisol (Mean) 74 4.85 6.49 11.32

Hypothesis 3.

TSST log cortisol AUC 87 —2.68 -2.07 —1.43
TSST Log cortisol recovery 2100 h 87 —0.58 0.00 0.85
TSST Log cortisol recovery Wake 88 —0.39 —0.09 0.26

Hypothesis 4.

DHEA slope (pg/ml-h) (2-day mean) 95 —16.11 —7.14 —3.61
DHEA/cortisol ratio at 2100 h (2-day Mean) 97 573.88 1130.34 2919.09

Exploratory. 97 0.43 0.53 0.71

Waking cortisol (2-day Mean)
30 min. Waking rise in cortisol (2-day Mean) 97 —0.04 0.21 0.46
TSST log cortisol recovery waking rise at 30 min. 88 —0.40 —0.01 0.34
DHEA Wake+30 (2-day mean) 96 94.60 168.76 327.45
DHEA 2100 h (2-day mean) 97 32.59 57.35 93.18
DHEA/cortisol ratio at wake+30 (2-day mean) 96 132.60 244.47 515.81

Note: In bold are variables that were specifically tested in a priori hypotheses in this paper. Other variables are presented for

hypothesis generation.
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Table 3 Spearman correlations among demographic and medical variables and diurnal log cortisol slope, waking

log cortisol level, and waking log cortisol rise at 30 m

in in metastatic breast cancer patients (N = 99).

Measure Diurnal log cortisol Waking log cortisol Waking log
slope level cortisol rise
(N) (N) (N)
Demographic
Age at baseline (years) 0.13 (96) 0.23* (97) 0.05 (97)
Age at initial diagnosis 0.14 (92) 0.25* (92) 0.03 (92)
Age at metastasis/recurrence 0.10 (92) 0.26* (92) 0.05 (92)
Ethnicity (% Caucasian) 0.08 (95) 0.20 (96) —0.05 (96)
Education 0.14 (96) 0.08 (97) —0.07 (97)
Income (%) —0.28* (86) 0.15 (87) —0.14 (87)
Marital status (%) —0.00 (96) 0.14 (97) 0.01 (97)
Employment status (%) 0.01 (96) 0.01 (97) 0.00 (97)
Medical Status, Treatment for Cancer
Disease-free interval —0.12 (92) —0.02 (92) 0.14 (92)
Time DX to study entry (months) —0.07 (92) 0.01 (92) 0.07 (92)
Time metastasis to study entry (months) 0.05 (92) 0.07 (92) —0.15 (92)
Estrogen receptor status (% negative) 0.13 (91) —0.14 (91) 0.09 (91)
Progesterone receptor status (% negative) 0.06 (88) —0.18 (88) 0.22* (88)
Site of metastasis/recurrence 0.01 (92) 0.03 (92) —0.07 (92)
Treatment (% Yes)
Surgery —0.09 (92) —0.09 (92) 0.15 (92)
Reconstruction —0.20 (92) 0.13 (92) —0.04 (92)
Chemotherapy within 2 months of baseline 0.06 (96) 0.16 (97) 0.08 (97)
Radiation within 2 months of baseline 0.13 (96) —0.04 (97) 0.16 (97)
Hormone Therapy within 2 months of baseline 0.12 (96) —0.04 (97) 0.16 (97)
Reported antidepressant use at baseline —0.17 (98) 0.23* (98) —0.33* (98)
Ever had diabetes? 0.08 (95) 0.11 (96) —0.07 (96)
Ever had a stroke? —0.06 (95) —0.08 (96) —0.17 (96)
Ever had high blood pressure? —0.05 (95) 0.08 (96) 0.06 (96)
Ever had heart disease? 0.09 (94) 0.06 (95) 0.06 (95)
Do you smoke? 0.22* (96) —0.15 (97) —0.03 (97)

*p<.05; *p<.01. Spearman correlations were utilized d
physiological data.

We performed preliminary analyses to remove
redundant measures to reduce problems due
to multiple testing. Cortisol measures were rela-
tively independent of each other. Response to
the DEX-CRF challenge has two physiologically
related components: ACTH and cortisol. They
were strongly correlated (r=0.66 p = .0001,
N = 74). This indicates adrenal response to ACTH,
but both ACTH and cortisol responses to CRF
infusion are of physiological significance, and their
associations with other variables are likely to be
similar.

Daytime slope was significantly correlated with
cortisol rise 30min after waking (r=20.29,
p =.004, N=96), but not with waking cortisol
level (r=-0.13, p=.19, N=196). The associa-
tion of steeper slope with waking level might be
expected mathematically, since the starting point

ue to non-normal distributions and numerous outliers in the

is higher, but the relationship of a flatter slope with
a greater wake plus 30 min rise suggests that a lack
of feedback inhibition may be associated with both
phenomena (Fig. 1). Relatively flatter cortisol
slopes were significantly associated with higher
2100 h cortisol levels (r = 0.85, p<.0001).

Consistent with reduced inhibition, a relatively
flatter daytime cortisol slope was significantly
associated with escape from cortisol suppression
caused by 1mg of DEX administered the night
before, (Spearman r=0.30, p=.005, N=2388 at
waking, r=0.29, p=.005, N =90 at wake plus
30min; r=026, p=.01, N=90 at 1200h;
r=0.29, p=.005, N=93 at 1700 h; and r = 0.28,
p=.007, N=92 at 2100h), as can be seen in
Fig. 2. Such a result would be consistent with a
failure of feedback inhibition among those with
flatter slopes.
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Table 4 Spearman correlations among baseline biological measures in metastatic breast cancer patients
(N=99).
Measures Log cortisol slope Log waking cortisol 30min. log waking
(2-day mean) (2-day mean) rise in cortisol (2-
day mean)
r (N) r (N) r (N)

Log cortisol slope (2-day mean) — —0.13 (96) 0.29** (96)
Hypothesis 1.

1200 h and 1700 h log cortisol on DEX day  0.27** (93) —0.04 (93) 0.22* (93)
(Mean)
Hypothesis 2.

Dex-CRF ACTH (pg/ml) (mean) —0.09 (73) —0.04 (73) —0.07 (73)

Dex-CRF log serum cortisol (Mean) 0.20 (73) 0.10 (73) —0.09 (73)
Hypothesis 3.

TSST log cortisol AUC 0.03 (87) 0.19 (87) 0.02 (87)

TSST log cortisol recovery 2100 h —0.46*** (86) —0.08 (86) —0.03 (86)

TSST log cortisol recovery wake 0.14 (88) —0.39*** (88) 0.28** (88)
Hypothesis 4.

DHEA slope (pg/ml-h) (2-day mean) 0.21* (95) 0.07 (95) —0.22* (95)

DHEA/cortisol ratio at 2100 h (2-day Mean) —0.48*** (96) —0.12 (96) —0.11 (96)

Exploratory.

log waking cortisol (2-day mean)

30 min. log waking rise in cortisol (2-day
mean)

TSST log cortisol recovery waking rise at
30 min.

DHEA wake+30 (2-day mean)

DHEA 2100h (2-day mean)

DHEA/ cortisol ratio at wake+30 (2-day mean)

-0.54** (97)

—0.54** (97)

—0.11 (88) 0.36** (88) —0.55*** (88)
0.11 (95) ~0.01 (96) 0.22* (96)
0.24* (96) ~0.05 (96) 0.09 (96)
0.02 (95) ~0.16 (96) —0.10 (96)

Note: A priori hypotheses are highlighted in bold *p<.05, **p<.01, **p<.001.

4.1. Daytime cortisol slope and HPA
activation tests

We could detect no significant relationships be-
tween daytime cortisol slope and activation of
cortisol secretion by either administration of CRF or
social stress (the TSST). The CRF activation test
(following 1.5mg of DEX to assure that the effect
was due to exogenous CRF) produced ACTH levels
that were highly correlated (r = 0.66, p<.0001,
N = 74) with serum cortisol levels, indicating that
the adrenal was responsive to ACTH stimulation.
The absence of detectable association between
daytime cortisol slope weakens the hypothesis that
there is hyper-responsiveness to stimulation among
those with flatter slopes.

4.2. TSST

We also could not detect any association between
daytime cortisol slope and cortisol response during
the TSST. As illustrated in Fig. 3, these women
with metastatic breast cancer have a blunted
cortisol response to the TSST, with their peak levels

(.1ug/dl at the peak) at about the same level as
the baseline 1700 h daytime average (.1-.2ug/dl)
(in Fig. 1). Again, this weakens the hypothesis that
there is hyper-responsiveness to stimulation.

In order to help the reader to visualize the
blunting of the response to TSST, we have included
in Fig. 3 the response to the TSST of a group of non-
depressed women at risk for cardiovascular disease
taken from a study conducted by C. Barr Taylor
(Taylor et al., 2006). Taylor’s depression study
shared identical protocols, panel members, equip-
ment, staff, and data reduction methods as one of
the 4 studies in our program project grant. We
conducted a statistical test of this difference
between groups using a Hierarchical Linear model
with Group (CVD non-depressed females (N = 8) vs.
Metastatic Breast Cancer (N = 89), Time, and their
interaction, assuming an autoregressive covariance
structure. Baseline values were subtracted for each
response in both trajectories. We could not detect
a main effect for group (F =3.11, p=10.08), but
shape of the trajectories were significantly differ-
ent from each other (Time x Group, F =222,
p = 0.04), despite the very small sample in the
reference group.
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Figure 1 In our results, we present correlations between
diurnal cortisol slope and waking cortisol levels, waking
cortisol rise, and 9 pm levels. We present here a figure to
assist the reader in visualizing these associations by
creating a median split in daytime cortisol slopes in
women with metastatic breast cancer (N=99) and
plotting the slope against the cortisol levels at each
point in the day. Cortisol waking rise is plotted separately
because it was not included in the calculation of the
cortisol slopes used in this study. Relatively flatter
cortisol slopes were significantly associated with higher
waking rise and higher 9 pm level, but not with waking
level.

MEDIAN Cortisol Levels on Dexamethasone Suppression Day
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Figure 2 Daytime cortisol on the day after administra-
tion of 1 mg of dexamethasone at 2200 h. Median splits
are plotted as a visual aid to the reader to illustrate the

significant correlation between flatter daytime cortisol
slopes and less dexamethasone suppression (N = 99).

There were no significant differences between
the 2-day baseline cortisol slope and the cortisol
slope on the day of or the day after the TSST. Also,
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Figure 3 Cortisol response during the Trier Social Stress
Task for metastatic breast cancer patients can be seen in
this figure to peak at 0.1 (ug/dl) which is similar to their
late afternoon baseline daytime levels (0.1-0.2 ug/dl) in
Fig. 1. For visual comparison, we also offer the
illustration of the TSST response of non-depressed women
at risk for cardiovascular disease (CVD). These women’s
response was taken (with his permission) from C. Barr
Taylor’s (Taylor et al., 2006) study examining depressed
and non-depressed men and women at risk for CVD. All
data for both studies were obtained utilizing the same
protocol, panel, staff, equipment, and data reduction.

those with flatter daytime cortisol slopes at the 2-
day baseline had lower 2100 h post TSST cortisol
recovery levels relative to their baseline 2100 h
levels after the test (r = —0.46, p<.0001, N = 86).
Since the TSST did not activate the HPA after the
test was concluded, this may simply reflect
correlating two different measures of the same
response.

4.3. DHEA

The slope of DHEA throughout the day, measured at
waking plus 30min and 2100h, was significantly
correlated with the daytime slope of cortisol
(r=0.21, p = .04, N = 95). In examining the source
of this association in exploratory analyses, flatter
cortisol slopes were correlated with higher DHEA
levels at 2100 h (r = 0.24, p = .02, N = 96) but not
at waking plus 30min (r =0.11, p= .28, N =95).
Daytime cortisol slopes were also correlated with
DHEA/Cortisol ratios at 2100h (r= —0.48,
p<.0001, N=96) but not at waking plus 30
(r=0.02, p=.83, N=95). This leaves open the
possibility that some other disruption of diurnal
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rhythms plays some part in determining the day-
time pattern of cortisol response.

4.4, Exploratory analyses of medical
variables with daytime cortisol

As Table 3 indicates, age was significantly positively
correlated with waking cortisol (r =0.23, p =.02,
N = 97), as was age at diagnosis (r = 0.25, p = .01,
N =92), and age at recurrence (r = 0.26, p = .01,
N = 92). Antidepressant medication use was asso-
ciated with higher waking cortisol (r=0.21,
p=.04, N=96) and lower waking cortisol rise
(r=-032, p=.001, N=96). Those who were
progesterone receptor positive had lower waking
cortisol rise (r = 0.22, p = .04, N = 88). All of these
correlations are low to moderate.

5. Discussion

We found that flatter daytime cortisol slope was
associated with a steeper rise in cortisol 30 min
after waking and with nonsuppression by DEX.
Flatter daytime cortisol slopes were largely a
function of elevations later in the day rather than
lower waking cortisol levels. In our data, slope
correlated r = 0.52 with the 1700 h sample, and r =
0.85 with the 2100h sample, but was not signifi-
cantly associated with waking cortisol levels
(r = .13). We could find no significant relationship
between daytime cortisol slope and stimulation by
CRF or social stress on the TSST. Cortisol slope was
modestly associated with DHEA slope and with
higher 2100 h levels of the DHEA/Cortisol ratio. Our
data indicate that the flatter daytime cortisol slope
does not seem due to excessive HPA responsiveness
to stimulation, either by CRF or social stress.
Rather this pattern seems to be related to a failure
of feedback inhibition, either naturally in the
morning when cortisol levels are already high, or
after administration of DEX. Flatter daytime corti-
sol slope was modestly but significantly associated
with failure of HPA suppression by DEX, but not with
pharmacological or psychosocial stress-induced
activation. This is consistent with rodent studies
showing that sympathomedullary activation is more
closely related to acute stress than HPA response
(Dronjak et al., 2004). There is evidence in female
rhesus monkeys that aging is associated with
flattening of daytime cortisol slope, reduced feed-
back inhibition to DEX, and that social isolation
diminishes cortisol response to CRF (Gust et al.,
2000). This suggests that a higher set point for HPA
feedback inhibition may contribute to the disrup-

tion of daytime cortisol slope that has been shown
in humans (Sephton et al., 2000a, b) and animals
(Filipski et al., 2002) to predict more rapid cancer
progression. The daytime cortisol slope was sig-
nificantly associated with the daytime slope of
DHEA, suggesting an antiglucorticoid effect of DHEA
(Reus et al., 1997). DHEA has also been shown to
predict the development of postmenopausal breast
cancer (Gordon et al., 1990).

The pattern linking a flatter daytime cortisol
slope to relative non-suppression by DEX but not
hyperactivation by ACTH has been observed
throughout the life cycle, e.g. among children with
ADHD (Kaneko et al., 1992), in patients diagnosed
with schizophrenia (Kaneko et al., 1992), and in
association with cognitive and physical frailty in the
elderly (Carvalhaes-Neto et al., 2003). These
findings are consistent with the idea that a more
robust cortisol response to acute stress does not
contribute to abnormalities of daytime cortisol
slope, which may be due to prolonged unremitting
stress.

Prolonged acute and chronic traumatic stress and
PTSD have been found to be associated with
hypersensitivity to DEX suppression and generally
lower cortisol levels (Goenjian et al., 1996; Yehuda
et al., 1996). The pattern among our patients with
abnormal slopes was different—hyposensitivity to
DEX and higher waking cortisol rise. There is
evidence of low plasma cortisol levels among
recently diagnosed breast cancer patients with a
history of depression or PTSD (Luecken et al.,
2004). Jezova and colleagues (Jezova et al., 2004)
found that individuals high in anxiety actually
produced less of a cortisol increase in response to
stress than low anxious subjects. This may help to
explain our observation of low cortisol response
to the TSST among our metastatic breast cancer
patients, despite a rise in the self-report of
negative affect during the task (Giese-Davis
et al., 2006). The inability to mount a cortisol
response may be experienced as anxiety (physiolo-
gical helplessness, lack of glucose mobilization
in the face of a stressor), which compounds stress
and anxiety. Elevated prevalence of PTSD has
been observed in women with breast cancer
(Andrykowski et al., 1998), and the symptoms were
particularly associated with a tendency to suppress
emotion (Andrykowski and Cordova, 1998). Those
with chronic medical illnesses, depression or PTSD
may be depleted in their ability to mount a
physiological stress response and mobilize glucose
(Burke et al., 2005), leading to feelings of fatigue
and helplessness, which could compound the stress
and related anxiety (Anderson et al., 2003; Bower
et al., 2004, 2005a,b). A syndrome of stress
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sensitivity, pain and fatigue associated with hypo-
cortisolism has recently been described (Fries
et al., 2005) resulting from prior stress-related
HPA hyperactivity. While perceived stress among
teachers has been related to higher waking cortisol
rise and burnout to lower waking cortisol rise and
hypersensitivity to DEX (0.5mg) suppression
(Pruessner et al., 1999), the subgroup with both
high perceived stress and burnout showed a
combination of lower cortisol in the morning and
lack of DEX suppression, coupled with low self-
esteem, high external locus of control, and the
most somatic complaints. These latter findings are
consistent with ours among metastatic breast
cancer patients. Those with flatter daytime cortisol
slopes had higher waking cortisol rise and resis-
tance to DEX suppression. In exploratory analyses of
our other daytime cortisol variables, higher waking
cortisol was also associated with more advanced
age in general. Progesterone negative (poorer
prognosis) tumors were significantly associated
with lower waking cortisol rise, indicating muted
HPA activation in the natural setting.

Our findings suggest that flatter daytime cortisol
slopes among metastatic breast cancer patients are
related to disrupted feedback inhibition rather
than hypersensitivity in response to stimulation.
Those with flatter daytime cortisol slopes evi-
denced persistent elevation of cortisol levels in
the face of what should have been strong inhibitory
pressure: after 1 mg of DEX the night before, and
after waking when cortisol levels are high anyway.
Thus weakened inhibition seems to play a role in
our relatively flatter cortisol slopes during the day.
This could reflect chronically elevated CRF or ACTH
secretion in the face of feedback inhibition.

However, our finding of flatter slopes among
women with higher waking rise is the opposite of
that of Vedhara et al. (2006) that steeper slopes
were related to waking rise in cortisol (r = —0.26,
p=.022, p. 9) among newly diagnosed breast
cancer patients. They also found that other various
measures of cortisol function were relatively
independent, as we did. The difference could be
related to the earlier stage of disease in their
sample. HPA hyporesponsiveness has been observed
among people with a history of traumatic stressors,
PTSD and some types of depressive symptoms. Thus
our findings are consistent with changes related to
some types of chronic burnout rather than acute
hyperactivation. We could not demonstrate that
acute activation of the HPA in these patients,
either with administration of CRF or through social
stress, was associated with a flatter daytime
cortisol slopes. While those with relatively flatter
slopes might be considered somewhat hypercorti-

solemic, since this pattern was associated with loss
of feedback inhibition to DEX and greater waking
rise in cortisol, it seems unlikely that they would
have had hyperactive feedback inhibition in re-
sponse to the social stressor. In the TSST there was
evidence of psychological stress and autonomic
activation (Giese-Davis et al., 2006) but little
cortisol response. This could indicate either that
the TSST was only modestly arousing (social stress
being less important than disease-related anxiety),
or that these women could no longer mount a
cortisol response to an acute but artificially
induced stressor. Further research is needed to
explore factors mediating chronic vs. acute HPA
response patterns, including interaction with de-
pression, anxiety and PTSD symptoms and other
circadian patterns, such as sleep.
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