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Summary

This review describes how chronic stress affects cognitive functioning over the lifespan.  
The focus is on the causal role of stress hormones, especially glucocorticoids.  These 
neuroendocrine mediators infl uence the structure and the function of the human brain.  A 
lifespan approach is taken, beginning with fetal life when the brain rapidly develops and is 
especially vulnerable to insults, and continuing throughout adult life into old age when some 
of the consequences of stress-associated wear and tear over the life course become most 
apparent.  The review furthermore provides a selective overview of cognitive alterations 
of psychiatric disorders associated with dysregulations of stress hormone secretion. Our 
advanced understanding of the effects of stress hormone action in the brain allows more 
targeted interventions aimed at supporting resilience.

1. Defi nition of stress

A common defi nition says that stress occurs when a person perceives a challenge to his or her internal 
or external balance (homeostasis) (De Kloet et al., 2005; McEwen, 1998).  Thus, a discrepancy between 
what ‘should be’ and ‘what is’ leads to stress (Ursin and Eriksen, 2004).  A stressor can be physical (e.g. 
heat, hunger) or psychological (e.g. work overload, neighbourhood violence). In addition, it can be acute 
or chronic.  The subjective evaluation of the stressor and of available coping resources determines its 
impact on the individual (Lazarus, 1993; Mason, 1968). What is a threat for one person might be an exciting 
challenge for another.  Thus, there is a substantial inter-individual variability in vulnerability to stress.  As 
further outlined below, genetic susceptibilities, in combination with early adversity, render an individual 
more vulnerable in adulthood (De Kloet et al., 2007).

2.  The two stress systems: HPA and SNS 

Stress leads to neuroendocrine responses aimed at facilitating adaptation. Here, the hypothalamus pituitary 
adrenal (HPA) axis and the sympathetic nervous system (SNS) are most important. SNS activity leads to 
rapid release of (nor)epinephrine from the adrenal medulla, which constitutes the fi rst response wave.  
Activity of the HPA axis leads to the release of glucocorticoids (GCs; cortisol in humans, corticosterone in 
most rodents) from the adrenal cortex (De Kloet et al., 2005).  This response is slower and constitutes the 
second response wave (De Kloet et al., 2005; Herbert et al., 2006). 

GCs are lipophilic hormones that can enter the brain where they infl uence regions involved in cognitive 
functions (e.g. amygdala, hippocampus and prefrontal cortex).  These effects are mediated through the 
two receptors for the hormone: the mineralocorticoid receptor (MR), and the glucocorticoid receptor 
(GR), which differ in their affi nity for GCs and in their localisation. While MR activation leads to enhanced 
neuronal excitability, GR activation causes a delayed suppression or normalisation of the neuronal network 
(De Kloet et al., 2005; Herbert et al., 2006). Both receptors lead to an altered expression of responsive 
genes. For example, in the hippocampus alone MR or GR activation led to altered expression of more than 
70 genes (De Kloet et al., 2005). In addition, GCs can exert rapid, non-genomic effects which, in part, are 
mediated by membrane bound MRs (De Kloet et al., 2007).

The acute HPA stress response helps an organism to cope with a stressor. Rising levels of GCs acutely 
enhance long-term memory consolidation, but at the same time delayed retrieval as well as working (short-
term) memory capacity are reduced (Roozendaal et al., 2006; Wolf, 2006). Chronic stress, in contrast, has 
mostly a negative impact on the brain (e.g. on the hippocampus and prefrontal regions) and on cognition 
(De Kloet et al., 1998; Herbert et al., 2006; McEwen, 1998; Belanoff et al., 2001a). 
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After acute stress, the negative feedback of the HPA axis leads to a return of the GC levels to baseline 
values within hours (De Kloet et al., 2005; Dickerson and Kemeny, 2004). In situations of chronic stress, 
though, permanent alterations of the HPA axis can occur. However, elevated cortisol levels do not always 
result from chronic stress exposure.  Alternative scenarios can take place as well. For example, normal 
mean 24-hour cortisol levels but a disturbed circadian rhythm can be found (McEwen, 1998). Even more 
striking, reduced cortisol levels occur in several stress-associated somatoform disorders (Fries et al., 2005; 
McEwen, 1998). 

3. Early life stress and cognitive functioning

Development is viewed not as a gradual elaboration of an architectural plan pre-confi gured in our genes, 
but rather a dynamic interdependency of genes and environment, characterised by a continuous process 
of interactions in a place- and time-specifi c dependent manner (Wadhwa, 2005).  This implies that, 
within genetic constraints, each developing organism plays an active role in its own construction.  This 
developmental plasticity permits a range of phenotypes to develop from a single genotype in response to 
environmental cues (Gluckman and Hanson, 2004).

Note that developmental responses to environmental stimuli are not always adaptive but can also be 
disruptive. Overexposure to glucocorticoids in the context of chronic stress during critical periods of brain 
development is associated with impaired cognitive development potentially resulting from impaired brain 
maturation.  As a consequence, such pathological changes have important implications for future cognitive 
functioning, since they render the individual more vulnerable to future adversity (De Kloet et al., 2007).

3.1. Prenatal stress effects on cognitive development

Studies in rodents and non-human primates support an association between prenatal stress exposure and 
impaired postnatal cognitive performance (e.g. Lemaire et al., 2006; Szuran et al., 1994; Vallee et al., 1999) 
and suggest underlying functional mechanisms to explain this association. For example, in rodents, learning 
induced neurogenesis in response to a spatial memory task was blocked in prenatally stressed animals, 
impairing cognitive performance (Lemaire et al., 2000). Furthermore, prenatal stress has the potential to 
alter synaptic plasticity by impairing long-term potentiation but facilitating long-term depression (Yang et 
al., 2007; Yaka et al., 2007). In non-human primates, daily acute prenatal stress is associated with 10-12% 
reductions in hippocampal volume and inhibition of neurogenesis in the dentate gyrus (Coe et al., 2003). 
Increased intrauterine cortisol exposure in the context of maternal prenatal stress seems to account for a 
great proportion of these characteristic aberrations (Barbazanges et al., 1996). While prenatal exposure to 
stress hormones leads to atrophy of the hippocampus, signifi cantly expanded dimensions of the amygdale 
have been reported in prenatally stressed offspring, due, in part, to the presence of more neurons and glia 
(Salm et al., 2004). 

In humans, too, learning and memory abilities are believed to be affected by the quality of the intrauterine 
environment in which the fetus develops.  These associations already become apparent very early in 
development, as elevated levels of placental Corticotropin Releasing Hormone (CRH) concentrations 
during the last trimester of gestation, potentially refl ecting high levels of maternal stress (Sandman et al., 
1997), are associated with impaired fetal learning (Sandman et al., 1999).  A small but growing literature 
indicates that the consequences of prenatal maternal stress persist into the postpartum period (e.g. 
Luoma et al., 2004: O’Connor et al., 2002; Van den Bergh et al., 2008). Several recent prospective studies 
demonstrate that prenatal stress is associated with cognitive development. Prenatal-specifi c anxiety, for 
example, is associated with lower mental and motor development scores at eight months of age (Buitelaar 
et al., 2003). 
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As maternal stress during pregnancy is a risk factor for premature birth (Wadhwa, 2005), it is of interest 
to review the association between poor birth outcomes and cognitive performance. Very low birth weight 
children perform poorer in academic achievement tests (Finnstrom et al., 2003). In another prospective 
study, low birth weight was found to be related to lower scores on tests measuring language, spatial, 
fi ne motor, tactile, and attention abilities (Breslau et al., 1996). In line with these results, intelligence 
test scores at age 17 years were shown to increase with increasing birth weight (Seidman et al., 1992). 
Furthermore, intrauterine growth restriction (IUGR) has been found to be associated with a greater risk of 
neurodevelopmental impairment (McCarton et al., 1996) and impaired spatial navigation (Leitner et al., 2005). 

3.2. Postnatal stress effects on cognitive development

In animal models, early maternal separation is associated with cognitive impairment (e.g. Huot et al., 2002b), 
whereas the offspring of mothers exhibiting higher quality of maternal care show superior cognitive 
performance (e.g. Fenoglio et al., 2005).  Animal studies suggest that postnatal adversity contributes to 
the risk for cognitive impairments through direct effects on the development of neural structures such as 
the hippocampus.  The offspring of mothers showing high levels of pup licking and grooming and arched-
back nursing have increased expression of NMDA receptor subunit and brain-derived neurotrophic factor 
(BDNF) mRNA, increased cholinergic innervation of the hippocampus, and enhanced spatial learning and 
memory (Liu et al., 2000). In contrast, maternal separation results in elevated levels of glucocorticoids 
which down-regulate the expression of neurotrophic factors and impair hippocampal development (Huot 
et al., 2002a; Roceri et al., 2002).

In humans, adverse experience in the postnatal period is associated with cognitive impairment. Individuals 
with a history of childhood sexual abuse, for example, present with neuropsychological defi ciencies 
(Bremner et al., 2004; Navalta et al., 2006), as well as smaller hippocampal volumes (Vythilingam et al., 2002).  
Also, other adverse childhood circumstances such as, for example, those resulting from low socioeconomic 
status, are related to impaired cognitive and academic attainment (Bradley and Corwyn, 2002; Richards and 
Wadsworth, 2004).

3.3. Modulation of prenatal stress effects

Rodent studies provide evidence of postnatal compensation for prenatal adversity. For example, the positive 
effects of postnatal handling are consistently greater in prenatally-stressed than control animals (Smythe 
et al., 1996). Furthermore, postnatal handling or increased maternal care can actually reverse the effects of 
prenatal stress or glucocorticoid administration on spatial memory performance, HPA stress response and 
hippocampal GR expression (Brabham et al., 2000).  And intriguingly, postnatal handling has recently been 
shown to prevent the prenatal stress-induced defi cits in hippocampal neurogenesis (Lemaire et al., 2006). 

Importantly, individuals who are more vulnerable by virtue of stress exposure in fetal life may actually be 
more susceptible to the effects of postnatal conditions. In support of this hypothesis, it was recently shown 
in humans that low quality of parental care was only associated with smaller hippocampal volumes in young 
adults born small for gestational age, but not in those born appropriately for their gestational age (Buss 
et al., 2007).  As a further example (Landry et al., 1997), certain parenting styles promote faster rates of 
cognitive-language and social development – an effect that is extremely pronounced in children with very 
low birth weight.
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3.4. Long-term consequences of early-life stress

Several studies support the notion of early stress exposure being associated with accelerated 
neurodegenerative processes and early onset of memory decline in the course of ageing (Meaney et al., 
1991;  Vallee et al., 1999; Brunson et al., 2005). Permanent neurodevelopmental impairment in association 
with early stress exposure may be a factor explaining such cognitive disadvantage at an older age. Early 
programmed changes in stress susceptibility might account for such defi cits.  There is evidence for pre- and 
postnatal stress exposure being associated with chronically increased reactivity of the HPA axis, potentially 
resulting from reduced expression of central glucocorticoid receptors (Meaney, 2001; Welberg and 
Seckl, 2001).  Animal models show increased corticosterone concentrations and lower GR density in the 
hippocampus in the offspring of prenatally stressed mothers (Henry et al., 1994; Barbazanges et al., 1996).  
Also, postnatal maternal separation and lower quality of maternal care have been associated with reduced 
GR gene expression in the hippocampus (Meaney and Aitken, 1985; Meaney et al., 1985) which, in turn, is 
associated with reduced feedback sensitivity of the HPA axis. Recently, a mechanism has been discovered in 
rodents that explains how environmental stimuli can impact on gene expression. Permanent alterations of 
GR gene expression result from methylation/demethylation of specifi c GR promoters, which is associated 
with variations in maternal care (Weaver et al., 2004). More specifi cally, DNA methylation of the GR 
promoter 17 prevents gene expression, resulting in reduced density of the GR protein in the hippocampus. 

Whether the human GR gene is also subject to early-life programming remains to be determined, but 
elevated cortisol concentrations have, for example, been reported in association with reduced birth weight 
(Phillips et al., 1998) in humans. Moreover, associations between changes in GR gene expression and specifi c 
pathologies have also been shown in humans. For example, in patients with the metabolic syndrome which 
is associated with impaired intrauterine growth, muscle GR mRNA levels correlate with blood pressure and 
insulin resistance (Reynolds et al., 2002; Whorwood et al., 2002).

As we continue to describe the consequences of chronic stress exposure throughout life on cognitive 
functioning, it will become apparent that individuals with increased stress susceptibility (refl ecting genetic 
susceptibilities and/or early adversity) are especially vulnerable to stress-induced cognitive impairments in 
adulthood and ageing.

4. Chronic stress during adulthood: effects on cognition 

Animal research provides insights into the structural alterations caused by chronic stress (McEwen, 2002). 
One main fi nding is that the integrity of the hippocampus is impaired while, in parallel, the amygdala (the 
‘fear centre’ of the brain) becomes hyperactive. In the hippocampus chronic stress leads to a retraction 
of dendrites-dendritic atrophy (Herbert et al., 2006; McEwen, 2003), and similar effects occur in the 
medial PFC (Radley and Morrison, 2005).  This atrophy is reversible after stress termination, pinpointing 
to substantial neuroplasticity (McEwen, 2003; Radley et al., 2005). In addition, stress leads to reduced 
neurogenesis in the dentate gyrus and the mPFC (Czeh et al., 2007; Joels et al., 2004; Gould et al., 2000; 
Herbert et al., 2006; McEwen, 2003). Even though the function of these newborn neurons is disputed, 
impairment of memory and learning resulting from reduced neurogenesis is likely (Gould et al., 2000; 
Leuner et al., 2006).  At the behavioural level, impaired performance in hippocampal-dependent spatial 
memory tasks (Bodnoff et al., 1995; Conrad et al., 1996; Herbert et al., 2006) and impaired PFC-dependent 
set shifting capabilities (Liston et al., 2006) can be observed. 

In contrast to the hippocampus and the PFC, the amygdala becomes hypertrophic in conditions of chronic 
stress (McEwen, 2003; Radley and Morrison, 2005; Sapolsky, 2003). Increases in dendritic arborisation (Vyas 
et al., 2002) and spine density (Mitra et al., 2005) take place. Moreover activity of the CRF system in the 
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amygdala, which is involved in anxiety (Landgraf, 2005; Mitchell, 1998), is enhanced (Schulkin et al., 1998). 
Chronically stressed animals show enhanced fear conditioning (Conrad et al., 1999). 

Thus, the balance between brain regions involved in cognition is altered by chronic stress. While ‘analytic’ 
cognitive functions mediated by the hippocampus and PFC are impaired, ‘affective’ fear-related amygdala 
functioning is enhanced. 

In humans, exposure to chronic stress (e.g. shift workers, airplane personnel, soldiers) is associated 
with cognitive defi cits in several domains such as working memory and declarative memory (Cho et al., 
2000; Cho, 2001; Morgan et al., 2006).  These observed cognitive defi cits can in part be explained by GC 
overexposure in the presence of chronic stress, which is supported by studies administering GCs for days 
to weeks, resulting in cognitive impairments (Newcomer et al., 1999; Schmidt et al., 1999; Young et al., 1999). 
Further evidence comes from studies with patients receiving GC therapy (Keenan et al., 1996; Roozendaal 
and de Quervain, 2005; Wolkowitz et al., 1997; Wolkowitz et al., 2004). Whether the negative effects on 
memory refl ect acute or chronic effects is sometimes hard to disentangle (Keenan et al., 1996; Roozendaal 
and de Quervain, 2005; Wolkowitz et al., 1997; Wolkowitz et al., 2004). Data from patients with Cushing’s 
disease point in the same direction. Cognitive impairments (Whelan et al., 1980) and hippocampal volume 
reductions (Starkman et al., 1992) have been reported. Hippocampal atrophy might be reversible once 
successful treatment has occurred (Bourdeau et al., 2002; Starkman et al., 1999).  This would be in line with 
the remaining plasticity of this structure observed in animal studies. 

4.1. Stress-associated psychiatric disorders

DepressionDepression
Chronic stress or negative life events are major risk factors for several psychiatric disorders (Caspi et al., 
2003; Wurtman, 2005; Heim and Nemeroff, 1999).  The three hit model proposes that genetic susceptibility 
(e.g. two short alleles of the serotonin transporter gene) combined with adverse early- (pre- or postnatal) 
life infl uences shape the stress response in adulthood and create a vulnerable phenotype (De Kloet et 
al., 2007). In line with these concepts is the evidence that a substantial portion of patients with major 
depression show HPA hyperactivity (Holsboer, 2000; Nemeroff, 1996), which might be characteristic for 
subgroups like melancholic (Gold and Chrousos, 2002) or psychotic depression (Belanoff et al., 2001b). 
Interestingly, a few studies have reported that the cortisol elevations are associated with cognitive defi cits 
in these patients (Belanoff et al., 2001b; Rubinow et al., 1984), but the results are inconsistent. Hippocampal 
atrophy has been reported reliably in depressed patients (Campbell et al., 2004; Videbech and Ravnkilde, 
2004), but associations with stress hormone levels have been found only infrequently (Axelson et al., 1993; 
O’Brien et al., 2004; Vythilingam et al., 2004). 

In the future, better characterisation and understanding of subtypes of this disorder, as well as more 
longitudinal studies combining neuroimaging with neuro-endocrinology, should lead to a clearer empirical 
situation (Gold and Chrousos, 2002). 

Post traumatic stress disorder (PTSD)Post traumatic stress disorder (PTSD)
PTSD is characterised by re-experiencing, avoidance and hyperarousal (American Psychiatric Association, 
1994). In contrast to patients with major depression, patients with this disorder show often reduced 
basal cortisol levels.  This probably refl ects an enhanced negative feedback of the HPA axis (Yehuda, 2002). 
Whether these alterations occur in response to the trauma or are a risk factor for developing the disorder 
is not well understood (Delahanty et al., 2000).  Also, hippocampal atrophy has been reported in PTSD (Karl 
et al., 2006).  Again, rather than a consequence of this disorder, smaller hippocampal volumes may be a risk 
factor for PTSD, potentially resulting from genetic vulnerability (Gilbertson et al., 2002), and/ or from early 
adverse exposure (see above). 
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Recent small studies have reported that cortisol treatment might help to prevent (Schelling et al., 2004) or 
treat PTSD (Aerni et al., 2004). Cortisol-induced impairment in emotional memory retrieval (Wolf, 2006) in 
combination with an enhanced and more elaborate reconsolidation could reduce symptoms of PTSD.  This 
illustrates that too much, as well as too little, endogenous cortisol can be associated with distinct cognitive 
disturbances (Aerni et al., 2004; Schelling et al., 2004; Wolf, 2006). 

4.2. Intervention strategies

In animals, stress-induced dendritic atrophy as well as reduced neurogenesis can be prevented with 
antidepressants and anticonvulsants (Conrad et al., 1996; Czeh et al., 2001; Magarinos et al., 1996; Magarinos 
et al., 1999).  Also, treatment with a glucocorticoid receptor antagonist is effective in preventing such stress-
induced changes in neurophysiology (Mayer et al., 2006). Similarly, memory impairments can be prevented 
with these drugs (Conrad et al., 1996; Czeh et al., 2001; Magarinos et al., 1996).

In humans, chronic stress without associated psychopathology could be ameliorated by psychological stress 
intervention strategies. Possible examples are stress inoculation training (Gaab et al., 2003; Meichenbaum, 
1985), or mindfulness-based stress reduction training (Carlson et al., 2007). In addition, social support is an 
effective stress buffering factor (Heinrichs et al., 2003; Kuper et al., 2002).

Pharmacological treatment with a beta blocker can prevent the effects of acute GC elevations on memory 
retrieval (de Quervain et al., 2007). It remains to be shown whether similar approaches are effective in 
conditions of chronic stress. In addition, GR antagonists and/or CRF antagonists might be candidate drugs 
(see below). Moreover, drugs that infl uence local GC metabolism in the brain could also be effective (Seckl 
et al., 2002; Seckl and Walker, 2004).

Depression is often associated with HPA hyperactivity (Herbert et al., 2006; Ising et al., 2005). Successful 
antidepressant treatment leads to a normalised HPA axis (Herbert et al., 2006; Ising et al., 2005). One 
study observed that treatment with a selective serotonin reuptake inhibitor (SSRI) improved memory 
performance and reduced cortisol levels (Vythilingam et al., 2004). More direct interventions targeting the 
HPA axis have been tested in laboratory animals, and clinical trials are on the way. In this context, CRF 
antagonists as well as GR antagonists appear promising (Berton and Nestler, 2006). 

In sum, then, in chronically stressed animals, as well as in human patients suffering from stress-related 
psychiatric disorders, reinstating appropriate HPA signalling appears to be a promising treatment approach 
(De Kloet et al., 2007). 

5. Chronic stress or rising cortisol levels during ageing: effects on cognition

In older laboratory rodents, an increase in basal corticosterone levels as well as a less effi cient negative 
feedback of the HPA axis can be detected. Studies have reported that enhanced HPA activity is associated 
with poorer memory in those animals (Issa et al., 1990; Yau et al., 2001). 

Increases in basal cortisol levels occur during ageing (Lupien et al., 2005; Van Cauter et al., 1996). In addition, 
pharmacological or behavioural challenge studies observe an increased HPA response (Otte et al., 2005). 
Moreover, negative feedback of older subjects is less effi cient (Heuser et al., 1994; Wilkinson et al., 1997; 
Wolf et al., 2002).  These alterations might refl ect age-associated diseases, stress exposure over the lifespan, 
genetic vulnerabilities, the long-term consequences of exposure to early-life adversity or a combination 
of the above (Lupien et al., 2005; McEwen, 2002). In older adults, correlations between elevated or rising 
cortisol levels and cognitive impairments have been reported (Kalmijn et al., 1998; Karlamangla et al., 2005; 
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Lupien et al., 1994; MacLullich et al., 2005).  The association between rising cortisol levels and atrophy of the 
hippocampus is not suffi ciently understood, and the current empirical situation is heterogeneous (Lupien et 
al., 1998; Wolf et al., 2002; MacLullich et al., 2005). Similar associations with other GC-sensitive brain regions 
(e.g. PFC) have received even less attention so far (MacLullich et al., 2006; Wolf et al., 2002). 

Evidence for HPA hyperactivity has been observed in patients with Alzheimer’s dementia (de Leon et al., 
1988; O’Brien et al., 1996).  This could just refl ect the damage to HPA feedback centres in the brain, but 
it might also be causally involved in disease progression (Csernansky et al., 2005). Recent work in animals 
has documented that HPA hyperactivity can infl uence amyloid metabolism as well as tau phosphorylation 
(Green et al., 2006; Kang et al., 2007; Rissman et al., 2007). In human patients, treatment with prednisone 
resulted in an exaggerated memory loss (Aisen et al., 2000). Moreover, a genetic susceptibility to AD could 
be linked to the gene encoding 11beta-HSD, which infl uences local GC metabolism (de Quervain et al., 
2004). In addition, at the self-report level, evidence exists that enhanced stress susceptibility is associated 
with a greater dementia risk (Wilson et al., 2005; Wilson et al., 2003). 

Another condition associated with HPA hyperactivity is the metabolic syndrome or Type 2 diabetes.  
There are close links between the stress system and the glucoregulatory system. Several authors have 
suggested that chronic stress facilitates the occurrence of the metabolic syndrome by infl uencing visceral 
fat deposition, impairing insulin sensitivity or by changing eating habits towards unhealthier (comfort) food 
(Dallman et al., 2003; Rosmond, 2003).  Alternatively, the negative impact of glucose intolerance on the brain 
might lead to HPA hyperactivity and, in turn, elevated cortisol levels (Convit, 2005; Convit et al., 2003).

5.1. Intervention strategies (during ageing)

In rodents, behavioural (e.g. neonatal handling) and pharmacological (adrenalectomy with low dose 
corticosterone replacement) intervention strategies, leading to stable HPA activity throughout life, prevent 
age-associated cognitive decline (Landfi eld et al., 1981; Meaney et al., 1988). Similarly, a pharmacological 
reduction of active GC concentrations in the hippocampus (11 beta HSD synthesis inhibition) is effi cient in 
preventing memory impairments in ageing mice (Seckl et al., 2002; Yau et al., 2001). 

In humans, a pilot study showed that the11beta-HSD inhibitor carbenoxolone improved some aspects 
of memory in older men and in older patients with Type 2 diabetes (Sandeep et al., 2004). Future studies 
are needed to better investigate possible side-effects of long-term treatment with this drug (Chrousos, 
2004).  Against the metabolic syndrome, lifestyle modifi cations are often successful if started early enough 
(Matthaei et al., 2000). In addition, pharmacological approaches are available (Cohen and Horton, 2007; 
Matthaei et al., 2000).  They should be able to prevent or reduce memory impairment and hippocampal 
atrophy associated with diabetes and the metabolic syndrome (Convit, 2005; Convit et al., 2003). 

6. Looking forward 

This review illustrates that chronic stress has a negative impact on cognition throughout life.  A lifespan 
approach in research on stress and cognition emphasises the long-lasting effects of exposure to early-life 
adversity. Genetic risk factors, in combination with early-life adversity, render an individual more susceptible 
to stress and stress-associated diseases in later life. 

Thus, by reducing early adversity one is able to support the development of a more resilient phenotype 
which will be less susceptible to stress-associated cognitive disturbances in later life. 
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Importantly, a previously unappreciated amount of neuoplasticity remains in adulthood, allowing an 
optimistic view of the potential to successfully treat stress-associated neurophysiological changes in the 
future.  These interventions should aim at reinstating appropriate HPA signalling and thus will rely upon a 
thorough diagnostic neuroendocrine work-up of the phenotype. 

Taken together, substantial progress has been made in understanding the impact of chronic stress on the 
brain.  These advances allow us to characterise better those people at risk for stress-related disorders and 
associated cognitive impairments. 

They furthermore open up the possibility of tailored treatment approaches.  These will have to consist of 
psychological and/or pharmacological interventions.
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