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Abstract Cortisol induces attentional bias toward a neg-

ative stimulus and impaired attentional function. Depressed

individuals have high levels of cortisol, and exhibit an

attentional bias toward a depression-related stimulus and

impaired processing speed and executive attention, which

are components of attentional function. Therefore, the study

tested the hypotheses that an acute increase in cortisol in

response to a stressor is associated with attentional bias

toward a depression-related stimulus and impaired process-

ing speed and executive attention. Thirty-six participants

were administered the dot-probe task for the measurement of

attentional bias toward a depression-related stimulus and the

Trail Making Test A and B for the measurement of pro-

cessing speed and executive attention before and after a

mental arithmetic task. It was revealed that attentional bias

toward a depression-related stimulus following the stressor

was observed only among the responders (i.e., participants

with cortisol elevation in response to a stressor). On the other

hand, no differences in the performance of processing speed

and executive attention were noted between the responders

and non-responders. The results indicate that acutely ele-

vated cortisol is related to attentional bias, but is not related

to processing speed and executive attention. The results have

an implication for the etiology of depression.
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Introduction

Cortisol is a steroid hormone secreted from the adrenal

cortex in humans and acts on the central nervous system;

moreover, with respect to the effects on information pro-

cessing, it has been reported that cortisol is related to two

aspects of dysfunctional attention: attentional bias toward a

negative stimulus (Putman and Roelofs 2011; Roelofs et al.

2007; van Honk et al. 1998) and impaired attentional

function (Bohnen et al. 1990; Jameison and Dinan 2001;

Lupien et al. 1994). Attentional bias toward a negative

stimulus refers to preferential attentional allocation toward

a negative stimulus relative to a neutral one, and impaired

attentional function is general pervasive impairment in

ability of voluntarily selecting relevant stimuli or inhibiting

irrelevant stimuli. Cortisol affects attentional bias and

attentional function under the following biological sub-

strates. Cortisol secreted from the adrenal cortex passes

through the brain-blood barrier and accesses the brain.

Cortisol activates the neural activity in the amygdala, while

it deactivates the neural activity in the prefrontal cortex

(McEwen 2005). The amygdala affects attentional bias

toward a negative stimulus (Gamer and Büchel 2009;

Vuilleumier 2005), and the prefrontal cortex affects

attentional function (Fuster 1997), and as a result, exces-

sive cortisol leads to dysfunctional attention.

With respect to the cortisol actions on attentional bias,

differential results were reported, and they may be mod-

erated by stimulus type. Most previous studies have

investigated the effects of cortisol on attentional bias

toward fear, angry, or threatening stimuli. On the basis of
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the findings of cortisol administration studies, it was sug-

gested that cortisol induces attentional bias toward an

angry or a threatening stimulus, and in contrast, attenuates

attentional bias toward a fear stimulus (Putman and Roe-

lofs 2011). In addition, previous findings were mostly

obtained using facial stimuli displaying emotion expres-

sion, and therefore, there may be differences between facial

and non-facial stimuli.

It was reported that attentional bias and impaired atten-

tional function become evident especially under stress

(Braunstein-bercovitz 2003; Scher et al. 2005). It is assumed

that cortisol is the mediator between the stressor and dys-

functional attention (Skosnik et al. 2000), since a stressor

activates the hypothalamic–pituitary–adrenal axis (HPA

axis). Cortisol is an end product of the HPA axis and is

secreted in response to a stressor along with a psychological

stress response (Bassett et al. 1987). Stress-induced cortisol

acutely increases the amygdala activation and decreases the

prefrontal cortex activation, so that dysfunctional attention

emerges under stress.

Depressed individuals have high levels of cortisol

(Vreeburg et al. 2009), and thus, it is assumed that high

cortisol levels may be one of the contributors to the path-

ophysiology of depression (van Praag 2005). In fact, a

longitudinal study revealed that high levels of cortisol are a

risk factor for future depression (Halligan et al. 2007), and

the drugs that block cortisol actions or inhibit cortisol

synthesis alleviate depressive symptoms (Thomson and

Craighead 2008). However, the mechanisms through which

cortisol develops and exacerbates depression have not yet

been revealed.

Depressed individuals exhibit an attentional bias toward

a depression-related stimulus such as sad facial pictures or

words depicting depressive symptoms (Westra and Kuiper

1997) and impaired attentional function (Landrø et al.

2001) as well as high cortisol levels. Attentional bias

toward a depression-related stimulus and impairment in

attentional function are cognitive vulnerability to depres-

sion. With respect to attentional bias in depression, the

association between depression and attentional bias is

unclear. In particular, mixed results were reported on the

relationship between depression and attentional bias at an

early stage attentional bias: it was reported that depressed

individuals did not exhibit an early stage attentional bias (e.

g., Koster et al. 2005), while it was also reported that an

early stage attentional bias were found in depression (e.g.,

Bradley 1997b). Attentional bias between an early and a

late stage is distinguished according to the time course of

information processing (Cisler and Koster 2010; Williams

et al. 1997). An early stage attentional bias is based on

automatic processing, and a late stage attentional bias is

based on controlled processing (Cisler and Koster 2010;

Williams et al. 1997). However, a meta-analytic study

shows that the relationship between depression and atten-

tional bias is stronger in studies using a dot-probe task

compared to those using an emotional Stroop task (Peck-

ham et al. 2010). On the basis of the finding that there was

no correlation between performances in a dot-probe task

and an emotional Stroop task (Mogg et al. 2000), it was

suggested that a dot-probe task and an emotional Stroop

task may measure different attentional processes (Appleh-

ans and Luecken 2006). Regarding an emotional Stroop

task, the interpretation of Stroop interference, which is the

index of an emotional Stroop task, is unclear; furthermore,

it is apprehended that Stroop interference cannot be

determined to reflect conflict at the stage of attention

allocation or that of response generation (MacLeod 1991).

Therefore, the results of the meta-analysis suggest that both

early and late stage attentional biases can be detected in

depression by using a dot-probe task, which is a more

direct measure of attention. Attentional bias toward a

depression-related stimulus facilitates detection and elab-

oration of a depression-related stimulus, and impairment in

attentional function leads to difficulty in functioning ade-

quately in employment and social settings. In fact, it was

reported that the interventions aimed at modifying atten-

tional bias (Baert et al. 2010; Wells and Beevers 2010) and

attentional function (Papageorgiou and Wells 2000) atten-

uate depressive symptoms. From the findings that both high

levels of cortisol and attentional dysfunction are observed

in depressed individuals, it is assumed that cortisol may

exacerbate depressive symptoms by inducing attentional

bias and impairing attentional function.

The cortisol actions on information processing under

stress are different from the actions of cortisol elevated by

physical exercise or cortisol administration (McHugh et al.

2010). Stress-induced cortisol is accompanied by negative

emotional arousal, and it was considered to be the reason for

the differences in the cortisol actions (McHugh et al. 2010).

Therefore, to elucidate the cortisol actions under stress, it is

needed to investigate the effects of stress-induced cortisol on

attention through the arousal of negative emotions. How-

ever, few researches have investigated the association

between stress-induced cortisol and attentional bias toward a

depression-related stimulus and attentional function. Some

studies investigated the effects of stress-induced cortisol on

attentional bias toward an angry (Roelofs et al. 2007) or a

threatening stimulus (McHugh et al. 2010), and Ellenbogen

et al. (2010) investigated the effects of attentional bias

toward a depression-related stimulus on cortisol response to

a stressor. However, no study investigated whether stress-

induced cortisol influences attentional bias toward a

depression-related stimulus. With respect to neurocognitive

deficits in depression, inconsistent results were obtained.

However, meta-analyses revealed that impairment in pro-

cessing speed and executive attention is consistently found
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in depression (McDermott and Ebmeier 2009; Stefanopou-

lou et al. 2009). Although previous researches investigated

the effects of stress-induced cortisol on selective attention

and divided attention (Vedhara et al. 2000) and attentional

inhibition (Skosnik et al. 2000), only one research investi-

gated the effects of stress-induced cortisol on processing

speed and executive attention (Bohnen et al. 1990). How-

ever, since Bohnen et al. (1990) compared the attentional

performance between individuals who were administered

stress tasks and individuals who had control session such as

reading popular journals or watching amusement videos

without the stress tasks, differential performance cannot be

determined due to cortisol or to subjective negative

emotions.

In the research on the effects of cortisol on information

processing in stress contexts, not all the participants show

cortisol elevation following a stressor (i.e., non-responders)

(Kirschbaum et al. 1993). Therefore, the data from the non-

responders may disturb the true association between cor-

tisol and attention. It is assumed that dysfunctional

attention would occur only in individuals with cortisol

elevation in response to a stressor (i.e., responders). Thus,

to determine whether cortisol is related to attentional bias

toward a depression-related stimulus and impairment in

processing speed and executive attention, we compared the

changes in attentional bias and the attentional functions

before and after a stressor among responders and non-

responders. In addition, to control the confounding effects

of negative emotion on attentional bias and attentional

function, both the groups were administered the same

stressor, and then, we controlled the influence of negative

emotional response. Following hypotheses were tested:

responders would show (1) attentional bias toward a

depression-related stimulus and (2) impaired processing

speed and executive attention after a stressor, but non-

responders would not show dysfunctional attention.

Methods

Participants

Thirty-six undergraduate and graduate students (27 females

and 9 males) participated in the study. Mean age was

23.0 years (SD = 5.9) ranging from 20 to 40 years of age.

The participants were recruited through advertisements on

the university campus. All those who reported any medica-

tion use on the day of the experiment or had a history of

smoking were excluded. Participants received compensation

for their participation. The study was approved by the local

ethics committee of Waseda university. All the participants

provided written informed consent for participation in the

study.

Measures

Depressive symptoms. The Japanese version of the Center

for Epidemiologic Studies-Depression Scale (CES-D;

Shima et al. 1985) was used for measuring depressive

symptoms. The CES-D is a 20-item self-rating scale for

depressive symptoms, and scores range from 0 to 60. The

cut-off score for major depressive disorder is 16, similar to

the original version (Radloff 1977). The reliability of the

Japanese version of the CES-D was confirmed by demon-

strating that the test–retest correlation is r = 0.839 over a

5-day interval, and the split-half reliability corrected by the

Spearman–Brown formula is r = 0.794. Validity was

confirmed by demonstrating that for depressed individuals,

the Japanese version of the CES-D is highly correlated with

the Japanese version of the Zung Self-Rating Depression

Scale (SDS; Fukuda and Kobayashi 1973; Zung 1965)

(r = 0.619) and the Hamilton Rating Scale for Depression

(HRSD; Hamilton 1960) (r = 0.846). In the study, CES-D

was used to compare the depressive symptom levels

between the responder and non-responder groups, as

mentioned below in detail.

Negative emotion. Negative emotion was assessed using

the negative affect subscale of the Japanese version of

Positive and Negative Affect Schedule (PANAS; Sato and

Yasuda 2001). PANAS is the self-rating scale composed of

two subscales for measurement of positive and negative

affect. The negative affect subscale of PANAS (PANAS-

N) consists of 8 adjectives such as “distressed” and “ner-

vous.” Two items in the original version (Watson et al.

1988) were excluded from the Japanese version due to low

communality in conducting factor analysis (Sato and

Yasuda 2001). In the study, current negative affect was

rated on a 6-point scale, and the sum of the negative affect

ratings generates the negative affect score ranging from 8

to 48. The Japanese version of PANAS was confirmed to

be reliable with Cronbach’s alpha coefficients being 0.91,

which indicates high internal consistency. The validity was

confirmed by demonstrating that the positive and negative

affect scores elevate in accordance with positive and neg-

ative affect induction, respectively. PANAS has been used

to capture the changes in state affect in response to a

stressor (e.g., Kuehner et al. 2007). The study used

PANAS-N to confirm that negative emotion was elevated

in response to the stress task, as mentioned below in detail,

and to control the confounding effects of negative emotion

on attentional bias and attentional function.

Cortisol levels. Saliva sampling was performed during

the time period 13:15–16:15 h because diurnal fluctuation

of cortisol is relatively flat in the afternoon (Weitzman

et al. 1971). Participants were asked to draw saliva in their

mouth for 2 min and drool into a specimen tube through a

4-cm-long straw (i.e., passive drool). Saliva samples were
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frozen in a freezer at temperatures below −20°C until

assay. Salivary cortisol levels were measured by means of

enzyme-linked immunoassay using a commercial kit from

Salimetrics (State College, PA, USA).

Attentional bias. The dot-probe task (MacLeod et al.

1986) was used for measuring attentional bias toward a

depression-related stimulus. The dot-probe task is the

computerized cognitive task for measuring attentional bias

toward an emotional stimulus. The task presents two

stimuli, emotional and neutral ones accompanied by a

target, and attentional bias toward an emotional stimulus is

measured by the response latency to the target.

Since depressed individuals generally allocate their

attention toward a depression-related stimulus (Westra and

Kuiper 1997), we used depression-related and neutral

personality trait adjectives for the dot-probe task. Most

previous studies on the cortisol actions on attentional bias

used facial stimuli. However, since depressed individuals

exhibits attentional bias toward a verbal stimulus as well as

a facial one (Peckham et al. 2010), this study used a verbal

stimulus for the dot-probe task. Depression-related and

neutral words used in the study were selected from the pool

of words that previous studies confirmed were related to

depression or had neutral emotional valence. The affective

valence of the neutral words was determined by the Japa-

nese population (Aoki 1971). The depression-related words

selected from English words were translated into Japanese.

To confirm that the depression-related words translated

into Japanese were related to depression for Japanese lan-

guage, and the neutral words selected from the previous

researches were not related to depression, two researchers

who specialize in clinical psychology independently rated

the words on how each was related to depression on a 3-

point scale: “0 = not related to depression,” “1 = neither,”

and “2 = related to depression.” It was shown that the κ
coefficient was 0.79, which indicates substantial agreement

(Landis and Koch 1977). Any words that were rated dif-

ferently by the researchers were discussed and agreed upon

by the two researchers. Furthermore, 59 undergraduates (27

males and 32 females; mean age = 20.4 years, SD = 1.1),

who were not included in the present study, rated the

familiarity of the words on a 3-point scale anchored by

“1 = not at all familiar” to “5 = very familiar.” Sets of 24

depression-related and neutral word pairs were randomly

determined from the selected words, matching the word

length and familiarity (see “Appendix”).

The dot-probe task was controlled by SuperLab Pro

(version 4.0, Cedrus, CA, USA), and stimuli were pre-

sented on a 17-inch CRT monitor (DV17D2, NEC, Tokyo,

Japan) connected to a laptop computer (Loox R70Y,

Fujitsu, Tokyo, Japan). At the start of each trial, a fixation

cross was presented for 500 ms at the center of the monitor.

Participants were instructed to fixate on it. Immediately

after the offset of the fixation cross, a depression-related and

neutral word pair was presented for 300 ms. It was reported

that cortisol is related to an early stage attentional bias rather

than a late stage one (Ellenbogen et al. 2006, 2010; vanHonk

et al. 1998). Many previous studies using a dot-probe task

have used a 500-ms stimulus duration for measuring an early

stage attentional bias. However, Shane and Peterson (2007)

suggested that a dot-probe task with a 500-ms stimulus

duration may suffer from contamination of early stage

attentional processing by late stage attentional processing.

They reached this inference by observing that the initial

fixation occurs within 200–300 ms after the stimulus onset

(Chun and Wolfe 2001; Duncan et al. 1995). Thus, word

pairs were presented for 300 ms in the dot-probe task for

measuring an early stage attentional bias without contami-

nation by a late stage attentional processing. One word of the

pair was displayed on the left and the other on the right

across the center of the monitor, with the words 7.5 cm apart

as measured from the center of each word. Both words of the

pairs were black on a white background. Immediately after

the word pair disappeared, one of the words was replaced by

a dot probe. The probe was presented at either the location of

the depression-related word or that of the neutral word with

50% probability. Participants were asked to identify the

location of the probe as quickly and correctly as possible.

Participants responded by pressing one of the two response

buttons indicating the location of the probe on the response

box (RB-530, Cedrus, CA, USA) using the first or annular

fingers of their dominant hand. Response latency was mea-

sured between the onset of the probe and the pressing of the

button. Upon the participant’s response, the probe disap-

peared and the next trial started. Participants were seated

65 cm from the monitor; the visual angle was approximately

6.6° between the centers of the word pair. The dot-probe task
was administered twice: before and after stress induction.

Both tasks consisted of 96 trials, first preceded by 3 practice

trials that used a pair of neutral words. Twenty-four word

pairs were presented four times in random order; that is, all

combinations of the location of the depression-related word

(on the left or the right) and that of the probe (on the left or

the right).

Attentional function. Attentional function was measured

with the Trail Making Test (TMT). TMT is a neuropsy-

chological test composed of two subtests: TMT A and B.

TMT A is a measure for processing speed, and TMT B is a

measure for executive attention (Sánchez-Cubillo et al.

2009; Strauss et al. 2006). In TMTA, participants draw lines

to consecutively connect 25 numbered circles, and in TMT

B, 13 numbered and 12 lettered circles by alternating

between the two sequences. Time for completion was

measured in TMT A and B separately. A shorter time in

TMT A and B indicates higher ability of processing speed

and executive attention, respectively.
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Stress Task

A mental arithmetic task was administered for psycholog-

ical stress induction. Participants were asked to serially

subtract 13 from 2,093 down to zero for 5 min, while

speaking out loud, in front of both a video recorder and a

judge of the same sex as the participants. The judge was

introduced to the participants as an evaluator of their per-

formance in the task. When the participants miscalculated,

the judge asked them to restart the calculation from the

beginning. A mental arithmetic task has been confirmed to

elicit negative emotion and cortisol (Al’Absi et al. 1997).

Procedure

Experiments began at 13:00 h or 15:00 h, and lasted for

90 min. At the beginning of the experiment, written

informed consent was provided. Participants were informed

that the experiment aimed to investigate the relationship

between attention, emotion, and a salivary hormone. Then,

they were asked to complete CES-D. Because it is recom-

mended to wait at least 45-min before saliva sampling to

control potential confounders (Kudielka et al. 2010), par-

ticipants remained seated in a quiet room during a 45-min

rest period. Immediately after the rest period (T0), they were

asked to complete the PANAS-N, and then provide a saliva

sample for baseline assessment of negative affect and cor-

tisol. Participants then undertook the dot-probe task and

TMT A and B, in that order, for pre-stress assessment of

attentional bias and processing speed and executive atten-

tion. Then, a judge for the stress task entered the room, and

participants were administered themental arithmetic task for

5 min. After the stress task, the judge left the room. Next,

participants had a 10-min rest period, during which they

remained seated in the quiet room. Participants were asked

to complete PANAS-N and provide a saliva sample two

times: at the beginning of (T1) and then immediately after

(T2) the rest period. This was followed by the post-stress

dot-probe task and TMT A and B, in that order, 15 min after

the offset of the stress task, and these tasks lasted within

15 min. This was based on the findings that neural activity

starts to be observed approximately 10–20 min after glu-

cocorticoid administration (Makara and Haller 2001), and

additionally, cortisol actions on information processing start

to attenuate approximately 30 min after the stressor offset

(Oitzl et al. 2010). Finally, they were debriefed about the

experiment.

Data Analyses

Participants were post-hoc allocated to a responder or a

non-responder group. The responder group consisted of the

participants whose cortisol elevated from pre-stress cortisol

levels (T0) to the maximum value among post-stress cor-

tisol levels (T1 and T2), and the non-responder group

consisted of the participants who showed no cortisol ele-

vation following the stress task. To test whether cortisol

change influences attention, it is needed to examine whe-

ther cortisol elevated in response to the stress task before

administering attention tasks. Thus, cortisol levels mea-

sured before administering attention tasks were used for

grouping. By using a meta-analysis, it was shown that a

moderate amount of cortisol elevation is observed 11–20

min after the onset of an acute psychological stressor

(Dickerson and Kemeny 2004). Therefore, we speculated

that participants can be judged to be responders or non-

responders from their cortisol levels until 15 min after the

stress task onset, although maximum levels of cortisol

response may not be captured. To confirm the responder

group showed cortisol elevation, a two-way 2 (Group:

responder, non-responder) 9 3 (Time: T0, T1, T2) mixed

design analysis of variance (ANOVA) on cortisol levels

were performed. In addition, we compared the percentage

increase from baseline cortisol levels to the maximum

cortisol levels after the stress task between the responder

and non-responder groups using an unpaired t-test. Because
it is reported that males show a larger cortisol response to a

stressor (Smyth et al. 1998) and attentional bias is more

susceptible to a cortisol change in response to a stressor

among females than males (McHugh et al. 2010), sex was

compared between these groups by a χ2 test. In addition,

age and depressive symptoms were compared between

these groups by unpaired t-tests.
For the dot-probe task, the trials in which the partici-

pants responded mistakenly were removed before latency

analysis. Among the correct trials, to minimize the influ-

ence of outliers, response latencies of more than 2 SDs

below each participant’s mean response latency were

assumed to be reflected in anticipation errors, and therefore

excluded. Similarly, response latencies of more than 2 SDs

above each participant’s mean response latencies were

considered lapses in concentration, and therefore excluded.

The exclusion criteria are in line with previous researches

(Bradley 1997a; Donaldson et al. 2007; Mogg et al. 1995).

The proportion of lost data was 0.6% due to erroneous

responses and 3.9% due to outliers, which are comparable

with previous researches using the same task (e.g., Bradley

1997a). In accordance with the methods of MacLeod and

Mathews (1988), the attentional bias index was computed

using the following equation.

Attentional bias index ¼ 1=2 RpLd� RpRdð Þ½
þ LpRd� LpLdð Þ�;

where RpLd indicates mean latency when the probe is

presented on the right and a depression-related stimulus is
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presented on the left, and similarly for others. A positive

score for attentional bias index would be interpreted as

attentional bias toward a depression-related stimulus,

while a negative score for attentional bias index would be

interpreted as attentional bias toward a neutral stimulus,

and a score of 0 would be interpreted as an absence of

attentional bias toward either a depression-related or a

neutral stimulus.

For manipulation check of stress induction, a two-way 2

(Group: responder, non-responder) 9 3 (Time: T0, T1, T2)

mixed design ANOVA on PANAS-N scores was performed.

To assess the associations between cortisol and attentional

bias and the processing speed and executive attention

adjusted for negative emotional response, we performed

two-way 2 (Group: responder, non-responder) 9 2 (Time:

pre-stress, post-stress) mixed-design analyses of covariance

(ANCOVAs) with the PANAS-N score increment entered as

a covariate on attentional bias index scores and TMT A and

B scores. The PANAS-N score increment was computed by

subtracting the baseline PANAS-N score (T0) from the

maximum value among post-stress PANAS-N scores (T1

and T2). For all statistical analyses, the significance levels

were set to 0.05 (two-tailed).

Results

Group Characteristics

Participants were allocated either to a responder (n= 20) or

a non-responder (n = 16) group according to the definition

described in the “Method” section. Data from one female

participant was excluded from all the analyses due to an

outlier defined as percentage increase of cortisol response

more than 4 SDs from the mean. Therefore, the final sample

consisted of 35 participants (the responder group: n = 19;

the non-responder group: n = 16). An unpaired t-test with
adjusted degree of freedom revealed that the percentage

increase of cortisol in the responder group (mean percentage

increase = 30.62%, SD = 26.40) was higher than that

in the non-responder group (mean percentage increase =

−17.78%, SD = 11.72) (t(25.72) = 7.19, p \ .01). The

means and SDs of age, sex, and depressive symptoms for the

responder and the non-responder groups are shown in

Table 1. These groups did not differ in age (t(50) = 1.45,

n.s.), in sex (χ2(1) = 0.47, n.s.), or in depressive symptoms

(t(50) = 0.47, n.s.).

Cortisol Response

We submitted cortisol levels to a two-way 2 (Group:

responder, non-responder) 9 3 (Time: T0, T1, T2) mixed

design ANOVA. The analysis revealed that the interaction

was significant (F(2, 66) = 19.16, p \ .01; see Table 2). A

post-hoc analysis revealed that among the responder group,

cortisol levels at T2 were higher than cortisol levels at T0.

In contrast, among the non-responder group, cortisol levels

at T1 and T2 were lower than cortisol levels at T0. The

results indicate that significant cortisol increase was

observed only in the responder group.

Psychological Stress Response

We submitted PANAS-N scores to a two-way 2 (Group:

responder, non-responder) 9 3 (Time: T0, T1, T2) mixed

design ANOVA. The analysis revealed that the main effects

of Time were significant in PANAS-N (F(2, 66) = 76.68,

p \ .01; see Table 2). A post-hoc analysis revealed that

PANAS-N score at T1 was higher than PANAS-N scores at

any other time points. The results indicate that the stress task

successfully elevated negative affect in participants of both

groups.

Attentional Bias Toward a Depression-Related

Stimulus

We submitted the attentional bias index scores to a two-way

2 (Group: responder, non-responder) 9 2 (Time: pre-stress,

post-stress) mixed design ANCOVA with the PANAS-N

score increment entered as a covariate. The analysis

revealed that the interactionwas significant (F(1, 32)= 6.59,

p\ .05; see Table 3). A post-hoc analysis revealed that, for

Table 1 Group characteristics

Responder (n = 19) Non-responder (n = 16)

M SD M SD

Age (years) 24.32 7.55 21.88 2.37

Male/Female 4/15 – 5/11 –

CES-D 10.79 7.42 12.94 10.38

CES-D Center for Epidemiological Studies-Depression Scale

Table 2 Means and SDs for PANAS-N and cortsiol levels

Responder Non-responder

T0 T1 T2 T0 T1 T2

PANAS-N

M 9.95 24.89 13.21 12.06 21.94 11.31

SD 3.56 7.22 7.04 7.85 9.07 5.16

Cortisol levels (μg/dl)

M 0.13 0.14 0.15 0.25 0.20 0.19

SD 0.04 0.05 0.07 0.10 0.06 0.06

PANAS-N = Positive and Negative Affect Schedule-Negative Affect

Subscale
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the responders, the post-stress attentional bias index score

was higher than the pre-stress attentional bias index score.

On the other hand, for the non-responders, neither the main

effects nor the interaction were significant. The results

indicate that stress-induced cortisol is associated with

attentional bias toward a depression-related stimulus.

Attentional Function

We submitted TMT A and B scores to two-way 2 (Group:

responder, non-responder) 9 2 (Time: pre-stress, post-

stress) mixed design ANCOVAs with the PANAS-N score

increment entered as a covariate. Analyses revealed that

neither the main effects nor the interactions were signifi-

cant in TMT A and B. The results indicate that cortisol

response levels are not related to both processing speed and

executive attention.

Discussion

The study tested the hypotheses that an acute increase in

cortisol in response to a stressor is related to the following:

(1) attentional bias toward a depression-related stimulus

and (2) impaired processing speed and executive attention.

The results of the study revealed that attentional bias

toward a depression-related stimulus following a stressor

was observed only in the responders. Thus, the result

supports the first hypothesis. On the other hand, no dif-

ferences in processing speed and executive attention were

found between the responders and non-responders. These

results do not support the second hypothesis. The results

indicate that acutely elevated cortisol is related to atten-

tional bias, but it is not related to processing speed and

executive attention.

Based on previous findings that the cortisol actions

under psychological stress are different from the actions of

cortisol elevated by physical exercise or cortisol adminis-

tration (McHugh et al. 2010), the study tested the

relationship between cortisol and attentional bias and pro-

cessing speed and executive attention in stress contexts. As a

result, it was found that the associations between stress-

induced cortisol and attention were selective. Attentional

bias and attentional function are related to different brain

areas; attentional bias is related to the amygdala, whereas

attentional function is related to the prefrontal cortex. The

results suggest that the amygdala may be sensitive to stress-

induced cortisol, but the prefrontal cortex may not be.

The first hypothesis referred to the relationship between

stress-induced cortisol and attentional bias toward a

depression-related stimulus. Roelofs et al. (2007) reported

that cortisol is related to attentional bias toward an angry

stimulus. The present study extends the finding to a

depression-related stimulus. However, McHugh et al.

(2010) reported a contrary result that stress-induced corti-

sol attenuates attentional bias toward a threatening

stimulus. The inconsistent results may be attributable to the

timing of the measurement of attentional bias following a

stressor. It is assumed that the effects of cortisol in

response to a stressor on emotional information processing

change over time: at the early phase of stress response,

cortisol facilitates emotional information processing, and at

the later phase of stress response, cortisol inhibits emo-

tional information processing (Oitzl et al. 2010). There are

two types of cortisol receptors, mineralocorticoid receptors

(MR) and glucocorticoid receptors (GR) (de Kloet et al.

2005); the early effects work through membrane-located

MRs, while the later effects work through intracellular

MRs and GRs (Oitzl et al. 2010). Therefore, when atten-

tional bias is measured in an early of stress response,

attentional bias may be induced, and in contrast, when

attentional bias is measured in a late phase of stress

response, attentional bias may be attenuated. The present

study and Roelofs et al. (2007) measured attentional bias

within a short time after the offset of stress induction, and

therefore cortisol may facilitate attentional bias toward a

negative stimulus. On the other hand, McHugh et al. (2010)

measured attentional bias more than 30 min after the offset

of stress induction, and thus cortisol may attenuate atten-

tional bias toward a negative stimulus.

Another potential moderator may be the processing stage

of attentional bias. The present study and McHugh et al.

(2010) presented stimuli supraliminal, and in contrast,

Roelofs et al. (2007) presented stimuli subliminal. Although

supraliminal stimulus presentation may suffer from con-

tamination by late stage attentional processing, it is

suggested that a stimulus duration until 300 ms evaluates an

early stage attentional bias without contamination by

late stage attentional processing (Shane and Peterson

2007). Therefore, the present study and Roelofs et al. (2007)

Table 3 Means and SDs for the dot-probe task and TMT A and B

Responder Non-responder

Pre Post Pre Post

Dot-probe task (Attentional bias index)

M −1.38 4.00 1.41 0.36

SD 5.11 5.86 5.99 5.63

TMT A (sec)

M 26.06 21.93 23.73 18.75

SD 8.27 9.10 6.71 2.86

TMT B (sec)

M 48.06 44.01 46.18 42.60

SD 12.40 16.85 12.85 16.55

TMT trail making test

Appl Psychophysiol Biofeedback (2012) 37:19–29 25

123



evaluated an early stage attentional bias, while McHugh

et al. (2010) evaluated a later-stage attentional bias because

of the use of a 500-ms stimulus duration. Since positive

correlation between cortisol and attentional bias is found in

an early stage attentional bias rather than a late stage

attentional bias (Ellenbogen et al. 2006, 2010; van Honk

et al. 1998), the inconsistent results in cortisol actions on

attentional bias may be attributable to the difference in its

processing stage. In addition, it is possible that differential

results are attributable to stimulus valence. It was suggested

that exogenous cortisol may impact attentional bias differ-

ently depending on the stimulus valence (Putman and

Roelofs 2011). Therefore, further study is needed to inves-

tigate the valence-specific effects of stress-induced cortisol

on attentional bias. Furthermore, the present study and many

previous studies regarding cortisol actions on attentional

bias are methodologically different in that this study

employed a verbal stimulus, whereas many previous studies

employed a facial stimulus. The present study and that by

Roelofs et al. (2007), which also employed a facial stimulus,

generated a similar result. Thus, the present result suggests

that stress-induced cortisol equally impacts attentional bias

toward a facial and a non-facial stimulus, which is consistent

with the meta-analytic study that reported no difference in

effect size between a facial and a non-facial stimulus on

attentional bias in depression (Peckham et al. 2010). How-

ever, because facial stimuli are more salient than verbal

stimuli, it is necessary to investigate whether the same result

is obtained using a facial stimulus for a dot-probe task. The

population studied may be another potential moderator

between cortisol and attentional bias. It is revealed that

cortisol influences attentional bias toward a fear stimulus

only for high-anxiety participants (Putman et al. 2007).

To investigate the moderating influence of depressive

symptom levels, future studies should investigate whether

stress-induced cortisol actions on attentional bias toward

a depression-related stimulus is found in a depressed

population.

The second hypothesis referred to the relationship

between stress-induced cortisol and processing speed and

executive attention. Contrary to the hypothesis, cortisol is

not related to processing speed and executive attention. As

with the case of attentional bias, the results may be inter-

preted in terms of the timing of measurement of attentional

function following a stressor. The present study measured

processing speed and executive attention within a short

time period after stress induction, while Bohnen et al.

(1990) measured divided attention more than 4 h after the

onset of stress induction. While the prefrontal cortex is

dense in GR, low levels of MR are expressed in the pre-

frontal cortex (Patel et al. 2000). Given that membrane-

located MR activation mediates the early effects of cortisol

on information processing, cortisol may take longer to

impair attentional function because of low expression of

MR in the prefrontal cortex. Future studies need to confirm

this interpretation to better understand the time-dependent

effects of cortisol.

The stressor used in the study may be relatively mild;

hence, it may not influence the activity of the prefrontal

cortex. Therefore, it is possible that large cortisol increase

by a more intense stressor may impair attentional function.

Furthermore, although attentional function is not subject to

cortisol change elicited by the acute stressor administered

in the study, a chronic stressor may influence attentional

function. It is revealed in vitro that chronic excessive

cortisol exposure to the brain reduces brain-derived neu-

rotrophic factor (BDNF) via GRs (Numakawa et al. 2009).

BDNF is essential for neurogenesis, and reduction in

BDNF leads to neural shrinking and neural death in the

long term. Because GR is densely located in the prefrontal

cortex, long-lasting exposure to excessive cortisol may

influence the prefrontal cortex, resulting in an attentional

function impairment.

Furthermore, it is worth noting that the difference

between responders and non-responders showed responders

with lower basal cortisol levels than non-responders. Pre-

vious studies demonstrated that basal cortisol levels are

negatively related to cortisol response to a stressor (Kudi-

elka et al. 2004), and thus this result is in line with the

researches, attributing this to ceiling effects due to high

basal cortisol levels (Kudielka et al. 2004).

The present results suggest an implication for the

mechanism of cortisol actions in the etiology of depression.

The study showed that an acute increase in cortisol is

related to attentional bias toward a depression-related

stimulus. Because attentional bias toward a depression-

related stimulus is cognitive vulnerability to depression,

cortisol may exacerbate depressive symptoms through

facilitating attentional bias. It is assumed that high cortisol

levels may be one of the causes of depression (van Praag

2005), and that coping with the cortisol actions by phar-

macotherapy or psychotherapy was recommended to

alleviate depressive symptoms (Tafet and Smolovich

2004). The present findings are in line with the assump-

tions. Future studies need to validate the present findings

by confirming that, for depressive individuals, blocking the

cortisol actions alleviate depressive symptoms, mediating

to attenuate attentional bias toward a depression-related

stimulus.

The present study has several limitations. First, the data

are correlational in nature, and therefore, open to other

interpretations on the direction of effects. Based on the

findings that cortisol influences the central nervous system,

we assume that cortisol induces attentional bias. However,

it is possible to interpret the results that another factor such

as personality trait (Amin et al. 2004; Hauner et al. 2008)
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may produce both attentional bias and cortisol elevation

during stress exposure. It is needed to determine causal

relationship using cortisol administration with negative

mood induction or a longitudinal study. Second, as with

cortisol, noradrenaline levels increase in response to a

stressor, and it also impairs attentional function (Skosnik

et al. 2000). It is possible that individual differences in

noradrenaline response may disturb the true relationship

between attentional function and cortisol. Future studies

need to assess the independent contributions of cortisol and

noradrenaline to impaired attentional function. Third,

because a dot-probe task presents word pairs left and right

of the center, laterality may confound the results of the

task. To avoid confounding effects of laterality in a dot-

probe task, it is usual to present stimulus pairs above and

below the center. In this study, however, because a

depression-related word was presented as frequently in the

left as in the right, the confounding effects of laterality

should be balanced out. Fourth, the sample size of the study

is small, and thus, the results need to be repeated in larger

samples. Last, the small sample size limitation precludes an

examination of the gender difference in the cortisol actions

on attentional bias toward a depression-related stimulus.

Therefore, this needs to be elucidated in future studies.

In conclusion, the study revealed that stress-induced

cortisol is associated with attentional bias toward a

depression-related stimulus, while it is not associated with

processing speed and executive attention. Attentional bias

and attentional function are related to different brain areas,

attentional bias to the amygdala and attentional function to

the prefrontal cortex. Therefore, the results suggest that the

amygdala may be sensitive to stress-induced cortisol, but

the prefrontal cortex may not be. Furthermore, the results

have an implication for the etiology of depression, since

the study suggests that cortisol may develop and maintain

depressive symptoms by inducing attentional bias toward a

depression-related stimulus.

Appendix

See Table 4

Table 4 List of depression-related and neutral word pairs used in the dot-probe task and familiarity of each word

Depression-related Neutral Depression-related Neutral

こどくな

(lonely)

2.95 つよきな

(get-tough)

3.25 ものかなしい

(melancholy)

2.08 ゆだんのない

(watchful)

2.22

みじめな

(miserable)

2.86 うかれた

(festive)

3.25 くよくよする

(brooding)

2.93 がむしゃらな

(reckless)

2.90

かなしい

(sad)

3.88 こまかい

(fussy)

3.59 おとっている

(inferior)

2.76 ゆうちょうな

(leisurely)

2.54

むなしい

(emptiness)

3.20 がんこな

(stubborn)

3.36 かっきのない

(lifeless)

2.32 じょうぜつな

(talkative)

2.08

ふこうな

(unhappy)

2.83 かびんな

(sensitive)

2.58 しつぼうした

(crestfallen)

2.93 ぼんやりした

(dopy)

3.19

むのうな

(incompetent)

2.42 かちきな

(strong-minded)

2.34 ふさぎこんだ

(heavy-hearted)

2.31 きまりわるい

(embarrassed)

2.25

ゆううつな

(depressed)

3.61 おとなしい

(meek)

3.69 かんしんがない

(unconcerned)

3.05 えんりょぶかい

(reserved)

2.88

くたびれた

(washed out)

2.98 はやくちな

(speaking fast)

2.69 しょげかえった

(dejected)

1.80 いのちしらずな

(daredevil)

2.07

かちがない

(unworthy)

2.08 ぬけめない

(shrewd)

2.20 きょぜつされる

(rejected)

2.37 じゅうじゅんな

(obedient)

2.24

なきそうな

(teariness)

3.10 きがながい

(patient)

2.75 とほうにくれた

(bewildered)

2.39 むとんちゃくな

(casual)

2.20

むりょくな

(inadequate)

2.83 さけずきな

(fond of drinking)

2.58 おいつめられた

(no way out)

2.88 じしんのつよい

(confident)

2.63

おちこんだ

(downhearted)

3.31 はしゃいだ

(playful)

3.12 ぜつぼうてきな

(hopeless)

2.59 しょうぶずきな

(to like games)

2.39

English translations are shown in parentheses
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