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Although exposure to substantial stress has a major
impact on the development of depression, there is con-
siderable variability in the susceptibility of individuals to
the adverse effects of stress. The personality trait of high
anxiety has been identified as a vulnerability factor to
develop depression. We propose here a new unifying
model based on a series of neurocognitive mechanisms
(and fed with crucial information provided by research
on the fields of emotion, stress and cognition) whereby
individuals presenting a high anxiety trait are particu-
larly vulnerable to develop depression when facing
stress and adversity. Our model highlights the import-
ance of developing prevention programs addressed to
restrain, in high anxious individuals, the triggering of a
dysfunctional neurocognitive cascade while coping with
stress.

Introduction
Individual differences in personality traits have been
associated with both resilience to stress and stress-induced
depression [1]. In particular, strong evidence highlights
high anxiety trait as an important risk factor for the de-
velopment (onset, severity and outcome) of depression
[2,3]. However, it is not yet clear which are the mediating
mechanisms, processes and factors whereby an individual
with a highly anxious personality eventually evolves into
clinical depression. To address this question it is important
to also bear in mind that there is a considerable comorbid-
ity between depression and anxiety disorders (�40–60%)
[4] that seems to follow a temporal relationship, with
anxiety disorders tending to precede the onset of depress-
ive disorders and probably increasing the risk for sub-
sequent depression [5].

Recent work suggests that the etiological factors (i.e.
genetic and environmental) that influence high anxiety
trait are the same as those that increase susceptibility
for anxiety disorders and major depression (for review, see
Ref. [3]). Two etiological hypotheses can account for such a
picture: (i) that high anxiety trait, anxiety disorders and
major depression are all directly caused by common etio-
logical factors without necessary interrelations among
themselves (Figure 1a); or (ii) that the etiological factors
lead to high anxiety trait, which, in turn, predisposes to
anxiety disorders and depression, contemplating the
possibility that the first occurrence of anxiety disorders
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facilitates the triggering of depression; this hypothesis also
accounts for situations in which depression is directly
developed from high anxiety trait (Figure 1b). Whereas
the first hypothetical model proposes a direct link between
etiological factors and the vulnerability to develop depres-
sion, the secondmodel puts forward the personality trait of
high anxiety as the vulnerability phenotype that mediates
subsequent psychopathological developments. Given that
substantial evidence indicates that high anxiety trait is a
vulnerability factor to develop not only depression but also
anxiety disorders [2,3,6], and that anxiety trait, therefore,
might mediate some of the elevated comorbidity between
anxiety disorders and depression [7], we argue in favor of
the etiological model represented in Figure 1b and against
the model based on a parallel causation as represented in
Figure 1a. However, the model in Figure 1b implies a
‘deterministic’ link between high anxiety trait and the
development of depression, which is at odds with emerging
information emphasizing the modulatory role of stressful
life events, which we reflect in the expanded model pre-
sented in Figure 2.

Although the discovery of risk factors (e.g. genetic,
personality and stress) is essential to progress on the
understanding of depression, it does not explain, by itself,
what mechanisms mediate vulnerability to develop the
disorder and its progression. Very active research in recent
years has identified essential elements (e.g. neurocognitive
patterns and neuroendocrine alterations) that, although
representing important milestones in the field, only pro-
vide partial explanations for the understanding of how
high anxiety trait predisposes to depression. Likewise,
intensive work on the intricate interactions between
emotion, stress and cognition has provided, in turn,
important hints about the key role of such interactions
for the development of depression. However, this infor-
mation has so far remained rather fragmented and no
unifying theory has as yet been offered.

Here, we propose a unifyingmodel that integratesmajor
progress on converging but independent research fields
and proposes a trajectory whereby individuals presenting
the vulnerability trait of high anxiety can eventually
develop depression. We first go through the major neuro-
cognitive and neuroendocrine hallmarks of depression to
then examine the essential factors in high anxiety trait
that promote the transition from the phenotypic predis-
position provided by the personality trait to the dysfunc-
tional alterations linked to depressive psychopathology.
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Figure 1. Alternative etiological hypotheses for the development of depression. (a)

According to this hypothesis, high anxiety trait, anxiety disorders and major

depression are all directly caused by common etiological factors without any

requirement for causal influences between the personality trait of anxiety and

mood and anxiety disorders. (b) The second hypothesis proposes a first causal

relationship between certain etiological factors and the development of the

personality trait of high anxiety; in turn, this personality trait will be a vulnerable

phenotype for the development of depression, either directly or via a first

development of an anxiety disorder. Our model is based on this second etiological

hypothesis.
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Because exposure to stressful life events is a central
element of the model, the latter is fed with essential
information provided by research in the fields of emotion,
stress and cognition, with a particular emphasis on an
escalation of neuroendocrine and cognitive dysfunctions.
The resulting neurocognitive model (Figure 3) enables the
making of specific, testable predictions about which could
be the most relevant therapeutic interventions at the
different steps of the trajectory from high anxiety trait
to depression.

Neurocognitive and neuroendocrine hallmarks of
depression
Mood disturbances have been traditionally emphasized as
core symptoms in depression, whereas cognitive altera-
tions are considered to be simply epiphenomena (i.e. of age,
poor motivation, inattention or response bias). However,
Figure 2. From high anxiety trait to depression: the etiological model. This figure

depicts the factors that, according to our model, should converge for increased

vulnerability to develop depression. Etiological factors [(epi)genetic and

environmental (mainly early experiences)] first have a key role in defining the

high anxiety trait phenotype. This personality trait confers a psychobiological

vulnerability but does not necessarily cause, by itself, depression. The

convergence of major stressful events will be the trigger (required factor in our

model) that leads with a higher propensity in high anxious individuals than other

personality types to develop depression, either directly or via a first development

of an anxiety disorder.
this traditional view has been challenged by recent sugges-
tions that cognitive deficits are intrinsic expressions of the
brain changes occurring in depressive illness [8] and by
evidence showing that depression severity is correlated
with the magnitude of cognitive deficits under some psy-
chopathological conditions [9].

In fact, cognitive theories of depression have proposed
now for some time [10] thatnegative cognitions are essential
for the etiology and progression of the disorder. Cognitive
disturbances in depressive patients are characterized by (i)
enhanced negative cognitions (i.e. mood-congruent biases,
which are related to a predisposition to form and particu-
larly retrieve memories for negative information) and (ii)
several cognitive deficits (in attention, executive function,
working memory, and in both the short- and long-term
memory formation) that might be instrumental for the
expression of depression [8,11].

Another important feature in depression is a dysregula-
tion of the hypothalamus–pituitary–adrenocortical (HPA)
axis [12]. Many depressed subjects display enhanced cor-
tisol secretion as a consequence of an overactive HPA axis
[13], and enhanced activity of corticotropin-releasing-fac-
tor (CRF) systems in limbic regions has been related with
increased depression-like symptomatology [14].

Neurocognitive characteristics of high anxiety trait
Recent progress on the characterization of the neurocog-
nitive profile corresponding to high anxiety trait reveals
important neuropsychological features [15] that can partly
explain why this trait represents a vulnerable phenotype
to develop depression.

At the cognitive level, highly anxious individuals show a
distinctive cognitive style characterized by alterations in
the processing of threat, including bias in selective atten-
tion towards threat-related stimuli, interpretation of
emotionally ambiguous stimuli as negative and enhanced
fear conditioning responses [15]. Note the similarity be-
tween these cognitive alterations and a part of those
characteristic of depressive patients, as mentioned in
the previous section. In anxiety disorders, neuropsycholo-
gical deficits have been reported at the level of executive
function, attention, working memory and new learning
[11].

At the level of functional neural dynamics, emphasis has
concentrated on two types of abnormalities presented in
high anxious subjects while processing emotional infor-
mation: one related to the activation of the amygdala and
the second related to amygdala coupling with other brain
structures.

Neuroimaging studies initially observed a particular
sensitivity of the amygdala to be activated when individ-
uals from the general population are confronted with
emotionally arousing material, with activation intensity
correlatingwith the emotionality rate given to thematerial
[16,17]. Other sets of studies also noted enhanced amyg-
dala activation when individuals were exposed to unat-
tended, masked or perceptually suppressed threat-related
stimuli, implicating the amygdala in the rapid preatten-
tive detection of threat [15,18]. In both research lines,
studies relied on group analyses and, therefore, suggested
that amygdala activation is a response usually shown
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when individuals are confronted with emotional or poten-
tially threatening material. This work was subsequently
complemented by evidence indicating that highly anxious
individuals are particularly prone to respond to emotional
stimulation with enhanced amygdala activation. This
seems to hold true both when state and trait anxiety are
considered, as shown by Bishop et al. [19] and Etkin et al.
[20]. Bishop et al. [19] found that low anxious participants
show a reduced amygdala response to unattended versus
attended fearful faces, whereas high anxious participants
show no such reduction, displaying an increased amygdala
response to fearful versus neutral faces regardless of their
attentional focus. Etkin et al. [20] showed that, indeed,
individual differences in trait anxiety predicted both
activity in the basolateral (but not dorsal) amygdala to
unconscious stimuli and subjects’ reaction times, with
increased activity observed in individuals with higher
anxiety trait score. Interestingly, a positive relationship
between state anxiety and amygdala responses to neutral
faces was also found in another study [21], which raises
the possibility that high anxiety might bias the interpret-
ation (as mediated by amygdala reactivity) of ‘neutral’
stimuli. Recent neuroimaging analyses in young rhesus
monkeys provided further support for the existence of a
link between high trait anxiety and increased amygdala
reactivity, manifested not only under stressful conditions
but also under more familiar ones [22]. These latter find-
ings suggest that the alterations in amygdala respon-
siveness in highly anxious individuals are present from
early life. Moreover, neuroimaging studies have also
shown increased amygdala activity in response to negative
emotional cues (e.g. fear, anger and sadness) in patients
with anxiety disorders [23].

Together, these findings indicate a link between indi-
vidual differences in trait anxiety and the proneness of the
amygdala to respond to emotional stimuli and highlight
the (basolateral) amygdala as a key area on the uncon-
scious emotional vigilance characteristic of anxiety. They
also suggest that high anxiety trait individuals respond as
threatening to situations that others perceive as non
stressful, which could reflect their lower threshold to inter-
pret situations as adverse.

Imaging genomic studies have also shed light on the
neurocognitive characteristics of the high anxiety trait. In
2002, a hallmark paper by Hariri et al. [24] reported a link
betweena functional polymorphismof the serotonin trans-
porter (5-HTT, SLC6A4) gene and amygdala responses to
fearful stimuli, with individuals presenting the short (S)
allele of the gene exhibiting greater amygdala activity
than individuals homozygous for the long (L) allele. These
findings have been replicated and complemented by
multiple subsequent studies [25–27]. They strongly sup-
port a genetic basis underlying differential excitability of
the amygdala to emotional stimuli that might contribute
to individual differences in emotional responses involving
fear andanxiety. Interestingly, this genetic polymorphism
was found to be associated with anxiety trait [28], with the
S allele being associated with increased anxiety levels.
Bertolino et al. [25] found that amygdala response during
the presentation of threatening stimuli was predicted by
anxiety-related personality style and as a function of S 5-
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HTT alleles. Very recently, another common genetic
polymorphism affecting serotonin signaling [HTR1A
C(�1019)G] has also been found to predict interindividual
variability in trait anxiety through its effects on amygdala
reactivity but independently of the effects of the 5-HTT
polymorphism [29]. Altogether, these studiesmight impli-
cate increased serotonin signaling in driving amygdala
reactivity and trait anxiety.

Although much attention has been given to the role and
involvement of the amygdala in emotional responses and to
its contribution to individual differences and to trait
anxiety, it is clear that the amygdala exerts its effects
through a network of dynamic interactions with other
brain regions, mainly including the prefrontal cortex and
the hippocampus. Human imaging studies clearly indicate
that the balance activity within the amygdala–prefrontal
circuitry is altered in anxiety and might contribute to the
reported bias of high anxiety trait individuals to focus on
and give greater weight to negative experiences [15]. Like-
wise, during perceptual processing of fearful stimuli,
healthy carriers of the S 5-HTT allele presented abnormal
uncoupling in the amygdala–cingulate feedback circuit,
which has been implicated in the extinction of a negative
affect [27]. Moreover, reduced ability of the prefrontal
cortex to modulate amygdala reactivity has been associ-
ated with impaired extinction and a resultant hyper-
anxiety in both human and animal studies [30].

Neuroendocrine reactivity in high anxiety trait
Although there are inconsistencies in the literature with
regards to the existence of a relationship between trait
anxiety and stress responses, some reports have provided
evidence for its existence. Rats psychogenetically selected
for their high anxiety behavior showed stress-induced
hyper-reactivity of the HPA axis, including increased glu-
cocorticoid levels [31]. Healthy human subjects with high
neuroticism displayed significantly greater levels of sali-
vary cortisol in the post-waking period than those with
lower neuroticism [32]. In adolescents, differences in cor-
tisol levels were also found in the evening, with high
anxious adolescents showing higher levels than low
anxious adolescents [33]. During task performance, a mod-
erator effect of trait anxiety on cortisol secretion was
observed, suggesting that HPA activation due to perform-
ance pressure is stronger in subjects scoring high on
anxiety measures, an effect that was understood to be
potentially related to the increased attendance to threa-
tening information and the interpretation of ambiguous
events in a threatening way in high anxious individuals
[34].

Moreover, emotionality and amygdala activation are
associated with the activation of the HPA axis and with
increased circulating glucocorticoids [35]. Conversely, the
impact of enhanced amygdala activation might be further
potentiated by a related increased activity of the HPA axis.
Glucocorticoids increase the activity of neurons in the
basolateral amygdala (BLA) [36,37] and activate the pro-
duction and release of CRF in the central nucleus (CeA) of
the amygdala and prefrontal cortex [38]. Infusion of corti-
costerone into the CeA increases anxiety in rats. Subjects
with higher endogenous cortisol levels had significantly
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stronger amygdala responses to emotional slides when
compared with subjects with lower cortisol levels [39].

Memory modulation by emotionality
Learning experiences triggering high emotionality and/or
stress levels frequently lead to strongermemories than non
stressful ones [17,40,41]. Emotional potentiation of mem-
ory was shown to involve and require [42] the activation of
the amygdala during the processing of emotional stimuli.
Even more, the level of activation of the amygdala was
found to be positively correlated (both inter- and intra-
subjects) with the degree at which the memory for those
stimuli is later recovered [17]. Likewise, in rats, enhanced
amygdala activation induced by high emotionality con-
ditions was associated with faster acquisition and stronger
memory for the task [43,44].

The amygdala-enhancing effect on memory formation is
believed to involve its interactions with other structures
[45], particularly the hippocampus and prefrontal cortex
[46,47]. The amygdala, activated by an emotionally
charged event, would signal to other brain structures that
the ongoing emotional information is ‘worth’ storing. This
‘emotional tag’ will strengthen synapses that have just
been activated in another brain-memory system that is
engaged in the learning situation eventually leading to the
reinforcement of consolidation of that event [47,48]. In
support of this view, recent work has shown that suppres-
sion of the amygdala to hippocampal effective connectivity
blocks the emotion-induced memory-enhancing effect [49].

By contrast, enhanced memory for emotionally laden
content has been shown to come together with a trade-off
for non-emotionally laden information to be impaired when
occurring just before the time of presentation of the
emotional ones; that is, emotion-induced retrograde amne-
sia [50]. A potential contributing mechanism could be the
differential enhancing or suppressing effects stress and
amygdala activation have on neural plasticity in different
hippocampal regions and in the amygdala itself [37,51,52].

Interestingly, recent work has shown that this phenom-
enon is specifically presented in individuals with the 5-
HTT S/S genotype [53]. In the same direction, in rats,
highly anxious individuals were found to display impaired
acquisition in a spatial learning task [54].

Glucocorticoids (stress hormones the release of which by
the adrenal glands is increased by stress) have also been
implicated in the potentiation of memory by stress and
emotion [40,41,55,56]. Glucocorticoid administration can
potentiate memory formation for mildly arousing experi-
ences [40,57] and the same glucocorticoid treatment was
found to lead to increased reactivity of the basal amygdala
[37], in a similar way as found in animals trained under
highly arousing conditions [37,43]. However, it is import-
ant to emphasize that, whereas stress and glucocorticoids
tend to exert positive effects on consolidation (especially for
arousing material), they usually impair memory retrieval
and working memory both in animals and humans
[57,58,59].

In summary, we propose that emotional learning will
contribute to the development of psychopathology through
mechanisms involving stress- and anxiety-induced impair-
ment in hippocampus–prefrontal cortex processing, while
enhancing of amygdaloid processing. Therefore, high emo-
tionality would prime the storage of emotional material
while interfering with the recall of previously acquired
information and/or with the online manipulation of infor-
mation (working memory).

In turn, sustained, chronic stress has been shown to
impair hippocampal [60,61] and prefrontal cortex [62]
structure and function while inducing the opposite, poten-
tiating effects on the amygdala [63,64], thus bringing to
extreme differential mechanisms that are found under
brief moderate stress experiences [36,37,51,52]. These
dissociated effects on different brain regions are paral-
leled by deficits in hippocampus-dependent learning
[65,66] and prefrontal-cortex-related working memory
and behavioral flexibility [62], while facilitating amyg-
dala-related processes such as fear conditioning [67].
We suggest that such structural and functional altera-
tions in the hippocampus, prefrontal cortex and amygdala
will be instrumental in the escalation of cognitive and
emotional dysfunctions (and eventual development of
affective disorders) triggered by exposure to stressful life
events in highly anxious individuals.

The impact of stress on the vulnerable phenotype of
high anxiety trait
While stressful life events are nowadays recognized to be
key contributors for the development of depression [68],
there is considerable variability in the susceptibility of
individuals to the adverse effects of stress. We present
evidence later to propose, in our model, that high anxiety
trait individuals are a particularly prone phenotype in this
context and that exposure to stressful life events is a
requirement for individuals with this personality trait to
develop depression (Figure 2).

Carriers of the S allele for the 5-HTT functional poly-
morphism-related to high neuroticism, when exposed to
stressful life events of considerable magnitude, were
found to display more severe depressive symptoms and
to be at greater risk for a depressive episode than non-
carriers (LL genotype); whereas S carriers not exposed to
such stress levels did not develop depression [69,70] (see
also Ref. [71]). Likewise, there are examples that such a
gene–environment interaction also occurs in non-human
primates.Work in femalemacaques indicates a particular
susceptibility for carriers of the S allele that were, during
early development, peer-only reared to develop high alco-
hol consumption, as compared with females from either
the same genotype but reared by their mothers in social
groups or with non-S allele carriers regardless of their
rearing background [72]. In rhesus monkeys, a stressor
context by genotype interaction was found such that the S
allele influences different brain regions (including the
amygdala) during exposure to different stressful situ-
ations [73]. In rodents, 5-HTT-deficient mice of at least
one particular genetic background (C57BL/6J) only exhi-
bit increased depression-related behavior after repeated
exposure to uncontrollable stress [74].

Recent work in rodents also indicates a particular
vulnerability of high anxious individuals to chronic stress
exposure. The basolateral amygdala has a key role in
emotional arousal and anxiety and contains high levels
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of CRF receptor-1 (CRFR1). In the rat, afferent activation
of the BLA is increased after application of exogenous CRF
[75]. This CRF-induced potentiation of afferent activation
of the BLA was reduced in rats exposed to chronic unpre-
dictable stress as compared with non-stressed controls.
Interestingly, the reduction in BLA response to CRF
was correlated with the anxiety trait of the animals deter-
mined before initiation of the chronic stress, with high
anxious animals exposed to chronic stress showing the
most disturbed amygdala responses to CRF [64]. These
results suggest a vulnerability of high anxiety trait indi-
viduals to develop alterations in amygdaloid CRF systems
under exposure to chronic stress. Moreover, high anxiety
trait animals were the only ones that showed reduced
levels of hippocampal cell proliferation after exposure to
chronic stress [64], a phenomenon that has been suggested
to be related to depression [76]. These results indicate a
particular vulnerability of high anxiety trait animals to
show stress-related alterations (non-stressed ones were
not affected) in behavior and in functional responses in
the amygdala and hippocampus.

A neurocognitive model: from high anxiety trait to
depression
Evidence presented here prompted us to present a model
that proposes neurocognitive styles associated with trait
anxiety, and the neurobiological systems that sustain
them, as the basis for the development of core symptoms
of depression when (and mainly only ‘when’) individuals
are confronted with stressful conditions. Gaining insight
into the processes that underlie increased vulnerability to
develop depression and the turning of that vulnerability
onto a raising process of neurocognitive maladaptations
should aid identifying potential therapeutic actions, not
only for treatment of depression but, importantly, also for
its prevention. Taking into consideration all lines of evi-
dence described in the different sections before, we propose
the following model to account for the predisposition of
high anxiety individuals to develop depression (Figure 3).

(i) High anxiety trait individuals show an attentional
bias to detect aversiveness that is accompanied by
increased amygdala reactivity under both pre-atten-
tive and selective attention conditions. In con-
sequence, highly anxious individuals tend to
perceive even moderate events as stressful and their
neuropsychological responses to threat or negative
stimuli are stronger than low anxious individuals.

(ii) This hyper-responsiveness to threat (both in terms
of behavioral responses and amygdala activation)
make highly anxious individuals particularly prone
to experience fear and stress, with the consequent
activation of the HPA axis and increased glucocorti-
coid levels.

(iii) Enhanced amygdala activation and HPA axis
reactivity contribute to enhanced emotional memory
consolidation, leading in the case of highly anxious
individuals to increased storage of both fear
associations (through classical conditioning) and of
negative emotional episodic memories. This charac-
teristic pattern of responses and processes defines a
316
vulnerability phenotype of which the evolution
towards depression does not usually occur without
further triggering factors.

(iv) When confronted with major life stressors, the
vulnerable neurocognitive phenotype of highly
anxious individuals acts as a sensitized system that
displays an exaggerated attentional focus to the
‘negative’ side of events and has all the elements to
form strong aversive memories.

(v) When facing stress, this turns the negativity-bias
‘internal milieu’ of highly anxious individuals into a
‘mood-congruent bias’, which refers to their
increased propensity to have negative thoughts, to
primarily attend to negative circumstances and to
tend to primarily remember negative episodic
memories or events.

(vi) In parallel, amygdala and glucocorticoid hyperac-
tivity linked to such negative processing will
increasingly impair certain hippocampus- and pre-
frontal-cortex-related functions, leading to a series
of cognitive deficits on attention, concentration,
working memory, new learning and executive
function.

(vii) Both the reverberant negativity bias and the
cognitive deficits will render stressed, highly anxious
individuals ineffective to cognitively (and actually)
cope with everyday life challenges. This will quickly
reinforce the feelings of hopelessness, helplessness
and worthlessness (characteristics of depression) in
these individuals. Myriad physiological alterations
typical of depression (e.g. alteredpatterns of appetite,
sleep and body weight) will follow.

(viii) All thesedysfunctionalchangesexperiencedbyhighly
anxious individuals under stressful conditions will
markedlyaffect theirmotivation inmany lifedomains
and the consequent behavioral withdrawal. These
alterations will result in a loss of reinforcements
(social, others) that will strongly exacerbate depress-
ive mood. In turn, depressive mood will act on the
same neurobiological and neuroendocrine substrates
that participated in the development of depression.
This will result on a loop that chronifies the depres-
sion episode into a so called depression disorder.

This model leads to several predictions with important
implications for the development of therapeutic interven-
tions (prevention and or treatment) that could be applied
at the different steps of the trajectory from high anxiety
trait to depression. For example, development of treat-
ments capable of restraining amygdala activation (either
directly or, for example, by enhancing inhibitory activity
from the prefrontal cortex) warrants successful effects at
several phases of the trajectory. However, a note of caution
should be drawn about the generality of such treatments. It
might be that an approach that is effective to upraise the
threshold for amygdala activation to neutral-to-aversive or
fearful stimuli (as occurring in healthy subjects with high
anxiety trait) is not sufficient to ‘cool down’ an amygdala
that is tonically hyper-reactive (as shown for depressive
individuals). This might imply the need to explore alterna-
tive approaches for each of these conditions.



Figure 3. From high anxiety trait to depression: a neurocognitive model. High anxiety trait individuals display enhanced amygdala reactivity that will influence activity in

the hippocampus and prefrontal cortex (black arrows); conversely, the prefrontal cortex exerts a weak inhibition of amygdala function. This profile is linked with a phasic

enhancement of hypothalamus–pituitary–adrenal (HPA) axis activity and consequently of glucocorticoid levels. Conversely, phasic elevations of glucocorticoids further

increase amygdala activation. This pattern of brain and neuroendocrine interactions (middle column) is accompanied, in high anxiety trait individuals, by a cognitive

pattern of interrelated responses (right column). When high anxious individuals are exposed to major stressful life events, this vulnerable neurocognitive profile

responds with amygdala sensitization (hyper-reactivity to threat that progressively chronifies to hyperactivation even under basal conditions) with stronger influence

over hippocampal and prefrontal (strongly potentiating [black arrows] or inhibiting [red arrows]) functions. The prefrontal cortex becomes ineffective to restrain

amygdala hyper-reactivity (dotted arrow). This pattern of neural dynamics disrupts functionality of the HPA axis, which eventually shows enhanced glucocorticoid levels

under basal conditions. Conversely, high glucocorticoids further disrupt hippocampal and prefrontal cortex function. In turn, this neural and neuroendocrine pattern

(middle column) evolved as a consequence of sustained stress exposure turns the cognitive style into a spiral of progressively enhanced dysfunctions (right columns).

The focus on threat and fear results in enhanced negative memories, setting the cognitive processing in a ‘mood-congruent’ bias mode that together with cognitive

deficits of increasing severity leads to several socio-psycho-physiological alterations that are at the code of depression. The neurocognitive pattern characteristic of high

anxious individuals determines the increasing and reverberating nature of these maladaptive neurocognitive processes and sets the path to turn a depression episode

into a major depression disorder.
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The model also leads to the hypothesis that approaches
addressed to inhibit the degree of glucocorticoid acti-
vation might help to impede the escalation of cognitive
dysfunctions. Along with pharmacological treatments
that inhibit glucocorticoid synthesis and release or that
antagonize glucocorticoid receptor function, any other
procedure (e.g. psychotherapy, relaxation, exercise,
nutrition, etc) capable of affecting glucocorticoid function
might also be effective.

This model also implies that cognitive training
addressed to reinforce hippocampal and prefrontal-cor-
tex-related functions might be effective in containing the
development of depression in highly anxious individuals.
Finally, ourmodel particularly emphasizes the importance
of developing and testing treatments addressed to target
the highlighted memory dysfunctions (i.e. to interfere with
the quality and/or intensity of consolidation and retrieval
of strongly aversive emotional memories; to contain the
strength of fear conditioning processes and/or promote
their extinction; to exercise declarative and working mem-
ory functions).
Concluding remarks
Support for this model has been recently provided by
neuroimaging studies indicating that motivation and
stress-related systems that include the amygdala are
pathologically activated in major depression [77] and that
this activity is associated with (i) an automatic judgmental
bias towards negativity [78]; (ii) altered emotion processing
[79]; (iii) greater memory sensitivity than non-depressed
participants to negative but not to neutral or positive
stimuli, with the degree of memory-related amygdala acti-
vation in the depressed patients being correlated with
depression severity [80]; and (iv) dysfunction of the pre-
frontal cortex and monoamine neurotransmitter systems
that normally modulate such responses [81]. Enhanced
activity in the amygdala was found to be positively corre-
lated with plasma cortisol levels in patients with depres-
sion [82]. Depressed patients carrying the S 5-HTT gene
alleles also show increased amygdala activity compared
with depressed non-risk allele carriers, even when
emotional stimuli are masked and not accessible to con-
scious awareness [78]. Likewise, depression is associated
317
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with prefrontal-cortex-related cognitive deficits, particu-
larly of working memory [8]. These are not independent
outcomes. Increasing evidence suggests that the ability of
the medial prefrontal cortex to modulate anxiety-related
output from the amygdala is compromised in depressed
people [83].

However, it should be noted that a more specific and
detailed analysis of the exact nature of amygdala acti-
vation is required before its role and nature of inter-
action with the prefrontal cortex under normal and
pathological conditions is delineated. Higher rather than
lower event-related amygdala amplitude was found to
predict faster response time, with no loss of accuracy in a
working memory task; this is a relationship that was not
contingent on mood state, task content or personality
variables [84]. Furthermore, increased activation in
the amygdala has recently been linked to the detection
of behaviorally relevant stimuli in normal human sub-
jects [85].

This novel unifying model highlights the importance of
the convergence of the vulnerability phenotype of high
anxiety trait and exposure to stressful life events for the
development of depression. It identifies a maladaptive
neurocognitive system that predisposes to multiply the
impact of adversity on these individuals. It therefore
points out the importance of developing prevention pro-
grams (e.g. cognitive-emotional therapy, stress-reduction
approaches and biofeedback potentially coupled to neu-
roimaging and psychophysiological approaches) to help
high anxious individuals cope with stress and to prevent
the triggering of the dysfunctional neurocognitive cas-
cade. In consequence, this model advocates the early
identification of high anxious individuals, and certainly
before they are exposed to major stressful events, to
effectively fight the burden of depression. As amuch larger
proportion of the population falls into the category of high
anxiety than those that eventually develop clinical depres-
sion, future efforts to optimize identification of individuals
at risk to develop depression will need to combine other
indexes or markers (i.e. other personality traits; genetic,
biological and environmental factors). According to our
model, particular biases in neuroendocrine reactivity and
memory characteristicswould synergizewithhighanxiety
trait profiles in precipitating depressive dysfunction.
Genetic, neuroendocrine and neuropsychological studies
will, therefore, need to be combined to improve recognition
of individuals at risk. In the meantime, our model
encourages therapeutic programs to pay particular atten-
tion to the tackling of memory distortions (particularly
potentiation of aversive memories, fear conditioning and
impaired extinction, working memory alterations and
state-dependent retrieval of aversive memories) devel-
oped by highly anxious individuals when exposed to differ-
ent sources of stress.
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