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Abstract
Although impaired attention is a diagnostic feature of anxiety disorders, we lack an understanding of which aspects of atten-
tion are impaired, the neurobiological basis of these impairments, and the contribution of stressors. To address these gaps 
in knowledge, we developed and tested behavioral tasks designed to parse the subdomains of attention impairments associ-
ated with anxiety symptoms and used electro-encephalographic (EEG) recordings to probe the neural basis of attentional 
performance. Participants were n = 55 individuals aged 18-35 with mild-to-moderate mood and anxiety symptoms. We also 
assessed stressful life events that may impact mental health and attention abilities, including stressors that occurred in early 
life before age 18 years. Severity of anxiety was found to be specifically associated with impairments in spatial attention but 
not feature-based attention. These impairments in spatial attention also partially mediated the association between early-life 
stressors and anxiety symptoms. Impairments in spatial selective attention were associated with decreased posterior alpha 
oscillations in EEG recordings in a subsample of participants, whereas spatial divided attention impairments were associated 
with decreased frontocentral theta oscillations. Our results provide a thorough characterization of attention impairments 
associated with anxiety, their EEG correlates, and the impact of stressors both in early life and adulthood.
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Introduction

Impairments in attention and concentration are a diagnostic 
criterion for anxiety disorders as well as for major depres-
sive disorders (American Psychiatric Association, 2013). 
Although these impairments can be debilitating and dis-
rupt day-to-day life (Jaeger et al., 2006), we lack a com-
prehensive understanding of which types of attention are 
impaired with anxiety. Prior research on attention in mood 
and anxiety disorders has primarily focused on character-
izing attentional biases toward particular types of stimuli. 

These studies have revealed a bias in attention toward nega-
tive stimuli (e.g., facial expressions of sadness) in depressed 
individuals (Gotlib & Joormann, 2010; Kircanski & Gotlib, 
2015) and a bias toward threat-related stimuli (e.g., facial 
expressions of fear or anger) in anxious individuals (Cisler 
& Koster, 2010). However, in other studies, including in our 
prior investigations, depressed or anxious individuals also 
reported difficulties with concentrating their attention on 
stimuli that do not have an emotional valence and therefore 
may be considered neutral (for review: Keller et al., 2019b), 
although results are mixed (Ladouceur et al., 2006; Larson 
et al., 2013; Xiao et al., 2011). Those studies reporting posi-
tive effects for neutral stimuli use attention tasks involving 
color-words or left/right arrows (Keller et al., 2019a; Kujawa 
et al., 2016; Spector et al., 2003). Notably, the behavioral 
tasks used in these studies tend to be relatively easy with 
close to ceiling performance and tend to operationalize 
a single subdomain of attention. In the present study, we 
hypothesized that individuals with mood/anxiety symptoms 
will show attention impairments independent of the influ-
ence of emotional valence. Using a novel paradigm that 
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encompassed a set of more challenging and systematically 
controlled tasks designed to probe distinct subdomains of 
attention (feature-based selective attention, spatial selective 
attention, task divided attention, and spatial divided atten-
tion), we conducted an exploratory investigation of whether 
such attention impairments are localized to distinct subdo-
mains of attentional processes.

Goal-directed attention comes in many forms, each with 
distinct neurobiological correlates, but it is not yet known 
which forms are impaired with anxiety and which are spared. 
Selective attention refers to the ability to volitionally focus 
attention on goal-relevant information while ignoring dis-
tractions (Serences & Kastner, 2014) and can be further 
subdivided into feature-based selective attention or spatial 
selective attention depending on whether the goal-relevant 
versus distracting information is distinguished by feature 
(e.g., color) or location (e.g., left/right). Given prior research 
linking deficits in spatial working memory with anxiety 
(Vytal et al., 2013), we hypothesized that anxious individu-
als will exhibit spatial attention impairments specifically. 
Divided attention, another form of top-down attention, refers 
to situations in which one attempts to focus on two or more 
things at once (Cherry, 1953) and can be further subdivided 
into multitasking (e.g., cooking dinner while taking a phone 
call) or multiple sources (e.g., listening to music while also 
listening for one’s name to be called outside a restaurant). 
Despite the many decades of research into these various sub-
domains of attention in cognitive psychology, we have yet to 
parse the specific subdomains of attention that may become 
impaired in individuals with anxiety.

It also is well-documented that stressors can severely 
impact mental health. Early life stress (ELS), also referred to 
as adverse childhood experience, is known to be associated 
with increased prevalence of mood and anxiety disorders 
and psychopathology in adulthood (Afifi et al., 2008; Chu 
et al., 2013; Heim & Nemeroff, 2001; Kessler et al., 2010; 
van Nierop et al., 2018). Importantly, ELS also has been 
linked with cognitive impairments (Hedges & Woon, 2011; 
Pechtel & Pizzagalli, 2011), including sustained attention 
(Kambali et al., 2019; Wilson et al., 2012), working memory 
(Majer et al., 2010; Saleh et al., 2017), and executive func-
tion (DePrince et al., 2009; Klaus et al., 2017). Despite these 
well-established associations, it remains unclear how ELS 
contributes to specific types of attention impairment (e.g., 
selective, divided) with neutral stimuli in the context of anx-
iety or depression. Given that childhood abuse in particular 
has been linked with anxiety (Dvir et al., 2014), depression 
(Klumparendt et al., 2019; Medeiros et al., 2020), and cog-
nitive impairments (Cowell et al., 2015; Young-Southward 
et al., 2020) in adulthood, we hypothesize that childhood 
abuse will be negatively associated with attention impair-
ment in adulthood. Drawing on recent work that has linked 
deficits in spatial attention with trauma in the context of 

posttraumatic stress disorder (Russman Block et al., 2020), 
we hypothesized that individuals experiencing childhood 
trauma will show deficits specifically in spatial attention. 
One possible explanation for the hypothesized association 
between childhood trauma and spatial attention deficits in 
particular is that early life trauma may lead individuals to 
experience hypervigilance (i.e., heightened alertness to 
potential threats), which could impair the ability to keep 
attention focused at a single task-relevant spatial location.

Research in cognitive neuroscience has delineated spe-
cific frequencies of oscillatory activity associated with 
various subdomains of attention in healthy adults. Selective 
attention in particular is known to be associated with alpha 
oscillations (8-13 Hz) over cortical regions representing 
task-irrelevant or distracting information (Payne & Sekuler, 
2014). For example, when asked to attend to stimuli in the 
right visual field while ignoring stimuli in the left visual 
field or vice versa, alpha oscillations are observed over 
posterior regions contralateral to the ignored visual field 
(Worden et al., 2000). Divided attention is associated with 
a slightly slower cortical oscillation known as theta (4-7 
Hz), typically observed in frontocentral electrodes (Keller 
et al., 2017). Despite many decades of research into these 
various subdomains of attention in healthy adults, we have 
yet to parse the EEG correlates of attention impairment 
(and particularly subdomains of attention impairment with 
nonemotional stimuli) in individuals with anxiety. Drawing 
on evidence that EEG alpha oscillations are correlates of 
selective attention and theta oscillations are correlates of 
divided attention (Keller et al., 2017), it is hypothesized that 
depressed and/or anxious individuals will show a reduction 
in alpha with impairments in selective attention and in theta 
with impairments in divided attention.

To unpack how attention becomes impaired with anxi-
ety requires an understanding of the specific subdomains 
of attention that are affected, the neural basis of these sub-
domains, and the impact of stressors on the association 
between attention and anxiety. To achieve these goals, we 
took a multimodal approach. First, we designed novel behav-
ioral paradigms using neutral stimuli aimed at unpacking 
the specific subdomains of attention impaired in depressed/
anxious individuals. Leveraging our transdiagnostic recruit-
ment strategy, we probed continuous associations between 
attention impairments and various symptom dimensions 
(depression, physiological anxiety, and generalized anxi-
ety) as well as associations with self-reported concentra-
tion difficulties. Second, we utilized self-reports of ELS to 
determine the types and time-points of early life stressors 
associated with attention impairment and anxiety symptoms 
in adulthood. Next, we investigated associations among anx-
iety, attention, and ELS using path analysis, and uncovered a 
mediation model showing that spatial attention impairments 
partially mediate the association between ELS and anxiety 
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symptoms in adulthood. Finally, we used EEG recordings 
during attention task performance in a subsample of par-
ticipants to delineate the neural correlates of these attention 
impairments. In line with the goals of the Research Domain 
Criteria (RDoC) approach (Insel et al., 2010), our multi-
modal measurements allowed us to link specific subdomains 
of attention across multiple units of analysis, including self-
report, behavioral measures, and EEG recordings to provide 
a clearer description of attention impairment as a transdiag-
nostic symptom dimension.

Methods

Ethical Approval

The Institutional Review Boards of Stanford University has 
approved this protocol (protocol #41837). A study coordi-
nator thoroughly explains the protocol to participants and 
answers any questions before they can provide informed 
consent to begin the study. The study is conducted accord-
ing to the principles of the Declaration of Helsinki (2008).

Participants

Participants aged 18–35 years were recruited from the 
surrounding community and screened as part of a larger 
transdiagnostic umbrella study (Tozzi et al., 2020). Briefly, 
participants were included who either reported at least a 
moderate degree of one or more of the following clinical 
phenotypes (anhedonia, anxious arousal, cognitive prob-
lems, rumination, tension) using an in-house questionnaire 
comprising items from established questionnaires (Depres-
sion, Anxiety and Stress Scales (DASS); Mood and Anxiety 
Symptom Questionnaire (MASQ); Beck Anxiety Inventory 
(BAI); Behavioral Inhibition Scale (BIS); and Ruminative 
Responses Scale (RRS)) or who had no significant history 
of any psychiatric disorders. Participants were excluded for 
psychosis, mania, suicidal ideations representing imminent 
risk, substance abuse, or medical conditions interfering with 
ability to complete assessments. Participants were addition-
ally excluded if taking any psychotropic medications for a 
mental health problem or if currently receiving therapy 
by a trained mental health professional. A total of 57 par-
ticipants completed the study, including both symptomatic 
and asymptomatic participants. Of these, 55 had complete 
behavioral data from both the first and second runs of each 
task and thus were considered our full sample for analyses 
of behavior and symptoms. Of these, a total of 52 partici-
pants had complete self-report data for the early life stress 
questionnaire (ELSQ) and thus were included in analyses 
of early life stress. Demographic and clinical characteristics 

of the sample are depicted in Table 1 and Supplementary 
Table 1, respectively.

Attention Tasks

Feature-Based Selective Attention (FSA) To measure par-
ticipants’ ability to selectively attend task-relevant stimulus 
features while ignoring task-irrelevant features, we utilized a 
task developed in a prior study (Bugatus et al., 2017). In this 
task, participants are presented with thirty, 8-second trials, 
each consisting of eight stimuli presented sequentially in the 
center of the screen for one second each. Each stimulus was 
composed of two overlaid images drawn from two different 
object categories (e.g., an image of a face superimposed on 
an image of a house). Participants were instructed to attend 
to a particular object category on each trial and to make a 
button press when they detected an upside-down stimulus 
in the attended category. Responses were to be withheld 

Table 1  Demographic features of the sample

M = mean; SD = standard deviation. Note. Percentages for race do 
not sum to 100% due to biracial reporting

Demographic characteristics Full sample (n = 55)
n (%)

Biological sex
  Female 26 (47.27%)
  Male 29 (52.73%)

Gender identification
  Female 24 (43.64%)
  Male 30 (54.55%)
  Other 1 (1.82%)

Education
  Less than high school 0 (0.00%)
  Completed high school 4 (7.27%)
  Some college 4 (7.27%)
  2-year college 3 (5.45%)
  4-year college 27 (49.09%)

  >4-year college 17 (30.91%)
Race

  Alaska Native 1 (1.82%)
  Asian 20 (36.36%)
  Black/African American 2 (3.64%)
  Pacific Islander 1 (1.82%)
  White 34 (61.82%)
  More than one race 6 (10.91%)
  Other 3 (5.45%)

Ethnicity
  Hispanic or Latino 14 (25.45%)
  Not Hispanic or Latino 41 (74.55%)

Participant age M (SD)
Age 27.36 (5.14)
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for upside-down stimuli in the ignored category. Each trial 
began with a cue to attend a particular object category (e.g. 
“faces”) followed by eight sequential stimuli presented over 
the course of 8 seconds containing overlaid images from this 
cued category overlaid with images from another, ignored 
object category (e.g., houses).

Spatial Selective Attention (SSA) To assess each partici-
pants’ ability to selectively attend one region of space while 
ignoring task-irrelevant regions, we modified the FSA task 
described above. In this version, we presented two spatially 
separated (nonoverlaid) images at a time: one to the left of 
fixation and the other to the right of fixation. Instead of cue-
ing participants to attend to a particular object category, we 
cued participants at the beginning of each trial to attend 
to either the “left” or the “right” side of the screen. We 
instructed participants to make a button press when they 
detected an upside-down stimulus on the attended (cued) 
side of the screen while ignoring upside-down images on the 
un-cued side. Importantly, participants were to utilize covert 
attention (shifting focus to one side or the other without a 
corresponding shift in eye gaze) by instructing participants 
to maintain fixation on the red dot in the center of the screen. 
Each trial of eight sequential stimuli consisted entirely of 
images drawn from a single object category.

Task Divided Attention (TDA) To measure how well par-
ticipants could divide their attention among multiple tasks 
(referred to colloquially as “multi-tasking”), we modified 
the paradigm described above to require participants to per-
form two tasks simultaneously. On each trial, eight images 
were again presented sequentially over the course of eight 
seconds. Images were drawn from one object category per 
trial, and were presented either on the left or the right side of 
the screen (without competing stimuli on the opposite side). 
Participants were instructed to make one type of button press 
(“1”) whenever they detected an upside-down stimulus and 
to make a different type of button press (“2”) whenever they 
detected a phase-scrambled image with no object.

Spatial Divided Attention (SDA) To measure participants’ 
ability to divide their attention simultaneously among 
sources of sensory information while performing only a sin-
gle task, we again modified the paradigm described above. 
In this version of the task, participants were instructed to 
simultaneously pay attention to two streams of eight stimuli 
presented two at a time over the course of 8 seconds—one 
on each side of the computer screen—and to respond with 
a button press whenever a scrambled image was detected 
on either side of the screen. This task necessitated the use 
of divided attention among sources of information, because 
the target scrambled image could occur on either side of the 

screen. To perform the task optimally, participants needed to 
monitor both streams of information simultaneously.

Experimental Procedure

Each participant performed the four attention tasks in ran-
domized order, designed to probe various subdomains of 
attention. Each task was performed twice, with 30 trials 
each, once before and once during EEG recording to assess 
test-retest reliability and account for any practice effects 
(see Supplementary Materials: Attention Task Test-Retest 
Reliability). Participants reviewed the instructions for each 
task with the experimenter via PowerPoint to ensure full 
comprehension, and these instructions were reviewed just 
before beginning each task. For all tasks, participants were 
instructed to maintain fixation on a red dot at the center of 
the screen at all times. Although we did not collect eye-
tracking data to explicitly verify the maintenance of fixation 
by each participant for the duration of each task, we found 
evidence in the behavioral data to support our assumption 
that participants were following these task instructions 
(see Supplementary Materials: Accounting for Effects of 
Sustained Overt Attention). Correlations in reaction times 
among the four attention tasks after accounting for effects 
of sustained overt attention may be found in Supplementary 
Fig. 4. Each task, described in more detail above, utilized 
stimuli drawn from five object categories: faces, houses, 
cars, bodies, and pseudo-words (pronounceable words with-
out semantic meaning). Each object stimulus was presented 
on a 10.5° phase-scrambled background generated from a 
different randomly selected image from the set (Bugatus 
et al., 2017). A summary of the four attention tasks may be 
found in Fig. 1.

Self‑Report

Composite Inattention Score

Historically, questionnaires assessing symptoms of depres-
sion and anxiety disorders have had limited coverage of 
items relevant to the diagnostic feature of concentration 
problems that is common to these disorders. For the present 
study, we followed a face-validation process to operation-
alize attention impairments based on item-level questions 
assessing attention and concentration impairments contained 
with previously validated symptom measurements that were 
available within the umbrella study sample (participants 
received the whole of these questionnaires as part of the 
umbrella project, and individual items were extracted for 
the creation of our composite inattention score). Consistent 
with the definition of face validity as the degree to which a 
psychological item appears effective in terms of its stated 
aims, we selected four items that asked about how well 
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participants perceived themselves as able to pay attention 
or concentrate, recoded one item for consistent directional-
ity such that higher scores represent worse inattention, and 
then averaged these items to form a composite inattention 
measure. These items assessed self-reported problems with 
“Concentration/Decision Making,” degree of agreement 
with the statement “I don’t ‘pay attention’”, degree of agree-
ment with the statement “I concentrate easily” and endorse-
ment of “Trouble concentrating on things, such as reading 
the newspaper or watching television” and were correlated 
with one another between 0.49 and 0.66. These items, their 
respective questionnaires and the coding scheme used are 
reported in Supplementary Table 2. The internal consistency 
of these items, quantified by the Cronbach’s Alpha reliability 
statistic (Cronbach, 1951), was 0.835 which is considered 
good (Tavakol & Dennick, 2011).

Depression and Anxiety Symptoms

To assess symptoms typical of anxiety and related mood 
disorders, participants completed the full version of the 
Depression Anxiety and Stress Scales (DASS)—a 42-item 
instrument that yields dimensional measures of depression, 
anxiety, and stress that do not directly reflect diagnostic cat-
egories but rather symptom features that are present across 
the normative through clinical range in the population 
(Lovibond & Lovibond, 1995). The DASS is normed for 
samples that include this full range (Psychology Foundation 

of Australia, 2018) and has been validated for a wide rep-
resentation of samples and backgrounds (Daza et al., 2002; 
Jun et al., 2018; Tonsing, 2014; Tran et al., 2013; Vignola & 
Tucci, 2014; Wang et al., 2016). In our sample, there were 
no statistically significant differences in age or biological sex 
between symptomatic and asymptomatic participants on any 
of the three DASS scales (ps > 0.5). Additionally, we veri-
fied that our key results still held when restricting analyses 
with each symptom scale to symptomatic individuals only.

We assess all three DASS scales, and our working hypoth-
eses focus in particular on the Anxiety and Stress scales. 
The Anxiety scale assesses autonomic and physiological 
signs of anxiety (e.g., “I experienced breathing difficulty” 
and “I sweated noticeably in the absence of high tempera-
tures or exertion” associated with fear-related anxiety dis-
orders (Psychology Foundation of Australia, 2018) and that 
we have defined previously as anxious arousal (Grisanzio 
et al., 2018). The Stress scale assesses symptoms associated 
with generalized anxiety disorder (e.g., “I found myself get-
ting upset rather easily” and “I found it hard to wind down” 
(Lovibond & Lovibond, 1995) and that we have previously 
referred to as “general anxiety” for application outside of a 
diagnostic context (Grisanzio et al., 2018). Given that the 
Anxiety scale assesses symptoms associated with the physi-
ological manifestations of anxiety, while the Stress scale 
assesses symptoms akin to those of generalized anxiety, we 
will hereafter refer to these scales as “physiological anxiety” 
and “generalized anxiety” respectively.

Fig. 1  Behavioral attention task descriptions
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Early Life Stress

Exposure to early life stress between ages 0 and 17 years was 
assessed using the Early Life Stress Questionnaire (ELSQ) 
(Chu et al., 2013; McFarlane et al., 2005). The ELSQ is 
scored dichotomously for the presence/absence of expo-
sure to specific early-life stressors known to be traumatic 
or highly stressful and asks participants to report the age 
bracket(s) in which these events occurred: 0-3 years old (yo), 
4-7 years old, 8-12 years old, or 13-17 years old. The num-
ber of participants with at least one type of stressor reported 
at each age range were as follows: n = 19 (0-3 yo), n = 22 
(4-7 yo), n = 29 (8-12 yo), and n = 22 (13-17 yo), yield-
ing a sufficient number of participants per age-range for our 
analyses. To assess each participant’s early life stress “load,” 
we first calculated the total number of independent early-life 
stressors reported and subsequently calculated the number of 
early-life stressors occurring within each age bracket speci-
fied above.

To determine the specific types of early life stress associ-
ated with attention impairment in adulthood, we examined 
associations between reaction times and components of 
the ELSQ. These components were derived from a prin-
ciple components analysis (PCA) conducted in a previous 
study (Chu et al., 2013) to identify clusters of co-occurring 
stressors in a sample of n = 1,209 adults. The number of 
participants with at least one occurrence of each type of 
stressor were as follows: n = 33 (Abuse, also referred to as 
Interpersonal Violation), n = 28 (Family Breakup), n = 11 
(Familial Health), n = 7 (Personal Health), and n = 13 (Dis-
aster/War). Although this may represent a sufficient number 
of participants per category for our analyses, we verified that 
our results remained the same when excluding any of the 
three least common categories of Familial Health, Personal 
Health, or Disaster/War.

EEG Recording

Electro-encephalographic (EEG) signals were recorded from 
the scalp using a high-density, 129-electrode array (Elec-
trical Geodesics, Inc.) and high-impedance amplifiers. All 
channels were adjusted for scalp impedance <50 kΩ at the 
beginning of the experiment and readjusted as needed half-
way through the experiment. Signals were sampled at 250 
Hz with a 0–100-Hz analogue bandpass filter and stored for 
offline analysis. Bipolar periocular channels were recorded 
from above and below each eye, and from a location near the 
outer canthus of each eye. EEG signals were preprocessed 
using the EEGLAB toolbox (Delorme & Makeig, 2004) for 
Matlab (Mathworks). The recorded signals were re-refer-
enced to the grand average. A 0.25-Hz Butterworth high-
pass filter and a 60-Hz Parks-McClellan notch filter were 
applied. The data were divided into epochs extending from 

600-ms before stimulus onset through 1600-ms after the 
onset of a sequence, and epochs with excessive muscle arti-
fact were removed by visual inspection. Eye blinks, muscle 
artifacts, heart beats, and saccades were identified by expert 
visual inspection of independent component analysis (ICA), 
and these components were eliminated. Epochs containing 
additional muscle artifacts or saccades, identified through a 
second round of visual inspection post-ICA, were rejected. 
Participants with greater than 33% of total epochs rejected 
or 50% of ICA components removed were excluded from 
analysis. Following preprocessing of the EEG data, a total 
of 24 participants with fully clean data for the SSA task and 
28 participants with fully clean data for the SDA task were 
included in our analyses. Demographic and clinical features 
for these EEG subsamples may be found in Supplementary 
Tables 8 and 9, respectively. Note that neither of these sub-
samples differed significantly from the full sample of 55 
participants on any demographic or clinical characteristics.

In accordance with prior work (Keller et al., 2017), we 
hypothesized that selective attention would be associated 
with stimulus-independent (induced) posterior alpha oscil-
lations while divided attention would be associated with 
frontocentral theta oscillations. We therefore computed 
time-frequency representations using Morlet wavelets with 
a width of 4 cycles per wavelet at center frequencies between 
1 and 70 Hz, in 1-Hz steps. For analyses of induced alpha 
oscillations, we first removed stimulus-evoked responses 
by subtracting out the event-related potential (Deiber et al., 
2009; Tallon-Baudry & Bertrand, 1999). We then calculated 
wavelet theta (4-7 Hz) and alpha (8-13 Hz) power for our 
a priori electrodes of interest (O1 and O2 for alpha oscilla-
tions, and FCz for theta oscillations) during epochs extend-
ing from 600-ms prior to stimulus onset through 1600-ms 
after the onset of a sequence, before selecting a narrower 
time epoch comprising the stimulus duration (0-1 s, time-
locked to stimulus onset) for analysis. These electrodes 
were selected based on our prior findings using data-driven 
electrode clustering (Keller et al., 2017) as well as findings 
from others (Cavanagh et al., 2012; Kornrumpf et al., 2017). 
Alpha oscillations associated with visual stimuli are typi-
cally found prominently over occipital (or parieto-occipital) 
electrodes, including O1 and O2, whereas theta oscillations 
most often are observed at frontal-midline electrodes, such 
as FCz. Power values for theta and alpha oscillations during 
this stimulus duration were log-transformed to better approx-
imate a normal distribution. Wavelet analysis and plotting 
were performed using the FieldTrip Matlab toolbox 2013-
10-24 (Oostenveld et al., 2011).

Statistical analysis

Linear regressions were used to assess the relationships 
among behavioral measures, self-report, and EEG. All 
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regression analyses included age and biological sex as 
covariates, and analyses comparing pre-pandemic symp-
toms to mid-pandemic symptoms included a covari-
ate for the time elapsed between assessments. Correc-
tion for multiple comparisons was performed using the 
“p.adjust” function in R with the Benjamini-Hochberg 
method (Benjamini & Hochberg, 1995). Mediation mod-
els were assessed using bootstrapping (Bollen & Stine, 
1990; Shrout & Bolger, 2002) with 1,000 iterations, after 
which a t-test was used to determine the significance of 
the indirect effect. Statistical analyses were performed in 
Matlab R2020a and R version 4.0.3 with RStudio version 
1.3.1093.

Results

Composite inattention scores are associated 
with spatial attention impairment

To parse the specific subdomain of attention associated with 
self-reported inattention symptoms, we used a composite 
inattention score comprised of items from several question-
naires. Using a linear regression, we found that those with 
higher composite inattention had slower reaction times on 
the SSA task while those with lower composite inattention 
scores exhibited faster reaction times (β = 4.833, p = 0.012; 
Table 2). Self-reported composite inattention scores were 
not significantly associated with performance on any other 
behavioral task (ps > 0.05).

Spatial attention impairment is associated 
with anxiety but not depression

To determine whether impairment on tasks assessing spe-
cific subdomains of attention were associated with higher 
symptom severity on scales of the DASS, we used linear 
regressions to examine associations between reaction times 
and self-report scores after accounting for age and bio-
logical sex as covariates (Table 3). We found that reaction 
times on the spatial selective attention task were associated 
with severity of both physiological anxiety (β = 3.199, p 
= 0.002) and generalized anxiety (β = 1.641, p = 0.024) 
after accounting for age and biological sex as covariates 
(ps > 0.05), with both associations surviving correction for 

Table 2  Composite inattention scores are associated with slower spa-
tial selective attention reaction times

FSA = feature-based selective attention; SSA = spatial selective 
attention; TDA = task divided attention; SDA = spatial divided atten-
tion; RT = reaction time. *p < 0.05

Coefficient Estimate Std. Error t value p

(Intercept) 2.067 1.008 2.050 0.050
Age -0.005 0.013 -0.355 0.724
Biological Sex -0.054 0.128 -0.420 0.676
FSA RT -1.332 1.990 -0.669 0.507
SSA RT 4.833 1.840 2.627 0.012*
TDA RT -1.604 1.591 -1.008 0.319
SDA RT -1.704 1.830 -0.931 0.357

Table 3  Comparison of attention task reaction times with depression, anxiety, and stress scales of the DASS

FSA = feature-based selective attention; SSA = spatial selective attention; TDA = task divided attention; SDA = spatial divided attention; 
DASS = Depression, Anxiety and Stress Scales. *p < 0.05; **p < 0.01
Boldface font represents p-values passing correction for multiple comparisons. Note that in all cases, linear regressions were performed using 
age and biological sex as covariates, and neither of these covariates was significantly associated with our outcome variable in any model (ps > 
0.05)

Attention Task Symptom Subscale N Estimate Std. Error t value p

FSA Depression 55 -0.351 0.545 -0.644 0.522
Physiological Anxiety 55 0.991 0.991 1.000 0.322
Generalized Anxiety 55 0.160 0.682 0.235 0.815

SSA Depression 55 0.236 0.592 0.398 0.692
Physiological Anxiety 55 3.199 0.989 3.233 0.002**
Generalized Anxiety 55 1.641 0.704 2.332 0.024*

TDA Depression 55 -0.600 0.564 -1.064 0.292
Physiological Anxiety 55 0.776 1.039 0.747 0.459
Generalized Anxiety 55 0.344 0.710 0.484 0.630

SDA Depression 55 -0.129 0.603 -0.213 0.832
Physiological Anxiety 55 2.112 1.064 1.986 0.053
Generalized Anxiety 55 0.647 0.747 0.866 0.390
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multiple comparisons. Reaction times on the spatial divided 
attention task were marginally associated with severity of 
physiological anxiety (β = 2.112, p = 0.053) but did not sur-
vive correction for multiple comparisons. There were no sig-
nificant associations with the depression scale for any of the 
attention tasks (ps > 0.05). Further highlighting the specific-
ity of the observed associations, when we included all three 
symptom scales in a single linear model predicting either 
spatial selective attention reaction times or spatial divided 
attention reaction times, only the associations with physi-
ological anxiety were significant (Supplementary Tables 3 
and 4). Similarly, we found that spatial selective attention 
was specifically associated with physiological anxiety (β = 
0.082, p = 0.003) and generalized anxiety (β = 0.121, p = 
0.004) when reaction times from all four behavioral tasks 
assessing subdomains of attention were included in a single 
model (Supplementary Table 5). Given that our sample of 
participants spanned a range of anxiety severity levels from 
normal to severe, we verified that the significant associa-
tion between spatial selective attention and physiological 
anxiety remained significant when we included only those 
with physiological anxiety within the mild-to-severe range 
(β = 4.025, p = 0.047), and the association with generalized 
anxiety remained marginally significant when including only 
those with generalized anxiety within the mild-to-severe 
range (β = 3.587, p = 0.076).

Early life stress is associated with poorer spatial 
attention and depression and anxiety symptoms 
in adulthood

Consistent with prior literature, we found that the total num-
ber of reported early life stressors was significantly associ-
ated with symptom severity in adulthood on all three scales 
of the DASS, as depicted in Supplementary Table 6. Stress-
ful events occurring at 4-7 years had the largest effect on the 
depression scale (β = 4.682, p < 0.001), whereas stressors 
occurring at 13-17 years had the largest effect on both physi-
ological (β = 3.335, p < 0.001) and generalized anxiety (β 
= 3.746, p < 0.001).

Given our finding that physiological and generalized anx-
iety in adulthood are associated with poorer spatial selective 
attention, we were next interested in understanding whether 
these spatial selective attention impairments are more com-
mon in those with a history of ELS. We found that the total 
number of early-life stressors was significantly associated 
with poorer spatial selective attention after correction for 
multiple comparisons (β = 21.825, p = 0.009) unlike other 
forms of attention impairment (ps > 0.05; Table 4). This 
association appeared to be driven specifically by ELS occur-
ring in ages 13-17 years (β = 11.960, p = 0.003). Spatial 
divided attention impairments were associated with early-
life stressors occurring in ages 8-12 years (β = 6.312, p = 

0.026) and ages 13-17 years (β = 8.536, p = 0.033), although 
these associations did not pass correction for multiple 
comparisons.

To determine the type of early life stress associated with 
spatial selective attention impairment in adulthood, we con-
ducted an exploratory analysis using PCA components of 
the ELSQ derived in a previous study (Chu et al., 2013). 
Our results, depicted in Supplementary Fig. 3 and Supple-
mentary Table 7, revealed that the component representing 
Abuse was significantly associated with reaction times on 
the spatial selective attention task (β = 10.896, p = 0.028) 
unlike the other components representing Family Breakup, 
Familial Health, Personal Health, and witnessed Disaster/
War (ps > 0.05). This Abuse component was comprised 
of items related to physical, emotional, or sexual abuse, as 
well as neglect/poverty, bullying, domestic violence, and 
sustained family conflict, with at least one of these items 
reported in 61.1% (n = 33) of participants who completed 
the early life stress questionnaire.

Spatial selective attention impairments partially 
mediate the association between early life stress 
and anxiety symptoms in adulthood.

We next sought to determine whether spatial selective atten-
tion impairments mediate the relationship between early life 
stress (ELS) and anxiety symptoms in adulthood. We used 
linear regressions with age and biological sex as covari-
ates and assessed the change in the beta estimate for the 
association between ELS and self-reported physiological 
or generalized anxiety symptoms when attention impair-
ments were added to the model. We specifically chose to 
investigate these mediation models for spatial selective 
attention only, rather than all four attention tasks, given that 
spatial selective attention was found to be associated with 
both early life stress (particularly at ages 13-17 years) and 
both physiological and generalized anxiety symptoms. Our 
results, depicted in Fig. 2, reveal that spatial selective atten-
tion impairments partially mediated the association between 
ELS and either physiological (β1 = 1.481, p < 0.001; β2 = 
1.172, p < 0.001; Fig. 2a) or generalized anxiety symptoms 
(β1 = 1.765, p < 0.001; β2 = 1.537, p < 0.001; Fig. 2c) 
in adulthood. Bootstrapping analysis of the indirect effect 
confirmed that both of these indirect effects were signifi-
cant (Physiological Anxiety: t(999) = 43.982, p < 0.001; 
Generalized Anxiety: t(999) = 37.097, p < 0.001). Both of 
these mediation models were strengthened when we exam-
ined ELS occurring specifically in ages 13-17 years (Physi-
ological Anxiety: β1 = 3.335, p < 0.001; β2 = 2.857, p < 
0.001; Fig. 2b; Generalized Anxiety: β1 = 3.746, p < 0.001; 
β2 = 3.293, p < 0.001; Fig. 2d), with bootstrapping again 
confirming the significance of the indirect effects (Physi-
ological Anxiety: t(999) = 48.345, p < 0.001; Generalized 
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Table 4  Association of behavioral reaction time on each attention task with the number of early-life stressors

FSA = feature-based selective attention; SSA = spatial selective attention; TDA = task divided attention; SDA = spatial divided attention; 
DASS = Depression, Anxiety and Stress Scales. *p < 0.05, **p < 0.01
Boldface font represents p-values for associations that passed correction for multiple comparisons. Note that in all cases, linear regressions were 
performed using age and biological sex as covariates, and neither of these covariates was significantly associated with our outcome variable in 
any model (ps > .05)

Early Life Stress Attention Task N Estimate Std. Error t value p

Total Count FSA 52 9.388 9.244 1.016 0.315
SSA 52 21.825 8.028 2.719 0.009**
TDA 52 8.301 9.000 0.922 0.361
SDA 52 15.932 8.186 1.946 0.058

Ages 0-3 FSA 52 -2.010 2.457 -0.818 0.417
SSA 52 0.554 2.283 0.243 0.809
TDA 52 0.890 2.401 0.371 0.713
SDA 52 -0.224 2.252 -0.099 0.921

Ages 4-7 FSA 52 1.912 4.099 0.466 0.643
SSA 52 4.796 3.728 1.286 0.204
TDA 52 1.574 3.986 0.395 0.695
SDA 52 1.308 3.734 0.350 0.728

Ages 8-12 FSA 52 2.973 3.155 0.943 0.351
SSA 52 4.516 2.866 1.576 0.122
TDA 52 2.196 3.078 0.714 0.479
SDA 52 6.312 2.751 2.295 0.026*

Ages 13-17 FSA 52 6.512 4.390 1.483 0.145
SSA 52 11.960 3.768 3.174 0.003**
TDA 52 3.641 4.331 0.841 0.405
SDA 52 8.536 3.896 2.191 0.033*

Fig. 2  Mediation models depicting associations among early life 
stress, spatial selective attention behavioral performance, and anxiety 
symptoms in adulthood. For associations between early life stress and 
anxiety symptoms, the β-value in the first row represents the associa-
tion without, including spatial selective attention, whereas the β-value 
in the second row represents the association with spatial selective 

attention included as a covariate. ELS = Early Life Stress; SSA = 
spatial selective attention. Note that in all cases, linear regressions 
were performed using age and biological sex as covariates, and nei-
ther of these covariates was significantly associated with our outcome 
variable in any model (ps > 0.05).
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Anxiety: t(999) = 36.989, p < 0.001). Given that our sample 
of participants spanned a range of anxiety severity levels 
from normal to severe, we again verified that these media-
tion model remained significant when restricting our sample 
to symptomatic individuals only (ps < 0.001). Additionally, 
we verified that our key findings related to spatial selec-
tive attention impairment were not driven by misuse of the 
attentional cues or differences in perceptual discriminability 
(Supplementary Materials: Spatial Selective Attention Cue 
Usage and Discriminability).

Spatial selective attention is associated 
with posterior alpha oscillations, while spatial 
divided attention is associated with frontocentral 
theta oscillations

As prior research has demonstrated distinct EEG correlates 
of selective and divided attention (Keller et al., 2017), we 
aimed to uncover EEG oscillations associated with spa-
tial selective and spatial divided attention impairments in 
symptomatic adults. First, we investigated whether lateral-
ized posterior alpha oscillations were associated with spa-
tial selective attention reaction times. We found that left 
hemisphere posterior alpha oscillations were significantly 

associated with reaction times to target stimuli with atten-
tion cued to the left visual field (β = −32.543, p = 0.030), 
consistent with the observation that alpha oscillations are 
associated with selective ignoring of task-irrelevant infor-
mation (Payne & Sekuler, 2014). Left hemisphere posterior 
alpha power also was significantly associated with reaction 
times to targets in the right visual field, although with a 
smaller effect size (β = −22.435, p = 0.008). Consistent with 
the “hemispatial hypothesis” of attention (Heilman & Van 
Den Abell, 1980; Mesulam, 1981) that suggests the right 
hemisphere is responsible for the allocation of attention to 
both left and right visual hemifields, right hemisphere alpha 
power was significantly associated with reaction times to 
target stimuli on either side (Left: β = −53.140, p = 0.001; 
Right: β = −24.267, p = 0.012). Second, we investigated the 
association between spatial divided attention and frontocen-
tral theta oscillations. In line with our hypothesis, we found 
that higher frontocentral theta oscillations were associated 
with faster reaction times on the SDA task (β = −30.815, p 
= 0.040). Depictions of these associations between hypoth-
esized EEG oscillations and spatial attention task reaction 
times as well as time-frequency transforms of these EEG 
oscillations are shown in Fig. 3. Because we did not observe 
any significant associations between these EEG markers and 
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Fig. 3  EEG oscillations associated with spatial selective attention (a, 
b, d, e) and spatial divided attention (c, f). (d, e, f) Dashed white lines 
represent stimulus onset, while solid white lines represent stimulus 
offset. (d, e, f) Solid black lines represent the hypothesized frequency 

bands for oscillations of interest: alpha (8-13 Hz) (d, e); theta (4-7 
Hz) (f). SSA = spatial selective attention; SDA = spatial divided 
attention; RT = reaction time; LH = left hemisphere; RH = right 
hemisphere.
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symptom assessments (depression, physiological anxiety, or 
generalized anxiety) (ps > 0.05), we did not include these 
EEG correlates of attention performance in the mediation 
models described above.

Discussion

In this study, we used multiple measures to character-
ize attention impairments associated with anxiety and the 
impact of early life stress on this association. Self-reports 
assessed impairments in attending and concentrating and 
forms of anxiety. Behavioral tasks assessed subdomains of 
attention. EEG recordings in a subsample of participants 
were designed to probe the neural correlates of attention 
impairment. We also used self-reports to quantify exposure 
to early life stressors. We report three key findings that inte-
grated data from these measures to enhance our understand-
ing of attention impairments in anxiety.

First, we demonstrated that behaviorally assessed sub-
domains of spatial selective attention and spatial divided 
attention were associated with self-reported inattention and 
anxiety symptoms, but not depression symptoms. Second, 
spatial attention impairments were associated with early-life 
stressors, particularly stressors related to abuse and stress-
ors occurring in ages 13-17 years, and partially mediated the 
association between early life stress and anxiety symptoms in 
adulthood. Third, we confirmed that these subdomains of spa-
tial attention impairment are associated with distinct profiles 
of oscillations assessed by the EEG: specifically, spatial selec-
tive attention impairments were associated with decreased 
power of posterior alpha (8-13 Hz) oscillations contralateral 
to the ignored visual hemifield while spatial divided attention 
impairments were associated with decreased power of fronto-
central theta (4-7 Hz) oscillations. Overall, these findings help 
to advance a more granular understanding of the associations 
between anxiety and attention and provide insight into how 
early-life stressors in adolescence (ELS in ages 13-17) are 
related to specific forms of attention impairment.

Our finding that a dimension of generalized anxiety was 
associated significantly with behavioral performance on a 
spatial selective attention task builds upon prior mixed find-
ings regarding whether or not anxiety is associated with spa-
tial attention decrements (Carrasco et al., 2013; Kujawa et al., 
2016; Ladouceur et al., 2006; Larson et al., 2013; Xiao et al., 
2011). Prior studies reporting null findings have primarily 
used the Eriksen Flanker task (Eriksen & Eriksen, 1974) 
which often has ceiling performance (fast reaction times and 
near-perfect accuracy). While retaining accuracy is impor-
tant for quantifying effects in the absence of performance 
variations, it may limit the opportunity for parsing aspects of 
spatial attention impairments that are more readily observed 
in a challenging task with a wider range of performance. 

Similarly, our finding that physiological anxiety is associated 
with behavioral performance on a divided attention task may 
build on mixed prior findings in adolescents (Gunther et al., 
2005), older adults (Hogan, 2003) and college-aged partici-
pants (Hogan, 2003; Mialet et al., 1996). Our results sug-
gest that the use of moderately challenging behavioral tasks 
allows a wider range of performance decrements and thus 
the opportunity to observe how decrements in selective and 
divided attention may increase along with increasing severity 
of anxiety symptoms. The specificity of the current findings 
to anxiety and not depression raises the possibility that anxi-
ety may involve impairments in spatial attention in particular. 
Previously we have reported that depression implicates defi-
cits in feature-based attention, and this possible dissociation 
of type of attention decrement by clinical features would be 
an interesting line of further enquiry.

Our observation that attention impairments partially 
mediate the association between early life stress and anxiety 
in adulthood draws important connections between previ-
ously disparate lines of research. While it was previously 
known that early life stress is associated with both cogni-
tive impairment (Pechtel & Pizzagalli, 2011) and anxiety 
(Chu et al., 2013), our findings provide a new indication that 
attention impairments may function as a potential media-
tor of the association between early life stress and anxiety. 
This mediation relationship suggests that a higher “load” of 
stressors in early life may contribute to more severe anxiety 
in adulthood particularly when attention is disrupted. We 
might speculate that this relationship arises at least in part 
from common underlying mechanisms, which highlight the 
need for further investigation. For instance, early life stress 
has been shown to be associated with decreased power in 
multiple oscillatory frequency bands as measured by EEG, 
including both alpha and theta oscillations (McFarlane et al., 
2005) consistent with our observations. Early-life stressors 
also may negatively impact the development of functional 
brain networks supporting cognition, specifically those 
supporting the flexible allocation of attention toward goal-
relevant stimuli (Corbetta & Shulman, 2002; Kastner et al., 
1998; Nobre et al., 1997), which may in turn contribute to 
anxiety symptoms, such as hypervigilance. Additionally, 
we observed that early-life stressors specifically occurring 
in ages 13-17 were most associated with spatial selective 
attention impairment in adulthood and yielded the strong-
est mediation models. We hypothesize that this may be due 
to the protracted development of the frontoparietal network 
supporting goal-directed attention (Corbetta, 1998; Kastner 
et al., 1999; Nobre et al., 1997), which continues into ado-
lescence (Casey et al., 2005; Kim & Kastner, 2019; Mills 
et al., 2018) and which follows a similar trajectory to the 
protracted time-course of improvement on the Eriksen 
Flanker task (also considered a test of spatial selective atten-
tion) through at least age 15 (Zelazo et al., 2013). Future 
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longitudinal studies may probe the specific ways that early-
life stressors can alter the development of this network and 
lead to difficulties in spatially allocating attention. Given our 
finding that stressors in the category of “Abuse” were most 
associated with spatial attention impairment, future stud-
ies also may further delineate these stressors according to 
the Dimensional Model of Adversity and Psychopathology 
(McLaughlin & Sheridan, 2016) to distinguish the specific 
effects of Threat and Deprivation.

Attention impairments also may exacerbate anxiety symp-
toms in a number of ways. For example, an impaired ability 
to concentrate on everyday tasks while ignoring distractions 
could contribute to feelings of generalized anxiety, such as 
worry (consistent with our observation that spatial selective 
attention impairment is associated with generalized anxiety 
symptoms), while having deficits in broader spatial aware-
ness might contribute to feelings of anxious arousal (consist-
ent with our observation that spatial divided attention impair-
ment is associated with physiological anxiety symptoms), 
especially if one does not trust one’s own ability to detect 
where a novel stressor might unexpectedly arise from as may 
be particularly the case with a higher load of ELS.

Finally, our findings using EEG showed that spatial selec-
tive attention was associated with posterior alpha oscillations 
contralateral to the ignored visual hemifield, while spatial 
divided attention impairments were associated with frontocen-
tral theta oscillations is consistent with observations in healthy 
adults (Keller et al., 2017). Numerous studies in healthy adults 
have shown an association between alpha oscillations and 
selective ignoring of task-irrelevant information (Payne & 
Sekuler, 2014). Other studies have shown that theta oscilla-
tions are associated with functions, such as divided attention 
(Keller et al., 2017; McCusker et al., 2020), memory (Hsieh & 
Ranganath, 2014), and cognitive control (Cavanagh & Frank, 
2014). Building upon these findings, our results show that 
spatial attention impairments in anxiety could take the form of 
either difficulty suppressing distracting information from task-
irrelevant spatial locations or difficulty switching attention 
covertly between task-relevant spatial locations, with distinct 
EEG correlates that mirror those observed in healthy adults.

One advantage of our approach was our development 
of controlled laboratory measures to assess specific sub-
domains of attention behavior in our participants. Rather 
than treating attention as a unitary construct, we parsed 
the specific subdomains of attention that were impaired or 
spared in the context of anxiety symptoms. Future research 
may leverage these behavioral measures to further investi-
gate attention impairment in anxiety or extend such work to 
other psychiatric populations. An additional advantage of 
our approach was the opportunity to assess stressors in early 
life within discrete time-windows in order to uncover their 
associations with attention and anxiety. This allowed us to 

draw connections between early life stress, spatial attention 
impairment, and anxiety symptoms in adulthood.

Although our study had many strengths, made possi-
ble by the opportunity to acquire multiple measures in the 
same subjects, we also were faced with limitations. First, we 
focused on understanding correlations among our variables 
of interest rather than using causal manipulations. However, 
prior studies have already performed causal manipulations 
of oscillations, such as alpha, and have demonstrated their 
direct impact on selective attention abilities (Romei et al., 
2010). Future studies could investigate whether this same 
mechanism underlies selective attention impairments in clini-
cal populations. Second, our composite inattention score was 
created by averaging together several items across multiple 
preexisting symptom questionnaires. Although our com-
posite inattention scores had good internal validity and face 
validity, future studies may seek to develop more compre-
hensive questionnaires to assess various types of attention 
impairments in the context of mood and anxiety disorders 
specifically. Finally, in our analyses of early life stress, we 
independently investigated the effects of the type of stressor 
(e.g., Abuse) from the effects of the age-range at which the 
stressors occurred (e.g., 13-17 years old) but were not able 
to investigate the interaction between stressor type and age-
range due to the size of our sample. Future studies in larger 
samples may extend this work to probe the specific impacts of 
different types of stressors occurring at different age ranges 
on attention abilities and psychiatric symptoms in adulthood.

Our development of behavioral laboratory measurements 
of attention impairment represents a first important step 
achieving a more precise characterization of the neurobio-
logical dimensions that comprise such debilitating and prev-
alent disorders as anxiety. In particular, our study represents 
an important first stride toward characterizing the previously 
underexplored transdiagnostic symptom dimension of spatial 
attention impairments that is associated with greater severity 
of anxiety symptoms. This represents an important advance 
for both basic and clinical neuroscience by clarifying the 
specific subdomains of attention that are associated with 
affective dysfunction and their underlying neural correlates, 
as well as the potential influence of stressors in early life.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 3758/ s13415- 021- 00963-0.
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