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Cortisol is highly reactive to events that may threaten the
system’s homeostasis, and as such the response of the
hypothalamic-pituitary-adrenocortical axis is considered
the core of the stress response (Selye, 1936). In keeping with
this, a healthy, or normative, stress response is considered

essential to homeostasis (de Kloet, 2003), and the integrity of
the cortisol response to stress is considered an indicator of a
normal state of health (McEwen, 2000). The assessment of
cortisol stress responses in the laboratory is a common
method for comparing stress reactivity in groups of indivi-
duals differing in significant characteristics such as sex, age,
and health status (al’Absi et al., 1994; Kirschbaum et al.,
1999; Lupien et al., 1999; Cacioppo et al., 2000; Burleson
et al., 2003).

Studies examining cortisol stress reactivity usually obtain
data on a single occasion in which levels of cortisol prior to a
stressor are used as a baseline for levels obtained during or
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Summary In laboratory studies of individual differences in stress reactivity, cortisol responses
are typically measured by comparing a prestress baseline with values obtained at the end of the
stressor. In the present study, wemeasured cortisol in this manner on a stress day, but we also took
samples on a second day when the volunteers rested in the lab at the same time of day and for the
same duration. We compared stress responses as the difference from pre- to poststress and also
poststress vs. rest day control. The latter method allowed a greater appreciation of how stress
perturbed the underlying diurnal baseline. Although the effect of stress was statistically
significant when measured as the change from pre- to poststress, the magnitude of the effect
was 54% larger whenmeasured against the time-of-day control from the rest day. In particular the
diurnal control method provided a wider range of stress values that potentially provide a greater
range of response values in carrying out analyses of individual differences.
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after stress exposure (Kirschbaum et al., 1999; Dickerson and
Kemeny, 2004). However, cortisol’s well characterized diur-
nal cycle shows that cortisol levels in blood or saliva are not
stable over time, but are high just after awakening and
decline over the waking hours (Czeisler and Klerman,
1999; Kunz-Ebrecht et al., 2004). This lack of a stable under-
lying baseline poses interpretive problems and also presents
research opportunities if its effects are taken into account
when evaluating stress reactivity effects.

In this paper we present cortisol responses to psycholo-
gical stress derived from a large data set collected on healthy
young adults, and we use these to illustrate the value of
comparing data collected on a day of stress compared to a
resting control day. The analyses illustrate how the measure-
ment of stress reactivity may benefit from using a diurnal
control as the baseline instead of the prestress value. We
illustrate this by examining the presence of an anticipatory
response on a single stress day and by comparing men and
women and the effects of time of day of testing.

1. Methods

1.1. Overview

The present data are derived from the Oklahoma Family
Health Patterns Project, an ongoing study of the psycholo-
gical and physiological characteristics of young adults with
and without a family history of alcoholism. The volunteers
are screened for present substance use disorders and psy-
chiatric conditions and are in current good health. As part of
this study every volunteer who met inclusion criteria, visited
the lab on two days, first on a stress day and then on a resting
control day. Because of the number of volunteers (N = 324)
and due to the use of a consistent protocol, the data set
provides a useful resource for assessing the characteristics of
the stress response in healthy young adults.

1.2. Subjects

The present sample includes 187 females and 137 males, 18—
30 years of age and in good health, who were recruited
through community advertisement from the general popula-
tion of Oklahoma City, OK, USA. They were 78% European
American, 12% African American, 4% Native American, 3%
Hispanic, and 3% other race and ethnicity. The participants
were (mean � SEM) 23.7 � .24 years of age, with males being
24.1 � .43 years and females being 23.4 � .22 years ( p = .2,
by Student’s t test), and as a group had 15 � .3 years of
education. All participants signed a consent form approved
by the Institutional Review Board of the University of Okla-
homa Health Sciences Center and the Veterans Affairs Med-
ical Center in Oklahoma City, OK, USA, and were paid for
participating.

1.3. Inclusion and exclusion criteria

Prospective volunteers were excluded if they had any of the
following: a history of alcohol or drug dependence; met
diagnostic criteria for substance abuse within the past 2
months; had current use of any abused drug assessed by a
urine drug screen and alcohol breath test on each day of

testing; had any current Axis I disorder as defined by the
Diagnostic and Statistical Manual of Mental disorders, 4th ed.
(American Psychiatric Association, 1994) and assessed by the
Diagnostic Interview Schedule. All participants were in good
health as determined by self-report, had a body mass
index < 30, had normal hearing assessed by audiologic exam,
were taking no prescription medications at the time of
testing, and to had no reported history of serious medical
disorder, including neurological disorders, cardiovascular
diseases, or diabetes

Because cortisol secretion is dependent on the sleep-wake
cycle (Czeisler and Klerman, 1999), all volunteers were
required to have a normal work or school schedule and to
have a nighttime sleep pattern. Also, because acute cortisol
secretion is affected by prevailing blood sugar levels (Dall-
man, 2003), all volunteers ate a standard meal prior to
beginning the protocol. This consisted of a small breakfast
for morning volunteers and a small lunch for afternoon
volunteers prepared by the campus General Clinical Research
Center bionutrition core. Women were excluded if they were
pregnant based on self-report and were required to have a
negative urine pregnancy test on each day of testing. Smok-
ing and smokeless tobacco use were not exclusionary.

1.4. Study design and procedure

After screening, subjects visited the lab two more times for
behavioral and psychophysiological testing, and each subject
was tested at the same time on both days, either in the
morning at 0900 h or in the afternoon at 1300 h. In all cases,
the first day of the study involved a stress procedure and the
second day was designated a resting control day. Subjects
were clearly briefed on this order of testing on their screen-
ing day in order to maximize the effect of anticipation of the
stress procedure on day 1 and to ensure that day 2 was a rest
day free of the effects of novelty or anticipation. The
description of the stress procedure given on the screening
day was that the subject should expect to deliver three short
speeches to a member of the lab staff and that they would
also undergo a mental arithmetic task. No further detail was
provided until the stress day proper.

1.5. Stress protocol

The stress protocol consisted of a 30-min prestress baseline,
during which time the subject sat quietly and read general
interest magazines, followed by 45 min of behavioral stress.
Stress included simulated public speaking (Saab et al., 1989)
followed by mental arithmetic (al’Absi et al., 1997). The
speech task (30 min) included three successive speeches
prepared and delivered with no breaks. At the start of each
speech period, the subject was given a card with a topic
written on it and told that they had 4 min to prepare a speech
without making notes and 4-min to deliver it frommemory. To
increase the sense of realism, the speech was observed by a
white-coated experimenter holding a clipboard and with a
nearby video camera set to the recordmode. The subject was
told that his or her speech would be shown to the laboratory
staff and that they would judge the subject’s fluency of
delivery and how convincing their speech was. The speech
topics included recounting an article on why hair turns gray,
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presenting a position for or against whether homosexuals
should be allowed to marry, and responding to an accusation
that the subject was shoplifting. The order of speech topics
was randomly assigned for each participant

The mental arithmetic task consisted of three 5-min
periods with no interruption other than brief instructions.
At the start of each period, the subject was given a three-
digit number (e.g. 298) and told to add the digits (19) and
to add that total to the original number (317), to recite
the new number aloud, and to proceed in that fashion for
5 min until told to stop. The experimenter monitored the
answers and noted errors by telling the subject when an
answer was wrong and to start back with their previous
correct answer.

1.6. Resting control day

The protocol lasted 75 min, during which time the subject sat
and read general interest magazines or watched televised
video tapes of nature programs or historical documentaries
chosen for their interest value and lack of strong emotional
content. These cortisol values were therefore considered to

represent the portion of the diurnal curve produced by that
subject over that time of day.

1.7. Saliva collection

Saliva was collected at minutes 15 and 30 of the baseline
period and at minutes 30 and 45 of the stress or continued
rest period using the Salivette device (Sarstedt, Newton, NC,
USA). The subjects were instructed to keep the cellulose
absorbent collector in their mouth until it was saturated with
saliva and then to replace it in the collection tube

1.8. Saliva assay

After data collection, the Salivettes were centrifuged at 4200
RPM for 20 min. The saliva was transferred to cryogenic
storage tubes and placed into a�708 C freezer until shipping.
Assays were conducted by Salimetrics (State College, PA,
USA) where the saliva free cortisol concentrations were
quantified using a competitive enzymatic immunoassay (Sali-
metrics, 2005). The assay has a sensitivity of <.083 mg/dL
and an interassay coefficient of variation of <6.42%

Figure 1 Saliva free cortisol values on days of mental stress and days of rest. (A) Data from the full sample; (B) morning and afternoon
values on rest and stress days; (C) data from women; (D) data from men. Entries show mean � SEM in mg/dL.
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1.9. Data analysis

Data were analyzed by repeated measures analyses of var-
iance, Student’s t test, and Pearson’s r using SPSS for Win-
dows (release 18.0, SPSS Chicago, IL, USA). Differences were
considered statistically significant if p < .05.

2. Results

Preliminary analyses indicated that body mass index for this
sample was 23.9 � .028 and Pearson correlations indicated
that body mass was not related to cortisol levels at either
baseline period on the stress day or to stress levels or changes
from baseline on the stress day, all rs < .125, ps > .123. The
sample had a relatively small number of smokers (N = 40),
and cortisol values did not differ as a function of smoker
status, t = .273, p = .79.

Fig. 1 shows cortisol values across the four sampling times
on the resting control day and the stress day. Panel A shows
cortisol values for all subjects. The data were tested using an
analysis of variance for repeated measures with 2 days and 4
timeperiods. This showed that therewas a significant effect of
day with the stress day producing higher cortisol concentra-
tions than the rest day (F1,322 = 48.90, p < .0001) and a sig-
nificant day by period interaction (F1,322 = 35.68, p < .0001).
Inspection of Panel A reveals two important features of the
data. The rest day shows a pronounced reduction in cortisol
concentrations across the four samples taken during the
75 min protocol, with concentrations declining from
.173 mg/dL to .112 mg/dL, for a decline of 29%. The stress
day shows a variation in cortisol from .151 at the end of
baseline and a rise to .172 mg/dL at the end of the stress
period, a rise of 14%. The effect size of this comparison is very
small (partial h2 = .03). In contrast, the comparison of the
cortisol concentrations at the end of the stress period vs. the
corresponding control-day period is .172 � .008 mg/dL vs.
.112� .004 mg/dL, for a difference of 54%, with a correspond-
ingly large effect size (partial h2 = .17). The 54% difference
between these values at the end of the stress vs. rest periods is
a more realistic measure of the influence of the stressors than
is the 14% rise during the stress period itself because the
control-day value at that time represents the true unper-
turbed baseline for the specific time period of comparison.
The availability of the rest day data therefore shows features
of the data not apparent from the stress data alone.

Panel B in Fig. 1 presents data for subjects tested in the
morning (N = 155) vs. afternoon (N = 169) hours. These data
were subjected to a 2 days by 2 times of day by 4 time periods
repeated measures analysis of variance. The effects of day
and period were highly significant as described above. As
expected, themorning values were higher than the afternoon
values, F1,322 = 65.39, p < .0001. The effect of stress was
compared for the morning vs. afternoon hours using the day
by time of day interaction term. Stress in the afternoon was
less effective at elevating cortisol than stress exposure in the
morning hours, F1,322 = 4.58, p = .033. It is noteworthy that if
only stress day data were available, the effect of stress
measured as absolute change from Baseline 2 to the end
of stress at Stress 2 would appear to be nearly identical at the
morning and afternoon time periods, .0190 mg/dL and
.0195 mg/dL, respectively.

Panels C and D in Fig. 1 illustrate the effects of the stress
protocol in women and men, respectively. To emphasize the
effect of gender on stress reactivity, these data were ana-
lyzed using 2 genders by 4 time periods analyses of variance
done separately for rest day and stress day. On the rest day,
there was no significant effect of gender, F1,322 = .194,
p = .660, indicating that the basal levels of cortisol did not
differ in men and women, an effect that would be obscured
by examining only stress days, although there was a modest
effect of gender by Time period under resting conditions,
F3,320 = 3.56, p = .015, indicating somewhat greater variation
over time among the men. The effect of stress was greater
among men than women, as seen in a significant gender by
time period interaction, F3,320 = 7.56, p < .0001, indicating
that stress produced a larger cortisol rise in men than in
women. This difference is supported by a main effect of
gender on the stress day, F1,322 = 12.58, p < .0001. As for the
full sample, the two methods of determining stress reactivity
yield very different pictures for bothmen and women. Among
women, the prestress vs. poststress values on the stress day
actually show a numerical decline (.133 mg/dL vs. .109 mg/
dL) with an effect size that is nil (partial h2 = .000). In
contrast, the effect size for the rest day vs. stress day
poststress values (.109 mg/dL vs. .144 mg/dL) has a larger
effect size (partial h2 = .104). A similar pattern holds for the
men, although both effect sizes are larger: prestress vs.
poststress partial h2 = .113 and poststress on rest day vs.
stress day has a partial h2 = .26.

3. Discussion

The foregoing presentation of stress cortisol responses in a
large sample of healthy young adults is intended to empha-
size the value added to the understanding of stress responses
when resting time-of-day control data are used as the refer-
ence baseline. The results illustrate three useful features of
the data. First, the effect of stress on cortisol is much less
apparent if only stress day data are available. While the
effect of stress was significant compared against the baseline
data on the stress day, the magnitude of the response to
stress can be appreciated more thoroughly when the resting
control-day data are available for comparison.

Second, the influence of time of day on stress reactivity is
pronounced when stress values are compared against the
corresponding rest day values. In this case the effect of stress
is much larger during the morning hours as revealed by
inspection of Panel B in Fig. 1 (see Dickerson and Kemeny,
2004). In contrast, stress day changes from baseline are
indistinguishable at the two times of day.

Third, the effect of gender on stress responses has a
different appearance when rest day data are considered.
The cortisol values on rest days show that the circulating free
cortisol levels do not differ between men and women under
basal conditions. More importantly, data from the women on
the stress day, as measured against the prestress value,
would suggest the women had a minimal stress response at
best. However, this view changes when stress day is measured
against the diurnal background. In this comparison, the
women have substantial cortisol elevations in comparison
to their time-of-day control values. Among the men, the
stress response was numerically large comparing stress vs.
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baseline values, but the difference from the rest day data
was virtually twice as large as within day change on the stress
day.

Finally, the present data show that there is an anticipatory
effect on cortisol when the volunteers are confronted with a
novel set of procedures that they expect is likely to be
stressful or challenging. The effect of this anticipation is
clearly illustrated in the elevated prestress values on the
stress day relative to the time-of-day control values on the
rest day. Our purpose in using this design was to maximize the
stressfulness of the procedures by putting them first and
maximizing the accuracy of the diurnal values on the control
day, when the subject was familiar with the lab and not
anticipating any stress exposure. We expect that counter-
balancing stress and rest days may have yielded averaged
baseline values that would be similar on the rest and stress
days. We note that presenting stress on the first day mimics
the typical experimental design in which the subject visits
the lab on a single day, has samples taken prestress and
poststress and then is dismissed. The results provide a reveal-
ing view of how novelty and anticipation of acute stress is
capable of perturbing the normal diurnal secretion of this
critical stress hormone.

Perhaps the most common use of reactivity data is to
compare variations in stress responses across persons to
answer questions about individual differences. A practical
consequence of using a resting control day as the point of
reference for determining reactivity is illustrated in Fig. 2. In
this case we have displayed the data from panels A and D from
Fig. 1 along with the sizes of the hypothetical reactivity
distributions obtained when the baseline is the resting con-
trol day compared with the case in which the baseline is the
prestress value. In addressing questions such as, ‘‘How does
reactivity in Group A compare with Group B?’’ it is desirable
to have the greatest spread among persons representing
these subgroups in order to increase individual differences
estimates in relation to error variance. In Fig. 2, the reac-
tivity data from the men are shown with hypothetical
response distributions drawn in showing the spread of data
when the rest day is used as the baseline (1) and when the
prestress value is used as the baseline (2). The lower panel
shows the same distributions for the full sample of men and
women. If the goal is to find the clearest distinction between
subgroups, curve 1 provides more resolution than curve 2,
and curve 3 provides more resolution than curve 4. A similar
analysis in women would allow almost no spread of the data if
the prestress value were used as the baseline for assessing
reactivity. The use of a design as advocated here calls for two
days of testing for each subject. The value of the additional
experimental effort must be weighed against the goals of the
study. However, the use of only a stress day may result in
particularly large underestimates of stress reactivity, as
shown in the data from the women.

A limitation of the present data is that they represent a
single stress paradigm, namely public speaking followed by
mental arithmetic. This protocol represents one commonly
used in assessing psychological stress in the laboratory with
human volunteers. However, the diurnal pattern seen on the
rest day is not dependent on the stress paradigm, and we
believe that the comparisons would be qualitatively similar if
other stressors were used. A second limitation is that the
present data do not address the effect of menstrual cycle

phase on stress responses in women (Kirschbaum et al., 1999;
Symonds et al., 2004). To address this question would require
a specifically structured study design that necessarily would
differ from the one used here. Given the large sample of
women in this study, we suspect that the effects of oral
contraceptive use and of menstrual cycle phase should all be
represented in the stress day data, indicating that on average
women have smaller responses to public speaking and mental
arithmetic than do men. However, a potential hormonal
source of the difference cannot be determined from the
present results. With that limitation in mind, the basic
message holds equally well for women as for men that using
a resting control day produces a larger estimate of cortisol
stress reactivity.

The present data indicate that the effects of an acute
stressor on cortisol secretion appear very different when
comparison data are collected on a resting control day. This
yields a larger estimate of the effects of the stressor. Perhaps
most importantly for understanding the glucocorticoid
response to stress, the availability of resting control data
provides a greater appreciation for the extent to which an
acute stressor can perturb the underlying diurnal cycle. In the
absence of the control-day data, this impact of the stressor
would not have been apparent in comparingmorning vs. after-
noon responses. The responses of males would appear greater

Figure 2 The hypothetical spread of individual differences in
four possible data comparisons. (A) The distribution of stress
cortisol responsivity in males. (1) The stress response when the
rest day time-linked control period (Strs 2) is used as the baseline
for the stress day Strs 2 time point. (2) The stress response when
the prestress period (Base 2) is the point of reference. (B) (3 and
4) The same reactivity distributions in the full sample.

Cortisol resting control day 1257
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than those of females in either case, however the effect of the
stressor on women would be significantly underestimated
using pre- to poststress comparisons. The results presented
here suggest that the additional time and effort to measure
cortisol on both a rest day and a stress day may prove useful
given the needs of a specific research question.
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