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Abstract 
The effects of the stress hormone cortisol on cognitive function are recognized but not 
straightforward: impairment as well as enhancement has been reported. How cognitive 
function is affected by cortisol administration depends on several variables, such as 
the specific task used. To exclude task influence, we applied resting-state FMRI to 
study the acute effects of cortisol on human brain activity. In a double blind, 
randomized placebo-controlled crossover design, twenty healthy male subjects (age 
22.6 ± 2.9) received 20 mg cortisol (hydrocortisone, Hoechst). FMRI scans were 
collected on two occasions, two weeks apart. A tensor probabilistic independent 
component analysis was performed to analyze the resting-state FMRI data. The 
resulting components were compared between the two treatment conditions (oral 
cortisol or placebo). One component with a spatial pattern resembling the ‘default-
mode’ network, showed increased resting-state activity after cortisol administration 
(p=0.02). Changes in the activity level of the ‘default-mode’ network have previously 
been associated with changes in cognitive function. We hypothesize that cortisol may 
exert some of its effect on cognitive function, as found in previous research, through 
increased activity of the ‘default-mode’ network. However more directed hypothesis 
driven research will be needed to confirm our results and verify this hypothesis. 
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Introduction 
Glucocorticoids (cortisol in humans), which are released during stressful events, are 
known to influence cognitive function. In the cortisol and stress research of the last 
decades, memory is the cognitive function most elaborately investigated. Memory 
enhancement (Abercrombie et al. 2003;Buchanan and Lovallo 2001) as well as 
memory impairment (de Quervain et al. 2000;Kuhlmann et al. 2005a;Wolf et al. 
2001a;Kuhlmann et al. 2005b;Wolf et al. 2001b) have been found after administration 
of cortisol and after stress-induced increases of cortisol levels. The effects of cortisol or 
stress on memory function are recognized but not straightforward, as they have been 
found to depend on several variables such as time of day (Het et al. 2005;Maheu et al. 
2005), dose (Lupien and McEwen 1997), memory phase (Roozendaal, 2002) and 
gender (Wolf et al. 2001b). With respect to specific memory function, Roozendaal and 
colleagues suggested that cortisol enhances memory consolidation but impairs 
delayed retrieval and working memory (Roozendaal, 2002;Roozendaal et al. 2004). 
Besides affecting memory function, there is an ongoing controversy over the effect of 
cortisol on attention: some studies show impairments in selective attention (Ellenbogen 
et al. 2002;Kopell et al. 1970;Skosnik et al. 2000) whereas others did not find an 
association between cortisol and attention (Kuhlmann and Wolf 2005;Newcomer et al. 
1994). Different measures of assessing attention and differences in cortisol dose could 
explain these discrepancies (Lupien and McEwen 1997). 
 
In addition to the dependency on time, dose, memory phase and gender, the effect of 
cortisol on human brain function is also task-dependent. For instance, cortisol effects 
on declarative memory retrieval are almost exclusively found during free or cued recall, 
but hardly ever during recognition (Het et al. 2005). Furthermore, working memory 
impairment appears when task load is heavy (Lupien et al. 1999;Oei et al. 2006), 
whereas during easier tasks (e.g., digit span), impairment is rarely found (Kuhlmann et 
al. 2005b;Kuhlmann et al. 2005a). Studying the effect of cortisol on brain function 
without administering a task could increase our knowledge of how brain function is 
affected. Recently, this has become possible by studying brain function using resting-
state FMRI (Beckmann and Smith 2005;Beckmann et al. 2005;Biswal, 1995;Fox et al. 
2005). In resting-state FMRI, data are acquired without using an externally controlled 
stimulus/task, measuring intrinsic brain activity. This intrinsic activity appears to be 
more dynamic than was commonly assumed, showing percentages blood oxygenation 
level dependent (BOLD) signal change comparable to those found in task-related 
experiments (Biswal, 1995;Damoiseaux et al. 2006). Moreover, these BOLD 
fluctuations measured at rest are organized in several consistent, coherent patterns 
(Beckmann et al. 2005;Biswal, 1995;Damoiseaux et al. 2006;De Luca et al. 
2006;Greicius et al. 2003). These so-called resting-state networks (RSNs) resemble 
specific neuroanatomical systems such as those involved in motor function, visual 
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processing, executive functioning, auditory processing, memory and a system 
suggested to be suspended during goal directed attention: the ‘default-mode’ network 
(Gusnard and Raichle 2001;Raichle et al. 2001). It has been suggested that these 
RSNs may reflect an intrinsic property of brain functional organization that serves to 
stabilize brain ensembles, consolidate the past, and prepare us for the future (Buckner 
and Vincent 2007;Raichle and Snyder 2007). In this exploratory study we investigate 
the effect of cortisol on these patterns of coherent intrinsic BOLD fluctuations. 
 
Methods 
Subjects: Twenty healthy male subjects (age 22.6 ± 2.9) participated in this study after 
giving written informed consent in accordance with the VU University Medical Center 
Medical Ethical Committee. Criteria for inclusion were: a body mass index (BMI = 
kg/m²) between 18 and 25, a healthy medical and psychiatric history, determined by a 
brief version of the Amsterdam Biographical Interview (ABV, de Wilde, 1963) and the 
psychoneuroticism scale of the Dutch version of the Symptom Checklist-90 (SCL-90; 
Arrindell and Ettema, 1986), using norm scores for a healthy population. Exclusion 
criteria included use of psychotropic medication/drugs within three months prior to the 
test sessions, the use of medication containing corticosteroids, blood pressure over 
140/90 mmHg, diabetes, current and past psychiatric problems and left-handedness. 
Females were not included in this study to avoid interactions of hormones due to 
menstrual cycle or birth control pill and cortisol, or other specific gender differences in 
stress effects on memory (Wolf et al. 2001b). 
 
Design: In a double blind, randomized placebo-controlled crossover design, 
participants received 20 mg cortisol (hydrocortisone, Hoechst) at one session and 
placebo at the other. The dose of 20 mg was selected based on previous findings 
showing that cortisol doses between 10 and 30 mg reliably lead to effects on memory 
function (Het et al. 2005). Tablets were ingested one hour prior to scanning in order to 
achieve maximum high cortisol levels. Saliva was sampled throughout the study using 
Salivettes (Sarstedt Germany (Kirschbaum and Hellhammer 1994)) to obtain measures 
of salivary cortisol levels. All subjects underwent an FMRI session of approximately 45 
minutes. 
 
Procedure: Participants were invited to the VU University Medical Center for a scan 
session on two occasions, two weeks apart. Participants had been asked to refrain 
from any caffeine and sugar containing drinks, and to have exactly the same light 
breakfast on both scan days. Furthermore, they were asked to refrain from food intake 
2 hours before each FMRI procedure. The scan session started one hour after pill 
ingestion when cortisol reached peak levels. During the scan session three functional 
imaging scans were made: two task-related scans (memory encoding and retrieval 
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task) and one resting-state scan. The activation data of the memory retrieval task is 
reported elsewhere (Oei et al. 2007), the activation data of the encoding task will be 
reported elsewhere. For the resting-state scan subjects were instructed to lie down 
with their eyes closed, not to think of one thing in particular and not to fall asleep. All 
lights in the scanner room were turned off during this scan, which lasted for 10 
minutes. All participants were scanned between 11.00h - 15.00h and at exactly the 
same time during the two appointments, this to control for differences in cortisol levels 
due to time of day (Het et al. 2005). To measure cortisol levels saliva was sampled four 
times on both scan sessions: directly after arrival (“pre-baseline”), before pill ingestion 
(‘baseline’), immediately before entering the scanner (‘pre-scan’), and immediately 
after the scanning session (‘post-scan’). Participants were asked to fill out an exit 
questionnaire in which they were asked to indicate when they thought they had 
received hydrocortisone or placebo and which effects they experienced after pill 
ingestion. 
 
Imaging methods: For all functional scans, T2*-weighted echo planar images (EPI) 
were acquired on a 1.5T Sonata scanner (Siemens, Erlangen, Germany) with the 
following sequence parameters: TR=2850 ms; TE=60 ms; flip angle=90°. 36 axial 
slices (3.3 mm isotropic). For registration purposes a high-resolution T2*-weighted EPI 
and a high-resolution T1-weighted image were additionally acquired. The sequence 
parameters of the high-resolution EPI were: TR=7230 ms; TE=45 ms; flip angle=90°; 
64 axial slices (1.6 x 1.6 x 2.2 mm). The sequence parameters of the T1 weighted 
image were: TR=2700 ms; TE=3.97 ms; flip angle=8°; 160 coronal slices (1 x 1.5 x 1 
mm). 
 
Data analysis of resting-state FMRI data: 
Pre-processing: The image pre-processing was carried out similar to our previous 
study (Damoiseaux et al. 2006) using tools from FMRIB's Software Library (FSL 
version 3.2 (Smith et al. 2004)). The following pre-statistics processing was applied: 
motion correction (Jenkinson et al. 2002) removal of non-brain structures (Smith, 
2002); spatial smoothing using a Gaussian kernel of 6mm full-width-at-half-maximum 
(FWHM); mean-based intensity normalization of all volumes by the same factor (i.e. 4D 
grand-mean scaling in order to ensure comparability between data sets at the group 
level); high-pass temporal filtering (Gaussian-weighted least-squares straight line 
fitting, with sigma=75.0s); Gaussian low-pass temporal filtering (HWHM 2.8s). After 
pre-processing the functional scan was first aligned to the high resolution EPI scan, 
then to the high resolution T1-weigthed image and registered to the MNI152 standard 
space (average T1 brain image constructed from 152 normal subjects at Montreal 
Neurological Institute) using affine linear registration as implemented in FLIRT 
(Jenkinson et al. 2002). From the resulting affine transformation matrices a midspace 
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was defined as the transformation that approximates the average size, and shape of 
the individual subjects’ spaces, by calculating the geometric mean of the affine 
transformations, that registers the MNI152 standard space template to all subjects’ 
data sets. Within this midspace, the data are kept at the original EPI resolutions, 
reducing the computational burden of a simultaneous decomposition. Finally the 
individual time-series data were converted to voxel-wise power-spectra. Since there is 
no task in resting-state data to restrict what subjects are doing during a specific time 
course, we cannot assume a consistent temporal response for individual RSNs 
between subjects. Therefore we perform Tensor Probabilistic Independent Component 
Analysis (Tensor PICA) on data transformed into the frequency domain (similar to the 
method proposed previously by Calhoun and colleagues (Calhoun et al. 2003)). This 
resulted in 40 data sets, with data obtained from the two different resting-FMRI 
sessions for each of the 20 subjects. 
Statistical analyses: The Tensor PICA approach as applied in our previous study 
(Damoiseaux et al. 2006) was used for statistical analyses. This approach 
simultaneously decomposes group FMRI data into modes describing variations across 
space, time (frequency for resting-state studies) and subjects. The multiple regression 
approach inherent to such decompositions is of particular importance as it allows for a 
simultaneous separation into individual maps, i.e. this technique can simultaneously 
extract a variety of different coherent resting networks and separate effects from other 
signal modulations such as those induced by head motion or physiological confounds 
such as the cardiac pulsation or the respiratory cycle (De Luca et al. 2006). It has been 
demonstrated that the Tensor PICA approach can provide useful representations of 
group FMRI data in task-related FMRI experiments and resting-state studies 
(Beckmann and Smith 2005;Damoiseaux et al. 2006). In this study the group data were 
de-composed separately into groups of vectors, which characterize the structured 
signals in the spatial, subject and frequency domain. Data were de-composed into 20 
components, where the model-order was estimated using the Laplace approximation to 
the Bayesian evidence for a probabilistic PCA model (Beckmann and Smith 2004). 
Each component consists of a vector of length 40 (20 subjects x 2) in the subject 
domain, a vector of length 100 (frequencies) which describes the associated temporal 
characteristics and a vector of length 33710 (voxels) which describes the associated 
spatial map, see (Beckmann and Smith 2005) for details. Final maps were thresholded 
using an alternative hypothesis test based on fitting a Gaussian/Gamma mixture model 
to the distribution of voxel intensities within spatial maps and a posterior probability 
threshold of p>0.5 (Beckmann et al. 2003). In order to characterize components that 
differ significantly between the two conditions (cortisol and placebo), the 40 values in 
the subject domain were compared (after correction for outliers) within the GLM 
framework by performing a repeated measures analysis on the values between 
conditions, including baseline salivary cortisol level as covariate. The different values 
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within one subject-mode vector show a difference in the relative strength of the 
associated time by space component within a subjects' data set. That is, a higher value 
of the subject modes indicates that the subject's data has higher BOLD change within 
the areas indicated by the associated spatial map. 
 
Results 
Salivary cortisol levels: As expected pre-baseline and baseline values did not differ 
between groups but treatment led to a significant increase in salivary cortisol levels 
(pre-scan: mean ± SD treatment 107.5 ± 76.8 nmol/l, mean ± SD placebo 6.4 ± 3.1 
nmol/l; post-scan: mean ± SD treatment 64.2 ± 26.0 nmol/l, mean ± SD placebo 8.7 ± 
6.2 nmol/l). These cortisol levels are in the upper physiological range and are 
comparable to levels observed under severe stress (Deinzer et al. 1997). Participants 
were not able to tell whether they had received placebo or hydrocortisone: 8 (out of 20) 
reported to have noticed an effect of hydrocortisone at either one of the scan sessions. 
Of these participants four correctly indicated noticing an effect of hydrocortisone, 
whereas four others incorrectly noticed effects of placebo. Therefore it is highly unlikely 
that subjects’ awareness of the administration of hydrocortisone could explain possible 
differences in brain activity between the two conditions. 
 
FMRI results: Twenty components were estimated, each consisting of vectors which 
describe underlying signals in the spatial and temporal domains as well as a vector 
describing the subject-specific contribution to the estimated map. As an example, 
figure 1 shows thirteen of these spatial maps which were visually identified as being 
potentially functionally relevant. The remaining seven components show, among 
others, head motion, mis-registration, B0 artifacts and areas of no interest e.g. 
consisting of cerebrospinal fluid (see figure 2). Eleven of the components (A-K) shown 
in figure 1 resemble the RSNs described in previous research (Beckmann et al. 
2005;Damoiseaux et al. 2006;De Luca et al. 2006). These spatial maps consist of 
regions previously (tentatively) related to visual processing (A+F), the ‘default-mode’ 
network (B+C), working memory (D+E), sensory/motor function (G), the ventral 
pathway (H), visual-spatial attention (I), auditory processing (J), and executive 
functioning (K). There are however small differences. In this study we find two 
components with a spatial pattern resembling the ‘default-mode’ network (B+C) while 
in our previous study we found these components combined in one (Damoiseaux et al. 
2006). 
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 Figure 1: Potentially functionally relevant RSNs. 13 out of the 20 estimated components visually identified 
as being potentially functionally relevant. 11 of these components (A-K) resemble the RSNs described in 
our previous study (Damoiseaux et al. 2006),consisting of regions previously related to visual processing
(A+F), the ‘default-mode’ network (B+C), working memory (D+E), sensory/motor function (G), the ventral
pathway (H), visual-spatial attention (I), auditory processing (J), and executive functioning (K). Two 
additional potentially interesting components were found, one consisting of the thalamus, putamen and the
insula (L); the other of occipito-parietal, superior parietal, posterior cingulate, parahippocampus and 
superior frontal areas (M). Component B shows increased activity in the cortisol condition compared to
placebo. This network encompasses the superior and middle frontal gyrus (BA 9/10/11), posterior cingulate
(BA 23/31), inferior temporal gyrus (BA 20/37) and the superior parietal region (BA 7). Images (coronal,
sagittal and axial view) are z-statistics overlaid on the average high-resolution scan transformed into 
standard (MNI152) space. Black to yellow are z-values; ranging from 3.0-7.0. The left hemisphere of the 
brain corresponds to the right side of the image.
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However, a more interesting difference is the observation of two additional potentially 
interesting spatial patterns. One of these patterns encompasses the thalamus, 
putamen and the insula (L), the other consists of occipito-parietal areas, superior 
parietal, posterior cingulate, parahippocampus and superior frontal (M). Because of the 
exploratory nature of the present study and to prevent any selection bias, the 
associated values in the subject domain of all 20 components were compared between 
the cortisol and placebo condition (see data-analysis section). Component B (figure 
1B), encompassing the posterior cingulate (Brodmann Area (BA) 23/31), superior and 
middle frontal gyrus (BA 9/10/11), inferior temporal gyrus (BA 20/37) and the superior 
parietal region (BA 7) showed a change in the relative strength of subjects between the 
two groups (F[1,18]=6.41, p=0.021 uncorrected). In particular, this component showed 
an increase in the subject-dependent variation in the cortisol condition compared with 
placebo. 
 

 

Figure 2: 7 remaining components not shown in figure 1. These components show identifiable and distinct
artifacts, such as head movement, mis-registration and B0 artifacts and areas of no interest e.g. consisting of
cerebrospinal fluid (ventricles). Images (coronal, sagittal and axial view) are z-statistics overlaid on the 
average high-resolution scan transformed into standard (MNI152) space. Black to yellow are z-values; 
ranging from 3.0-7.0. The left hemisphere of the brain corresponds to the right side of the image. 
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Discussion 
The aim of this study was to explore the effects of cortisol, independent of a task, on 
activity of low frequency BOLD signal fluctuations using resting-state FMRI. Of the 
twenty resting-state components we estimated using Tensor PICA, eleven 
corresponded with previously reported RSNs (Damoiseaux et al. 2006) and two 
components were additionally visually identified as being potentially functionally 
relevant. The observation of these additional RSNs is most likely the result of 
increased power related to a larger amount of data sets included in this study (40 
compared with 10 in our previous study). Out of all twenty components, one was 
affected by the administration of cortisol. The RSN displayed in figure 1B, 
encompassing the ‘default-mode’ network had higher values in the subject domain in 
the cortisol condition compared to the placebo condition. This means that the 
magnitude of the spontaneous BOLD fluctuations was increased, i.e. showed 
increased activity, in these subjects after cortisol administration. 
This effect would not remain significant if one would correct for the number of tests of 
interest (the 13 components of interest). The main argument against the necessity of a 
correction is that for every independent component a separate null-hypothesis is being 
tested, and no multiple testing is being performed on one hypothesis. Whether or not a 
correction needs to be performed, we may conclude that the effect we found was not 
very strong (p=0.02). We therefore regard this result not so much as evidence but 
rather as an indication of an effect of cortisol on the ‘default-mode’ network. As this is 
the first study investigating the effect of cortisol on resting-state brain activity we did 
not have any specific prior hypotheses and performed an exploratory study in which we 
found a strong indication that cortisol alters the default mode network. 
 
It has been proposed that the ‘default-mode’ network is active in rest and deactivated 
when goal directed attention is needed (Gusnard and Raichle 2001;Raichle et al. 
2001). Several studies have shown deactivation of this network during a broad range 
of tasks (Lustig et al. 2003;Mazoyer et al. 2001;McKiernan et al. 2003;Rombouts et al. 
2005;Shulman et al. 1997) and during resting-state, inverse correlations among 
regions that show increased activity during a cognitive task and areas within the 
‘default-mode’ network have been reported (Fox et al. 2005). Changes in the level of 
activity of the ‘default-mode’ network have previously been associated with changes in 
cognitive function (Gotman et al. 2005;Greicius et al. 2004;McKiernan et al. 2003), the 
level of deactivation has been shown to increase with task difficulty (McKiernan et al. 
2003) and increased deactivation appears beneficial for task performance (Daselaar et 
al. 2004;Polli et al. 2005;Weissman et al. 2006). Therefore, we hypothesize that our 
tentative finding of cortisol-induced changes in ‘default-mode’ activity may be related to 
some of the effects of this stress-hormone on cognitive function, which have been 
found in previous research (de Quervain et al. 2000;Kuhlmann et al. 2005a;Wolf et al. 
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2001a;Kuhlmann et al. 2005b;Wolf et al. 2001b;Ellenbogen et al. 2002;Kopell et al. 
1970;Skosnik et al. 2000). Possibly the increased activation of the default-mode 
network at rest after cortisol administration indicates an increase in the functions 
presumably mediated by the default-mode network such as self referential thought, 
episodic memory and monitoring (Buckner and Carroll 2007). This increase of default-
mode network activity could interfere with goal-directed attention, e.g. towards an 
external stimulus. It may be difficult to deactivate this ‘hyper-active’ default-mode 
network to focus more on other cognitive functions. However, more directed hypothesis 
driven research will be needed to confirm our results and verify this hypothesis. 
 
Previous research has identified the hippocampus as a prominent site through which 
cortisol exerts its action (Roozendaal, 2002). So far few neuro-imaging studies have 
been performed ‘localizing’ the effects of cortisol on brain function. However, two 
previous PET studies, examining regional cerebral blood flow and glucose utilization, 
demonstrated uniform results: compromised medial temporal lobe blood flow and 
glucose uptake (de Leon et al. 1997;de Quervain et al. 2003). In this study we explored 
the effect of cortisol on patterns of coherent intrinsic BOLD fluctuations. However, we 
did not find the hippocampus to be included in any of the spatial maps, as a result the 
effect of cortisol on hippocampal activity could not be determined. Involvement of the 
hippocampus in the ‘default-mode’ network has been found in a previous ICA study 
(Greicius et al. 2004) and in several cross-correlation analyses placing a seed region 
within the default-mode network (Fox et al. 2005;Fransson, 2005;Vincent et al. 2006). 
The association between cortisol administration, the hippocampus and the ‘default-
mode’ network therefore remains an interesting topic for further research. 

 
The use of resting-state FMRI rather than ‘regular’ task-related FMRI in studying the 
effects of cortisol is advantageous as it provides us with an unbiased observation, 
regarding task-dependency, of the effect of cortisol on human brain function. A 
disadvantage is the difficulty to relate differences in brain activity to specific cognitive 
functions. We tentatively hypothesize that cortisol exerts its effect on cognitive function 
through increased activity of the ‘default-mode’ network, which could result in 
decreased goal directed attention. However, it is not possible to conclude whether it is 
specifically selective attention that is compromised, as we did not measure selective 
attention itself. Studies investigating the effect of cortisol on attention do not yield 
straightforward results. Some have shown that elevated cortisol levels impede 
selective attention (Ellenbogen et al. 2002;Kopell et al. 1970;Skosnik et al. 2000), 
resulting in a decreased ability to filter out irrelevant information (Molle et al. 1997). 
Others show no relationship between cortisol and attention (Kuhlmann and Wolf 
2005;Newcomer et al. 1994). For future studies the combination of resting-state FMRI 
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and an attention or working memory task may help to address remaining questions. 
In addition to the resting-state data discussed in the present paper, task-related FMRI 
data during memory retrieval (Oei et al. 2007) and encoding (data to be published 
elsewhere) was collected as well. A recognition paradigm was used to collect 
behavioral measures, during the FMRI scan for the retrieval task and 8 days after the 
scan for the encoding task. No behavioral effects of cortisol were found for both 
recognition tasks. A reason for these missing behavioral effects can be that the effects 
of cortisol on long-term memory are often only observed when using effortful recall 
tests and not when using recognition paradigms (Buchanan and Lovallo 2001). 
Unfortunately, in this study cued recall was not tested. Because no difference in 
performance is found, we can not relate changes in resting-state activity during acute 
cortisol administration to altered cognitive function. 
 
This is one of the first papers investigating pharmacological manipulation of resting-
state BOLD activity. To our knowledge there is only one other paper, which studies the 
effect of anti-depressants (Anand et al. 2005). The present findings of acute cortisol 
effects on the resting network system may be of relevance for the enhanced 
understanding of psychiatric diseases. Alteration of hypothalamus-pituitary-adrenal 
(HPA) axis activity is a common finding in psychiatric patients. For example 
hyperactivity of the axis leading to elevated basal cortisol levels has been observed in 
major depression but also in Alzheimer’s dementia (Wolf, 2006;Nemeroff, 
1996;Yehuda, 2002). Both disorders are characterized by cognitive impairments 
(attention and memory problems) and altered task related brain activation in FMRI 
studies (Gron et al. 2002;Harvey et al. 2005;Rombouts et al. 2005;Starr et al. 2005). 
The opposite neuroendocrine situation appears to be present in posttraumatic stress 
disorder (PTSD). Here several (but not all) studies report reduced basal cortisol levels 
potentially reflective of an enhanced negative feedback of the axis (Yehuda, 2002). It 
has been suggested that low cortisol levels may be in part responsible for the 
intrusions, flashbacks and nightmares associated with the disorder (Aerni et al. 
2004;Wagner et al. 2005). One venue for future research would be to assess resting-
state FMRI in these conditions and relate the findings to markers of the patients’ basal 
cortisol levels. 
 
A limitation to consider with respect to resting-state FMRI concerns the possible 
confound of cardiac and respiratory pulsations contributing to between session 
differences. It is well known that typical EPI sampling (2.85s in the present case) 
renders cardiac or respiratory physiological effects to be aliased. Furthermore, a 
previous study showed that BOLD signal changes induced by variations in respiratory 
depth are located in regions resembling the default-mode network (Birn et al. 2006). 
This could be especially problematic in studies with possible between group or session 
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differences in cardiac and respiratory function. It is unlikely this occurred in the present 
study as previous research has shown that acute cortisol administration does not affect 
blood pressure and heart rate (Nonell et al. 2005). Moreover, by applying multiple 
regression techniques like ICA (as was done in this study), it has been shown that 
these cardiac and respiratory induced signal variations have a very specific spatial 
pattern, show different frequency characteristics and can be separated from signal 
fluctuations of interest, even at low sampling rate (Beckmann et al. 2005;De Luca et al. 
2006;Fukunaga et al. 2006). Nevertheless, residual effects of physiological noise might 
remain present in the data after ICA. However, these effects can only decrease the 
sensitivity of the detection of group-specific differences unless it is assumed that there 
is a strong increase in physiological noise under administration of hydrocortisone. No 
such changes have been reported in the literature. 
 
In this study female subjects were excluded to avoid interactions of hormones due to 
menstrual cycle or birth control pill and cortisol, or other specific gender differences in 
stress effects on memory (Wolf et al. 2001b). Effects of cortisol on resting-state activity 
in women therefore await to be investigated. 
 
In summary, by using resting-state FMRI we provide an indication that acute cortisol 
elevation in healthy male subjects is associated with altered resting fluctuations in the 
‘default-mode’ network. The use of resting-state FMRI for investigating the effects of 
drug or other manipulations on human brain function creates an important new 
opportunity for research in cognitive neuroscience, which could ultimately lead to a 
better understanding of neurological and psychiatric disorders. 
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