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Abstract
Objective Several studies have shown that stress or the
administration of glucocorticoids can impair hippocampusbased declarative memory retrieval and prefrontal dependent working memory performance in healthy subjects.
Major Depressive Disorder (MDD) is often characterized
by memory impairment and increased cortisol secretion.
Studies indicate that the impairing effects of glucocorticoids
on declarative memory performance are missing in patients
with MDD. The purpose of our study was to investigate
whether the finding of missing effects of acute cortisol
administration on memory performance in MDD is also
seen when examining prefrontal-based working memory.
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Methods In a placebo-controlled study, 57 patients with
MDD and 56 sex- and age-matched healthy control subjects
received either placebo or 10 mg of hydrocortisone orally
before memory testing. To test the verbal modality of
working memory, the Word Suppression Test was applied
with one negative and one neutral test part.
Results After hydrocortisone intake, healthy subjects
showed a significantly poorer working memory performance compared to placebo treatment when negative
interference words were administered. In contrast, memory
performance of MDD patients was not affected by
hydrocortisone treatment.
Conclusions The missing effects of glucocorticoid administration on working memory in MDD might be interpreted
in the context of reduced central glucocorticoid receptor
function.
Keywords Depression . Working memory . Cortisol .
HPA axis

Introduction
One major system responding to stress is the hypothalamicpituitary-adrenal (HPA) axis, which initiates, when activated,
the secretion of glucocorticoids (GCs) from the adrenal
cortex. GCs can pass the blood brain barrier and act in the
brain via binding to mineralocorticoid receptors (MR or type
I) and glucocorticoid receptors (GR or type II), which exhibit
their highest density in regions relevant for cognition and
memory, such as the hippocampal area and the prefrontal
cortex (de Kloet 2003; Lupien and Lepage 2001). The
hippocampus is especially important for declarative memory
(Eichenbaum et al. 1999; Squire 1992), while prefrontal
brain areas like the dorsolateral prefrontal cortex and the
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anterior cingulate gyrus are crucial for working memory
(WM; Baddeley 2001).
GCs have been repeatedly found to impair declarative
memory retrieval in humans and animals. De Quervain and
colleagues were the first to show in rodents that stress or
GC treatment impaired memory retrieval (de Quervain et al.
1998). These findings have been replicated by others
(Diamond et al. 2006) and similarly shown for humans
(de Quervain et al. 2000; Kirschbaum et al. 1996;
Kuhlmann et al. 2005a; Wolf et al. 2001). Moreover,
psychosocial stress-induced cortisol elevations led to poorer
declarative memory performance (Buchanan et al. 2006;
Kuhlmann et al. 2005b; Lupien et al. 1997).
The effects of stress and stress hormones on healthy
human subjects have also been investigated for prefrontal
dependent WM, even though the empirical situation is
rather heterogeneous. The prefrontal cortex seems to be a
significant target for the negative feedback actions of GCs,
indicating that this area could play a significant role in the
acute effects of GCs on cognitive function (Lupien et al.
1999). WM is the cognitive mechanism that allows us to
keep a limited amount of information active for a limited
period of time (Baddeley 1995) and is furthermore thought
to be crucial for reducing distraction by suppressing
irrelevant information (Baddeley and Della Sala 1996). As
shown for declarative memory performance, animal studies
revealed that chronic stress or GC treatment also impair
WM (Arnsten 2000; Cerqueira et al. 2007; Mizoguchi et al.
2000; Shansky et al. 2006). In humans, pharmacological
studies observed that both acute (Lupien et al. 1999; Wolf
et al. 2001) and chronic cortisol administration (Young et
al. 1999) led to poorer WM performance, although not all
studies agree (Monk and Nelson 2002; Oei et al. 2009;
Porter et al. 2002). In addition, studies in healthy subjects
found that acute psychosocial stress-induced GC elevations
are related to impaired WM performance (Oei et al. 2006;
Schoofs et al. 2008, 2009), while others did not find deficits
in WM after psychosocial stress (Kuhlmann et al. 2005b;
Smeets et al. 2006).
The influence of emotional arousal or emotional valence of
the learning material in WM tasks has been investigated
repeatedly (Dolcos et al. 2008; Dolcos and McCarthy 2006;
Kensinger and Corkin 2003). For example, Dolcos and
McCarthy (2006) found that emotional distractors evoked
strong activity in typical emotional processing regions
(amygdala and ventrolateral prefrontal cortex), while WM
regions were relatively deactivated, which led to impaired
WM performance. The coactivation of the beta-adrenergic
system is also believed to be an important determinant of GC
effects on memory in humans (Cahill et al. 1994; de
Quervain et al. 2007; Roozendaal et al. 2006b). This has
recently been demonstrated with pharmacological manipulations (beta-blockade; de Quervain et al. 2007). Further-
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more, in rats, it was shown that both propranolol treatment
and lesions of the basolateral amygdala blocked the negative
effects of cortisone on WM performance (Roozendaal et al.
2004). Nonetheless, most human studies on GC effects on
memory have used relatively neutral learning material (digits
or numbers).
A role of HPA axis alternations has been proposed for
several psychiatric disorders, as Major Depressive Disorder
(MDD). HPA axis dysregulation, e.g., enhanced basal and
stimulated cortisol release as well as high cortisol levels
after dexamethasone (DEX) administration, are the most
consistent findings in patients with MDD (Musselmann et
al. 1998; Pariante and Lightman 2008; Parker et al. 2003;
Plotsky et al. 1998). Furthermore, impairments in
hippocampal-based declarative memory are frequently
reported in MDD patients (Brand et al. 1992; Burt et al.
1995; Veiel 1997). Several studies have linked the
increased basal cortisol levels to impaired cognitive
functions in depressed patients (Belanoff et al. 2001;
Hinkelmann et al. 2009). For example, Hinkelmann et al
(2009) found a negative correlation between salivary
cortisol levels and hippocampus-related neuropsychological
domains (e.g., verbal memory, visuospatial memory) and
executive function (e.g., working memory). Accordingly, in
prefrontal brain areas, a decrease in GR mRNA density has
been found in depressed patients (Webster et al. 2002).
Recently, we investigated the effect of acute cortisol
administration on declarative memory and found reduced
memory performance in healthy controls after cortisol
intake, while the administration of cortisol in patients with
MDD did not further reduce declarative memory retrieval.
This might indicate a reduced central glucocorticoid
receptor functioning (Schlosser et al. 2010; Terfehr et al.
in press). However, to our knowledge, no study has
examined the effects of acute glucocorticoid administration
on WM in MDD by now.
The purpose of this study was to investigate whether the
finding of missing effects of acute cortisol administration on
WM in MDD is restricted to hippocampal-based declarative
memory performance, as shown in our previous studies, or is
also seen when examining prefrontal-based WM. We hypothesized first, that healthy control subjects show impairments in
working memory performance following acute cortisol
administration. Our second hypothesis was that due to
reduced GR sensitivity acute cortisol elevation would have
no effect on memory performance in depressed patients.
Third, we hypothesized that depressed patients show an
overall reduced working memory performance compared to
healthy controls. Since stress and GCs have been shown to
impair WM performance especially when distractors were
emotionally arousing, we hypothesized that emotionally
arousing stimuli impair WM performance to a higher degree
than neutral irrelevant distractors.
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Methods and material
Subjects
Fifty-seven inpatients with MDD and 56 age- and gendermatched healthy control subjects participated in the study. All
patients were recruited at the Department of Psychiatry and
Psychotherapy Bethel (Ev. Hospital Bielefeld, Germany), at
the Department of Psychosomatic Medicine and Psychotherapy and the Department of Psychiatry and Psychotherapy,
University Medical Center Hamburg-Eppendorf & Schön
Klinik Hamburg-Eilbek, Germany, and met the DSM-IV
criteria for major depression. Exclusion criteria for all
inpatients and control subjects were the following: CNS
relevant somatic diseases or severe somatic diseases (e.g.,
neurological diseases), metabolic diseases (e.g., thyroid
disease, diabetes), organic shift in cortisol secretion (e.g.,
Morbus Cushing), immune-mediated diseases, medicated
hypertension, severe cardiovascular diseases, or current
infections. Further exclusion criteria were pregnancy, the use
of beta-blockers or benzodiazepines, current anorexia, current
or lifetime schizophrenia, alcohol or drug dependence, bipolar
disorder, schizoaffective disorder, attention-deficit hyperactivity disorder or cognitive impairment. Intake of antidepressants did not lead to exclusion.
Control subjects were recruited by local advertising and
received remuneration for their efforts (100€). Written
informed consent was obtained from all subjects. The study
was approved by the University of Muenster Ethics
Committee and the Ethics Committee Hamburg.
Procedure
Diagnoses were made using the Structured Clinical Interview
for DSM-IV, SCID-I for Axis-I disorders (Wittchen et al. 1997),
which was also administered for healthy controls. Severity of
depressive symptoms at the time of assessment was evaluated
using the Beck-Depression Inventory (Beck and Steer 1994).
To test the verbal modality of working memory, we
administered the self-developed Word Suppression Test
(WST) in the style of the Wechsler Memory Scale-Revised
(Wechsler 1987), which was administered among other
neuropsychological tests. The WST consisted of two test
parts (one with negative and one with neutral interference
words), presented in randomized order. In each test part 14
recorded trials with a series of alternately presented digits
and interference words were presented verbally. In the
easiest trials, a series consisted of two digits and two words,
while in the hardest trials, a series consisted of eight digits
and eight words. By two series consisted of the same number
of digits and words (e.g., series one and two consisted of two
digits and two words, series three and four consisted of three
digits and three words…). Digits and words were presented
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at a rate of one per second. The task was finished when
a subject failed to reproduce two trials of the same
length. There was no time limit set, while the whole test
did not take longer than 10 min. Analogous to the
Wechsler Memory Scale-Revised (Wechsler 1987), the
WST score represented a cumulative raw score, with one
point given for each correctly reproduced sequence. All
interference words were taken from Borsutzky et al.
(unpublished). This study provides statistical norms of
551 German nouns, considering the word's familiarity,
emotional valence, imagery, and frequency.
Each participant was tested once with the negative and the
neutral version of the WST after receiving either a dosage of
10 mg hydrocortisone (MDD: n = 30; controls: n = 27) or a
placebo (MDD: n = 27; controls: n = 29). Drugs were
administered orally 1 h prior to memory testing, which took
place between 1600 and 1800 hours. Saliva was collected
10 min before (T1), 45 min (T2), and 90 min (T3) after
cortisol administration, using saliva collection devices
(Sarstedt, Rommelsdorf, Germany). All biochemical analyses were done by the Department of Biological Psychiatry,
University Medical Center Hamburg-Eppendorf. Interassay
and intraassay coefficients of variation were below 8%.
Statistical analysis
Demographic data were analyzed using Pearson’s Chi² test for
categorical data and Student’s t test for continuous data.
Salivary cortisol was analyzed using analysis of variance
(ANOVA) with repeated measurements. Bonferroni-adjusted
post hoc analyses were used in case of a significant group
effect. Effects of hydrocortisone on working memory were
analyzed using t tests. All statistical procedures were
performed with the “Statistical Package for the Social
Science 15.0” (SPSS 15.0).

Results
Demographic and clinical data
Patients and controls did not differ concerning age, sex, and
years of education (Table 1). Seventeen patients had a current
comorbid diagnosis of anxiety disorder. Forty were treated
with antidepressant medication (SNRI = 15, tetracyclic
antidepressants = 4, SSRI = 21). All healthy subjects were
free of medication and had no psychiatric diagnosis.
Cortisol levels
Cortisol measurements could be conducted for 70 subjects
(n = 33 in the placebo condition, n = 37 in the cortisol
condition). A 2 × 3 ANOVA with repeated measures was
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Table 1 Sociodemographic and
clinical characteristics

MDD Major Depressive Disorder; BDI Beck Depression
Inventory

Characteristics

MDD (n = 57)

Controls (n = 56)

Statistics

Age
Sex
Years of formal school education
BDI sum

34.26 (9.19)
61,4 % female
11.19 (1.56)
21.84 (10.68)

32.36 (10.56)
63,8 % female
11.60 (1.52)
2.678 (3.61)

t111 = 1.02, p = .309
χ2 = 0.75, p = .846
t111 = −1.30, p = .197
t103 = 12.63, p < .001

performed with time (T1, T2, T3) and treatment (placebo
vs. cortisol) as main factors. A significant treatment effect
could be revealed, reflecting increased saliva cortisol levels
after administration of hydrocortisone compared to placebo
(F1,68 = 42.60, p < .001). Furthermore, there was a
significant time effect (F2,136 = 34.58, p < .001), as well
as a significant treatment by time interaction effect (F2,136 =
33.46, p < .001), showing significant increase of saliva
cortisol levels only after hydrocortisone administration.
Accordingly, cortisol levels at baseline did not differ
between placebo and cortisol treatment (t68 = −.64,
p = .526), while cortisol levels were significantly higher
at T2 (t68 = −6.66, p < .001) and T3 (t68 = −6.55, p < 001)
after hydrocortisone treatment. Furthermore, we did not
find any significant difference between patients and
controls at each measurement point (Fig. 1).
Working memory
To analyze the effects of hydrocortisone on WM performance, four separate independent group t tests were

Cortisol ng/mL

50

30

MDD Cortisol
MDD Placebo
CON Cortisol
CON Placebo

20
10
0

baseline

WST with neutral interference words
Analyses revealed no impairment of memory performance
after hydrocortisone administration compared to placebo in
the control group (t54 = 1.05, p = .299), as well as in the
MDD group (t55 = .18, p = .855; Fig. 2). In the placebo
condition, depressed patients did not differ significantly
from control subjects (t54 = −1.98, p = .053). Furthermore,
after hydrocortisone treatment, there was no significant
difference concerning WM performance between the two
groups (t55 = −1.28, p = .207). Antidepressant medication
had no effect on memory performance in the neutral
condition. There was no significant difference between
medicated and unmedicated patients in WM performance
(t55 = 1.28, p = .204).
WST with negative interference words
While hydrocortisone treatment did not impair WM
performance in depressed patients (t55 = −.08, p = .935),
healthy control subjects showed a significantly lower WM
performance after hydrocortisone administration compared
to placebo (t54 = 2.94, p = .005; Fig. 2). Additionally,
patients suffering from MDD showed a significant poorer
WM performance in the placebo condition compared to
healthy control subjects (t54 = −2.73, p = .009). After
hydrocortisone treatment, WM performance did not differ
between the two groups (t55 = −.58, p = .564). As well as
in the neutral trial, antidepressant medication had no effect
on memory performance in the negative trial (t55 = 1.14,
p = .258).

60

40

conducted for each version (neutral and negative) of the
WST. Due to multiple testing, levels of significance were
corrected to alpha = .05/4 = 0.01.

+45 min.

+90 min.

Time
Note. MDD = Major Depressive Disorder; CON = Controls

Fig. 1 Mean (SE) saliva cortisol levels in patients with MDD (placebo
n = 15; cortisol n = 23) and healthy control subjects (placebo n = 18;
cortisol n = 14) after placebo and hydrocortisone administration.
ANOVA revealed that cortisol levels were higher after 10 mg
hydrocortisone compared to placebo. MDD Major Depressive Disorder;
CON controls

Additional analyses
There was no significant difference in WM performance of
healthy control subjects in the placebo condition between
the neutral and the negative test version (t28 = .64,
p = .527). In contrast, MDD patients showed a significant
poorer memory performance in the negative version of the
placebo condition compared to the neutral version
(t26 = 2.155, p = .041).
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Neutral Trial

Negative Trial

12
Placebo
Cortisol

10
8
6
4
2
0
CON

MDD

number of correctly reproduced sequences

number of correctly reproduced sequences
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12
10

**

**

Placebo
Cortisol

8
6
4
2
0
CON

MDD

Note. ** = p<.01; MDD = Major Depressive Disorder; CON = Controls

Fig. 2 Number of correctly reproduced sequences (mean [SE]) in
patients with MDD (hydrocortisone n = 30, placebo n = 27) and
healthy control subjects (hydrocortisone n = 27, placebo n = 29) after
placebo and after administration of 10 mg hydrocortisone in the
neutral and negative trial. In contrast to MDD patients, healthy

controls showed an impaired memory performance after hydrocortisone administration compared to placebo when negative distractors
were used. **p < .01; MDD Major Depressive Disorder; CON
controls

Discussion

Smeets et al. 2006). Another explanation for the contradicting results obtained in some of the previous studies
might be the employment of different WM paradigms (item
recognition task, n-back task, reading span task), varying in
sensitivity, in involvement of WM processes and in the
demand they place on WM. Another aspect which might
explain the diverging findings is the emotionality of the
learning material.
Our study revealed that the administration of GCs led to
significant impairment on WM only when distractors were
emotionally valenced. This is in line with other studies on
declarative memory performance, showing that cortisol
significantly impaired retrieval of negative words, while in
contrast, it had only a minor or no effect on neutral words
(de Quervain et al. 2007; Kuhlmann et al. 2005a). To our
knowledge, only Oei et al. (2009) investigated the effect of
GCs on WM in healthy human subjects, using emotional
and neutral distractors by now. They found that, contrary to
our and previous findings of impairing effects of cortisol on
WM, hydrocortisone reduces the distractions by emotional
stimuli. However, because of a different WM paradigm and
a higher dose of hydrocortisone, a comparison to our study
is hardly possible.
Roozendaal et al. (2004) have dissected the underlying
mechanisms of emotional memory impairment after GC
administration. They found that for the effects of GCs,
noradrenergic activation in the basolateral nucleus (BLA) is
a prerequisite. BLA lesions as well as beta-blockade prevent
the effects of GC agonists on memory (de Quervain et al.

The results of this study revealed that in healthy controls,
hydrocortisone administration led to a significant poorer
WM performance when negative distractors were used,
while in the neutral test trial, there were no impairing
effects of cortisol on WM. In MDD, acute cortisol
administration had no effect on WM performance in both
conditions. In addition, depressed patients showed an
overall reduced WM performance compared to healthy
controls.
Our result of impaired WM performance after acute
cortisol administration in healthy subjects is in line with
other pharmacological studies investigating the effect of
acute (Lupien et al. 1999) and chronic (Young et al. 1999)
hydrocortisone administration on WM, although not all
studies agree (Monk and Nelson 2002; Porter et al. 2002;
Wolf et al. 2001). One possible explanation for the
diverging results is the administered dose of hydrocortisone. The latter studies used nearly comparable doses of
hydrocortisone (app. 35–40 mg), while in our study, we
administered only a dose of 10 mg hydrocortisone, which is
more comparable to a physiological cortisol increase after
stress induction. Especially those studies, which investigated WM performance after stress-induced GC elevations,
showed that a moderate but physiological cortisol enhancement had impact on WM in humans (Luethi et al. 2008; Oei
et al. 2006; Robinson et al. 2008; Schoofs et al. 2008),
although not all studies agree (Kuhlmann et al. 2005b;
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2007; Roozendaal et al. 2006a, b). Thus, in further research,
the effect of GCs on WM performance should be investigated
with regard to the emotionality of the learning material as well
as to the different doses of hydrocortisone administration.
The missing impairing effects in depressed patients in
WM performance are in line with recent findings from our
working group (Schlosser et al. 2010; Terfehr et al. in
press) and others (Bremner et al. 2004), investigating the
effect of acute cortisol administration on declarative and
autobiographical memory performance. This missing impairment in WM after hydrocortisone administration might
be discussed in the context of reduced GR sensitivity in
MDD (Rohleder et al. 2010). Investigations, using the DEX
suppression test and the combined DEX/CRF test in MDD,
showed a reduced feedback sensitivity of GRs. Nemeroff
(1996) has provided evidence that an increased central
CRH drive is at the core of this phenomenon. Pariante et al.
(2004) suggest that the brain is in a state of GC resistance.
They demonstrated that GR signaling is reduced in
depression. Other authors postulate that deficient GRs are
responsible for the reduced feedback sensitivity in MDD
(Holsboer 2000). As described above, GRs exhibit, among
others, a high density in the prefrontal cortex, which is
crucial for WM (Baddeley 2001). Interestingly, in this brain
region, reduced GR mRNA has been found in depressed
patients (Webster et al. 2002). Therefore, the missing
effects of cortisol on WM in MDD might be due to reduced
functioning of prefrontal GRs, while MR-mediated effects
can currently not be ruled out.
Furthermore, stress research revealed evidence for
epigenetic effects on the GRs. Adverse childhood experience seems to imprint itself in genomic regulation of the
stress system, e.g., increased methylation of the GR
promoter region and decreased levels of GR transcripts
(McGowan et al. 2009). Early stress in turn is a potent risk
factor for developing depression, which might suggest that
epigenetic changes are associated with enhanced vulnerability for MDD (Heim et al. 2008b; Holsboer and Ising
2010). This is underlined by studies on bipolar disorders,
where GR mRNA changes were not restricted to depressive
states, but continued after recovery (Matsubara et al. 2006).
Other colleagues argued that some patients showed escape
from dexamethasone suppression after CRF after successful
treatment. The latter findings might reflect a trait-like
marker of depression risk (Heim et al. 2008a). In support
of this hypothesis, asymptomatic first-degree relatives of
patients with MDD exhibit increased cortisol responses in
the DEX/CRF test over time (Holsboer et al. 1995; Modell
et al. 1998). On the other hand, there exist several studies,
indicating that HPA disturbances normalize with successful
treatment or remission (Ising et al. 2005; Kunugi et al.
2006; Van Den Eede et al. 2006). Thus, there are more
investigations needed to shed light on this topic.
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Our findings may also have clinical implications, as they
provide further evidence for a potential GR dysfunction in
MDD patients. As mentioned above, it has been shown that
remission from depression is associated with normalization
of HPA axis dysfunction (Charles et al. 1982). Thus,
several pharmacological approaches aim to reduce HPA
axis activity (Berton and Nestler 2006; Schule et al. 2009).
These new therapy strategies include CRH1 receptor
antagonists (e.g., R121919, Antarlamin), antagonism at
vasopressin V1b receptors (e.g., SSR149415), inhibition of
cortisol synthesis, (e.g., metyrapone, ketoconazole), antiglucocorticoid treatment with dehydroepiandrosterone, and
treatment with glucocorticoid receptor antagonists (e.g.,
mifepristone, Org 34517; for recent reviews, see Berton and
Nestler 2006; Schule et al. 2009; Thomson and Craighead
2008). To date, only one study has investigated the impact
of antiglucocorticoids (mifepristone) on cognitive function
(spatial working memory, verbal fluency, spatial recognition) in mood disorder and found these cognitive functions
to be significantly improved with mifepristone, irrespective
of improvement of depressive symptoms (Young et al.
2004). This might indicate a restoration of GR function
initiated by the drug and a subsequently appropriate MR/
GR balance which enhances cognitive performance. However, despite these first promising results of antiglucocorticoid treatment, the evidence for clinical efficacy of drugs
influencing HPA system regulation is still limited. Therefore, it is not clear, at present, to what extent new
antidepressant treatment options derived from the corticoid
receptor hypothesis will be accepted in treating depression
in future.
Some limitations of our study should be mentioned.
First, we did not assess subjective valence and arousal
ratings of the distractors. Therefore, we cannot determine
whether the negative distractors would have been rated as
more arousing as the neutral ones or whether patients and
controls would have differed in their rating. In addition, the
majority of our patients were medicated, which could have
had an influence on the HPA axis functioning, GR
sensitivity as well as memory performance (Pariante et al.
2004), although medicated and unmedicated patients did
not significantly differ in their memory performance.
Therefore, in the future, it would be interesting to
investigate the effects of hydrocortisone on WM in a
sample of medication free patients. Furthermore, we did not
ascertain data on duration of medication, which might be
helpful to be considered in future research. Additionally, we
did not assess if control subjects had a first degree relative
with psychiatric illness, since memory deficits are also
found in first degree relatives (Quraishi et al. 2009). As
there exist diverging findings on the effects of GCs on WM
performance, it might be interesting to investigate whether
the effects of hydrocortisone on WM are mediated by the
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complexity of the material or different doses of hydrocortisone. Nevertheless, in comparison to most other studies
investigating the effect of GCs on memory, we had a
relatively tall sample size (56 healthy controls, 57 MDD).
Finally, concerning the lack of cortisol effect on memory
performance in MDD, a floor effect cannot be fully
excluded but appears unlikely since patients and controls
on average reached at least five digits.
In sum, this is the first study examining the effect of
acute cortisol administration on WM performance in
patients with MDD with neutral and emotional valenced
distractors. In healthy control subjects, the administration of
hydrocortisone led to a significant impairment in WM
performance when negative distractors were used, while in
MDD, this effect was absent. Thus, the administration of
hydrocortisone did not further impair WM performance in
MDD patients. Nevertheless, future studies are needed to
further characterize the role of the emotional content of the
dose of hydrocortisone as well as of the different stress
paradigms.
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