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Depression has been associated with low emotional arousal. Highly arousing emotional stimuli engage the cortical
circuits related to the allocation of attention towards these stimuli. Thus, it has been hypothesized that depression
could be characterized by a deficit in these brain circuits. This brief review summarizes how attention and emotion are
interconnected and suggests that common brain mechanisms underlie the link between emotion and attention. Finally,
the results from depression research are presented that show that low emotional arousal in depression could arise from

a deficit in brain circuits related to attention.
Keywords: Depression; Emotion; Attention; Fronto-parietal cortex.

La depresion se ha asociado con baja activacion emocional. Los estimulos emocionales de alta activacion involucran
circuitos corticales que son relevantes para la direccion de la atencion hacia estos estimulos. Por lo tanto, se ha plan-
teado la hipotesis de que la depresion podria ser caracterizada por un déficit en estos circuitos cerebrales. Esta breve
revision resume como la atencion y la emocion estan interrelacionados y sugiere que existen mecanismos cerebrales
de la emocion y la atenciéon comunes. Por ultimo, se presentan los resultados de una investigacion de la depresion,
que demuestra que la excitacion emocional baja en la depresion podria surgir de un déficit en los circuitos cerebrales

de la atencion.
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LOW EMOTIONAL AROUSAL IN DEPRESSION

One of the main characteristics of depression is disturbed
processing of emotional information as indexed by disturbed
startle reflex modulation during emotional stimuli and facial
expression (Forbes, Miller, Cohn, Fox & Kovacs, 2005; Geh-
ricke & Shapiro, 2000). Low engagement of arousal related
brain structures during emotional information processing has
been associated with anhedonia and blunted affect in depres-
sive disorders (Heller & Nitschke, 1997). In healthy persons
automatic attention allocation towards emotional high arous-
ing stimuli like emotional pictures or words has been associ-
ated with motivated attention (Bradley, 2009; Lang, Bradley
& Cuthbert, 1997). Motivated attention is a concept that has
been introduced by researchers which have emphasized that
high arousing stimuli, motivationally relevant for the indi-
vidual, engage orienting responses (Bradley, 2009). These
responses are reflected in (1) behavioral measures of attention
(Ohman, Flykt, & Esteves, 2001), (2) changes of autonomous
nervous system activity such as heart rate deceleration or skin
conductance increases (Bradley, Codispoti, Cuthbert & Lang,
2001), and (3) central nervous activity in attention related brain
structures (Moratti, Keil & Stolarova, 2004; Moratti, Saugar
& Strange, 2011). This line of research has a long tradition
and the processes involved are well studied although some
issues are still under debate. Therefore, the motivated attention
approach offers a profound framework for studying patholo-
gies associated with emotion processing disturbances such
as depression. In the present brief overview we first present
some basic foundations of the motivated attention approach
and related brain structures and second present results that
associate depression with deficits in attention relevant brain
structures.

Attention and emotion

The orienting response (OR) is associated with the auto-
matic detection of novel stimuli in our environment because
novel stimuli bear significance for the reorganization of the
organism’s ongoing behavior. As our capacity of stimulus pro-
cessing is limited and the environment is full of many stim-
uli, we have to filter somehow the important environmental
cues. Attention allocation during an OR towards a specific
stimulus serves this function. The attention processes related
to the OR have been associated with physiological arousal. A
classical measure of the OR is the sympathetically mediated
skin conductance response (Critchley, 2002). Skin conduc-
tance increases for novel stimuli (Venables & Cristie, 1980).
However, a stimulus can have a motivationally important sig-
nificance not only for its novelty. An emotional stimulus bears
motivational significance for the individual as well (for exam-
ple a dangerous or pleasant stimuli associated with food or sex).
Thus, if high arousing emotional stimuli capture attention auto-
matically, they should provoke similar physiologic responses
as can be observed during an OR. Bradley, Lang & Cuthbert
(1993), observed that pleasant and unpleasant pictures provoke
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increased skin conductance responses compared to neutral
images. However, when presented for the first time, neutral
stimuli also provoked skin conductance changes different from
zero. Nevertheless, when the same pictures were shown to the
same participants one week later, only emotional pictures elic-
ited increased physiological arousal.

Attention allocation towards emotional high arousing
stimuli can be also observed on the behavioral level. When
participants have to detect fear relevant stimuli such as snakes
or spiders within many fear irrelevant distractors, they are
much faster than vice versa (Ohman et al., 2001). This effect
is augmented when subjects suffer from phobias of snakes or
spiders indicating that increasing the motivational relevance of
the stimuli boosts automatic attention allocation. Thus, it can
be concluded that emotion drives natural selective attention
(Ohman et al., 2001).

Another strategy to link attention and emotion with respect
to brain responses is to compare the cortical processing of
stimuli that do not bear any emotional significance but have to
be attended with the cortical processing of emotional stimuli.
If similar effects can be observed one can infer that the brain
is using at least partly overlapping brain mechanism for emo-
tion and attention. For example it has been shown that neu-
rons discharge preferentially for different objects within the
ventromedial temporal cortex in monkeys (Chelazzi, Duncan,
Miller & Desimone, 1998). However, increased neuronal firing
rates for a preferred object can only be observed over a longer
time period if the monkey directs its attention to that object
(Chelazzi et al., 1998). Thus, cortical processing within special-
ized brain regions that code specific objects is enhanced when
the corresponding objects are attended. Humans and monkeys
also have specialized brain areas (in humans fusiform face area;
FFA) for face processing (Kanwisher & Yovel, 2006; Sugase,
Yamane, Ueno & Kawano, 1999). In monkeys, neuronal firing
rates in temporal cortex are increased and prolonged when the
facial expression is emotional (Sugase et al., 1999). In humans,
hemodynamic responses are increased in the FFA when emo-
tional faces are shown (Vuilleumier, Armony, Driver & Dolan,
2001). Neutral meaningless gray gratings without any signifi-
cance for the individual provoke increased activity in occipi-
tal cortex after having been paired with an aversive loud noise
(Moratti & Keil, 2009). The enhanced visual processing after
learning occurs independently of conscious expectancy of the
aversive stimuli (Moratti & Keil, 2009). Angry prosody of
meaningless speech stimuli results in augmented activity in pri-
mary auditory cortex (Grandjean et al., 2005). Thus, emotion-
ally relevant stimuli elicit increased neural activity in its corre-
sponding primary cortices the same way as attended stimuli do.

Thus, it is tempting to assume that attention and emotion
utilize the same mechanism to achieve enhanced stimulus pro-
cessing in involved brain regions. If so, emotion and attention
should have an additive effect with respect of neural activity.
The emotional facilitation of the hemodynamic response in
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FFA is enhanced when participants have to attend to the emo-
tional face explicitly (Vuilleumier et al., 2001). Activity in pri-
mary auditory cortex for attended vs. non-attended meaning-
less speech that is spoken with an angry prosody is enhanced
(Grandjean et al., 2005). The emotional modulation of EEG
(electroencephalogram) responses at occipital electrode sites is
also amplified by attention (Keil, Moratti, Sabatinelli, Bradley
& Lang, 2005). Therefore, it is likely that similar brain mecha-
nisms underlie attention and emotion related sensory facilita-
tion.

But how is the facilitation of emotional stimulus process-
ing in sensory cortex accomplished? It is widely accepted,
that direct projections from the amygdala to primary sensory
cortex can be responsible for fast enhanced sensory process-
ing of emotional stimuli (Amaral, 1986; Amaral, Price, Pit-
kaenen an Carmichael, 1992). The amygdala has been con-
sidered a core structure for fear learning and the detection of
motivationally relevant stimuli (LeDoux, 2000). The so-called
“fast and direct route” of emotion explains why fear relevant
stimuli can be processed very fast at early sensory stages (Keil,
Stolarova, Moratti & Ray, 2007). However, emotional stimuli
can provoke affective responses even without perceptual con-
sciousness (Ohman, Carlsson, Lundqvist & Ingvar, 2007) as
affective information is conveyed directly from the thalamus
to the amygdala (Shi & Davis, 2001). The amygdala can evoke
emotion related responses via its efferents to response related
structures (hypothalamus; periaqueductal gray; (LeDoux,
1993)) without any cortical processing of the stimuli. There-
fore, sustained late onset top down influences on primary sen-
sory cortices during emotional processing probably have a
different origin. With respect to the above mentioned attention
related effects it is more probable that other structures than the
amygdala play a modulatory role in late long lasting facilitating
sensory processing.

Several studies have shown that directing attention towards
a stimulus in space or towards a certain feature of a stimulus
(such as color or shape) implicate a fronto-parietal cortical
network (for example Slagter et al., 2007). Therefore, we can
speak of a general fronto-parietal attention circuit in the brain.
Further, clinical studies in humans have shown that parietal and
frontal brain damage leads to a condition called spatial neglect
that is a pathology associated with deficits of spatial attention
(Driver & Vuilleumier, 2001).

If motivationally relevant cues attract attention, so that they
will be preferentially processed in comparison to all other stim-
uli, it is plausible that a fronto-parietal cortical attention system
comes into play during attention allocation towards these cues.
Evoked steady state responses are oscillatory EEG/ MEG
(magnetoencephalogram) responses that are driven by the fre-
quency of a stimulus flicker (Moratti, Clementz, Gao, Ortiz &
Keil, 2007). Usually the flicker is presented for several seconds
and the brain oscillatory steady state response represents corti-
cal processing of the flicker over that time period. Thus, evoked
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steady state responses are ideally suited to investigate stimulus
related dynamic brain processes over several seconds. It has
been consistently shown that spatial or feature based attention
modulates the steady state response. Attended stimuli evoke
greater stimulus driven oscillations than non-attended cues
(Morgan, Hansen & Hillyard, 1996; Miiller et al., 2006; Miiller
& Hillyard, 2000; Miiller & Hubner, 2002). Using emotional
pictures from the International Affective Picture System (IAPS,
(Lang, Bradley & Cuthbert, 2005)) as flickers, Moratti and col-
laborators (Moratti et al., 2004) have shown that visual evoked
steady state responses are greater for emotional pictures than
for neutral ones. Using cortical source localization, the emotion
modulation of the brain oscillatory response could be local-
ized within occipital and fronto-parietal brain sources. This
indicates the involvement of a fronto-parietal attention circuit
during emotional picture processing (Moratti, et al., 2004).

However, probably one of the most consistent ERP (event
related potentials) results with respect to emotion is the affect
modulation of the Late Positive Potential (LPP). The LPP is a
slow going ERP potential that begins approximately 400 ms
after stimulus onset and has bigger amplitudes for emotional
pictures (Codispoti, Ferrari & Bradley, 2006; Cuthbert, Schupp,
Bradley, Birbaumer & Lang, 2000; Hajcak, Dunning & Foti,
2009; Schupp, et al., 2000). The LPP has been associated with
attention allocation towards motivationally significant stimuli
such as high arousing pleasant and unpleasant pictures (Cuth-
bert, et al., 2000). However, the underlying source structure
and cortical network characteristic has been unknown so far. A
recent MEG study (Moratti, et al., 2011) using modern beam-
former techniques for cortical source localization revealed that
the LPP emotion modulation occurs in fronto-parietal brain
areas. Further, frontal and parietal brain areas were coupled bi-
directionally demonstrating that these regions formed a func-
tional cortical network.

In sum, emotion enhances neuronal processing of stimuli
just as attention does. Further, sustained attention allocation
processes towards emotional stimuli are probably accompanied
by the involvement of cortical fronto-parietal attention circuits.
The concept of motivated attention therefore captures very well
how attention and emotion are interwoven.

Cortical attention circuits and depression

The concept of motivated attention not only emphasizes
attention per se, but also implies that emotional stimuli acti-
vate appetitive or defensive motive systems (valence), which in
turn activate action dispositions according to their correspond-
ing hedonic valence. The intensity of the activation of one of
the motive system is referred to as emotional arousal (Lang &
Davis, 2006). High arousing emotional stimuli guide attention
allocation towards significant environmental cues; for example
as reflected by an OR (Bradley, 2009).

Based on neuropsychological, electrocortical, and behav-
ioral measures of lateralized brain activation, Wendy Heller
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and collaborators (Heller, Nitschke & Lindsay, 1997; Heller,
Nitschke & Miller, 1998) proposed that action tendencies
reflecting positive and negative valence (approach vs. with-
drawal), engage the left and right frontal cortex, respectively. In
contrast, emotional arousal is based on right temporo-parietal
cortex function. Note that as elaborated above, the right parietal
cortex forms part of the fronto-parietal cortical attention circuit
and that high emotional arousing stimuli attract attention.
Therefore, automatic attention allocation by emotional
stimuli such as the OR should be impaired in patients with
lesions within the cortical attention system. Meadows and
Kaplan (1994), observed that patients with right parietal lesions
showed reduced skin conductance in comparison with healthy
controls when viewing emotional slides indicating less physi-
ological arousal and reduced ORs in these patients. Further,
patients with right posterior brain lesions are more likely to
develop depression (Shimoda & Robinson, 1999). Depres-
sion has been associated with low emotional arousal (Heller
& Nitschke, 1997). Therefore, it is probable that reduced emo-
tional arousal and impaired right parietal cortex function are
somehow linked by impaired automatic attention allocation
processes towards high arousing emotional stimuli.
Depression and low emotional arousal also have been
explained by reduced right temporo-parietal cortex function
(Heller & Nitschke, 1997). The original hypothesis of impaired
right temporo-parietal cortex function in depression has been
based on perceptual and visuo-spatial asymmetry measures.
Heller, Etienne, & Miller (1995) applied a face-processing task
that normally evokes a left hemi-spatial bias (right hemisphere
bias). Participants with high levels of depression showed a
significantly reduced left hemi-spatial bias (right hemisphere
bias) as compared to normal controls. The authors concluded
that high levels of depression were associated with reduced
right hemisphere activity. Keller et al., (2000), also found right
posterior deficits in participants with high levels of depres-
sion using a perceptual asymmetry task. Therefore, given the
evidence of a right fronto-parietal cortical attention system
involved in directing attention towards emotional high arous-
ing stimuli, it is likely that depressed patients fail to activate
a part of this circuit. Interestingly, both studies (Heller et al.,
1995; Keller et al., 2000) have found an opposite pattern in high
anxious participants. High anxious subjects showed increased
left hemi-spatial bias. This could be due to an overactive right
fronto-parietal cortical attention circuit. Anxiety has been asso-
ciated with increased vigilance and detection of fear relevant
stimuli (MacNamara & Hajcak, 2009; Ohman et al., 2001).
Cortical activation in depression also has been investigated
by using resting state EEG. Thereby, it is assumed that increased
alpha band activity (8-12 Hz) reflects reduced cortical tonal
activation (Oakes et al., 2004). When controlled for anxiety
symptoms, depression has been associated with increased alpha
band power at right parietal electrode sites indicating less activ-
ity of right parietal cortex in these patients (Blackhart, Minnix
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& Kline, 2006; Bruder et al., 1997; Kentgen et al., 2000). High
anxiety results in an opposite pattern (Bruder et al., 1997,
Kentgen et al., 2000). These results have been supported by
the observation that people with high family risk for depression
(like first grade relatives of depressive patients) show increased
cortical thinning in right temporo-parietal cortex (Peterson et
al., 2009). Further, increased EEG alpha band power at right
occipital electrode sites was correlated with cortical thinning in
the same sample (Bruder et al., 2012).

However, all these data do not show directly that high emo-
tional arousing stimuli do not engage properly right temporo-
parietal cortex in depressive patients. A more direct measure
would be needed to demonstrate that part of the fronto-parietal
cortical attention system does not respond (or less) to emotional
stimuli in depression. Using visual steady state evoked fields
recorded by MEG, Moratti et al., (2004), showed that a right
fronto-parietal cortical network is engaged during an emotional
picture-viewing task. In this study, high arousing pleasant,
unpleasant and low arousing neutral emotional pictures were
selected from the IAPS. The advantage of the IAPS picture set
is that normative data with respect to valence and arousal are
available. High arousing emotional stimuli evoked greater neu-
romagnetic oscillatory brain responses in right fronto-parietal
brain regions than neutral pictures. Thus, this experimental
design would be ideally suited to study depressive patients in
order to test the hypothesis of reduced right temporo-parietal
activity during emotional arousal as postulated by Wendy
Heller (see above).

Moratti, Rubio, Campo, Keil, and Ortiz (2008) repeated the
above-cited study but included a sample of patients suffering
from major depressive disorder. All patients were required to
have low scorings in anxiety measures, as anxiety would predict
enhanced right hemisphere activity (see above). High arousing
emotional pictures (pleasant and unpleasant) evoked enhanced
neuromagnetic oscillatory brain activity in occipital, temporal
and parietal regions in healthy controls. However, depressive
patients were characterized by a weak emotional arousal modu-
lation of right temporo-parietal cortex activity. This was the first
direct evidence, that depressive patients indeed do not modu-
late the activity in right temporo-parietal cortex adequately as
a function of emotional arousal. As the right temporo-parietal
cortex can be considered as a part of the fronto-parietal cortical
attention system, it can be concluded that depression probably
is associated with less attentional engagement towards emo-
tional stimuli. A good complementary test would consist in a
sample of anxiety patients. In these patients an increased modu-
lation of right parietal activity by emotional arousal would be
expected (Kentgen et al., 2000).

However, it is not known if the right temporo-parietal dys-
function during emotional picture processing is a cause or an
effect of depression. Therefore, it would be important to test
high-risk family members of depression with the same task.
Thereby, it could be tested if participants that have a high
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genetic risk for developing depression but that still have not
developed depression show the same right temporo-parietal
deficit or not. Given the results of cortical thinning in high risk
family members of depressive patients (Peterson et al., 2009)
we hypothesize that reduced emotional activity modulation
in right temporo-parietal cortex would be observed in family
members of depression.

If this hypothesis turned out not to be rejected, a possible
precursor of depression could consist in a dysfunctional corti-
cal fronto-parietal attention system not properly activated by
emotionally relevant stimuli. This failure could explain the
low emotional arousal often observed in depression. Never-
theless, it is still an open issue if this temporo-parietal deficit
is specific to emotion. Depression has been characterized by
deficits in executive functions such as working memory, goal
directed behavior and performance of spatial tasks (for example
Levin, Heller, Mohanty, Herrington & Miller, 2007). All these
domains of cognitive functioning depend on attention and its
associated cortical networks. A common neuronal deficit under-
lying all these domains could represent an interesting candidate
for an endophenotype of depression.
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