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Abstract 

We investigated the permissive effects of the early morning rise in cortisol 

on sympathetic and cardiovascular reactivity to stress using a double–blind 

randomized trial design. Thirty-nine students underwent a stress protocol 

consisting of five mental and physical stressors on a placebo day and on a day on 

which the early morning cortisol rise was blocked by dexamethasone. Pre-

ejection period, skin conductance, blood pressure, heart rate, and respiratory 

sinus arrhythmia were obtained during the stressors, and subsequent resting 

periods. For the placebo, no significant association was found between morning 

cortisol levels and resting sympathetic tone or cardiovascular reactivity. 

Complete blockade of the normal morning rise in cortisol by dexamethasone gave 

a mild decrease in resting sympathetic tone but had no effects on sympathetic 

and cardiovascular reactivity. We conclude that there is currently no evidence 

for the hypothesized permissive effects of the early morning cortisol rise on 

daytime reactivity to stress 
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Introduction 

Glucocorticoids (GCs), including cortisol and corticosterone, have powerful 

actions in a broad range of domains including cardiovascular function, fluid 

volume and hemorrhage, immunity and inflammation, metabolism, neurobiology, 

and reproductive physiology (Chrousos & Gold, 1992; de Kloet et al., 1999; 

Franchimont et al., 2002; e.g. Sapolsky et al., 2000). Originally, GCs were seen 

to enhance and mediate the response of these various systems to stress (Seyle 

1956), but in an authorative review in 1984 their suppressive actions were put to 

the fore (Munck et al., 1984), and GCs were seen as a means to prevent the 

stress response from overshooting and threatening homeostasis. More recently, 

both viewpoints were integrated (Sapolsky et al., 2000). The stimulating, 

suppressive, and preparative actions all refer to the action of stress-induced 

increases in GC levels that enhance or suppress either the ongoing stressors if it 

is long-lasting or the acute response of other stress-systems to subsequent 

stressors. The strength of the effects depends on the magnitude of the stress-

induced increase in GC levels. The permissive actions of GCs are unique in that 

they exert their effects on the acute stress response and occur before and 

therefore independent of, the stress-induced increase in GC levels. 

As an example of such permissive effects, Sapolsky et al. (2000) point to 

the modulation of sympathetic nervous system action on the heart and blood 

vessels during acute stress i.e. increased blood pressure, cardiac output, and 

vascular resistance, the latter most prominently in the vessels of non-muscular 

tissue. The basic idea behind permissive effects of GCs is that tonic increases in 

GC levels that precede the acute exposure to stressors results in increased 

sympathetic nervous system reactivity to these stressors (Roy et al., 2001). 

Clinical evidence from patients with hyposecretion or hypersecretion supports a 

permissive action of basal cortisol on sympathetic cardiovascular reactivity. 

Addison patients and adrenalectomized subjects, for instance, are characterized 

by hypotension and blood pressure underresponsiveness to stress (Lovas & 

Husebye, 2003; Marik & Zaloga, 2002; Ten et al., 2001). The defect in cortisol 

production may even elicit life-threatening hypotension, especially under 

conditions of stress (Oelkers, 1996; Zaloga & Marik, 2001). On the other hand, 

tonic excess of cortisol can cause pronounced blood pressure reactivity and 

hypertension (Mantero & Boscaro, 1992; Quinkler & Stewart, 2003). 

The modulatory effects of cortisol on acute sympathetic and cardiovascular 

stress reactivity must by necessity be permissive. Although hypothalamic release 
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of corticotrophin-releasing hormone (CRH) is immediate during stress, the actual 

release of cortisol is delayed by many minutes. More importantly, the bulk of 

steroid effects on tissues (including those of cortisol) is genomic, rather than 

through membrane-receptor signaling. This means that stress-induced increases 

in cortisol become noticeable only after minutes to hours, and is, therefore, 

unlikely to influence the ongoing cardiovascular response. Such time-delayed 

permissive effects on cardiovascular responsivity make good evolutionary sense in 

light of the clear diurnal rhythm in cortisol (Burleson et al., 2003). Cortisol levels 

begin to rise sharply a few hours before awakening suggesting that – taken the 

genomic delays- its augmentation of sympathetic effects is optimal during the 

active phase (day in primates, night in nocturnal rodents) when fight-flight 

responses can be essential for survival.  

In spite of the theoretical attractiveness, direct evidence for permissive 

actions of early morning cortisol levels on human sympathetic and cardiovascular 

stress-reactivity in the course of the day is currently lacking. Here we tested the 

permissive effects of cortisol in two different ways. First, we tested whether the 

natural occurring variation in the early morning levels in cortisol could predict 

sympathetic and cardiovascular reactivity to a series of standardized mental and 

physical stressors to which participants were exposed exactly three hours after 

awakening. This observational design has good ecological validity, but suffers 

from the shortcoming that it is correlational. Individual differences in 

psychological disposition may independently affect morning cortisol as well as 

sympathetic and cardiovascular reactivity. To separate such effects of disposition 

(or any other third factor) from a direct permissive effect of cortisol on 

sympathetic and cardiovascular reactivity, we used a double–blind randomized 

trial. In a within-subject design we compared sympathetic and cardiovascular 

reactivity during a placebo condition with reactivity during a condition in which 

the early morning cortisol peak was blocked by dexamethasone (DEX). The 

synthetic glucocorticoid DEX is a potent and rather selective glucocorticoid 

receptor (GR) ligand in vivo (Reul et al., 2000). Administration of DEX in the 

evening causes the pituitary to stop secretion of ACTH, with a corresponding 

sharp decrease in cortisol secretion at the time of the normal diurnal increase in 

plasma cortisol in the early hours of the morning (Sherwood et al., 1990).  

We hypothesize that under placebo conditions, a larger cortisol level in the 

morning predicts increased sympathetic and cardiovascular reactivity. Under DEX 
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suppression conditions, we expect decreases in sympathetic and cardiovascular 

reactivity compared to the placebo condition.  

 

Methods 

Subjects 

Thirty-nine university students (23 males) between 18 and 28 years (mean 

= 22.0 years, SD = 2.4) were recruited, who had no overt somatic or psychiatric 

disease, did not take cardio-active or psychotropic medication and were not 

severely obese (body mass index < 30). Two subjects (one male, one female) 

were excluded from the final analyses due to medication use for asthma or 

failure to attend the second of the two test days in the study. The study was 

approved by the ethics review committee of the VU medical department, and all 

subjects provided written informed consent. After the second test day all 

participant received 40 euro. 

 

Protocol 

Each subject participated in laboratory testing on two separate test days. 

In a double-blind placebo controlled design, the subjects randomly received 

either a placebo or .5 mg DEX on the evening before a laboratory test day. In 

healthy subjects .5 mg DEX suppresses plasma cortisol almost completely (Barton 

et al., 2002). The color, shape, and weight of the placebo and the DEX tablets 

were identical. The subjects were instructed to take DEX (or the placebo) at 

2200h. The experimenter phoned the subject between 2200-2230h to verify the 

exact time at which they took the tablet. The order of placebo and DEX test days 

was randomized. The time between the first and the second test day was 

approximately 4 weeks. To achieve double-blindness, placebo and DEX tablets 

were put into non-transparent boxes by an independent agent. They were 

randomly coded “A” or “B” by that independent agent, and this code was 

revealed to the researchers only after full completion of the experiment. All 

women not taking oral contraceptives (n = 2) were tested in the follicular phase 

(days 1-11) of their menstrual cycle according to self-report. Women taking oral 

contraceptives were not restricted to a specific phase of the menstrual cycle. 

 

Procedure 

The subjects willing to participate received an information folder on the 

study. Two weeks later, they were phoned to make an appointment for the 



Chapter 6 

 

 120 

testing day in the laboratory. The subjects were asked to refrain from smoking 

and alcohol- or caffeine-containing beverages the evening before the test day 

and in the morning before coming to the laboratory. Testing always took place 

exactly 3 hours after spontaneous awakening. The experimental sessions were 

conducted in a dimly lighted, sound-attenuated cabin, with the subjects facing a 

video screen at 90 cm. Subject were attached to the electrocardiogram (ECG), 

impedance cardiogram (ICG), phonocardiogram, respiration, and electrodermal 

activity recording devices of the BioPac data-acquisition system (BioPac systems 

Inc, Santa Barbara, CA) using the appropriate electrodes. The blood pressure was 

monitored with the Dinamap Pro 100 (Dinamap, Critikon Inc, Tampa, Fla).  

The various experimental conditions were explained to the subject and the 

mental and physical stress tasks were briefly practiced. The actual experiment 

started by asking the subjects to sit quietly and relax for a pre-stress 10 min 

resting baseline (rest1). Next, the following conditions were presented, always in 

the same fixed order: Stroop color word task (4 min), rest2 (3 min), tone 

avoidance task (4 min), rest3 (3 min), lying (2 min), standing (2 min), rest4 (2 

min), hand grip test (2 min), cold pressure test (1 min), rest5 (3 min), and the 

Harvard step test (2 min). After the step test, a final post-stress resting condition 

of 13 min concluded the physiological recordings. Because PEP may not be a 

reliable index of sympathetic control during postural change (Houtveen et al., 

2005), the orthostatic manipulations were discarded from the analyses.  

 

Mental and physical stress tasks  

Stroop color word. Subjects were presented with one slide per second on a 

computer screen which had the name of a color printed in a contrasting colored 

ink. Participants were requested to verbally identify the color of the ink, not the 

name of the color as fast as possible.  

Tone avoidance task. An ‘x’ was shown briefly (500 ms) in one of the corners on 

the screen and the subjects were asked to respond as fast as they could by 

pressing the button opposite to this corner on a four-button response panel (e.g. 

‘x’ shown in the top left-hand corner, press the bottom right-hand button). 

Incorrect or too slow responses were punished with a loud noise burst (1000 Hz, 

85 dB) that lasted 500 ms. Reaction time had to be shorter than a maximal 

response period, that was initially set to 550 ms, and was thereafter continuously 

adapted to the performance of the subject. (Willemsen et al., 1996). 
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Hand grip test. During the practice part of the experiment, maximum grip 

strength in the dominant hand was established with a hand grip dynamometer. 

During the actual hand grip test, subjects squeezed at 30% of their maximum 

voluntary contraction for a period of 2 min. 

Cold pressor test. The subjects were asked to submerge their dominant hand up 

to the wrist joint in a bucket of ice water of 3–5 ˚C and to hold the fingers in a 

relaxed position. After exactly 60 s, the hand was removed from the bucket.  

Harvard step test. Subjects were asked to stand comfortably upright before a 

standard gym bench of exactly 45 cm height. They were asked to step up the 

bench every 2 s for 2 min (60 steps). Timed verbal commands ensured that the 

appropriate step frequency was maintained. 

 

Cortisol sampling 

To test the differential effects of placebo and DEX on the cortisol levels 

during the test day we used the Salivette (Sarstedt, Rommelsdorf, Germany) 

method. Briefly, subjects were instructed to chew gently on the polyester swab 

for 60 s to obtain the desired amount of saliva. They were asked to refrain from 

brushing their teeth and consuming food and drinks from 30 min prior to saliva 

collection. Sampling of cortisol took place at eight different times. The first four 

collections were done at home at the time of awakening and 30, 45 and 60 min 

after awakening, the next two cortisol collections were done during laboratory 

stress testing at 3 and 5 hours after awakening. Two final samples were taken at 

home at 2000h and 2230 h.  

All home-based samples were kept in a dark cool place by the subjects. 

Upon arrival in the laboratory the samples were stored frozen at a temperature 

of –25 °C. Cortisol concentrations were determined in Dresden, Germany, using a 

commercially available chemiluminescence assay (IBL, Hamburg, Germany). The 

formula outlined by Pruessner et al. (2003) was used to calculate the area under 

the curve with respect to ground AUCg for the four morning samples (awake, + 30 

min, + 45 min, + 60 min). In addition, we computed the cortisol awakening 

response (CAR) by subtracting the cortisol level at awakening from the cortisol 

level 30 min after awakening.  
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Physiological assessments 

The ECG was recorded using three pregelled Ag/AgCl spot electrodes 

(UltraTrace, ConMed, USA) in a configuration shown in Figure 1. The electrodes 

were connected to the ECG100C BioPac module using a MEC110C extension lead. 

Heart period (HP) was quantified as the distance between two R-spikes in the 

ECG waveform and averaged across all beats in the condition. Mean heart rate 

(HR) was computed from this as 60000/HP. Cardiac sympathetic reactivity was 

non-invasively obtained by thoracic impedance cardiography (Cacioppo et al., 

1994a). The ICG signals were recorded from four additional pregelled Ag/AgCl 

spot electrodes, attached to the skin in a configuration as shown in Figure 1. 

These electrodes were connected (also via an extension) to the NICO100C BioPac 

module. From the impedance cardiogram (ICG) the Pre-Ejection Period (PEP) was 

scored as the interval from the R-wave peak, minus a fixed interval of 48 ms 

(Lozano et al., 2007; Sherwood et al., 1990; Willemsen et al., 1996) to the B-

point, which signals opening of the aortic valves. The PEP is used as our first 

measure of sympathetic tone. Shortening of the PEP reliably indexes increased β-

adrenergic inotropic drive to the left ventricle as shown in laboratory studies 

manipulating β-adrenergic tone by epinephrine infusion (Mezzacappa et al., 

1999; Schachinger et al., 2001; Svedenhag et al., 1986), adrenoceptor blockade 

(Harris et al., 1967; Schachinger et al., 2001), exercise (Krzeminski et al., 2000; 

Miyamoto et al., 1983; Smith et al., 1989a), or emotional stress (Berntson et al., 

1994; Newlin & Levenson, 1979; Sherwood et al., 1986). 

Continuous skin conductance level (SCL) was measured in microsiemens 

(µS) from electrodes placed at the distal phalanx of the index and middle finger 

of the non-dominant hand again using the BioPac system. The skin conductance is 

measured with the .5 V constant voltage method. The fluctuating current 

conducted through the skin of the subject represents the conductance signal. 

The SCL was defined as the mean level of skin conductance and the frequency of 

spontaneous skin conductance responses (ns.SCRs) as the number of phasic 

increases in conductance of at least .05 µmho per minute. SCL reflects the 

activity of the sweat glands, which are innervated by the sympathetic nervous 

system (SNS). Increases in SNS activity yield increases in SCL as well as increases 

in the frequency of spontaneous skin conductance responses (Boucsein, 1992; 

Venables & Christie, 1980). These measures (SCL, ns.SCRs) are therefore used as 

a second measure of sympathetic tone.  
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Figure 1 Location of the seven ECG and ICG electrodes. 

 

As a measure of parasympathetic tone, respiratory sinus arrhythmia (RSA) 

was obtained using the peak-to-trough method on the combination of the ECG 

and a co-registered respiration signal (Grossman et al., 1990). Because the RSA 

distribution was skewed, the natural logarithm was used in all further analyses. 

Systolic (SBP) and diastolic (DBP) blood pressure level was measured three times 

during the final rest, twice during Stroop task, tone avoidance task, the first rest 

and during all resting periods, and once during all other conditions. The 

appropriately sized arm cuff of the Dinamap Pro 100 (Dinamap, Critikon Inc, 

Tampa, Fla) was fastened at the non-dominant arm.  

 

Psychological assessments 

Subjects were tested on both test days on depression, state-anxiety, trait-

anxiety and neuroticism with the Beck depression inventory (BDI; Beck et al., 

1961), the Spielberger anxiety inventory (Spielberger C.D. et al., 1970) and the 

NEO-personality inventory (Costa & McCrae, 1992). Subjects completed the 

questionnaires after the final post-stress resting condition.  

Statistical analyses 

Mean PEP, SCL, ns.SCRs, SBP, DBP, HR and RSA were computed for each 

experimental condition. In addition, reactivity scores were computed by 

subtracting the resting period preceding the task from the task level, resulting in 

5 reactivity scores per measure (Stroop, tone avoidance, hand grip, cold pressor, 
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step test). To test for an effect of the early morning cortisol rise on subsequent 

sympathetic and cardiovascular stress reactivity, a correlational and 

experimental approach were used. In the correlational approach, the AUCg and 

CAR on the placebo day were correlated with all reactivity measures during the 

various stressors. To experimentally test the effects of cortisol on cardiovascular 

stress reactivity, a repeated measures ANOVA was performed on the levels of 

PEP, SCL, nsSCRs, SBP, DBP, HR, and RSA with test day (placebo/DEX) and 

condition (rest1, Stroop, rest2, tone avoidance, rest4, hand grip, cold pressor, 

rest5, step test) as within-subject factors. Because no valid PEP data were 

obtained in 7 subjects during the step test, the repeated measures ANOVA on the 

levels of PEP was performed separately for the Stroop, tone avoidance, hand 

grip, cold pressor (and their preceding resting conditions) and for the step test. 

Because cortisol effects on reactivity may be confounded by changes in 

basal sympathetic tone, we started by examining the effects of early morning 

cortisol rise on resting sympathetic tone. In the correlational approach, the AUCg 

and CAR on the placebo test day were correlated with the pre- and post-stress 

resting levels of PEP, SCL and ns.SCR. In the experimental approach, a repeated 

measures ANOVA was performed on the pre- and post-stress resting levels of PEP, 

SCL, and ns.SCR with test day (placebo/DEX) and resting condition (pre-stress, 

post-stress) as within-subject factors. 

In all ANOVA’s the Greenhouse-Geisser epsilon (ε) was reported when the 

sphericity assumption was violated (i.e., if the Mauchly test of sphericity was 

statistically significant at p < .05) and partial η2 (ηp
2) was reported as a measure 

of effect size. Because our main interest was in the effect of the placebo/DEX 

manipulation, we limited post-hoc testing to (interaction) effects involving test 

day. Also, because only a few small sex differences were found, all testing was 

aggregated across both sexes. 

 

Results 

The final sample consisted of 22 males and 15 female subjects. Sample 

characteristics are shown in Table 1. The sample included one male and one 

female smoker (number of cigarettes per day M = 2.7). Mean state-anxiety and 

depression levels did not differ between the two test days. Length, weight, and 

personality were also stable across testing days.  
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Table 1 Sample characteristics. 

 Placebo DEX  

 Mean SD Range Mean SD Range p* 

Age (yr) 22.1 2.4 19-29 22.1 2.4 19-29 1.0 

Length (cm) 178.6 9.4 157-198 178.6 9.4 157-198 .32 

Weight (kg) 68.4 10.8 50-91 68.1 10.8 50-90 .06 

BMI  21.3 2.1 18-26 21.2 2.1 18-26 .07 

BDI depression .3 .7 0-3 .2 .9 0-5 .57 

State anxiety 29.7 5.7 21-46 30.7 6.4 20-53 .34 

Trait anxiety 32.4 6.6 22-48 32.1 6.7 22-48 .76 

NEO neuroticism 27.1 6.8 14-42 28.5 7.8 15-42 .08 

* p-values represent paired t-tests comparing placebo to DEX. 

 

Diurnal Cortisol 

Table 2 shows the mean time of the cortisol sampling on the placebo and 

the DEX test days. Subjects indicated to have complied well with the instructions 

and neither awakening nor sampling times were different on the two test days. 

Figure 2 shows average cortisol levels at the different sampling times during the 

two test days. To test the effect of the pharmacological manipulation on the 

cortisol curve, a repeated measures ANOVA was performed on cortisol level with 

two within-subject factors, test day (placebo/DEX) and sample time (8 samples). 

This showed a significant interaction effect of test day by sample time (F(7, 25) = 

58.99, ε = 0.46, corrected p = 0.00, ηp
2 = .68) due to a DEX-induced absence of 

the clear circadian rhythm observed after the administration of the DEX (see 

Figure 2). Inspection of the individual curves showed that all subjects were 

suppressors and none showed DEX escape. 
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Table 2 Mean and range of time of salivary cortisol sampling on the two test days.  

Nr Sample 
Sampling time Time diff# 

Placebo DEX 

  N Mean Range N Mean Range Mean 

1 At awakening 35 0756h 0621-0906h 36 0757h 0629-0905h 00min26s 

2 Awake + 0030h 35 0827h 0651-0936h 37 0828h 0659-0932h 00min01s 

3 Awake + 0045h 35 0841h 0706 -0951h 36 0844h 0715-0945h 02min28s 

4 Awake + 0060h 36 0855h 0721-1005h 35 0901h 0729-1003h 03min08s 

5 Awake + 0300h 36 1100h 0927-1210h 36 1104h 0930-1213h 03min51s 

6 Awake + 0500h 36 1238h 1100-1400h 36 1239h 1105-1405h 00min56s 

7 2000h 35 2004h 1930-2030h 32 2004h 1940-2115h 01min40s 

8 2230h 35 2233h 2225-2330h 35 2234h 2209-2330h 01min00s 

# Mean within-subject difference in sampling time between the placebo and DEX test day. 

 

 
 
Figure 2 Cortisol diurnal profiles at the placebo (black) and DEX (grey) test days. 
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Effects of morning cortisol levels 

Resting sympathetic tone 

Table 3 displays the correlations between the two cortisol measures during 

the morning (placebo condition only) and the resting levels of PEP, SCL and 

ns.SCR. Out of a total of 12 correlations, no significant findings emerged at p < 

.05. A total of 8 subjects had a slightly negative CAR. Since this may indicate 

that they had not taken the samples at the appropriate times, we repeated the 

correlations after excluding these subjects (last column, Table 3). Again, no 

significant correlations were found.  

 

Table 3 Correlations between AUCg and CAR with the sympathetic variables for the pre- 

and post-stress rest measures. 

Variable Condition AUCg (n=36) CAR (n=36) CAR* (n=28) 

PEP Pre-stress rest .15 .22 .11 

 Post-stress rest .21 .25 .19 

SCL Pre-stress rest -.07 -.17 .09 

 Post-stress rest .10 -.19 .24 

ns.SCRs Pre-stress rest .09 -.21 .07 

 Post-stress rest .08 -.18 .14 

* 8 subjects with negative values were excluded.  

Correlations that are significant at p < .05 are in bold. 

 

Reactivity 

Table 4 shows the correlations between the two cortisol measures during 

the morning (placebo condition only) and the reactivity scores of PEP, SCL, 

ns.SCRs, SBP, DBP, HR, and RSA. Out of a total of 35 correlations, no significance 

was found for AUCg at p < .05. Out of a total of 35 correlations with CAR, 1 was 

significant, but not in the expected direction. Results after exclusion of the 8 

subjects with a negative CAR yielded 1 significant correlation in the expected 

direction and 3 in the opposite direction.  
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Table 4 Correlations between AUCg and CAR with the sympathetic and cardiovascular 

variables for the reactivity measures. 

 Variable Condition N AUCg CAR CAR* 

PEP reactivity Stroop 36/28 .24 -.15 .33 

 Tone avoidance 36/28 .19 .03 .27 

 Hand grip 36/28 -.20 -.18 -.20 

 Cold pressor 36/28 -.18 .13 -.08 

 Step test 32/24 .00 -.09 -.01 

SCL reactivity Stroop 36/28 -.30 .00 -.37 

 Tone avoidance 36/28 .01 -.38 -.41 

 Hand grip 36/28 .17 .23 -.10 

 Cold pressor 36/28 .06 .13 -.33 

 Step test 36/28 .24 -.06 -.19 

ns.SCRs reactivity Stroop 36/28 -.24 -.01 -.31 

 Tone avoidance 36/28 -.17 .24 -.37 

 Hand grip 35/27 .08 .28 .14 

 Cold pressor 36/28 -.28 .09 -.41 

 Step test 35/27 .04 .32 .53 

SBP reactivity Stroop 36/28 -.18 -.11 -.34 

 Tone avoidance 36/28 -.18 .22 .07 

 Hand grip 35/27 .15 .21 .22 

 Cold pressor 36/28 -.15 -.30 -.37 

 Step test 36/28 -.08 -.07 .05 

DBP reactivity Stroop 36/28 -.12 .11 -.19 

 Tone avoidance 36/28 -.16 .15 -.05 

 Hand grip 35/27 .16 .22 .23 

 Cold pressor 36/28 -.20 -.20 -.35 

 Step test 36/28 -.04 -.14 -.08 

HR reactivity Stroop 36/28 -.15 .26 -.38 

 Tone avoidance 36/28 .13 .10 .01 

 Hand grip 36/28 .32 .25 .32 

 Cold pressor 36/28 .21 -.15 -.14 

 Step test 36/28 .13 .25 .24 

RSA reactivity Stroop 36/28 .00 -.04 -.02 

 Tone avoidance 36/28 -.01 .01 -.29 

 Hand grip 35/27 -.31 -.15 -.20 

 Cold pressor 36/28 .09 .19 .23 

 Step test 34/26 -.17 -.37 -.25 

* Excluding the 8 subjects with negative values.  

Correlations that are significant at p < .05 are in bold.  
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Effects of DEX suppression 

Resting sympathetic tone 

Table 5 gives the pre- and post-stress resting values of the sympathetic 

variables separately for the placebo and the DEX test day. Repeated measures 

ANOVA showed a significant main effect of test day for PEP (F(1, 36) = 4.81, p = 

.04, ηp
2 = .12), and a significant interaction effect of test day and condition for 

SCL (F(1, 36) = 3.23, p = .08, ηp
2 = .08), and for ns.SCR (F(1, 36) = 9.00, p = .01, 

ηp
2 = .20). Post-hoc testing showed that after administration of DEX the overall 

PEP in both resting conditions was significantly longer compared to the placebo 

test day. In the pre- and post-stress resting condition, SCL was significantly 

lower, and in the post-stress resting condition the spontaneous ns.SCRs were less 

frequent. All these differences across test days are compatible with a lowered 

sympathetic tone after the administration of DEX. Importantly, we did not find a 

significant relationship between resting levels of PEP, SCL, and ns.SCRs and any 

of the cardiovascular reactivity measures on either placebo or DEX test days, 

suggesting that effects of DEX on resting sympathetic tone were unlikely to 

confound DEX effects on cardiovascular reactivity. 

 

Table 5 Means (SDs) for the pre- and post-stress resting levels separately for the two test 

days. 

Measures Resting level N 
Cortisol (nmol/L) 

Placebo DEX 

PEP pre-stress 37 119.46 (12.51) 123.35 (10.85) 

 post-stress 37 117.41 (10.96) 119.89 (11.57) 

SCL pre-stress 37 11.18 (3.86) 10.96 (3.99) 

 post-stress 37 12.62 (3.62) 11.41 (3.53) 

ns.SCRs pre-stress 37 1.62 (1.40) 1.87 (1.52) 

 post-stress 37 2.26 (1.81) 1.70 (1.45) 
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Reactivity 

The sympathetic and cardiovascular reactivity to the tasks is displayed in 

Figures 3 (mental stressors) and 4 (step test). The repeated measures ANOVAs on 

the sympathetic and cardiovascular levels revealed a significant main effect of 

condition on PEP (F(8, 22) = 165.16, ε = .30, corrected p = .00, ηp
2 = .95), SCL 

(F(8, 29) = 19.26, ε = .43, corrected p = .00, ηp
2 = .57), ns.SCR (F(8, 27) = 64.45, 

ε = .28, corrected p = .00, ηp
2 = .72), SBP (F(8, 28) = 81.94, ε = .40, corrected p = 

.00, ηp
2 = .67), DBP (F(8, 28) = 50.57, ε = .51, corrected p = .00, ηp

2 = .63), HR 

(F(8, 29) = 216.16, ε = .38, corrected p = .00, ηp
2 = .96), and RSA (F(8, 24) = 

46.26, ε = .48, corrected p = .00, ηp
2 = .82). Post-hoc planned comparisons of 

task level with the preceding pre-task resting level showed a significant decrease 

in PEP during the Stroop task and the step test and a significant increase in PEP 

during the handgrip and the cold pressor tasks. A significant increase in SCL was 

found for the Stroop task, tone avoidance, handgrip, cold pressor, and the step 

test. A significant increase in ns.SCRs was found during the Stroop, tone 

avoidance, handgrip, and the step test, but the cold pressor test did not alter 

ns.SCRs. SBP and DBP levels significantly increased during all tasks. For HR a 

significant increase was found for the Stroop task, tone avoidance, handgrip and 

the step test. RSA significantly decreased in response to the Stroop task and the 

step test.  

The crucial tests for an interactive effect of test day and condition 

revealed no significant effects on reactivity for PEP (without step test: F(6,31) = 

.38, ηp
2 = .01; step test: F(1,29) = 2.87, ηp

2 = .09), SCL (F(8, 29) = 1.10, ηp
2 = 

.06), ns.SCR (F(8,27) = 1.36, ηp
2 = .02), SBP (F(8, 28) = .48, ηp

2 = .01), DBP 

(F(8,28) = 1.34, ηp
2 = .05), HR (F(8, 30) = .39, ηp

2 = .02) or RSA (F(8, 25) = .67, ηp
2 

= .03). Post-hoc testing on the reactivity scores showed that test day did not 

affect the responses to any of the stressors. Suppression of the morning rise in 

cortisol by administration of DEX, therefore, did not influence sympathetic and 

cardiovascular reactivity.  
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Discussion 

In this study, we aimed to provide evidence for a permissive effect of the 

early morning rise in cortisol on sympathetic and cardiovascular reactivity to 

stress. We hypothesized that a larger cortisol awakening response would predict 

larger sympathetic and cardiovascular reactivity to stress. Under conditions of 

DEX suppression of the early morning cortisol rise, we expected less sympathetic 

and cardiovascular reactivity compared to the placebo condition. Our results 

showed no relation between individual differences in cortisol awakening response 

and sympathetic or cardiovascular reactivity. Complete blockade of the normal 

morning rise in cortisol by administration of DEX had no effect on sympathetic 

and cardiovascular reactivity to any of the mental and physical stressors. Thus, 

no evidence for permissive effects of the early morning cortisol rise on daytime 

sympathetic and cardiovascular responses to stress were found. Below, we 

discuss possible reasons for the absence of the hypothesized permissive effects in 

the study design used.  

In our design, we acted on the firm belief that the permissive effects of 

basal cortisol on sympathetic and cardiovascular reactivity to stress were partly 

due to central actions of cortisol, in particular the structures involved in the 

modulation of sympathetic drive, i.e. brain regions such as the paraventricular 

nucleus (PVN) of the hypothalamus, the central nucleus of the amygdala (CeA) 

(Davis, 1992), the bed nucleus of the stria terminalis (BNST) (Nijsen et al., 2001), 

the locus coeruleus (LC), and the nucleus tractus solitarius (NTR) (Herman & 

Cullinan, 1997; Sapolsky, 2003; Van de Kar & Blair, 1999). Glucocorticoid 

receptors are present in each of these structures in rodents and in many 

structures in human (de Kloet et al., 1990). Studies which showed memory 

consolidation by glucocorticoid influences to depend on noradrenergic activation 

of the basolateral complex of the amygdala make a compelling case for 

glucocorticoid-sympathetic interaction in these structures (Roozendaal, 2002). In 

line with this glucocorticoid-sympathetic interaction, we expected basal cortisol 

levels to modulate individual differences in sympathetic stress-reactivity at the 

level of the central sympathetic drive generated in the amygdale and associated 

limbic structures. Such effects would have been entirely blocked by DEX, which 

nearly completely depletes the brain of glucocorticoid action (de Kloet et al., 

1975; Meijer et al., 1998), thereby eliminating the hypothesized permissive 

effects of cortisol on central sympathetic neurotransmission.  
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It is important to note that the central action of cortisol is not taken over 

by the intrinsic GC action of DEX itself, at least not in the concentrations 

attained in this study. The efflux transporter P-glycoprotein expressed at the 

endothelial cells of the blood-brain barrier (BBB) (Cordon-Cardo et al., 1989) 

hampers the penetration of DEX into the brain (Meijer et al., 1998; Schinkel et 

al., 1995). All studies reporting effects of DEX on glucocorticoid targets in the 

brain used high systemic doses or brain implants of DEX, overcoming its P-

glycoprotein mediated exclusion from the brain (Feldman & Weidenfeld, 2002; 

Imaki et al., 1995; Kovacs & Mezey, 1987; Roozendaal & McGaugh, 1996; 

Sawchenko, 1987). Dexamethasone in the concentrations used here has been 

found to produce selective activation of GR in the pituitary, whereas 

mineralocorticoid receptor (MR) in the pituitary or MR and GR in the central 

nervous system were unaffected (Cole et al., 2000; de Kloet et al., 1974; de 

Kloet et al., 1975; Miller et al., 1992).  

However, this still leaves the possibility that the permissive effects of 

cortisol on peripheral sympathetic neurotransmission may have been taken over 

by circulating DEX. The peripheral permissive actions of GCs are brought about 

mainly by enhancing sinoatrial, cardiomyocyte and vascular responsiveness to 

adrenaline and noradrenaline (Fritz & Levine, 1951; Grunfeld & Eloy, 1987; 

Ramey et al., 1951; Schomig et al., 1976; Tanz, 1960). This may arise in a 

number of ways. GC’s increase levels of phenylalanine-N-methyltransferase 

(PNMT), the rate limiting step in adrenaline synthesis (Betito et al., 1992; Betito 

et al., 1994; Kennedy & Ziegler, 1991; Munck & Naray-Fejes-Toth, 1994; 

Wurtman & Axelrod, 1966). They further decrease catecholamine re-uptake and 

deactivation by COMT and MAO, prolonging catecholamine action in the synapses 

(Dailey & Westfall, 1978; Gibson, 1981; Kennedy & Ziegler, 1991; Munck & Naray-

Fejes-Toth, 1994). In addition to presynaptic enhancement, GCs enhance cardiac 

and vascular responsivity by upregulation of the adrenoceptors. Binding capacity 

and affinity of beta-receptors are increased (Collins et al., 1988; Sakaue & 

Hoffman, 1991) as is the efficiency of G-protein receptor signaling, giving rise to 

a larger cAMP production (Haigh et al., 1990; Haigh & Jones, 1990; Jazayeri & 

Meyer, 1988; Liu et al., 1992). Finally, by inhibiting prostaglandin synthesis at 

basal levels, GCs block their vasodilatory effects (Cacioppo et al., 1994a; Handa 

et al., 1984). Such peripheral GC effects may be partly taken over by DEX, as has 

already been shown in rats. Treatment with small amounts of DEX produced a 
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hypocorticoid state in the brain and at the same time modestly increased 

glucocorticoid actions in the periphery (Karssen et al., 2005).  

If the effects of cortisol on peripheral sympathetic neurotransmission are 

partly taken over by DEX, our double-blind procedure was insufficiently solid to 

detect permissive effects. To establish (or exclude) the existence of such 

peripheral permissive effects a more rigorous exclusion of cortisol effects might 

be necessary. In the future, it would be interesting to repeat this experiment 

using metyrapone, an 11- β hydroxylase inhibitor of cortisol synthesis. Since 

metyrapone is no GC there is no chance that metyrapone takes over the effect of 

cortisol. We note, however, that peripheral permissive effects on reactivity 

should still have created larger stress reactivity in subjects with larger cortisol 

responses in the placebo condition. We found only very circumstantial evidence 

for this. Of all 105 correlations tested, only 6 scores showed a significant 

correlation with various measures of the early morning cortisol rise, of which 

only 1 was in the predicted direction, i.e. larger sympathetic or cardiovascular 

reactivity in subjects with high early morning cortisol levels. This does not 

exceed the number of false positives that is to be expected due to multiple 

testing. Under naturalistic conditions, therefore, no permissive effects of cortisol 

were evident on sympathetic tone or sympathetic and cardiovascular reactivity.  

Our null finding needs to be carefully balanced by some shortcomings of 

our sample and procedure. The sample was relatively small and included only 

subjects with no evidence of psychiatric disorder who all showed a clear morning 

peak in cortisol. Including patient populations with a larger range of morning 

cortisol values (de Kloet et al., 2006; Pfennig et al., 2005) would have increased 

the statistical power of the study. Also, we relied on self-report to determine the 

awakening time and compliance with salivary sampling instructions. Combining a 

similar diurnal cortisol sampling protocol with ambulatory heart rate recording 

previously showed that part of the subjects misreport the true awakening time, 

and as a consequence perform the salivary assessments at wrong times (Kupper 

et al., 2005b). Imperfect compliance to a timed salivary sampling protocol was 

also reported in studies using covert electronic recording of true sampling times 

(Broderick et al., 2004). In our study, we found a negative cortisol awakening 

response in 8 subjects, suggesting that they misreported their awakening time or 

did not comply with the sampling instructions. Leaving out these subjects left the 

results essentially unchanged. Furthermore, the measure of the area under the 

curve in relation to the ground should have been much less sensitive to such 
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errors, and yet this measure failed to correlate to sympathetic and 

cardiovascular reactivity too. 

A potential shortcoming of the procedure is that we used relatively mild 

stressors. Inspection of the placebo day in figure 2 shows that cortisol showed 

the normal diurnal decrease from the beginning to the end of the experiment, 

suggesting that the experimental procedure did not result in large cortisol 

responses itself. It is possible that more salient and/or more prolonged stressors 

would have yielded an effect of dexamethasone on the reactivity. The exercise 

test, however, was a clear exception to the ‘mildness’ of the stressors with an 

average heart rate reactivity of 67 beats. It should be noted that even during 

exercise the most ‘sympathetic’ variables PEP, SCL, ns.SCR and SBP tended to be 

higher rather than lower under dexamethasone, which is in the opposite 

direction from the hypothesized permissive effects.  

In summary, early morning cortisol levels were unrelated to late morning 

sympathetic and cardiovascular reactivity and blocking the normal morning rise 

in cortisol by administration of DEX had no effects on sympathetic and 

cardiovascular reactivity to any of the mental and physical stressors. We 

conclude that the permissive effects of cortisol on daytime sympathetic and 

cardiovascular responses to stress remain to be established. 

 


