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Abstract Chronic stress affects brain function, so assess-

ing its hazards is important for mental health. To overcome

the limitations of behavioral data, we combined behavioral

and event-related potentials (ERPs) in an attention network

task. This task allowed us to differentiate between three

specific aspects of attention: alerting, orienting, and

execution. Forty-one participants under chronic stress and

31 non-stressed participants were enrolled. On the perfor-

mance level, the chronically stressed group showed a

significantly slower task response and lower accu-

racy. Concerning ERP measures, smaller cue–N1, cue–

N2, and larger cue–P3 amplitudes were found in the

stressed group, indicating that this group was less able to

assign attention to effective information, i.e., they made

inefficient use of cues and had difficulty in maintaining

alerting. In addition, the stressed group showed larger

target–N2 amplitudes, indicating that this group needed to

allocate more cognitive resources to deal with the conflict

targets task. Subgroup analysis revealed lower target–P3

amplitudes in the stressed than in the non-stressed group.

Group differences associated with the attention networks

were found at the ERP level. In the stressed group,

excessive depletion of resources led to changes in attention

control. In this study, we examined the effects of chronic

stress on individual executive function from a neurological

perspective. The results may benefit the development of

interventions to improve executive function in chronically

stressed individuals.

Keywords Stress � Attention � Event-related potential �
Attention control network task

Introduction

It is well known that stress has adverse effects on

individual health [1]. Long-term chronic stress can have

a variety of adverse effects on daily work, life, and learning

[2], thus inducing corresponding changes in common

behavioral patterns [3]. The American Psychological

Association defines chronic stress as ‘‘stimulation lasting

for a period of time, which may lead to mental and physical

weakness’’ [4].

Like many chronic diseases, chronic stress is also

considered a form of prolonged distress, which can

potentially impact on individual mental health and cogni-

tive function [5]. Individuals exposed to many stressors

may also have a range of physiological and psychological

responses, including distraction [6], anxiety [7], insomnia

[8], muscle pain [9], hypertension, and an impaired

immune system [10], and stressors can cause major

diseases such as heart disease and depression [11]. Chronic

stress can promote the production of dysfunctional immune
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cells, which further amplifies the impairment of immune

function [10], thereby increasing the risk of physical threats

[12]. Most of the stressors are long-term, persistent

throughout life processes, or even lasting an individual’s

lifetime, impairing the cognitive function of individuals

[13, 14]. Prolonged stress is associated with impaired

cognitive function [15, 16].

Attention control is a common concept in cognitive

psychology, but its definition varies throughout the liter-

ature. Niederdeppe et al. argued that attention control

includes the operation of competition planning mecha-

nisms and the attention monitoring system (supervisory

attentional system), the former being used to make

decisions between conflict behaviors and the latter being

used in situations where planning and decision-making

face challenges [17]. Shipstead et al. believed that attention

control reflects an individual’s ability to consciously

activate, focus, and maintain attention to memory repre-

sentations when confronted with irrelevant information

interference [18]. Therefore, attention control is an impor-

tant part of the executive control system, regulating goal

orientation and associated with emotional information

processing [19, 20].

Researchers have often used different tasks to explore

the characteristics of attention control in a target population

for different research purposes [21]. The attention network

test [22] combines an arrowhead flanking task [23] with an

attention cue paradigm [24], and can be used to explore

attention control based on complex nervous system inter-

actions. The system has three functionally and anatomi-

cally separate networks with specific and separable forms

of attention, namely alarm, orientation, and executive

attention. Executive attention networks are also known as

collision networks [25].

The relationship between human stress and cognition

was reported by Lupien et al. [26]. A previous study

suggested that a highly-stressed group had significant

deficits in attention and memory compared to two non-

stress groups. Cohen and colleagues believed that emotions

and attention are interrelated, and the influence of negative

emotions on attention is crucial to human survival [27]. A

previous study from our team has shown that negative

emotions generally interfere with conflict monitoring and

behavioral inhibition, causing a smaller P3 amplitude [28].

Morrison suggested that the attention bias of negative

information interacts with life stress [29]. Excessive

negative emotions lead to attention weakness. An event-

related potential (ERP) study reported the effect of

examination-induced academic stress on anticipation in

information processing [30]; the author suggested that

individuals experiencing higher academic stressors have a

greater contingent negative variation, indicating that the

stressed group consumed more neural resources than the

control group. So it has been suggested that long-term

stress may change brain function by impairing neural

efficiency [31]. Moreover, individuals with post-traumatic

stress disorder (PTSD) show deficits in attention allocation

and emotional regulation when dealing with trauma cues,

while those without PTSD are able to regulate emotions by

directing attention away from threats [32].

ERPs allow the recording of neural activity in response

to visual stimuli with high temporal resolution. Recent

studies have demonstrated that ERPs generated during the

attention network task (ANT) show differential effects of

attention networks at various scalp locations, and such

modulation varies between populations [33, 34]. In partic-

ular, anterior N1, P2, N2, and P3 may be involved in both

alerting and orienting, while frontal–central N2 and

midline P3 components seem to be involved in executive

control.

N1 (attention effect) is a negative component in a time

window of 100 ms–200 ms that occurs in the frontal region

[35]. N1 is an early attentional electroencephalographic

(EEG) indicator in the decision-making process and can

characterize the early attention process. N1 likely marks

the early visual processing of stimulus properties that is

enhanced under conditions of heightened attention, as it

tends to increase in amplitude when visual stimuli are

presented to an attended-to location compared to a non-

attended location [36]. The N1 effect is also reflected in the

identification of conflict situations, with greater N1 volatil-

ity induced by mutually beneficial situations [37]. P2 is a

positive component after N1 at *200 ms that occurs in the

central region [38]. P2 is associated with the early

recognition of a target stimulus, often accompanied by

N2b production at the back of the scalp.

N2 is a negative component at 200 ms after the onset of

stimulation and is thought to be involved in the process of

monitoring or resolving conflicts [39, 40]. When conflicts

are discovered, top-down resources are recruited to

improve stimulus assessment [41, 42]. Some previous

studies combining the ERP with the flank conditions used

in the ANT showed that the N2 of the incongruent target is

significantly greater than that of the congruent target at the

center of the leading edge [41, 42]. N2 mainly reflects the

conflict processing before a correct response. A smaller N2

amplitude represents a decline in executive function, and

the ability to monitor and resist interference is weakened.

P3 is a positive component that reaches a peak value 250

ms–500 ms after the target stimulus is presented, reflecting

cognitive resource allocation in a later stage of information

processing. It has mainly been used in studies of attention,

memory, emotion, decision-making, and result evaluation

[43]. Cue–P3 reflects the implicit attention orientation of

potential targets. It precedes the reaction control process in

target processing, the amount of cortical activity associated
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with processing incoming information, and the selection

and suppression processes [44]. Target–P3 is associated

with executive control. Under flank conditions, the incon-

gruent target causes a decrease in the peak amplitude of the

central and parietal P3 relative to the ipsilateral target

stimulus [45, 46].

So far, few studies have combined ERPs with the ANT

in individuals under chronic stress. Therefore, studying

ERPs in relation to the ANT in such individuals could

highlight the neuronal processes underlying the attention

networks in chronic stress. Previous studies on the effect of

stress on attention have mostly involved a level of

laboratory manipulation of acute stress [47], and few have

discussed the impact of long-term chronic stress on

individuals’ attention control. Therefore, the purpose of

this study was to explore ERPs associated with the ANT in

individuals under chronic stress and non-stressed controls.

In the current study, students who faced a postgraduate

examination comprised the chronic stress group because of

their prolonged chronic stress.

Based on the above discussion, we hypothesized that: (1)

chronic stress group induces higher error rates and slower

response times (RTs) and between-group difference with

regard to RTs; In our data, we could observe a network effect

in behavior. Alerting effect was as follows: double cues

induced faster response time and had higher accuracy than no

cues; Orienting effects: the spatial cues were faster than

center cues; Executive effect was also observed in which

incongruent RTs were slower than congruent targets. (2) a

network effect also observe in ERPs. At the Cue-related

ERPs, i.e., Cue-N1, Cue-P2, Cue-N2, Cue-P3, we could

found alerting and orienting effects. At the Target-related

ERPs, we could found executive effect.Moreover, we aimed

to investigate between-group differences in different atten-

tion networks. Chronic stress overloads the attention system,

thereby reducing the amount of attention resources available

to allocate to less relevant information. This can be reflected

in the N2 and P3 component. Cue-N2 was larger in the

chronic stress than non-stressed group, Cue-P3 was smaller

in the chronic stress than non-stressed group. So it was with

Target-N2 and Target-P3.

Materials and Methods

Participants

We included 135 students from Southwest University who

completed the PSS (Perceived Stress Scale), SRQ (Stress

Response Questionnaire), PCL-C (PTSD checklist-civilian

version), SLSI (Student-Life Stress Inventory), BDI (Beck

Depression Scale), and STAI (State-trait Anxiety Inven-

tory) surveys [48–54]. Participants whose PSS score was

[28 and SLSI scorewas[1x?swere included in the chronic

stress group [53, 54] and participants whose PSS score was

\28 and SLSI score was\1x?s were included in the non-

stressed group. All PCL-C scores had to be\50 and BDI

scores\13 [55–57]. All STAI scores also had to be lower

than the normal healthy Chinese adult score. Finally, we

selected 72 healthy undergraduate students: 41 stressed

candidates (21 females) from the postgraduate entrance

examination group (who were due to take the 2018

postgraduate entrance examination) and 31 non-stressed

candidates (15 females, who did not participate in the

postgraduate entrance examination and had no other major

examinations/interviews or other major events in the recent

or following month). All participants reported being right-

handed and having normal or corrected-to-normal vision. To

prevent the influence of gender on the results, gender was

controlled before the participants joined the study. In

addition, we included a gender difference analysis. Before

starting the experiment, all participants read the instructions

and could ask questions about the experiment before giving

written consent to participate. This study was approved by

the Southwest University Ethics Committee. All participants

completed the ANT task while EEG data were recorded.

Attention Network Test

The ANT was used to investigate three network functions:

attention alerting, orienting, and executive function [57].

The stimuli appeared in white against a black background,

and included fixation points, cues, and target stimuli.

Participants used two keys to respond to the direction of

the center arrow. If the arrow pointed to the left, the

participant pressed ‘‘F’’ with the left hand, and if the arrow

pointed to the right, the participant pressed ‘‘J’’ with right

hand. These response keys were marked with red stickers.

The center arrow that required an answer appeared directly

above or below the center fixation cross, with two arrows on

the left and right sides, in the same (congruent) or opposite

(incongruent) direction. In addition, there were four cue

conditions before the target: no cue, double cue, center cue,

or spatial cue. The locations of the four cue conditions are

shown in Fig. 1.

In the task, a fixation point appeared for 400 ms–1600

ms after which the cues were presented for 100 ms; then a

fixation point was presented for 400 ms; finally, the targets

were presented on the monitor until the participants

responded. If participants did not respond, the targets

would automatically disappear after 1700 ms. The total

duration of each trial was 4000 ms. The ANT consisted of

one practice block of 20 trials, followed by six test blocks

of 572 trials. The averaged responses were only included in

further analyses if at least 20 artefact-free segments were

obtained for trials with correct responses. All channels

123

Q. Liu et al.: Chronic Stress and Attention 1397



were removed in segments containing artefacts in any

channel. On average, the analyses were based on *144

artefact-free trials per cue condition and on*288 trials per

congruent/incongruent condition. The task lasted *30

min. Participants were instructed to remain as still as

possible and to minimize their eye-blinks in order to reduce

experimental artifacts during EEG data collection. The

original experimental data of 72 participants were

analyzed, and no response time and accuracy values were

exceeded (three standard deviations). Therefore, the data

from all participants were retained for statistical analysis.

When examining the response of a participant’s correct

response, after trials with a response time \200 ms and

extreme data ([3 standard deviations) were excluded, the

response times and accuracy rates were calculated for the

corresponding conditions.

Fig. 1 Schematic of the experimental task. A The two target conditions. B The four cue conditions. C The sequence of events for the ANT used

in the present study.
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Procedure

Participants were asked not to smoke or drink coffee before

experiments. After giving written consent, participants

performed the ANT while EEG data were recorded. The

procedure was approved by the Ethics Committee of the

Faculty of Psychology of Southwest University.

Behavioral Analysis

A 2 (group: chronically stressed versus non-stressed) 9 4

(cue: no, center, double, spatial) 9 2 (target: congruent,

incongruent) analysis of variance (ANOVA) was con-

ducted for RTs and accuracy with regard to the different

attention networks. Responses that occurred after the 1700

ms response deadline or were incorrect were not included

in the RT analysis. To assess alertness, we compared the no

and double cue situations. In terms of orienting, a

comparison between center and spatial cues was con-

ducted. Finally, the execution effects were shown by

comparing the differences between congruent and incon-

gruent targets. The targets did not include neutral targets

because a preliminary analysis showed no difference in

response between congruent and neutral targets [55].

EEG Data Recording and Analyses

EEG was recorded using BrainAmp equipment (Brain

Products, Munich, Germany), with 64 Ag/AgCl ring

electrodes mounted on an elastic cap according to the

extended 10–20 system. Bipolar channels recorded vertical

and horizontal electro-oculograms from above and below

the midpoint of the right eye and beside the outer canthi of

both eyes. Inter-electrode impedance was maintained

below 5 kX.
The EEG data were preprocessed off-line with

EEGLAB v11.0.0.0b, running in the MatLab environment

(Version R2014a). Individual ERPs and grand averages

were created for the ANT. We first down-sampled the data

from 1000 Hz to 500 Hz [58]. EEG data were digitally

filtered using a 0.1 Hz–45 Hz bandpass filter and re-

referenced to the average of the two mastoids. Epochs were

defined relative to the onset of the cue and target displays.

Epochs were rejected on the basis of amplitude differences

exceeding 100 lV. Blinks, ocular movements, and muscle

artifacts were detected and removed using independent

component analysis.

For analysis of the preparatory interval, the data were

segmented as in previous studies [34, 59]. Analysis of cue

processing was started 200 ms before presentation of the

cue stimulus. Analysis of target processing was started 200

ms before target presentation. For these segments, separate

averaged event-related responses were calculated based on

the cue and target stimuli. Thus, we analyzed the cue

amplitude in a time window of 0 ms–500 ms following

presentation of the cue. Regarding target analyses, target

N2 and P3 amplitudes were determined in the time window

after target presentation for target trial stimuli.

For the cues, anterior N1, P2, N2, and P3 were assessed

based on the topographical distribution of the grand-

averaged ERP activity and previous studies. The ERP

components and their time epochs were as follows: N1, 100

ms–150 ms; P2, 150 ms–190 ms; N2, 230 ms–330 ms; and

P3, 330 ms–430 ms. Fz, FCz, and Cz were selected to

record the anterior N1, P2, and P3. Frontal–central (Fz,

FCz, and Cz) and central–parietal (Cpz and Pz) regions

were selected to record N2. All electrode points were

averaged. For the time window following the presentation

of the cue, or in the case of the no cue situation following

the time at which a cue would have otherwise occurred, a 2

(group: chronically stressed vs non-stressed) 9 2 (cue: no

vs double) ANOVA was conducted on the amplitudes of

ERPs for alerting, with group as a between-subjects factor

and cue as a within-subjects factor. A 2 (group: chronically

stressed vs non-stressed) 9 2 (cue: center vs spatial)

ANOVA was used for orienting, with group as a between-

subjects factor and cue as a within-subjects factor.

For the targets, N2 and P3 were examined following the

presentation of each target stimulus. The ERP components

and their time epochs were as follows: N2, 390 ms–450 ms

and P3, 450 ms–600 ms. Fz, FCz, and Cz were selected to

record N2. Frontal–central (Fz, FCz, and Cz) and central–

parietal (Cpz and Pz) regions were selected to record P3.

The peak amplitudes were evaluated by averaging the

values for the electrodes at each of these sites. The

ANOVAs were identical to those used for anterior cue–N1,

again with separate contrasts for alerting and orienting.

Since this component was considered in relation to

executive function, a 2 (group: chronically stressed vs

non-stressed) 9 4 (cue: no, center, double, spatial) 9 2

(target: congruent vs incongruent) ANOVA was used to

contrast the effects of congruent and incongruent targets on

target–N2 and P3 amplitudes. As in the behavioral

analyses, neutral targets were not included due to the

similarity of the ERPs for neutral and congruent

targets [44].

All analyses were conducted with SPSS 15.0 (Chicago,

IL, USA). Gaussian distribution of behavioral and ERP

data was assessed with the Kolmogorov–Smirnov test.

Partial eta squared was computed as an estimate of effect

size. The p-values were adjusted for sphericity using the

Greenhouse–Geisser method. Post-hoc t-tests used Bon-

ferroni adjustments for multiple comparisons.
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Results

Demographic Information and Self-Report Results

Demographic characteristics and group differences on

several self-report questionnaires for the final sample are

presented in Table 1. There was a significant difference

with regard to stress between the two groups; the chron-

ically stressed and non-stressed groups were easily distin-

guished, and we controlled for the level of depression and

anxiety. Participants in the stressed group reported more

negative emotions and higher attention impulsivity.

Behavioral Results

Accuracy

The means and standard errors of behavioral performance

are shown in Table 2. The results showed a main effect of

cue [F (3,68) = 18.64, P\0.001, g2 = 0.451], with a post-

hoc t-test showing the accuracy was lowest under the

condition of double cue inconsistency (mean accuracy:

94.2 ± 0.7%), and highest under the condition of spatial

cue congruence (98.8 ± 0.4%). Simple effect analysis

showed an interaction of cue and target [F (3,68) = 2.96, P

= 0.038, g2 = 0.115], and there was no Group 9 Cue

interaction (P = 0.540).

For the alerting effect, we assessed the impact of the no

and double cue conditions on the accuracy of analysis, and

the main effect of cue [F (1,70) = 5.39, P = 0. 023, g2 =

0.072] revealed that accuracy was significantly higher

following double cues relative to no cues. The difference

between the two showed an alerting effect on accuracy.

To analyze the orienting effect, we conducted an

accuracy analysis of the central cue and spatial cue

conditions. There was no main orienting effect [F (1,70)

= 1.87, P = 0.176, g2 = 0.026] or group effect [F (1,70) =

1.20, P = 0.278, g2 = 0.017] but there was a Target 9 Cue

interaction [F (3,68) = 4.89, P = 0.030, g2 = 0.065], and

simple effect analysis showed that when the target was

Table 1 Demographic information and self-report results.

Participants (n = 72)

Measures Stress group (n = 41; Mean± SD) Non-stress group (n = 31; Mean ± SD) Pa

Age, years 21.2 (1.6) 20.1 (1.8) 0.421

Age range, years 18–25 18–26

PSS 34.9 (5.6) 20.4 (7.1) \0.001

SRQ

SR 78.6 (24.9) 44.4 (13.4) \0.001

ER 33.7 (12.1) 19.7 (7.9) \0.001

PR 23.2 (8.1) 13.9 (5.9) \0.001

BR 16.3 (5.9) 10.4 (3.4) \0.001

PCL-C 47.8 (14.1) 27.1 (6.5) \0.001

SLSI 141.3 (24.4) 105.4 (17.1) \0.001

BDI 10.7 (3.4) 9.1 (4.7) 0.106

STAI

S-AI 45.1 (7.7) 43.5 (7.0) 0.409

T-AI 47.9 (7.6) 45.7 (6.5) 0.206

PANAS

PA 26.3 (4.8) 27.9 (5.8) 0.239

NA 25.5 (7.1) 18.1 (5.7) \0.001

(BIS-11) 62.5 (6.7) 58.6 (5.9) 0.015

AI 15.3 (1.9) 13.6 (2.4) 0.003

MI 19.4 (3.4) 18.9 (2.7) 0.494

NI 22.6 (3.5) 21.4 (2.7) 0.117

PSS, Perceived Stress Scale; SRQ, Stress Response Questionnaire; SR, Stress Response; ER, Emotional Response; PR, Physical Response; BR,

Behavioral Response; PCL–C, PTSD Checklist–Civilian version; SLSI, Student–Life Stress Inventory; BDI, Beck Depression Scale; STAI,

State–Trait Anxiety Inventory; PANAS, Positive and Negative Affect Schedule; PA, Positive Affect; NA, Negative Affect; BIS-11, Barratt

Impulsivity Scale-11; AI, Attentional Impulse; MI, Motor Impulse; NI, Non-planning Impulse.
aSignificance level for two-tailed independent-samples t test.
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incongruent, the accuracy of the response of the two groups

to the central cues was less than that to the spatial cues

[F (3,68) =5.91, P = 0.018, g2 = 0.078]. This effect was

similar in both the stress and non-stressed groups, and no

significant Cue 9 Group interaction was present [F (3,68)

= 0.726, P = 0.540, g2 = 0.031].

Reaction Time

The results showed a main effect of Group [F (1,70) =

11.51, P = 0.001, g2 = 0.141], Cue, [F (3,68) = 276.23, P\
0.001, g2 = 0.924], and Target [F (1,70) = 3.97, P = 0.050,

g2 = 0.054]. The response of the chronically stressed group

was generally slower than that of the non-stressed group.

Both groups gradually accelerated as the cues became more

informative, with a decrease in RTs from the condition of

no cues to central cues to double cues to spatial cues. There

was a significant interaction between group and cue

[F (3,68) = 2.88, P = 0.042, g2 = 0.113], and simple

effect analysis showed that the RTs of the chronic stress

group were significantly slower than those of the non-

stressed group for all cues (all P\ 0.05). In addition, the

response of the stressed group to the congruent or

incongruent targets was also slower than that of the non-

stressed group [congruent types, F (1,70) = 11.66, P =

0.001, g2 = 0.143; incongruent types, F (1,70) = 11.18, P =

0.001, g2 = 0.138]. The difference tended to be significant

in response to target type [F (1,70) = 2.99, P = 0.088, g2 =
0.041], while the non-stressed group showed no differences

in trends [F (1,70) = 1.29, P = 0.260, g2 = 0.018]. Although

the three-way interaction between Group, Cue, and Target

was not significant [F (3,68) = 0.64, P = 0.595, g2 = 0.027],

simple effect analysis showed that when the stressed group

faced no cues, the difference between congruent and

incongruent conditions tended to be significant [F (3,68) =

3.51, P = 0.065, g2 = 0.048], but this was not the case for

other conditions.

Cue-Related ERPs

ERP waveforms of N1, P2, N2, and P3 locked to cue onset

are shown in Fig. 2. Topographic plots of cue- and target-

generated EEG activity for each of the cue conditions are

presented in Fig. 3. The amplitude values are listed in

Tables S2 and S3.

Anterior Cue–N1 Amplitude (100–150 ms)

ANOVA for anterior N1 mean amplitudes revealed a

significant effect of group [F (1, 70) = 4.11, P = 0.047, g2 =
0.061] that indicated smaller cue–N1 amplitudes in chronic

stress. There was a main effect of cue [F (3,68) = 22.92,

P\0.001, g2 = 0.530], and post-hoc analysis revealed that

the anterior cue–N1 mean amplitude was significantly

more negative following spatial cues (M = –2.12 lV) than
when the cue was presented in the center (M = –1.32 lV),
that is, both groups of participants showed an effect of

attention orienting [F (3,68) = 36.41, P \0.001, g2 =

0.366]. However, the attention alerting effect did not show

up in N1, and the amplitude with double cues (M = –0.90

lV) was more negative than that of no cues (M = –0.52

lV), without a significant difference [F (3,68) = 2.43, P =

0.124, g2 = 0.037]. The Cue 9 Group interaction was not

significant [F (3,68) = 1.03, P = 0.384, g2 = 0.048].

Anterior Cue–P2 Amplitude (150–190 ms)

In this window, ANOVA for P2 mean amplitudes showed

neither group difference, nor interaction of variables. But

there was a main effect of Cue [F (3,68) = 22.52, P\0.001,

g2 = 0.526], that is, both groups of participants showed an

effect of attention orienting [F (3,68) = 52.90, P\0.001, g2

= 0.456] such that the amplitudes were larger following

spatial cues (M = 1.98 lV) than following center cues (M =

0.62 lV). There was still an alerting effect [F (3,68) = 5.72,

P = 0.02, g2 = 0.083]; the amplitude of double cues (M =

Table 2 Mean reaction times

and accuracy for chronically

stressed and non-stressed adults

in each cue and target condition.

Target No cue Center cue Double cue Spatial cue

Mean RT (Mean ± SD)

Stressed Cong 611 (8.3) 613 (8.7) 558 (7.7) 534 (7.5)

Incong 616 (9.7) 612 (8.9) 558 (7.9) 539 (8.1)

Non-stressed Cong 571 (9.6) 575 (10.0) 518 (8.9) 490 (8.6)

Incong 574 (10.4) 578 (10.2) 519 (9.1) 492 (9.3)

Mean accuracy (Mean ± SD)

Stressed Cong 0.94 (0.009) 0.98 (0.005) 0.94 (0.009) 0.98 (0.005)

Incong 0.94 (0.008) 0.98 (0.005) 0.94 (0.010) 0.98 (0.005)

Non-stressed Cong 0.95 (0.010) 0.99 (0.006) 0.95 (0.010) 0.99 (0.006)

Incong 0.96 (0.010) 0.99 (0.006) 0.95 (0.011) 0.99 (0.006)
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0.53 lV) was more positive than that of no cues (M = –0.23

lV).

Cue–N2 Amplitude (230–330 ms)

According to the topographic map results, N2 selection

involves two areas of the frontal–central and central–

parietal sites. ANOVA for N2 mean amplitudes showed a

main effect of sites [F (1,70) = 112.83, P \0.001, g2 =

0.642]. So N2 was larger at frontal–central sites. Not only

that, the N2 amplitudes also showed a group difference

[F (3,68) = 12.08, P = 0.001, g2 = 0.161], in that the mean

N2 amplitude was smaller in the chronically stressed group

(M = –1.16 lV) than in the non-stressed group (M = –3.15

lV). There was a main effect of Cue [F (3,68) = 12.13,

P\0.001, g2 = 0.374] as well as a significant Cue 9 Group

interaction [F (3,68) = 4.85, P = 0.004, g2 = 0.193], though

this difference between groups was only significant when

there were center [F (3,68) = 9.21, P = 0.003, g2 = 0.128],

double [F (3,68) = 10.38, P = 0.002, g2 = 0.141], and

spatial cues [F (1,72) =13.86, P\0.001, g2 = 0.180], but it

was not significant when there were no cues [F (3,68) =

3.10, P = 0.083, g2 = 0.047]. As suggested by the Cue 9

Group interaction, the effect of alerting and orienting only

showed in the non-stressed group [F (3,68) = 14.95,

P\0.001, g2 = 0.424] but did not occur in the chronically

stressed group [F (3,68) = 1.41, P = 0.250, g2 = 0.065].

There was a Cue 9 Site interaction [F (3,68) = 32.89,

P\0.001, g2 = 0.618]. With respect to the effect of cue,

double cues (M = –5.59 lV) led to significantly more

negative cue–N2 amplitudes than did no cues (M = –1.37

lV). Coincidentally, the spatial cues (M = –6.08 lV) also
led to larger cue–N2 amplitudes than center cues (M = –

4.19 lV). As suggested by the Cue 9 Site interaction, this

alerting and orienting effect was larger at a frontal–central

site [M = –0.85 vs –4.12 lV; F (3,68) = 22.97, P\0.001, g2

= 0.530] than at central–parietal sites [M = –0.52 vs –1.47

lV; F (3,68) = 3.36, P = 0.024, g2 = 0.142].

Cue–P3 Amplitude (330–430 ms)

ANOVA for P3 mean amplitudes revealed a significant

effect for the group [F (1,70) = 9.14, P = 0.004, g2 =

0.128], that indicated larger cue–P3 amplitudes in the

chronically stressed (M = –0.95 lV) than in the non-

stressed groups (M = –2.44 lV). There was a main effect of

Cue [F (3,68) = 6.34, P = 0.001, g2 = 0238], though there

was no Cue 9 Group interaction [F (3,68) = 2.10, P =

0.110, g2 = 0095], and the cue–P3 mean amplitude was

significantly smaller following center cues (M = –1.83 lV)
than spatial cues (M = –1.32 lV); that is, both groups

showed an effect of attention orienting [F (3,68) = 7.64, P

= 0.007, g2 = 0.110]. However, the attention alerting effect

did not show up in P3, and the difference between double

cues and no cues was not significant [F (3,68) = 3.64, P =

0.061, g2 = 0.055].

Target-Related ERPs

ERP waveforms at midline sites and modulation, averaged

by target type, as well as topographic maps of EEG activity

generated following congruent and incongruent targets are

shown in Fig. 4.

Frontal–Central Target–N2 Amplitude (390–450

ms)

The ANOVA for the later frontal negative N2 showed a

main effect of Group [F (1,70) = 4.87, P = 0.031, g2 =

0.066] that was associated with more negative mean

amplitudes in the chronically stressed group, and a

significant target effect was also present [F (1,70) = 5.42,

Fig. 2 Cue-locked ERP waveforms at anterior sites. ERP waveforms

averaged by group (left, chronically stressed adults; right, non-

stressed adults) for each cue condition. Task blocks with no, center,

double, and spatial cues are depicted as black, red, green, and blue

lines, respectively. Cue onset occurs at 0 ms.
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Fig. 3 Topography plots of N1,

P2, N2, and P3 in non- and

chronic-stress groups.

123

Q. Liu et al.: Chronic Stress and Attention 1403



P = 0.023, g2 = 0.073], such that the fronto–central target

N2 was more negative for incongruent than congruent

targets in both subgroups (M = 1.65 vs 2.25 lV). The

stressed and non-stressed groups were significantly differ-

ent, regardless of whether there was a congruent target

[F (1,70) = 5.01, P = 0.029, g2 = 0.068] or an incongruent

target [F (1,70) = 3.99, P = 0.049, g2 = 0.055]. There was

no Target 9 Group interaction [F (1,70) = 0.11, P = 0.743,

g2 = 0.002]; however, the effect of Target showed a

significant trend in the non-stressed group [M = 2.46 vs

3.13 lV; F (1,70) = 3.01, P = 0.085, g2 = 0.042], but not in

the stressed group [M = 0.85 vs 1.36 lV; F (1,70) = 2.36, P

= 0.129, g2 = 0.033].

Target–P3 Amplitude (450–600 ms)

In the frontal–central region, there was a main effect of

Target on P3 [F (1,70) = 50.48, P\0.001, g2 = 0.445]; the

Fig. 4 Grand average ERPs during the ANT for the preparatory

interval from presentation of the cue to the appearance of the target

stimulus. The ERPs are depicted for groups with (left) and without

stress (right). Upper: ERPs at electrode Fz. The two small vertical

lines above the x-axis indicate the time window on which the Target–

N2 analysis is based. Lower: ERPs at electrodes FCz and Cpz. The

two small vertical lines above the x-axis indicate the time window for

the Target–P3 analysis. Task blocks with congruent or incongruent

types are depicted as black or red lines. Negative amplitude values are

plotted upwards. Spline-interpolated maps illustrate the topography of

the components (upper, Target–N2; lower, Target–P3) in the target

condition (left, congruent; right, incongruent). Blue, negative ampli-

tudes; red, positive amplitudes in the range 0 lV–4 lV.
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amplitude of this component was increased for incongruent

targets (M = 3.93 lV) relative to congruent targets (M =

2.02 lV). As revealed by a main effect of Group [F (1,70)

= 8.71, P = 0.004, g2 = 0.121], the P3 amplitude was

reduced in the chronically stressed group (M = 1.79 lV)
relative to the non-stressed group (M = 4.15 lV). There
was no interaction effect [F (1,70) = 0.16, P = 0.688, g2 =
0.003]. but the main effect of Target was significant in both

the stressed group [M = 0.89 vs 2.70 lV; F (1,70) = 23.54,

P\0.001, g2 = 0.272] and the non-stressed group [M = 3.14

vs 5.17 lV; F (1,70) = 26.95, P\0.001, g2 = 0.300].

Correspondingly, there was a similar effect in the

central–parietal sites, where the mean amplitude showed

significant group differences [F (1,70) = 4.61, P = 0.036,

g2 = 0.068] i.e., smaller mean target–P3 amplitudes were

found in the chronically stressed group (M = 1.76 vs 3.01

lV). The Target 9 Group interaction was not significant

[F (1,70) = 0.27, P = 0.606, g2 = 0.004], but there was a

main effect of target [F (1,70) = 9.66, P = 0.003, g2 =

0.133] with the P3 amplitude for the incongruent target

being greater than that for the congruent target (M = 2.05 vs

2.77 lV). Post-hoc analysis revealed that the target–P3

amplitude increased for incongruent relative to congruent

targets in the non-stressed group [M = 2.64 vs 3.48 lV;
F (1,70) = 6.29, P = 0.015, g2 = 0.091], but there was only

a significant trend in the stressed group [M = 1.46 vs 2.05

lV; F (1,70) = 3.52, P = 0.065, g2 = 0.053].

Additional analysis was performed on the topography of

target–P3, and the amplitudes at the two locations were

compared adding the factor of electrode site to the analysis,

which resulted in a three-way mixed-model ANOVA. We

found a significant group effect [F (1,70) = 7.38, P =

0.009, g2=0.105], indicating smaller mean amplitudes in

the chronically stressed group than in the non-stressed

group. Furthermore, an effect of site [F (1,70) = 6.51, P =

0.013, g2 = 0.094] revealed that the target–P3 mean

amplitude was more positive at frontal–central sites (M =

2.97 lV) than at central–parietal sites (M = 2.41 lV) for
both subgroups. There was a Site 9 Group interaction

[F (1,70) = 5.64, P = 0.021, g2 = 0.082], which showed that

there was a difference between the two sites in the non-

stressed group [M = 4.12 vs 3.06 lV; F (1,70) = 11.60, P =

0.001, g2 = 0.155; but not in the stressed group [M = 1.79

vs 1.76 lV; F (1,70) = 0.02, P = 0.899, g2 \0.001].

Moreover, a Target 9 Site interaction occurred [F (1,70) =

69.44, P\0.001, g2 = 0.524] when the target stimulus was

incongruent, and the frontal–central P3 amplitude was

significantly larger than that of the central–parietal sites

[M = 3.93 vs 2.77 lV; F (1,70) = 21.70, P\0.001, g2 =

0.256]. Group differences for all of the described behav-

ioral and ERP measures of alerting, orienting, and exec-

utive function are summarized in Table 3.

Discussion

In this study, we assessed the effects of chronic stress on

attentional control at the behavioral and neurological levels

using ANT tests in chronically stressed and non-stressed

groups while recording electrophysiological data. As

expected, the non-stressed group exhibited typical network

effects of alertness, orientation, and executive control. In

all networks, between-group differences were found at both

the behavioral and neurological levels. Impaired alertness,

directed ability, and executive control were associated with

chronic stress.

As can be seen from the behavioral results, individuals

with chronic stress had a longer response and had lower

accuracy than non-stressed individuals. This may reflect

top-down attention control and continued attention. Partic-

ipants who would take an exam experienced greater levels

of stress, leading to a worse behavioral performance. This

finding is consistent with previous work [60]. Navarro et al.

allowed 32 participants to perform simulated penalty

missions in a stress-free or a stressed environment and

found that participants in the stressed situation were slower

to respond and took longer to make judgments [61]. These

results were repeated in another similar study [62]. In

addition, Nieuwenhuys and Oudejans allowed seven police

officers to conduct pistol-shooting training in low and high

anxiety situations and found that in the high anxiety

situations their shooting accuracy decreased and aiming

time was shorter, showing that control decreased [63].

Evidence also suggests that participants are more suscep-

tible to external environmental disturbances under stress

and perform worse [64, 65].

Previously, Williams et al. reported that at the time of

the cue, N1 amplitude is largest in the double cue

condition, intermediate in the center and spatial cue

conditions, and absent in the no cue condition [34]. They

also reported that N1 amplitude is largest under spatial

conditions [66]. The current study supported the latter

finding for N1. We found a similar pattern in both groups.

Alerting and orienting had different effects on the ampli-

tude of the cue–N1. We found an orienting effect, but there

was no alerting effect. This replicates previous research

[67]. Previous studies have shown that N1 is usually

associated with attention promotion [68], and may be

contingent on the perceptual expectations about cue

features. These results suggest that the anterior and

posterior occipital N1 reflect different functions and have

different neurogenic mechanisms [69]. The modulation of

the anterior N1 in the present study may be linked to the

voluntary control of spatial attention in the dorsal fron-

toparietal network and reflects top-down attentional ori-

enting in this network [70]. Our results revealed smaller
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cue–N1 amplitudes in individuals under chronic stress

compared to non-stressed individuals, which suggests that

individuals with chronic stress may have difficulties in the

perceptual processing of cue stimuli, and cannot rely on

bottom-up stimulus-driven systems to react to perceived

cues.

In the current study, the P2 amplitude generated by

invalid cues was larger than that of valid spatial cues

during the spatial orientation task, which suggested that the

alerting and orienting effects on cue–P2 amplitude had the

same effect. There was no inter-group difference in cue–

P2. This suggests that P2 in the front of the scalp may

reflect only task-related processing [71], and P2 may not be

an indicator of chronic stress.

We mainly focused on frontal and central N2 ampli-

tudes, which were more affected by chronic stress. The

findings were consistent with previous results [72–74]. In

addition, we found between-group differences in the cue–

N2 amplitude in the attention alerting and orienting

networks. Only the non-stressed group showed attentional

alerting and orienting effects, and specific chronic stress-

related defects were shown in these two networks. These

findings suggested that the stressed group exhibited N2

amplitudes like no and center cues when faced with more

efficient double and spatial cues, while the non-stressed

group showed the largest amplitude when they saw the

most effective cues (spatial cues). In terms of cue–N2, the

amplitude in the stressed group was smaller than that in the

non-stressed group, which means that they were less

responsive to the effective cues of this component and had

lower participation. Although the cue effect was enhanced,

the alerting and orienting function in the stressed group

was weakened when adjusted for the stress-related slow-

down. Chen et al. argued that differences in N2 amplitude

and latency may reflect the speed and efficiency of the

detection of conflicting tasks [74]. Bennys et al. found that

the N2 amplitude is significantly correlated with attention

and execution [75], and early changes in N2 parameters

may reflect attention process defects associated with frontal

lobe processing, and may be related to stronger reaction

inhibition [42, 76].

Concerning the ERP results relating to the executive

control network, target–N2 indicates a conflict effect.

Participants exhibited an effect of target incongruency on

frontal–central N2. The amplitude of N2 was larger for

incongruent than for congruent targets. In similar flanking

missions, larger amplitudes of target–N2 under incongruent

target conditions have been reported in previous studies

[46, 77].

The more intriguing result was that the target–N2 was

larger in the chronically stressed group, as opposed to the

cue–N2. This discrepancy may be attributable to a subtle

difference in target presentation in the ANT. The ANT

targets are presented both above and below a central

fixation point. As the target location is less predictable in

the ANT, the stressed group may not have been able to

process targets centrally, as previously suggested, resulting

in larger N2 amplitudes than typically found. Correspond-

ingly, regarding performance level, the stressed and non-

stressed groups also had significant differences in facing

different target types, and the stressed group responded

more slowly. Therefore, this indicates that the conflict

monitoring and solution resolution are flawed in the

stressed group. As noted above, previous studies have also

shown that a higher N2 amplitude in the prefrontal region

represents a higher resource input in cognitive control and

response inhibition [78]. Moreover, if there is an interven-

tion for the stress, the N2 amplitude is increased, which is

consistent with our study [79]. Increased N2 can make

conflict monitoring more effective [80]. Participants who

have been under stress for a long period pay less attention

when dealing with cues and may not be able to concentrate

all their attention on the upcoming cues. The alerting

stimuli may be used less effectively, and the ability to

Table. 3 Summary of stress-

related differences in behavioral

and ERP attention network

effects.

Dependent variable Stress-related decrease No difference Stress-related increase

Cue-related

Accuracy H

RT H

Cue–N1 amplitude H

Cue–P2 amplitude H

Cue–N2 amplitude H

Cue–P3 amplitude H

Target-related

Accuracy H

RT H

Target–N2 amplitude H

Target–P3 amplitude H
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locate the cue is also weaker. Moreover, we also found

changes in behavioral performance in both groups, sug-

gesting that increased alertness and orientation lead to

better behavior.

As noted above, there is considerable evidence to

suggest that the attention function is worse and the N200

has a lower amplitude in people who are under chronic

stress [81]. However, there are also opposing findings [82].

Zhang and colleagues adopted a point detection paradigm

to show that individuals under test pressure are more

susceptible to exam-related threats and are more likely to

consume disproportionate cognitive resources to complete

a task. Attention control theory suggests that anxiety

affects the efficiency of the inhibitory function and

prevents attention from being directed to task-independent

stimuli. Therefore, individuals with high anxiety may

consume excessive cognitive resources for task-indepen-

dent stimuli [83]. This may also help explain why

individuals under long-term stress often have poor task

performance [84]. In addition, an increase in the target–N2

amplitude in individuals with poorer functional perfor-

mance has also been reported in the ANT experiment [85].

At the ERP level, our data revealed increased cue-P3

and reduced target-P3 amplitudes in the chronic stress

group. As with N2, this discrepancy may also be be

attributable to the different types of cue and target. Due to

the unpredictability of targets, subjects in the chronic stress

group are more likely to be affected, resulting in target-P3

amplitudes that behave differently from cue-P3 amplitudes.

Some previous studies have also obtained this reverse

results between cue-P3 and target-P3 [86]. The cue-P3

amplitude may reflect some additional features of attention

in visuospatial information processing. The degree of

effective information contained in the cue may be related

to the cognitive resource allocation of visual spatial

processing [66]. The larger cue-P3 amplitude in the

chronic stress group, suggesting that they have invested

more cognitive resources in the cue processing and

evaluation stage, reflecting a decrease in attention control

ability. Attention process appears to vary qualitatively with

major defects observed during the cue process (i.e., during

attention preparation). A lower the efficiency of the use of

the cue, this is also consistent with the results of the

behavioral data. Target-P3 is positively correlated with the

ability to perform control [66].

Smaller target–P3 amplitudes reflect less attention

resources are invested in the conflict, and reduced ability

to adjust behavior in the chronic stress group [59, 87, 88].

The stress group show abnormal conflict management,

which represents the core result of our study. In this

context, the reduced amplitude of target-P3 is interpreted

as impaired resource allocation [67], indicating that energy

state regulation is in a sub-optimal state [70]. In line with

the hypothesis of our study, the amplitude of target–P3 was

affected by target consistency. When the target type was

incongruent, the amplitude of target–P3 tended to increase,

as previously reported [89, 90]. Furthermore, based on the

results of the topographic map, we also compared the

amplitudes of target–P3 in different areas. It should be

noted that at fronto–central sites the non-stressed group

showed an increase in P3 amplitude, which provides partial

support for a more anterior distribution of executive control

processes in non-stressed adults; however, we did not find

such regional activation differences in the stressed group.

The incongruent target also triggered greater activation of

the frontal–central sites. This more strongly suggests that

the frontal lobe is involved in executive control [91].

Despite our best efforts, our research has some limita-

tions. Based on previous studies [34, 59, 67], we conducted

ERP analysis, but we did not consider the ERP differences

of fixation, and thus, we did not mark the fixation. In

addition, the duration of the fixation before the cues was

random, so it was difficult to mark fixations offline. In

future, if we can show that fixation elicits similar ERPs in

the two groups, this result will indicate that the cue ERP

differences were specific effects of cue. What is more,

there are also studies that show complex interactions

among the three attention systems [92]. To reduce the

impact of the interactions, future research should improve

the accuracy of the ANT measurement tools to meet

different application requirements. For example, the chil-

dren’s version of ANT has extended the interval between

cue and target, which may reduce the impact of interactions

between attention networks [59, 66]. In future, we hope

that this version can also be applied to the adult version of

the ANT paradigm. And it is necessary to strengthen the

exploration of the sub-components of attention networks.

Studying how the division of labor and cooperation

between the three attention networks adapt to behavior

will hopefully become a common area of research in

clinical, imaging, and other disciplines.

Despite these caveats, the current study contributes

significantly to our understanding of the neural bases of

attentional networks in chronically stressed adults. Unlike

previous behavioral studies using the ANT, we have

demonstrated that the difference in attention caused by

chronic stress is not just a matter of discrepancies in the

size of the network effect, but instead represent distinct

patterns of neural activity. In establishing an understanding

of typical patterns of electrophysiological activity during

the ANT in chronically stressed adults, we hope that in

future such an understanding will be useful in identifying

pathological forms of stress.
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Conclusions

Although several studies have reported the effects of

negative emotions such as anxiety, PTSD, and acute

combat stress on cognitive function [66, 93, 94], very few

prospective studies have been conducted in people under

significant long-term stress. Our findings have important

implications for individuals who experience major long-

term stress, such as students who face major academic

stress. Prolonged exposure to stressors increases suscepti-

bility to adverse outcomes, including psychological prob-

lems, physical illness, and cognitive decline [95]. Our

results suggest that chronic stress is associated with the

attention control function, providing important evidence

for an interaction between these two processes. In sum-

mary, the difference in the ANT between the two groups

showed that people under chronic stress may not be able to

use cue stimuli efficiently and maintain alertness, and have

difficulty with directional information, suggesting that the

cue remains more focused in chronically stressed adults. It

is important to reduce attention deficits and improve

performance. In contrast, the chronically stressed group

performed control with lower efficiency, and it was more

difficult for them to continuously focus their attention to

complete the task requirements, while the non-stressed

group could maintain the information related to the target,

causing concentration in attention, thereby making the best

task performances. Thus, when interference is detected, the

reaction mechanism is also activated to successfully

resolve the conflict. Alertness and orientation are similar

to the bottom-up stimulus-driven system, while executive

control is similar to the top-down goal-oriented system

[96]. The effect of chronic stress on attention control can

be demonstrated using the ANT paradigm. Future research

combining these behavioral and psychophysiological tech-

niques with neuroimaging will help address how one

process modulates another and provide understanding

about whether these phenomena are manifestations of a

shared neural network dysfunction. Ultimately, this may

help guide treatment specifically designed to correct these

processes of chronic stress.
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