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Alterations in hypothalamic–pituitary–adrenal 
(HPA) axis function, such as hypercortisolism 
and reduced feedback sensitivity, have been a 
prominent finding in neuroendocrine investi-
gations of major depressive disorder (MDD). 
Cognitive impairments, particularly those con-
cerning attention, memory and executive func-
tion have also consistently been reported in 
MDD. However, the causes of these cognitive 
deficits remain unclear. Several studies have 
investigated the relationship between HPA axis 
dysfunction and neuropsychological impair-
ment in MDD. After a brief introduction to 
HPA axis function, we will provide an over-
view of the evidence of HPA axis dysfunction 
on the one hand and cognitive impairment on 
the other hand in MDD. Following a sum-
mary of glucocorticoid (GC) action on cogni-
tive function in healthy human participants, 
we will then present a review of the findings 
investigating relationships between HPA axis 
dysfunction and neuropsychological impair-
ment in patients with MDD. Finally, we will 
selectively describe psychopharmacological 
and psychotherapeutic intervention studies 
addressing HPA axis regulation and associated 
cognitive function in MDD.

HPA axis function
In response to a physical or psychological 
stressor, the HPA system becomes activated, 
resulting in a ‘cascade’ of hormone release. 
Corticotropin-releasing hormone (CRH) and 
arginine vasopressine (AVP) are secreted from 
neurons in the paraventricular nucleus (PVN) 
of the hypothalamus which in turn stimulate 
the synthesis and release of adrenocorticotropic 
hormone  (ACTH), also known as corticotropin, 
in the anterior pituitary. ACTH then promotes 
the release of GCs (mainly corticosterone in 
rodents, and cortisol in humans and primates) 
from the adrenal cortex. Cortisol exerts nega-
tive feedback on the hypothalamus and pituitary 
to inhibit the synthesis and secretion of CRH 
and ACTH, respectively, in order to maintain 
a homeostasis of circulating GCs. In addition, 
the hippocampus exerts negative feedback on 
the PVN, thereby reducing HPA axis activity. 

Cortisol binds to two subtypes of intra
cellular corticosteroid receptors, the mineralo-
corticoid receptor (MR), also referred to as the 
type I receptor, and the GC receptor (GR) or 
type  II receptor. Recently, membrane-bound 
GRs and MRs have also been identified [1,2]. 
GRs are widely distributed throughout the 
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brain, with high densities in the prefrontal cortex (PFC), hip-
pocampus, amygdala, thalamus and hypothalamus. MRs have 
been found mostly in the hippocampus, amygdala and PFC [3]. 
The two receptor types differ in their binding properties with 
(intracellular) MRs having a six- to tenfold higher affinity for 
cortisol [4]. Under basal conditions, MRs are thus substantially 
occupied, while it is only when under stress that the majority of 
GRs become occupied. 

HPA axis alterations in MDD
In MDD, several abnormalities concerning HPA axis function 
under basal conditions or following provocation through endo-
crine or psychological challenge tests have been identified [5–8]. 
Concerning HPA axis function under basal conditions, a sig-
nificant percentage of depressed patients show increased 24-h 
levels of cortisol, with an enhanced cortisol release after awak-
ening [9,10] and an elevated trough level in the evening result-
ing in a flattened circadian rhythm (Figure 1) [11–13]. However, 
reduced diurnal cortisol levels have been found as well, mainly 
in atypical depression [14] and depression with comorbid anxiety 
disorder  [12]. Furthermore, depressed patients show a blunted 
ACTH response to CRH administration [15,16], suggesting desen-
sitized CRH receptors at the pituitary level, which may be a 
consequence of hypersecretion of central CRH [11]. Furthermore, 
depressed patients show higher cortisol levels than nondepressed 
individuals following exposure to psychological stressors [6]. One 
of the most consistent findings in MDD is a failure to suppress 
cortisol secretion in the dexamethasone suppression test (DST) 
in a large percentage of patients with depression, mainly with 
psychotic features [17]. As dexamethasone only binds to GRs, 
but not MRs, elevated cortisol levels after dexamethasone admin-
istration have been interpreted as an indicator of reduced GR 
sensitivity at the level of the pituitary in depression. To gain 
further insight into HPA feedback regulation, a more sensitive 
measure – the combined dexamethasone/CRH (DEX/CRH) 
test – was developed [11]. In this test, patients are pretreated with 
oral dexamethasone and given an infusion of CRH on the fol-
lowing day. In the DEX/CRH test, depressed patients exhibit 
enhanced secretion of ACTH and cortisol, which represents an 
impaired feedback of the HPA axis. Moreover, it was shown that 
an elevated cortisol response in either the DST or DEX/CRH test 
was associated with a higher risk for relapse [18–20] and a poorer 
treatment response  [21]. In addition to reduced GR sensitivity, 
recent studies have also found altered MR receptor function in 
depressed patients [22]. Pariante and colleagues developed a chal-
lenge test using prednisolone, a synthetic GC, which is highly 
similar to natural cortisol and binds both to GRs and MRs [23]. 
Studies using this test observed that depressed patients show a 
normal suppression to prednisolone in contrast to nonsuppres-
sion after dexamethasone administration. This has been inter-
preted as preserved MR functioning [24]. Based on the findings 
of preserved or even enhanced MR sensitivity, it was speculated 
that (hyper) function of MRs might compensate for reduced GR 
function, leading to a normal feedback response in depressed 
patients when both GRs and MRs are probed [25]. With regard 

to neurobiological and neuroanatomical alterations, elevated con-
centrations of CRH in the cerebrospinal fluid [26] and decreased 
GR mRNA expression in the prefrontal cortex [27,28] have been 
found in patients with MDD. Moreover, an increased size of the 
pituitary [29] and adrenal glands [30] has been reported. 

Taken together, the abnormal results in HPA axis function in 
MDD have been interpreted as reflecting an exaggerated CRH 
drive and/or a reduced functioning of GRs. A possible shift of 
the MR/GR balance seems to play an important role in the 
pathogenesis of depression [31,32]. In support of this notion are 
recent findings indicating that single nucleotide polymorphisms 
in the GR and MR genes are associated with an increased risk 
of MDD [33–35]. 

Cognitive impairments in MDD
Cognitive disturbances such as lack of concentration and inde-
cisiveness are some of the core symptoms of MDD diagnosis 
according to the Diagnostic and Statistic Manual (DSM)-IV [36]. 
Beneath the clinical picture, a substantial amount of studies 
using neuropsychological assessment have shown that atten-
tion, declarative memory and executive function are impaired 
in MDD [37–39]. 

Depressed patients show disturbances of selective and divided 
attention as well as vigilance, and have found to be delayed in 
‘speeded tasks’ [40]. In addition, an attentional bias toward nega-
tive stimuli has consistently been reported [41]. Regarding execu-
tive function, flexibility and semantic fluency are predominantly 
impaired in MDD [37,42]. Deficits in declarative memory have 
also been well documented. Gorwood and colleagues showed 
that memory performance was reduced by 2–3% with every prior 
depressive episode [43]. Studies investigating autobiographical 
memory have described the phenomenon of ‘overgeneral auto-
biographical memory’ in MDD patients as they are prone to 
recall events of their past in categories rather than retrieving a 
single episode [44]. On average, the reported cognitive impair-
ments have been described as only moderate; however, 21% of 
patients with MDD show significant impairments in at least two 
neuropsychological domains compared with only 4% in healthy 
individuals [45]. Deficits in attention and executive function have 
been discussed as trait variables of MDD as those deficits seem 
to persist throughout clinical remission [46]. Neuropsychological 
impairment in MDD has partly been related to structural brain 
abnormalities; however, the heterogeneity of results makes it dif-
ficult to determine direct causal pathways. In MDD patients, 
volume reductions have been reported in the PFC, anterior cin-
gulate cortex, basal ganglia and hippocampus [47,48]. Amygdala 
volume has been found to change dynamically throughout the 
course of illness, being enlarged in the first period and reduced 
with illness progression [48]. Regarding functional abnormali-
ties, Drevets and colleagues postulate an attenuated function of 
medial prefrontal cortex (MPFC), which results in disinhibition 
of amygdala activity [47]. 

In conclusion, considerable evidence exists of both HPA axis 
dysfunction and cognitive disturbances in MDD, the relationship 
of which has just become a target of investigation.
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HPA axis & cognitive function in 
healthy human subjects
In this section we discuss how the HPA axis 
influences cognitive functions in healthy 
human participants. For more detailed 
information, including work from animal 
studies, we refer the reader to exquisite 
reviews available on this topic (see [49–58]).

The majority of studies investigating 
the impact of GCs on cognition in healthy 
human participants have concentrated on 
memory function, particularly episodic 
and working memory. Episodic memory 
refers to information that is encoded in a 
particular context and is related to time 
and space [59]. Working memory can hold 
information in recent memory storage and 
perform mental operation on the retained 
information [60]. In addition, long-term 
memory can be divided into three differ-
ent phases referred to as acquisition (the 
learning process), consolidation (memory 
storage) and retrieval (access to stored 
information). Neuroanatomically, episodic 
memory performance has been linked to 
the hippocampus, while working memory 
performance seems to be strongly related to 
the PFC. As already pointed out, both the hippocampus and PFC 
are characterized by a substantial amount of GRs. 

The impact of GCs on episodic memory has been shown to 
depend on the different memory phases investigated. While 
memory retrieval processes are impaired through activation 
of GRs either after acute or chronic cortisol treatment [61–64], 
memory consolidation is usually enhanced [65–67]. However, 
results have been somewhat inconsistent [68,69]. The effects 
of GCs on working memory have received less attention. In 
some studies, acute cortisol administration has been found to 
impair working memory [70–72], while other studies failed to 
find impairing effects [73,74]. Only one study has investigated the 
effects of GCs on autobiographic memory retrieval in healthy 
subjects. It was shown that memories of past personal events 
were significantly less specific after acute administration of 
hydrocortisone compared with placebo treatment [75]. 

The acute impact of cortisol has been found to be typi-
cally greater for emotionally arousing stimuli than for neutral 
stimuli [73,74]. In this context, Roozendaal and colleagues have 
demonstrated that noradrenergic activation in the basolateral 
amygdala (BLA) is essential for the modulating effects of GCs 
on different memory functions and related brain structures (e.g., 
the hippocampus) [76]. 

The relationship between cortisol and cognition appears to 
follow an inverted U-shaped dose–response curve with extremely 
high and low levels of cortisol impairing memory, and intermedi-
ate levels enhancing memory consolidation [49,50,53]. The effect 
of the neurobiological substrate of GC on memory is becoming 

increasingly understood. An important aspect that has been 
focused on in this context is hippocampal long-term poten-
tiation (LTP), a phenomenon which refers to strengthening of 
synaptic contacts by repeated stimulation and which is known 
to be involved in memory storage. Plasma cortisol levels have 
found to be negatively correlated with hippocampal LTP [77]. 
Consistent with the proposed inverted U-shaped dose–response 
curve of GC effects, basal levels of GCs are essential for effec-
tive LTP, while higher levels impair it [48]. Moreover, functional 
imaging studies revealed a reduced activation of different brain 
structures associated with memory performance (e.g., the medial 
temporal lobe, hippocampus and superior frontal gyrus) after 
cortisone treatment [78,79]. 

It is increasingly recognized that prolonged activation of the 
immune system and its associated release of cytokines can neg-
atively influence brain functions involved in the regulation of 
affective and cognitive processes [80]. In parallel, the HPA axis is 
activated. It is tempting to speculate that some of the associations 
between cortisol and cognition are mediated by inflammatory 
processes [80]. 

In summary, GC effects on declarative memory depend on 
the memory phase tested and are hypothesized to follow an 
inverted U-shaped dose–response curve. Several research groups 
have replicated that cortisol impairs delayed memory retrieval 
and enhances memory consolidation, particularly for emotion-
ally arousing material. The latter observation supports the close 
interaction between the sympathetic nervous system and the HPA 
axis, which is shown, for example, by the results from animal 
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Figure 1. Diurnal curves of plasma cortisol levels (mean ± standard error) in 
14 healthy volunteers and ten patients with major depression, melancholic 
type. The shaded area represents data recorded with the lights off (23:00–07:00 h). 
The bar graph inserted in the right corner represents the average of the mean value for 
the series of hormonal measurements (mean ± standard error). 
*p < 0.02. 
Taken from [13]. © 2000 National Academy of Sciences, USA.
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studies that GC can only exert effects on memory in the presence 
of adrenergic activity in the amygdala [76]. Detrimental effects of 
GCs on working memory have also been found in some studies. 
A dynamic interaction between the BLA and other brain regions 
(e.g., hippocampus, PFC) has been assumed to modulate the 
opposing effects of GCs on memory consolidation and memory 
retrieval [76]. In addition, GC-induced inhibition of LTP, reduced 
activation of memory-related brain structures and interaction of 
the HPA axis with the immune system might be involved.

HPA axis & cognitive function in MDD
The reported structural and functional brain abnormalities in 
patients with MDD have been related partly to the dysregula-
tion of the HPA axis. Chronic stress causes retraction of den-
drites referred to as ‘dendritic atrophy’ in the CA3 region of the 
hippocampus [81]. Thus, volume reduction of the hippocampus 
in MDD could either result from chronic hypercortisolemia 
or early life stress and its long-lasting impact on this structure. 
This is supported by results of an association of early trauma [82] 
and duration of depressive illness [83,84] with hippocampal vol-
ume. However, besides a direct impact of GCs on hippocam-
pal neurons, the reported effects might be mediated through 
a GC-induced dysregulation of neurotransmitter systems (e.g., 
catecholamines). In addition to GCs causing hippocampal den-
dritic atrophy, a reduced hippocampal volume might reversely 
contribute to hypercortisolemia in terms of a ‘vicious cycle’, as 
the hippocampus represents one of the main brain structures 
providing inhibitory feedback control over the HPA axis. Recent 
studies indicate that hippocampal atrophy following stress expo-
sure is reversible due to dendritic remodeling or neurogenesis 
across the lifespan [85]. However, the process of neurogenesis is 
impaired in animal models of depression. Since GCs have been 
shown to suppress neurogenesis, it is tempting to speculate that 
they might be involved in the reduced neurogenesis thought to 
occur in depression [86].

Besides the hippocampus, limbic structures are also involved 
in the regulation of circulating GCs. The amygdala mediates the 
stress response through disinhibition of CRH release from the 
hypothalamic PVN. Thus, Drevets and colleagues conclude from 
their model that a dysfunctional MPFC together with amygdala 
hyperactivity might not only account for the neuropsychological 
deficits but also for the HPA axis hyperactivity in MDD [47]. 

Investigations of a possible relationship between HPA axis dys-
regulation and cognitive impairments in patients with MDD 
were first initiated by findings in patients with Cushing’s disease 
(CD). Similar to a significant proportion of patients with MDD, 
patients with CD are characterized by chronically elevated cor-
tisol levels, though the etiology in the latter group differs (e.g., 
tumors of the pituitary/adrenal glands or excessive administration 
of exogenous GCs) and hypercortisolism is more pronounced. 
Patients with CD often suffer from depressive symptoms [87] and 
are impaired in cognitive function [88]. Based on those obvious 
similarities it was speculated that hypercortisolemia might play 
an important role in the etiology of depression and associated 
cognitive disturbances. 

Studies investigating the relationship between cognitive impair-
ment and HPA axis dysfunction in patients with MDD can be 
separated into two approaches. Most studies have addressed the 
relationship by correlating measures of HPA axis function, either 
basal function or feedback sensitivity through administrating 
challenge tests (DST, DEX/CRH-test or the prednisolone test), 
with neuropsychological performance. However, at least two 
studies have used experimental designs to investigate GC effects 
on cognition by manipulating HPA axis function through acute 
cortisone treatment in patients with MDD [89,90]. 

Correlational studies of basal HPA axis measures & 
cognitive function in MDD
There are several studies that correlated baseline measures of cor-
tisol, either in salivary, blood or urine, with neuropsychological 
performance of patients with MDD (Table 1). In one of the first 
studies, Rubinow and colleagues reported a negative correlation 
between mean urinary free cortisol (UFC) levels in depressed 
patients and the number of errors made on the Halstead category 
test, a measure of abstract thinking [91]. This is in line with the 
finding of a significant correlation between visual memory 
impairment and cortisol levels in MDD patients observed in 
another study [92]. Accordingly, in a study by Sikes and associates, 
neuropsychological performance in 60 patients with MDD was 
negatively correlated with UFC, but not plasma cortisol [93]. In 
patients with recurrent major depression, Egeland and colleagues 
found that high levels of morning cortisol correlated with execu-
tive dysfunction and impaired verbal memory storage and retrieval 
but not with information processing speed. Depression severity 
was not associated with cortisol level but related to impaired 
information processing [94]. Furthermore, plasma cortisol lev-
els were negatively correlated with verbal declarative memory, 
psychomotor speed and executive function in another study with 
a psychotic subgroup [95]. Moreover, it has been demonstrated 
that in patients with MDD, plasma cortisol concentrations were 
negatively correlated with general intellectual function; however, 
no relationship with verbal declarative memory could be detected 
in this study [96]. 

Indeed, not all studies could confirm an association between 
cortisol and cognitive performance. A lack of an association 
between cortisol and cognitive function was reported by 
Michopoulos and colleagues [97]. They found cortisol level and 
either visuospatial memory or executive function showed no 
correlation in female MDD patients with melancholic features. 
Concurrent with these results, in a sample of MDD patients 
with psychotic features, no correlation of plasma cortisol with 
verbal declarative memory was found [98]. Only one correla-
tional study investigated autobiographical memory performance 
and HPA axis function in patients with MDD and revealed 
that baseline cortisol levels were not related to autobiographical 
memory performance [99]. 

In a study by den Hartog and associates, a significant negative 
association between a flatter baseline curve (D cortisol) of sali-
vary cortisol and cognitive speed was found [100]. This association 
disappeared, however, after controlling for depressive symptoms, 
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which is in line with another study reporting an association 
between cortisol and cognitive performance in depressed patients 
as well as healthy controls [95]. Gomez and colleagues also found 
a negative association between plasma cortisol level and verbal 
declarative memory in depressed patients and healthy control 
subjects. However, a negative correlation between cortisol and 
executive function was revealed only in the healthy subjects [101]. 
Thus, this study suggests that a negative association between cor-
tisol levels and cognition seems to be a general finding and not 
specific to depression. 

A limitation to most of the studies reviewed in this article is 
that patients were either medicated or that no healthy control 
group was included. These two major methodological require-
ments were met by the group of Hinkelmann and colleagues, who 
demonstrated that morning cortisol was related to impairments 
in verbal declarative memory, visuospatial memory and executive 
function in an unmedicated sample of 52 patients with MDD, 
but not in the control group [102].

In summary, most but not all studies suggest an association 
between basal cortisol levels and cognitive performance, which 
might be more relevant in patients with MDD due to higher 
cortisol levels compared with healthy controls. It has been 
questioned whether these findings are due to the depressive 
episode per se or whether they reflect a pre-existing risk factor. 
Interestingly, a recent study found a stronger negative correla-
tion between verbal declarative memory and cortisol secretion in 
high-risk healthy women who had a depressed parent compared 
with healthy women without a family history of depression [103], 
but the correlations did not differ significantly from each other. 
It must be mentioned that in this context there is evidence for 
HPA axis dysfunction in healthy subjects with high familial risk 
for depression [104,105]. 

In addition to neuropsychological function, a study by 
Vythilingam and associates also assessed hippocampal volume 
in 38 outpatients with MDD [106]. In contrast to the significant 
correlations indicated by the former studies, the authors reported 
that baseline plasma or UFC was not associated with either hippo
campal volume or neuropsychological performance. However, no 
difference in hippocampal volume between depressed patients 
and controls was revealed. Future studies should further investi-
gate the association between structural brain changes, HPA axis 
dysfunction and cognition. 

As mentioned previously, correlational analyses between basal 
cortisol release and cognition yielded mixed results, thus, the 
use of more sensitive measurement of HPA axis function might 
be helpful. A subset of studies have used the DST, the more 
sensitive DEX/CRH test or prednisolone test to target the rela-
tionship between HPA axis feedback dysfunction and cognitive 
impairment in MDD (Table 1). In one of the first studies using 
the DST, it was shown that depressed cortisol nonsuppressors 
had a longer reaction time in a key pressing task compared with 
depressed cortisol suppressors [107]. Moreover, a negative associa-
tion between cortisol nonsuppression in the DST and memory 
performance assessed by mental status examination has been 
reported in 327 depressive inpatients [108]. Sikes and colleagues 

reported a significant negative association between cortisol non-
suppression in the DST and neuropsychological performance [93]. 
Conversely, Caine et al. demonstrated that cortisol nonsuppres-
sion did not correlate with either performance in verbal declarative 
memory, visual memory or executive function in 20 depressed 
inpatients [109]. Accordingly, DST nonsuppression was not associ-
ated with visual memory performance in the study by Wauthy and 
colleagues [92]. This was also confirmed by Wolkowitz et al. who 
found no significant difference in verbal recognition performance 
between depressed cortisol suppressors, depressed nonsuppressors 
and healthy control subjects, although depressed nonsuppressors 
showed a higher rate of errors of commission (‘false alarms’) [110]. 

In a longitudinal study, it was demonstrated in 64 patients with 
unipolar MDD, that a post-treatment normalization of HPA activ-
ity reflected by a decreased cortisol response in the DEX/CRH test 
after treatment with the SSRI citalopram was correlated with an 
improvement in working memory, but not with improvements in 
verbal declarative memory, sustained attention or global severity of 
depressive symptoms [111]. This is consistent with the results of stud-
ies in healthy human subjects where working memory was found 
to be more sensitive to GCs than verbal declarative memory [70]. 
By contrast, in a second longitudinal study by Reppermund and 
colleagues, a decreased cortisol response in the DEX/CRH test 
and improvement in working memory was not associated, either 
in remitted or nonremitted patients prior to discharge from hospi-
tal [112]. However, verbal short-term memory was significantly cor-
related with reduced cortisol responses in the DEX/CRH prior to 
discharge from hospital in nonremitted patients. Severity in depres-
sion was not related to cortisol responses but negatively correlated 
with selective attention and speed of information processing. In 
a prospective study using the recently introduced prednisolone 
test, cognitive performance assessed through Mini-Mental State 
Examination was not correlated with either basal cortisol level or 
post-prednisolone cortisol response at admission and discharge 
from hospital in depressed inpatients classified as moderately treat-
ment resistant to antidepressant therapy [113]. Thus, the relation-
ship between HPA axis feedback sensitivity and cognition needs 
further investigation. In these studies, sensitive neuropsychological 
measures should be employed. 

In summary, there is some support for the hypothesis that 
neuropsychological impairment observed in depression is associ-
ated with the concomitant hypercortisolemia or impaired negative 
feedback in HPA axis function, as 14 out of 20 studies indi-
cated significant correlations between cortisol level and cognitive 
impairment in patients with MDD. One methodological issue 
explaining, at least in part, the rather large variance of the data 
is related to the issue of the rather low reliability of some of the 
basal cortisol measurements employed. Furthermore, some of 
the neuropsychological measurements were either rather broad 
(e.g., Mini-Mental State Examination) or rather narrow (e.g., just 
a single test). Future studies should employ cognitive test batteries 
containing several sensitive cognitive measures. 

In addition, results of cross-sectional studies have to be inter-
preted with caution as they do not allow causal conclusions. 
Especially the relationship between GR functioning and cognition 
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has been investigated only rudimentally. Dexamethasone, which 
has been used in all but one of the correlational challenge studies, 
does not pass the blood–brain barrier and, therefore, the DST 
measures HPA axis feedback sensitivity only at the pituitary 
level [17]. As mentioned earlier, dexamethasone differs from cor-
tisol with regards to its pharmacodynamic and pharmacokinetic 
properties and that it probes the function of GRs only. Thus, in 
addition to the reported correlational studies, investigations are 
needed, that use an experimental study design in MDD which will 
allow a comparison with the studies conducted in healthy subjects. 

Experimental studies investigating the impact of GCs 
on cognition in MDD
To our knowledge, until recently only two studies investigated 
the association between HPA dysfunction and cognitive impair-
ment by administrating synthetic cortisol to MDD patients prior 
to neuropsychological assessment. Bremner and colleagues found 
that verbal declarative memory was improved after 2-day treat-
ment with dexamethasone (1 mg at 11 pm on the first day, 2 mg 
at 11 pm on the second day) in patients with MDD. In contrast, 
post-treatment memory function in healthy control subjects was 
reduced [89]. The authors concluded that a loss or hyposensitivity 
of GRs in the hippocampus could have resulted in a diminished 
negative effect of GCs on memory function in depressed patients. 
Further they argued that the apparent pattern of improvement 
in memory with dexamethasone in depression might be due to a 
reduction in cortisol after dexamethasone treatment.

In a recently published study by our working group, we investi-
gated the effect of acute cortisol administration (10 mg of hydro-
cortisone) on autobiographical memory and found memory in 
healthy subjects to be impaired after cortisol treatment [90]. In 
patients with MDD, however, autobiographical memory per-
formance was not affected after cortisol compared with placebo 
treatment (Figure 2). In the placebo condition, MDD patients per-
formed generally worse than healthy control subjects, which is 
in line with previous reports [44]. We hypothesized that the lack 
of an effect of acute cortisol administration on memory per-
formance might result from reduced sensitivity of hippocampal 
and/or prefrontal GRs.

The contradictory results of improved verbal declarative 
memory after dexamethasone treatment on the one hand [89] 
and unaffected autobiographical memory on the other hand [90] 
might be due to methodological differences, such as the usage 
of different GCs and different treatment designs (single acute vs 
sub-chronic prolonged).

Overall, studies on the association between HPA axis dysfunc-
tion and cognitive impairment in MDD have yielded controversial 
results. These might be at least partly explained by methodologi-
cal differences concerning sample characteristics (i.e., subtype and 
severity of depression, gender, age, trauma history, medication, 
hospitalization status, and lack of control groups), HPA assess-
ment, selection of neuropsychological instruments and time of 
testing (i.e., morning vs afternoon). Currently, the complexity 
of the results makes it difficult to postulate a causal relation-
ship between HPA axis dysfunction and cognitive impairment in Ta
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MDD. As opposed to a causal relationship, it has been hypoth-
esized that both HPA dysregulation and cognitive impairment 
might be ‘downstream results of a central disturbance’ [93]. 
Further studies with well-selected samples, experimental designs 
and sensitive measurements of HPA axis function are needed to 
elaborate appropriate models reconciling the diversity of findings.

Interventions targeting HPA axis dysfunction in MDD
The onset of a depressive episode is known to be associated 
with exposure to adverse early environments [114] and recent life 
stress [115,116]. A reduced ability to cope with stressful stimuli 
in patients with MDD seems to play an important role. The 
reported findings make it obvious that a maladaptive stress 
response in MDD patients might not only result from limited 
behavioral abilities to cope with stress, but also from neurobio-
logical alterations of the stress response system, such as HPA 
axis dysfunction, at least in a subset of MDD patients. From a 
therapeutic viewpoint, it has been proposed that normalizing 
of HPA axis function would result in a reduction of depres-
sive symptoms, as has been found in patients with CD  [117]. 
A plethora of pharmacological studies investigated new anti-
depressant agents selectively targeting HPA axis function in 
patients with MDD. However, only recently, a second approach 
has emerged, with a small number of studies examining the 
effects of psychosocial interventions on HPA axis function in 
healthy human participants and patients with MDD. 

Approaches in pharmacotherapy 
The corticosteroid receptor hypothesis 
of depression has stimulated pharmaco-
logical research to strive for new anti-
depressant agents that act directly on 
different sites within the HPA axis  [11]. 
These recently developed antigluco
corticoid agents consist of CRH1 receptor 
antagonists (e.g., R121919, Antarlamin), 
Vasopressin V1b receptor antagonists 
(e.g., SSR149415), cortisol synthesis 
inhibitors (e.g., metyrapone, ketocon-
azole), dehydroepiandrosterone (DHEA) 
and GR antagonists (e.g., mifepris-
tone, Org 34517) (for recent reviews see 
[118–122]). However, despite initial promis-
ing results for mifepristone, the clinical 
utility of these new agents has not yet 
convincingly been demonstrated, as con-
trolled trials in patients with MDD are 
lacking. A recent Cochrane meta-analysis 
indicated that anti-GCs serve as potential 
antidepressants, but only in nonpsychotic 
MDD patients [123]. 

To date, only one study has investigated 
the impact of anti-GCs on cognitive func-
tion in mood disorder [124]. In a double-
blind cross-over study, 20 bipolar patients 
were treated with 600 mg/day of mifepris-

tone or placebo for 1 week. In contrast to placebo treatment, 
spatial working memory, verbal fluency and spatial recognition 
memory significantly improved with mifepristone, irrespective 
of improvement in depressive symptoms. The improvement in 
cognition inversely correlated with basal cortisol levels. One 
may suggest that initially impaired GR function restored by 
the drug and a subsequently appropriate MR/GR balance could 
have accounted for the enhancement in cognitive performance.

Beyond the aforementioned new developments in pharmaco
therapy of MDD, it has been assumed that the therapeutic 
effects of conventional monoaminergic antidepressant agents 
(e.g., monoaminoxidase inhibitors, and serotonin- or norepi-
nephrine-reuptake inhibitors) can at least partly be ascribed 
to their attenuating impact on the HPA system (for reviews 
see [125,126]). This view is supported by the finding in animal 
studies that antidepressant drugs increase the binding capacity 
and expression of GC receptors in the hippocampus and other 
brain areas, with a subsequent decrease in CRH gene expression 
in the hypothalamic PVN and a downregulation of HPA axis 
activity [127–131]. In vitro experiments revealed that antidepres-
sants increase the access of GCs to the brain through inhibition 
of membrane steroid transporters such as p-glycoprotein (PGP) 
at the blood–brain barrier [132]. This leads to a compensatory 
increased activation of GRs and MRs, thereby restoring HPA 
axis feedback function. An interaction between antidepressants 
and GCs also becomes apparent through the finding that 
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Figure 2. Mean number of specific memories in the autobiographical memory 
test in patients with major depressive disorder (n = 16) and healthy control 
subjects (n = 16) after placebo and hydrocortisone treatment. The 
autobiographical memory test assesses an individual’s capacity to retrieve specific 
autobiographical life events. The number of specific events retrieved was significantly 
reduced after hydrocortisone compared with placebo treatment in healthy controls, but 
not in patients with MDD. These results are the first to provide experimental evidence for 
a reduced central glucocorticoid sensitivity in patients with MDD. 
CON: Control; MDD: Major depressive disorder. 
Taken from [90]; printed with permission from Elsevier.

Schlosser, Wolf & Wingenfeld



www.expert-reviews.com 119

Review

antidepressant action can be hastened by manipulating GR/
MR function. A recent double-blind, randomized and placebo-
controlled trial by Otte and colleagues in 64 in- and outpatients 
with MDD indicated that the stimulation of MR with fludro-
cortisone (an MR agonist) as adjunct treatment to escitalopram 
accelerated the treatment response in the group of responders 
while treatment with spironolactone (an MR antagonist) did not 
[133]. However, in a group of euthymic bipolar patients with resid-
ual symptoms, spironolactone as adjunctive treatment was effec-
tive in reducing symptoms [134]. Besides direct antidepressant 
action on GR function, a second, more indirect pathway via the 
serotonergic system through enhancement of postsynaptic sero-
tonin type 1A (5-HT1A) receptor function was hypothesized [6]. 
Interestingly, the tricyclics imipramine and desipramine were 
shown to prevent downregulation of 5-HT1A receptors possi-
bly mediated by simultaneously decreasing corticosterone levels 
and restoring an abnormal MR:GR ratio in chronically stressed 
rats, whereas the SSRIs zimelidine and fluoxetine did not affect 
corticosterone level or GR/MR balance and could not fully 
prevent downregulation of 5-HT1A mRNA [135]. The authors 
suggest that tricyclics are more effective because of their broader 
biochemical action affecting GC-associated neurotransmitter 
systems (e.g., cholinergic, noradrenergic and serotonergic). This 
implicates, that in SSRI or serotonin–norepinephrine reuptake 
inhibitors treatment-resistant depression, tricyclics might be a 
potential alternative. 

A recent meta-analysis including 34 studies indicated that 
approximately 56% of depressed participants had similar cor-
tisol levels before and after antidepressant treatment regardless 
of symptom improvement [136]. The largest mean effect sizes 
for the magnitude of change in cortisol levels from pre- to 
post-treatment were found for MDD patients with melancholic 
features. There is also evidence that MDD patients with comor-
bid anxiety disorder need special pharmacologic treatment, as it 
was assumed that comorbid patients might be characterized by 
both increased noradrenergic and CRH systems and, therefore, 
might show enhanced HPA axis activity compared with MDD 
patients without comorbidity [137]. However, data on HPA 
axis function in comorbid MDD patients are inconclusive and 
there is a need for further investigation. With regard to chronic 
depression, Watson and colleagues could not find abnormali-
ties in HPA axis function, as neither the cortisol response to 
the DST or the DEX/CRH test differed significantly between 
patients and control subjects. This calls for further investigation 
of HPA axis function in this subgroup of patients [138].

In reversing the effects of stress on the hippocampus, anti
depressants have also been demonstrated to increase neurogen-
esis as well as arborization and expression of brain-derived neu-
rotrophic factor (BDNF) in hippocampal neurons [118], which 
represent possible key factors in enhancing cognitive performance.

To our knowledge, only two studies, which we have already 
mentioned [106,111], have investigated HPA axis function as well 
as cognitive performance following antidepressant treatment in 
MDD patients. In the study by Vythilingam and colleagues, a 
7 months antidepressant treatment with the SSRIs fluoxetine 

and sertraline did result in a significant improvement in mem-
ory function and a reduction in UFC excretion, but did not 
alter hippocampal volume [106]. The authors concluded that 
antidepressants may improve hippocampal-mediated memory 
function without inducing structural changes. Zobel and asso-
ciates found changes of the cortisol response to the DEX/CRH 
test after a 4-week treatment with the SSRI citalopram to be 
correlated with improvement of working memory [111]. 

In conclusion, both conventional antidepressants and new GC 
agents such as mifepristone might be potential candidates in 
treating cognitive dysfunction in patients with mood disorders. 
For anti-GC-induced changes in cognitive performance, an 
involvement of HPA axis alterations seems likely, and the same 
may be the case, at least in part, for conventional antidepressants. 
However, the available data are too sparse to draw final conclu-
sions. Further studies are warranted investigating measures of 
both HPA and cognitive function following antidepressant and 
anti-GC treatment in patients with MDD. 

Approaches in psychotherapy
A compelling finding underlining the importance of psycho-
therapeutic interventions for patients with MDD was reported 
by Nemeroff and colleagues. They demonstrated that in chroni-
cally depressed patients with a history of childhood trauma, 
psychotherapy alone was superior to antidepressant mono-
therapy [139]. Moreover, it has been reported that a history of 
childhood trauma increases HPA axis activity in depressed 
patients  [140,141]. These results imply that not all depressed 
patients with HPA axis alterations will profit from new antide-
pressant agents and that it would be important to investigate if 
HPA axis dysfunction might also be affected by psychotherapy. 
Another important aspect constitutes the association of recent 
life stress and increased cortisol concentrations. In a sample of 
healthy adults in a naturalistic setting, Adam and colleagues 
found that on the one hand, some of the day-to-day variabil-
ity in cortisol level reflect systematic changes in response to 
changing daily social and emotional experiences and, on the 
other hand, some daily subjective experiences (e.g., fatigue and 
physical complaints) appear to be influenced by day-to-day 
variations in cortisol levels [142]. Interestingly, an association 
between severe recent life stress and increased evening cortisol 
concentration has been reported for patients with MDD, but 
not for healthy control participants [12], possibly reflecting an 
impaired variability in cortisol response to psychosocial stress-
ors in MDD. According to Adam and colleagues, it would not 
be effective to alter cortisol level pharmacologically, since a 
continuous responsivity of the cortisol system is important for 
responding to daily demands [143]. Alternatively, the authors 
propose providing the individual ‘with the social and cognitive 
resources to better contain their affective responses to daily 
events’, thereby enabling the individual to fine-tune their cor-
tisol responses. A promising role for psychological interventions 
is further supported by a longitudinal study that examined 
post-treatment stress reactivity in MDD outpatients either 
treated with psychotherapy or medication [144]. The results 
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indicated that vulnerability to stressful events and an associ-
ated elevation of depressive symptoms occurred only in patients 
treated with medication. The authors concluded that psycho-
therapy provides patients with enhanced adaptive capacities and 
improved resilience to stress. The aforementioned assumptions 
are challenged by Thase and colleagues who reported a sig-
nificant inverse relationship between 24‑h UFC excretion and 
response to cognitive behavior therapy assessed by changes in 
Hamilton depression scale ratings in unmedicated depressed 
inpatients [145]. The authors hypothesized that this relation-
ship is mediated by the negative impact of hypercortisolism on 
neurocognitve function, impairing patients’ ability to recall, 
integrate and apply the methods in cognitive behavior therapy. 
In line with this, it has recently been demonstrated that stress 
prompts habit behavior at the expense of goal-directed behavior 
in healthy human participants [146], an interesting aspect that 
could have contributed to the low response rate to cognitive 
behavior therapy in MDD patients with hypercortisolemia. 
However, in the study by Thase and colleagues, a control group 
treated with pharmacotherapy was lacking, thereby limiting the 
validity of the results. Moreover, as only pretreatment HPA axis 
measures were assessed, an effect of cognitive therapy on HPA 
axis function cannot be excluded. These two methodological 
shortcomings have been addressed in a recent study by Yang and 
associates [147]. The authors demonstrated that in depressed out-
patients, a combination of psychotherapy (body–mind–spirit 
group) and pharmacotherapy was associated with a greater 
reduction of night-time cortisol levels and a steeper diurnal 
cortisol pattern, while antidepressant monotherapy (SSRIs or 
SNRIs) was related to increased salivary cortisol levels and a 
flatter diurnal cortisol pattern. 

Changes in exposure to stressful events, in the available 
social support systems, in the appraisal of a stressor, in coping 
resources and changes in health behavior (e.g., sleep, exercise 
and relaxation) have been identified as possible candidates of 
psychosocial intervention that could modify HPA axis activity 
and have an associated risk for depression [143]. Some of these 
factors have already been under investigation with regard to 
their potential to alter HPA axis function in healthy human 
subjects, results of which will be outlined subsequently because 
of their relevance for psychiatric disorders associated with HPA 
axis dysfunction.

Concerning social support, it could be demonstrated that the 
presence of a supportive person reduced the cortisol response 
to a laboratory psychosocial stressor in healthy adults [148,149]. 
A series of randomized controlled studies has investigated the 
effects of cognitive-behavioral stress management (CBSM) 
on cortisol response to psychosocial stress [150,151]. The CBSM 
group intervention consisted of a combination of stress-reduc-
ing techniques such as cognitive restructuring, problem solving, 
self-instruction and progressive muscle relaxation. In the first 
study of the series, a CBSM group intervention for a total of 
14 h significantly attenuated cortisol secretion in response to a 
standardized psychosocial stress test (Trier Social Stress Test) 
2 weeks past training in healthy male subjects [150]. This was 

confirmed by Hammerfald and associates, who found that sup-
pressing effects on cortisol secretion, although being slightly 
weaker, were even apparent 4  months after a 10-h CBSM 
training [151]. Interestingly, the differences in cortisol response 
between groups were partly (20–30%) explained by differ-
ences in anticipatory cognitive appraisal. Regarding the stress 
test as a challenge rather than a threat, a self-concept of high 
competence and high control expectancy supported by CBSM 
contributed to a reduced cortisol reaction to the stressor. 

To sum up, there is some evidence that HPA axis function can 
be positively influenced by psychosocial interventions. Previous 
results suggest that anticipatory stress appraisal is one impor-
tant factor partially mediating the effects. Further examining 
psychological processes involved in HPA axis function could 
help to develop preventive and therapeutic interventions in 
order to reduce short- and long-term detrimental effects of 
HPA axis dysregulation [152]. With respect to MDD, future 
longitudinal studies should investigate if psychotherapeutic 
interventions already in use (e.g., cognitive behavioural therapy 
or interpersonal therapy) and CBSM affect HPA axis function 
by tracing basal HPA axis measures, and measures in response 
to stress during treatment and follow-up. 

Expert commentary
Since the pathogenesis of cognitive decline in depression is 
not fully understood, investigating the relationship between 
abnormal neuroendocrine measures and cognitive function in 
depression is of considerable interest. However, data from cor-
relational and experimental studies reviewed are inconsistent, 
apparently due to methodological differences. At least 70% 
of the studies reviewed indicated that there is an association 
between excessive baseline secretion of GCs or reduced nega-
tive feedback and impairment mainly in visual/verbal mem-
ory, working memory and executive function in patients with 
MDD. During the last few decades, neuroendocrine research 
has made substantial progress in revealing several factors that 
might mediate the impact of chronically elevated GC levels on 
cognitive function: abnormalities in the interaction between 
GCs and the noradrenergic, serotonergic and the immune sys-
tem leading to an altered function of either system; impaired 
LTP and neurogenesis by excessive cortisol secretion; dendritic 
atrophy in the hippocampus and the PFC; reduced (PFC) or 
enhanced (amygdala) neuronal activation of relevant brain 
structures; and a GR dysfunction hypothesized to result in 
a GR/MR imbalance in patients with MDD. There might be 
many more which have not yet come to light, not to mention 
their dynamic interplay. 

Furthermore, we have highlighted some recent advances 
of interventions targeting HPA axis abnormalities in MDD 
patients and healthy human subjects. There is some evidence 
that anti-GCs, particularly the GR antagonist mifepristone, 
have an antidepressant effect; however, controlled trials in 
patients with MDD are absent. Mifepristone has also been 
found to successfully enhance cognitive function in patients 
with bipolar disorder, which provides further evidence that 
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cognitive impairment is strongly related to reduced GR function. 
It would be of interest to investigate if mifepristone and other 
anti-GCs serve as potential treatments for cognitive dysfunction 
in MDD patients. Conventional antidepressants (monoamion-
oxidase inhibitors, and serotonin- or norepinephrine-reuptake 
inhibitors) have been found to increase the binding capacity 
and expression of GC receptors as well as neurogenesis and 
expression of BDNF in animal hippocampal neurons. Hence, 
they might be helpful in restoring HPA axis function and asso-
ciated cognitive distortions, which was verified for fluoxetine, 
sertraline and citalopram in two studies with MDD patients. 
There is also preliminary evidence that HPA axis dysfunction 
in MDD patients can be altered through psychotherapy. This 
is of importance for patients known to respond less well to 
pharmacotherapy, such as MDD patients with a history of early 
trauma. Studies in healthy human subjects indicate that the 
effect is partly mediated by the anticipatory appraisal of the 
stressor. Evidently, the relationship between GCs and cognition 
is not one-sided but reciprocal. 

In conclusion, an early restoration of normal HPA activity 
in MDD before the occurrence of structural brain alterations 
may be an important therapeutic objective. Probably the most 
effective treatment is a combination of pharmacotherapy and 
psychotherapy. Therein, anti-GCs might outperform conven-
tional antidepressants in cases with obvious HPA dysregulation. 
This calls for implementing sensitive HPA axis measures, for 
example, the DEX/CRH test or prednisolone test, into the 
diagnostic process.

Five-year view
With regard to its increasing prevalence and debilitating con-
sequences, it is of substantial importance to gain more insight 
in the etiology of depression and associated cognitive impair-
ment. To this end, a more detailed understanding of the specific 
molecular mechanisms that underlie cortisol hypersecretion in 
depressed patients is needed. As most of the data of GC effects 
on cognition originate from animal studies and data on humans 
are mostly cross-sectional, more longitudinal studies in humans 
incorporating structural and functional neuroimaging as well 

as neuroendocrine parameters and measures of cognitive func-
tion are warranted. An important objective for the next 5 years 
will be to go beyond the HPA axis and focus on the dynamic 
interplay of GCs within brain structures involved in cogni-
tive performance (i.e., PFC, hippocampus and amygdala). In 
addition, further longitudinal studies in patient populations 
including measures of HPA axis and cognitive function are 
needed to replicate the preliminary positive results in the treat-
ment of cognitive impairment with either pharmacotherapy or 
psychotherapy. The goal will be not just to reduce chronically 
elevated cortisol levels, but to provide the depressed individual 
with a treatment that helps him/her to regain variability of the 
stress response that fits situational demands. For this purpose, 
a better understanding of subgroups of patients with MDD 
concerning abnormalities of HPA axis function is needed to 
identify those suffering from hypercortisolism, hypocortisolism 
or normal HPA axis function with more safety. A challenge 
to pharmacotherapy will be to identify agents that will not 
only improve affective symptoms, but also the concomitant 
neuropsychological impairments. As only approximately 50% 
of individuals with depression show full remission in response 
to monoaminergic antidepressants [114], there is also a need for 
faster acting, safer and more effective treatments for depression. 
Identification of genetic markers for the prediction of treatment 
response and relapse would help improving treatment strategies. 
In the long run, a superior objective will be to develop an inte-
grative and reliable model reconciling the complex interactions 
of stress with cognition in patients with MDD.
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Key issues

•	 A significant percentage of patients with major depressive disorder (MDD) show hypothalamic–pituitary–adrenal axis dysregulations, 
for example, hypercortisolism.

•	 Glucocorticoid (GC) receptor function seems to be reduced in patients with MDD.

•	 MDD is associated with cognitive impairments in attention, declarative memory and executive function.

•	 Chronically elevated GC levels are associated with cognitive impairments in patients with MDD.

•	 Antiglucocorticoid treatment (e.g., mifepristone) enhances cognitive performance in patients with bipolar disorder. 

•	 Monoaminergic antidepressants (e.g., citalopram and fluoxetine) positively influence hypothalamic–pituitary–adrenal axis function and 
enhance cognitive performance in patients with MDD.

•	 Psychotherapy normalizes cortisol secretion in patients with MDD.

•	 The relationship between GCs and cognition is hypothesized to be reciprocal – GCs affect cognition and cognition affects GCs.
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