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A B S T R A C T

Emotion–cognition interactions are essential for mental health in aging, yet their disruption in older adults with a 
history of affective disorders is poorly understood. We compared older adults reporting a history of depression 
and/or anxiety (History Group; n = 20) to those without such history (No-History Group; n = 28) using an 
emotional oddball task to examine behavioral performance and frontal and occipital alpha asymmetry patterns. 
Behaviorally, the history group exhibited generally delayed reaction times across all target types and reduced 
accuracy specifically in targets following fearful distractors, compared with the no-history group, indicating 
increased susceptibility to emotional interference associated with affective history. EEG analysis (electrodes F3/ 
F4 for frontal and O1/O2 for occipital) revealed distinct frontal alpha asymmetries: the history group exhibited a 
left visual field bias in frontal alpha following fearful distractors, alongside a right-frontal dominance across 
target types. In contrast, the No-history group showed balanced bilateral frontal activation across target con
ditions. No group differences emerged in occipital alpha asymmetry, suggesting comparable visual processing 
strategies. These findings indicate that a history of depression and/or anxiety is associated with altered cognitive 
task performance and distinct frontal neural signatures in older adults, highlighting the potential value of 
emotion regulation interventions for supporting cognitive flexibility in this population.

1. Introduction

Mental health disorders are increasingly prevalent among older 
adults, with depression and anxiety representing two of the most com
mon and burdensome conditions (World Health Organization, 2023). 
These disorders frequently co-occur and are associated with substantial 
impairments in daily functioning, emotional well-being, and quality of 
life (Ochsner and Gross, 2005). Beyond their immediate clinical impact, 
both depression and anxiety are linked to long-term disruptions in 
emotion regulation and cognitive control (Joormann and Gotlib, 2010; 
Kenwood et al., 2022). Accumulating evidence suggests that even a 
history of affective disorders may be linked to long-lasting neural con
sequences that increase vulnerability to cognitive decline and dementia 
in later life (Byers and Yaffe, 2011; Gimson et al., 2018; Ownby et al., 
2006). However, how depression and anxiety histories interact with age- 

related brain reorganization at the neural level remains poorly 
understood.

Emotion and cognition rely on dynamically interacting, lateralized 
neural networks. Left-hemisphere engagement is typically associated 
with approach-related and goal-directed processing, whereas right- 
hemisphere engagement supports withdrawal-related and monitoring 
processes (Bartolomeo and Seidel Malkinson, 2019; Harmon-Jones and 
Gable, 2018). Electroencephalography (EEG) provides a temporally 
sensitive method to examine these dynamics. In particular, alpha-band 
oscillations (8–12 Hz) are widely interpreted as an inverse index of 
cortical excitability, with higher alpha reflecting inhibition (Jensen and 
Mazaheri, 2010). Frontal alpha asymmetry (FAA), defined as the rela
tive difference in alpha power between left and right frontal regions, has 
been proposed as a neural marker of individual differences in affective 
and motivational tendencies (Davidson, 1992, 1998; Coan and Allen, 

* Corresponding author.
** Correspondence to: A. Singhal, Department of Psychology, University of Alberta, Edmonton, Alberta, Canada.

E-mail addresses: fpeng3@ualberta.ca (F. Peng), asinghal@ualberta.ca (A. Singhal). 

Contents lists available at ScienceDirect

Journal of Affective Disorders

journal homepage: www.elsevier.com/locate/jad

https://doi.org/10.1016/j.jad.2026.121185
Received 29 October 2025; Received in revised form 31 December 2025; Accepted 10 January 2026  

Journal of Aϱective Disorders 400 (2026) 121185 

Available online 12 January 2026 
0165-0327/© 2026 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by- 
nc-nd/4.0/ ). 

mailto:fpeng3@ualberta.ca
mailto:asinghal@ualberta.ca
www.sciencedirect.com/science/journal/01650327
https://www.elsevier.com/locate/jad
https://doi.org/10.1016/j.jad.2026.121185
https://doi.org/10.1016/j.jad.2026.121185
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jad.2026.121185&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


2004; Harmon-Jones and Gable, 2018). Within this framework, reduced 
left-frontal alpha is associated with approach-related motivation, 
whereas reduced right-frontal alpha is linked to withdrawal and 
avoidance.

Prior research has linked affective disorders to atypical hemispheric 
asymmetries. Lesion studies associate left-frontal damage with depres
sive symptoms, suggesting reduced left-hemisphere engagement and 
relative right-hemisphere predominance (Robinson and Szetela, 1981). 
Neuroimaging and electrophysiological studies have similarly demon
strated greater right-frontal engagement in depression, reflecting diffi
culty disengaging from negative stimuli rather than nonspecific 
hyperactivity (Allen et al., 2004; Pereira and Khan, 2016; Yang et al., 
2024). Similarly, anxiety, particularly anxious arousal and panic, has 
been linked to heightened right-hemisphere activation (Heller et al., 
1995, 1997). Furthermore, generalized anxiety disorder has been asso
ciated with higher activation in the right temporal lobe (Li et al., 2023) 
and decreased activity in the left frontal and temporal lobes (Ding et al., 
2025).

Despite this theoretical grounding, the diagnostic utility of FAA re
mains debated. Meta-analyses report negligible effects for resting-state 
FAA when comparing heterogeneous depressed samples with healthy 
controls (Luo et al., 2025; van der Vinne et al., 2017). Rather than 
undermining the relevance of FAA, these findings are increasingly 
interpreted as reflecting diagnostic heterogeneity: FAA appears to reflect 
underlying motivational and regulatory mechanisms rather than cate
gorical diagnoses, with asymmetry patterns varying as a function of 
symptom profile, arousal, and contextual demands (Cantisani et al., 
2015; Harmon-Jones and Gable, 2018; Horato et al., 2022). Patients 
with comorbid depression and anxiety often exhibit greater resting 
right-lateralized frontal asymmetry (Engels et al., 2010) than those with 
pure depression (Thibodeau et al., 2006).

A limitation of the existing FAA research is its reliance on resting- 
state EEG. Resting-state measures lack explicit motivational or 
emotional engagement and are limited in their ability to reveal 
compensatory strategies in older adults (Campbell and Schacter, 2017; 
Coan et al., 2006). In contrast, stimulus-evoked FAA during emotionally 
demanding tasks provides a constrained and mechanistically informa
tive measure of emotion–cognition interactions (Coan and Allen, 2004; 
Allen and Reznik, 2015), allowing asymmetries to be examined in 
response to well-defined emotional and cognitive demands.

Emotionally salient stimuli, especially fear, preferentially capture 
attention, biasing right-hemisphere processing (Bourne and Vladeanu, 
2011; Menon and Uddin, 2010). While adaptive for threat detection, this 
can impair performance when tasks rely on right-hemisphere networks, 
such as visuospatial attention and attentional reorienting (Hartikainen 
et al., 2010; Vossel et al., 2014). Altered hemispheric lateralization 
associated with depression and anxiety may exacerbate interference and 
reduce cognitive efficiency (Rogers, 2021).

These affective biases may interact with normative age-related 
changes. According to the Posterior-to-Anterior Shift in Aging (PASA) 
model, older adults increasingly recruit frontal executive control net
works to compensate for posterior sensory decline (Davis et al., 2008). 
Aging is also associated with a positivity effect, characterized by pref
erential processing of positive information and linked to greater left- 
frontal engagement (Mather, 2016; Mather and Carstensen, 2005). 
These patterns suggest an age-related shift toward frontal and left- 
lateralized control processes. Alterations in hemispheric asymmetry 
may therefore contribute to emotional and cognitive difficulties 
observed in older adults with depression or anxiety (Ding et al., 2021). 
However, it remains unclear whether these adaptive shifts persist in 
older adults with a history of depression or anxiety, who may retain a 
right-hemisphere withdrawal bias.

To disentangle these mechanisms, it is essential to distinguish be
tween executive and sensory processes. FAA primarily reflects frontal 
executive regulation and motivational orientation, whereas Occipital 
Alpha Asymmetry (OAA) indexes selective visual attention, with 

reduced contralateral occipital alpha indicating enhanced engagement 
(Worden et al., 2000; Thut et al., 2006). Comparing frontal and occipital 
asymmetries allows assessment of whether group differences arise from 
altered sensory selection, compensatory control, or their interaction.

The present study employed an emotional oddball task, a paradigm 
probing emotion–cognition interactions. Participants detected infre
quent targets amid frequent or emotional distractors, with hemivisual 
field presentation enabling lateralized processing assessment (Bourne, 
2006; Briggs and Martin, 2009). Because attentional orienting and vig
ilance are primarily supported by right-hemisphere networks (Corbetta 
and Shulman, 2002), this design captures competition between fear and 
goal-directed attention across hemispheres. We pooled depression and 
anxiety groups as they share a core neural signature—right-frontal 
dominance—linked to “anxious arousal” (Bruder et al., 1997; Nitschke 
et al., 1999; Thibodeau et al., 2006). This grouping aligns with the task's 
focus on immediate vigilance to examine generalized patterns of nega
tive affect.

We examined stimulus-evoked hemispheric asymmetries in older 
adults with and without a history of depression and/or anxiety. Based on 
theoretical frameworks of FAA, affective lateralization, and PASA, we 
tested the following hypotheses: 

1. Older adults with a history of depression and/or anxiety will exhibit 
reduced task efficiency relative to participants without such history, 
reflected in slower reaction times and lower accuracy, particularly 
for targets following fearful distractors.

2. Participants with a history of depression and/or anxiety will show 
altered hemispheric and visual field–related alpha asymmetries 
relative to participants without such history.

3. Across the sample, frontal alpha asymmetry effects will be more 
pronounced than occipital alpha asymmetry effects, consistent with 
age-related reliance on frontal executive control networks.

2. Methods

2.1. Participants

Twenty-two older adults (6 male) with a history of depression and/or 
anxiety and thirty older adults (11 male) without such history were 
recruited from several senior centers in Edmonton. All participants were 
right-handed. Written informed consent was obtained prior to partici
pation, and the experimental protocol was approved by the Health 
Research Ethics Board at the University of Alberta. Four participants 
were excluded: two due to failure to demonstrate normal cognitive 
functioning based on screening assessments and two due to excessive 
artifacts in EEG recordings. The final sample consisted of 28 participants 
in the history group (ages 62–73; M = 68.92, SD = 2.88) and 20 par
ticipants in the no-history group (ages 60–75; M = 69.26, SD = 3.25). 
Demographic information of participants in both groups is shown in 
Table 1.

2.2. Experimental procedure

All participants first completed an assessment session that included 
cognitive functioning, depressive symptoms, anxiety symptoms, hand
edness, and demographic information. The session lasted no more than 
20 min per participant, and no participants requested a break. Following 
the screening session, participants completed an EEG session involving 
oddball trials, which were split into four blocks of 305 trials each. 
Fearful distractor trials were pseudorandomized to avoid presenting 
more than two consecutive trials of the same valence. Each trial began 
with a jittered fixation lasting between 400 and 1250 ms, followed by 
the display of a stimulus (standard, distractor, or target) for 1250 ms. To 
prevent participants from predicting the stimuli, the interval between 
infrequent stimuli (distractors and targets) was randomized using an 
exponential distribution, with a median interval of 8 s and a range of 6 to 
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10 s, interspersed with standard stimuli (Peng et al., 2025). Participants 
were instructed to use one hand to indicate the location of standard 
stimuli and oddball targets by pressing distinct buttons, and the other 
hand to respond to emotional distractors (fearful or neutral). Hand as
signments were alternated between blocks. Within each group, half of 
the participants used their left hand to respond to circles (standard 
stimuli and oddball targets) in the first two blocks, and their right hand 
in the last two, while the other half followed the opposite order. Par
ticipants were instructed to respond as quickly and accurately as 
possible. All EEG assessments were conducted between 11:00 a.m. and 
3:00 p.m. to minimize potential circadian influences on EEG activity and 
cognitive performance.

2.3. Screening assessments

The assessment battery consisted of the following measures. Cogni
tive functioning was screened using the Montreal Cognitive Assessment 
(MoCA), and only individuals scoring ≥26 were included (Nasreddine 
et al., 2005). Mental health was assessed using the Generalized Anxiety 
Disorder 7-item scale (GAD-7; ≥5 indicating clinically relevant anxiety; 
Spitzer et al., 2006) and the Beck Depression Inventory–II (BDI-II; ≥13 
indicating clinically significant depressive symptoms; Beck et al., 1996). 
The no-history group included only participants who reported no history 
of depression or anxiety and scored below both clinical thresholds. 
Handedness was assessed using the Edinburgh Handedness Inventory 
(Oldfield, 1971), and only right-handed participants were included to 
control for hemispheric lateralization. Individuals with medical, 
neurological, or sensory conditions known to affect task performance, 
emotional, or cognitive processing, including epilepsy, stroke, dementia, 
head trauma, substance abuse, or color vision deficiency, were excluded. 
Descriptive statistics for all measures are reported in Table 2.

2.4. Task and stimuli

Participants performed a modified emotional oddball paradigm 

(Peng et al., 2025), with frequent stimuli [75% (912 trials)] and infre
quent distracters and oddball targets [25% (308 trials)]. The paradigm 
consisted of four blocks, with frequent stimuli and oddball targets pre
sented in either the left or right hemivisual field. The frequent stimuli 
and targets were identical in size and centrally positioned within each 
visual field. The right visual field was the frequent field in the first two 
blocks, and the left visual field in the last two. Infrequent distracters 
included fearful images (68 trials), neutral images (68 trials), and pos
itive images (4 trials). Oddball targets were categorized by the preceding 
infrequent stimulus: Target After Fear (56 trials), Target After Neutral (60 
trials), and Target After Target (52 trials). Neutral images paired with 
fearful ones were matched for visual qualities. Positive images served as 
a contextual and attentional anchoring function rather than a primary 
analytic focus and were therefore excluded from analyses. Distracter 
images were selected from the International Affective Picture System 
(IAPS) based on normative valence and arousal ratings, supplemented 
with in-house images from prior studies (Singhal et al., 2012; Wang 
et al., 2008).

In this task, participants used one hand to respond to circular visual 
stimuli, with separate buttons assigned to standard and oddball targets. 
Response hand assignments were counterbalanced: half participants 
began by using their left hand to respond to targets during the initial two 
blocks, switching to their right hand for the final two; the other half 
followed the opposite sequence. Responses to image-based distractors 
were made with the non-target-response hand. Emotional salience of 
distractors was manipulated across blocks: participants were asked to 
respond only to fearful images in Blocks 1 and 4, and only to neutral 
images in Blocks 2 and 3. This design encouraged consistent attentional 
engagement with images.

2.5. Electroencephalography (EEG) recording and analyses

EEG data were collected using a 256-channel high-density HydroCel 
Geodesic Sensor Net, with signals amplified at a gain of 1000 and 
sampled at 250 Hz. Electrode impedance was maintained below 50 kΩ 
(Ferree et al., 2001), and signals were initially referenced to the vertex 

Table 1 
Demographic information.

Characteristic History Group 
(n = 20)

No-History Group 
(n = 28)

Age (years) M (SD) 68.92 (2.88) 69.26 (3.25)
Sex, n (%)

Female 14 (70.0) 17 (60.7)
Male 6 (30.0) 11 (39.3)

Education Level, n (%)
Secondary 3 (15.0) 7 (25.0)
Undergraduate Degree 11 (55.0) 18 (64.3)
Postgraduate 6 (30.0) 3 (10.7)

Marital Status, n (%)
Married 7 (35.0) 17 (60.7)
Divorced 7 (35.0) 5 (17.9)
Single 6 (30.0) 5 (17.9)
Other 0 (0.0) 1 (3.6)

Living Status, n (%)
With family 9 (45.0) 19 (67.9)
Living alone 11 (55.0) 9 (32.1)

Number of Children, n (%)
None 8 (40.0) 9 (32.1)
1–2 9 (45.0) 14 (50.0)
3 or more 2 (10.0) 5 (17.9)

Ethnicity, n (%)
White 17 (85.0) 23 (82.1)
Asian 3 (15.0) 3 (10.7)
Black 0 (0.0) 1 (3.6)
Other 0 (0.0) 1 (3.6)

Note: History: participants with a depression and/or anxiety history. No-His
tory: participants without depression and/or anxiety histories. n: sample size. 
SD: standard deviation. Postgraduate: Master's or Ph.D. Degree: Bachelor's or 
Diploma programs.

Table 2 
Scores for cognitive & mental health screening measures.

Measure History Group 
(n = 20)

No-History Group 
(n = 28)

MoCA Score
Mean 27.57 27.88
Range ≥26 ≥26

GAD-7 Score (Anxiety), n (%)
0–4 (Minimal) 13 (65) 28 (100)
5–9 (Mild) 4 (20) 0 (0)
10–14 (Moderate) 2 (10) 0 (0)
15–21 (Severe) 1 (5) 0 (0)

BDI-II Score (Depression), n (%)
0–13 (Minimal) 7 (35) 28 (100)
14–19 (Mild) 4 (20) 0 (0)
20–28 (Moderate) 7 (35) 0 (0)
29–63 (Severe) 2 (10) 0 (0)

History of Affective Disorder(s), n (%)
Anxiety 6 (30) –
Depression 11 (55) –
Anxiety & Depression 4 (20) –

Note: History: participants with a depression and/or anxiety history. No-History: 
participants without depression and/or anxiety histories. n: sample size. MoCA: 
Montreal Cognitive Assessment. Normal: Total Score ≥ 26/30. GAD-7: General 
Anxiety Disorder 7-Item. No to minimal anxiety symptoms: Total Score 0–4. Mild 
anxiety symptoms: Total Score 5–9. Moderate anxiety symptoms: Total Score 10–14. 
Severe anxiety symptoms: Total Score 15–21. BDI-II: Beck Depression Inventory- 
Version 2. Minimal or None Depression: Total Score 0–13. Mild Depression: Total 
Score 14–19. Moderate Depression: Total Score 20–28. Severe Depression: Total 
Score 29–63. Affective Disorder(s): Diagnosis of past or current affective dis
order(s).
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electrode (Cz). The EEG recordings were bandpass filtered between 0.1 
and 50 Hz. Following filtering, data were re-referenced using the 
average reference approach (Hagemann et al., 2001). To address arti
facts, independent component analysis (ICA) was conducted via 
EEGLAB (Delorme and Makeig, 2004). Components reflecting common 
sources of noise—such as ocular and muscular activity—were identified 
through inspection of their spatial maps, time series, and spectral 
properties, and subsequently removed.

Post-cleaning, time-frequency analysis was carried out using the 
Better OSCillation detection method (BOSC), which employs a wavelet- 
based strategy designed to reduce the influence of transient artifacts on 
power estimates (Caplan et al., 2001; Whitten et al., 2011). We selected 
a 6-cycle width for the wavelet decomposition because this parameter 
provides an optimal trade-off between temporal and spectral resolution 
for the alpha band (8–12 Hz), allowing us to capture transient changes in 
power without the excessive temporal smoothing associated with higher 
cycle counts (Cohen, 2014). To quantify sustained oscillatory activity, 
we first estimated the background noise spectrum by fitting a linear 
regression to the log-log power spectrum at each electrode, excluding 
the alpha band peak to model the characteristic 1/f power drop-off. 
Oscillatory episodes were defined as periods in which the signal simul
taneously exceeded a power threshold set at the 95th percentile of the 
estimated background distribution and persisted for at least three 
consecutive cycles. Finally, Pepisode was calculated as the proportion of 
time within each epoch that the signal met both criteria, ensuring that 
subsequent asymmetry analyses were driven by sustained neural oscil
lations rather than broadband artifacts.

Trials were categorized based on target type (target following fear
ful, neutral, or prior target stimuli) and participant group (history vs. no- 
history). The analysis window encompassed − 300 ms to 1500 ms rela
tive to stimulus onset, with event timings corrected by 36 ms to account 
for known hardware delay. Two regions of interest were predefined for 
further analysis: frontal clusters (F3 [41, 36, 40] and F4 [224, 223, 
214]), linked to alpha activity modulation during emotion regulation 
and executive control (Harmon-Jones and Gable, 2018; Thibodeau et al., 
2006), and occipital clusters (O1 [116, 108, 115] and O2 [150, 151, 
159]), associated with visual processing and spatial attention (Worden 
et al., 2000; Kelly et al., 2006). The 8–12 Hz alpha band was selected 
based on existing literature (e.g., Klimesch, 2012; Jensen and Mazaheri, 
2010), which highlights its role in cognitive and emotional processing.

2.6. Data analyses

Behavioral outcomes were assessed using accuracy and reaction time 
(RT). Prior to analysis, RTs were filtered to exclude incorrect responses 
and anticipatory outliers (< 175 ms), consistent with established 
thresholds (Peng et al., 2025; Singhal et al., 2012). Data were analyzed 
using Linear Mixed-Effects Models (LMMs) (Raudenbush and Bryk, 
2002) to account for the hierarchical structure of the data (trials nested 
within subjects). The model included Group (history vs. no-history) and 
Condition (Target-After-Fear, Target-After-Neutral, Target-After-Target) as 
fixed effects, along with their interaction. To account for baseline vari
ability between participants, we included a random intercept for each 
subject (u0j). The model is defined as: 

Yij = β0+ β1(Groupj)+ β2(Conditioni)+ β3(Groupj×Conditioni)
+u0j+ εij 

Reaction time distributions were inspected for skewness. To validate 
the robustness of the results, models were initially fitted using log- 
transformed RTs. As the pattern of significance and effect sizes 
remained consistent between the transformed and raw data, raw RT 
values (milliseconds) are reported in the final text and figures to facili
tate interpretation. Accuracy scores were analyzed as continuous vari
ables. Statistical parameters (Estimates, Standard Errors) were derived 
from the fitted models. Significance for fixed effects was determined 

using t-tests with Satterthwaite approximations for degrees of freedom. 
Significant main effects and interactions (p < .05) were decomposed 
using post-hoc pairwise comparisons, corrected with the Bonferroni 
method to control the error rate.

EEG alpha-band activity (8–12 Hz) was analyzed using mixed-effects 
ANOVAs to assess the effects of Group (history vs. no-history), Visual 
Field (left vs. right), and Hemisphere (left vs. right) on oscillatory power. 
Group was treated as a between-subjects factor, and Visual Field and 
Hemisphere as within-subject factors. Greenhouse-Geisser corrections 
were applied where the assumption of sphericity was violated. Signifi
cance was set at p < .05.

3. Results

3.1. Group differences in behavioral performance in emotion-cognition 
interactions

The analysis of behavioral performance in emotion-cognition in
teractions revealed significant differences between older adults with a 
history of depression and/or anxiety (the history group) and older adults 
without such history (the no-history group). In terms of RTs (see Table 3
for descriptive results), the history group performed significantly slower 
RTs than the no-history group (Estimate = 16.734, SE = 8.200, t = 2.041, 
p = .047; see Fig. 1a). For accuracy (see Table 3 for descriptive results), a 
significant Group × Condition interaction (Estimate = − 0.010, SE =
0.003, t = − 3.072, p = .003) indicated that the history group demon
strated lower accuracy than the no-history group specifically in the 
Target-After-Fear condition (see Fig. 1b). The negative estimate suggests 
that accuracy declined more steeply in the history group following 
fearful stimuli compared to no-history group.

3.2. Hemifield and hemispheric asymmetries in frontal alpha during 
emotion-cognition interactions

Behaviorally, both groups showed similar visual field effects: par
ticipants responded significantly faster to LVF than RVF targets (p <
.001; Fig. 1c and Table 3).

For EEG data, distinct patterns of frontal alpha hemifield asymme
tries were observed between the history and no-history groups, reflect
ing differential patterns of frontal activation during emotion–cognition 
interactions. In the history group, a left visual field (LVF) bias emerged 
in target-after-fear condition (see Fig. 2a and 3a), indicated by signifi
cantly greater frontal activation—reflected by reduced alpha power—in 
response to targets following fearful stimuli presented in the LVF (p =
.041; Table 3). Conversely, the no-history group exhibited a right visual 
field (RVF) bias in target-after-fear condition, showing increased frontal 
activation for right-field targets (p = .038; Table 3, Fig. 2a and 3b).

Furthermore, there were differences in hemispheric asymmetries 
across two groups. Across all target conditions, the history group 
demonstrated consistently greater right than left frontal activation 
(Target After Fear: p = .012; Target After Neutral: p = .011; Target After 
Target: p = .004), suggesting a stable right hemisphere dominance (see 
Table 4 and Fig. 2b and 3c). The no-history group, by comparison, 
showed no significant hemispheric asymmetry, indicating more 
balanced frontal activation during emotion–cognition interactions (see 
Fig. 2b and 3d).

Additionally, analysis of hemifield-by-hemisphere interactions 
revealed group-specific differences. In the history group, right frontal 
activation was selectively enhanced for Target-After-Fear presented in 
the LVF (p < .001), whereas the left frontal region responded similarly to 
both visual fields, demonstrating reduced lateralization (see Fig. 2c and 
Table 5). The no-history group showed comparable visual field biases in 
both hemispheres (p = .003 and 0.071 for left and right frontal regions), 
reflecting a bilaterally distributed attentional response without strong 
hemispheric specialization.
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3.3. Hemifield asymmetries in occipital alpha in visuospatial attention

No significant hemifield asymmetries in occipital alpha power were 
observed in either group during the Target-After-Fear and Target-After- 
Neutral conditions, indicating balanced visuospatial processing when 
targets followed emotionally salient or neutral distractors. However, in 
the Target-After-Target condition, both groups exhibited significantly 
greater occipital activation—evidenced by reduced alpha power—in 
response to right visual field targets (p = .028; Table 5 and Fig. 2d), 
suggesting a shift toward right-field attentional bias when no emotional 
distractor preceded the target (Fig. 3e and f).

4. Discussion

This study investigated the neural mechanisms underlying emotion- 
cognition interactions and visuospatial attention in older adults with a 
history of depression and/or anxiety compared to those without such 
history. By examining frontal and occipital alpha asymmetries, we were 
able to reveal group-specific differences in attentional control and 
emotion regulation that may reflect broader changes in neural pro
cessing during aging. The findings highlight how frontal alpha and oc
cipital alpha power demonstrating visual field biases, hemispheric 
asymmetry, and the effects of emotional distraction in directing atten
tion, shedding light on how emotion regulation and cognitive processing 
are altered in aging populations, particularly in those with a history of 
depression and/or anxiety.

4.1. Behavioral performance impairment in older adults with depression 
and/or anxiety histories

Our behavioral findings align with prior research showing that older 

adults with depression and/or anxiety histories exhibit cognitive vul
nerabilities (Freire et al., 2017; Potter and Steffens, 2007; Steffens and 
Potter, 2008). While depression and anxiety are established risk factors 
for cognitive decline (Camacho-Conde and Galán-López, 2020), the 
present study focuses on characterizing the functional impact of these 
histories. We demonstrated impairments in real-time task performance, 
specifically in an emotion–cognition interaction task that required par
ticipants to regulate responses to emotional stimuli while directing vi
suospatial attention. This captures functional impairments in emotion 
regulation and attentional flexibility which are two core processes 
critical to maintaining cognitive health in late life.

Importantly, these impairments were particularly pronounced in 
emotionally salient contexts. A significant Group × Condition interac
tion for accuracy highlighted that the history group performed partic
ularly worse in the Target-After-Fear condition, suggesting that fearful 
distractors disproportionately disrupt cognitive performance in older 
adults with depression and/or anxiety histories. These findings align 
with models positing that emotional interference impairs cognitive 
control and attentional resources, especially in vulnerable populations 
(Carstensen et al., 2006; Pessoa, 2009). The impaired accuracy 
following fearful stimuli in the history group indicates deficits in 
emotion-cognition interactions, emphasizing the need for interventions 
targeting emotion regulation and cognitive control in older adults with 
depressive and/or anxiety histories.

4.2. Frontal alpha hemifield asymmetries in emotion-cognition 
interactions between groups

In our study, frontal alpha hemifield asymmetries revealed distinct 
patterns of emotion–cognition interactions between history and no- 
history groups. When responding to targets following fearful 

Table 3 
Reaction time (ms), accuracy and Pepisode for alpha-band oscillations across participants separated by target visual field and target condition (Mean(SD)).

Group Variable Target Visual Field Target Condition

Left Field Right Field Target-After-Fear Target-After-Neutral Target-After-Target

History 
(n = 20)

Reaction time 507.61 (118.70) 595.25 (114.90) 622.44 (113.25) 585.02 (104.20) 459.35 (72.91)
Accuracy 0.957 (0.084) 0.963 (0.091) 0.929 (0.078) 0.963 (0.038) 0.988 (0.019)
Frontal Alpha 0.112 (0.087) 0.145(0.118) 0.128 (0.077) 0.111 (0.081) 0.068 (0.035)
Occipital Alpha 0.058 (0.034) 0.060 (0.038) 0.059 (0.031) 0.055 (0.030) 0.040 (0.028)

No-History 
(n = 28)

Reaction time 463.49 (114.54) 534.96 (114.39) 559.18 (107.58) 528.49 (118.76) 397.29 (60.43)
Accuracy 0.965 (0.043) 0.969 (0.096) 0.955 (0.060) 0.964 (0.058) 0.982 (0.050)
Frontal Alpha 0.136 (0.084) 0.106 (0.068) 0.122 (0.077) 0.108 (0.050) 0.079 (0.035)
Occipital Alpha 0.079 (0.040) 0.065 (0.035) 0.072 (0.036) 0.070 (0.031) 0.060 (0.027)

Note: History: participants with a depression and/or anxiety history. No-History: participants without depression and/or anxiety histories.

Fig. 1. Behavioral performance between groups and visual fields. (a) Comparisons of reaction times in target conditions between two groups. (b) Comparison of 
accuracy in target conditions between two groups. (c) Comparison of reaction times in target-after-fear condition between two groups. (History group: participants 
with a depression and/or anxiety history. No-History group: participants without depression and/or anxiety histories. **: p < .01 significance. *: p < .05 significance.)
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distractors, the history group demonstrated a LVF bias, while the no- 
history group exhibited a RVF bias. Specifically, the history group 
showed greater frontal activation (lower alpha power) to LVF targets (p 
= .041), whereas the no-history group showed increased frontal acti
vation to RVF targets (p = .038). Because LVF information projects 
primarily to the right hemisphere and RVF information to the left (Thut 
et al., 2006), these patterns indicate that the history group engaged right 
frontal regions more strongly, while the no-history group relied more on 
left frontal activation during target processing following fearful dis
tractors. This distinction may reflect differences in affective and moti
vational tendencies between groups. According to Davidson's model, left 
frontal regions are associated with approach motivation and positive 
affect, while right frontal regions support withdrawal motivation and 
negative affect (Davidson, 1992; Davidson, 2004). Thus, the no-history 
group's RVF bias likely reflects adaptive engagement of left-lateralized 
networks that facilitate goal-directed attention and regulation 
(Harmon-Jones and Gable, 2018). By contrast, the history group's LVF 
bias suggests greater reliance on right frontal mechanisms linked to 
sensitivity to negative cues and withdrawal-oriented processing (Coan 

and Allen, 2004; Suslow et al., 2020; Thibodeau et al., 2006). These 
findings highlight how differences in hemispheric engagement reflect 
emotion regulation strategies, with the history group showing patterns 
indicative of disrupted affective control.

4.3. Right hemisphere dominance in frontal alpha in older adults with 
depression and/or anxiety histories

The frontal alpha asymmetry patterns observed in the history group 
across all conditions are indicative of higher activation of the right 
frontal region, suggesting a predominant role of the right hemisphere in 
emotion-cognition interactions (Hartikainen, 2021). Rather than a 
beneficial compensatory mechanism, this increased right hemisphere 
activation likely reflects a predisposition toward negative emotion 
processing (Davidson and Irwin, 1999). Sustained right-frontal hyper
activation in depression and anxiety has been linked to impaired 
engagement of left-hemisphere regulatory networks, resulting in 
reduced flexibility of emotion regulation and cognitive control 
(Rotenberg, 2004; Thibodeau et al., 2006; Engels et al., 2007; Coan and 

Fig. 2. Alpha oscillations between visual fields and hemispheres. (a) Averaged frontal alpha activity patterns in response to targets following fearful stimuli pre
sented in the left versus right visual field (visual field bias) for both groups. (b) Frontal alpha asymmetries across all target conditions in the history group. (c) 
Contribution of right frontal alpha to visual field bias during the target-after-fear condition in the history group. (d) Similar averaged occipital alpha activity in 
response to target-after-target presented in the left versus right visual field for both groups. (History group: participants with a depression and/or anxiety history. No- 
History group: participants without depression and/or anxiety histories. ***: p < .001 significance. **: p < .01 significance. *: p < .05 significance).
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Fig. 3. Topographic distribution of alpha oscillations. (a) History group during the Target-After-Fear condition for left (LVF) and right (RVF) visual fields. (b) No- 
History group during the Target-After-Fear condition for LVF and RVF. (c) History group in target conditions. (d) No-History group in target conditions. (e) History 
group during the Target-After-Target condition for LVF and RVF. (f) No-History group during the Target-After-Target condition for LVF and RVF. (History group: 
participants with a depression and/or anxiety history. No-History group: participants without depression and/or anxiety histories.)

Table 4 
Pepisode for alpha-band oscillations across participants separated by target condition, and cluster location (Mean(SD)).

Group Electrode cluster Target-After-Fear Target-After-Neutral Target-After-Target

History 
(n = 20)

L. Frontal 0.133 (0.083) 0.118 (0.084) 0.073 (0.052)
R. Frontal 0.124 (0.104) 0.104 (0.073) 0.063 (0.038)
L. Occipital 0.059 (0.041) 0.054 (0.030) 0.040 (0.026)
R. Occipital 0.059 (0.045) 0.056 (0.038) 0.040 (0.029)

No-History 
(n = 28)

L. Frontal 0.120 (0.096) 0.106 (0.075) 0.080 (0.056)
R. Frontal 0.121 (0.087) 0.111 (0.073) 0.080 (0.048)
L. Occipital 0.074 (0.045) 0.072 (0.047) 0.062 (0.039)
R. Occipital 0.070 (0.041) 0.069 (0.044) 0.058 (0.036)

Note: History: participants with a depression and/or anxiety history. No-History: participants without depression and/or anxiety histories. L: left. R: right.
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Allen, 2004). This asymmetry was particularly pronounced in the Target- 
After-Fear condition, where the history group exhibited higher frontal 
activation to LVF compared to RVF targets. This pattern reflects the 
increased processing demands of orienting attention to the left visual 
field, which is predominantly supported by the right hemisphere. This 
bias is consistent with prior research indicating that individuals with 
depression and anxiety exhibit heightened vigilance toward emotionally 
salient stimuli, a process preferentially mediated by the right hemi
sphere (Davidson, 1998; Thibodeau et al., 2006). Critically, behavioral 
performance in the history group was poorer than in the no-history 
group, with reduced accuracy and slower reaction times. Together, the 
observed right-hemispheric dominance likely reflects a carryover effect 
of the threat-related information that interferes with subsequent 
cognitive efficiency (Hu et al., 2014).

4.4. Bilateral frontal recruitment in older adults without depression/ 
anxiety histories

The no-history group exhibited a pattern of bilateral frontal 
recruitment, characterized by balanced activation with no significant 
hemispheric asymmetry. This finding aligns with the HAROLD model 
(Hemispheric Asymmetry Reduction in Older Adults; Cabeza, 2002), 
which suggests that healthy aging involves more bilateral neural 
engagement to support cognitive function. Neuroimaging and electro
physiological studies support this view, showing that older adults typi
cally recruit both hemispheres during attentional tasks, reflecting 
reduced lateralization compared to younger adults (Casagrande et al., 
2021; Dumas, 2015; Learmonth et al., 2017). Unlike the right-lateralized 
pattern observed in the history group, this bilateral engagement in older 
adults without depression or anxiety histories likely represents an 
adaptive recruitment of neural networks during cognitive processing 
following fearful distraction (Cabeza, 2002; Dolcos et al., 2002; Park and 
Reuter-Lorenz, 2009).

Importantly, in the Target-After-Fear condition, the no-history group 
showed higher frontal activation to RVF compared to LVF targets, mir
roring the neural asymmetry pattern seen in younger adults using the 
same paradigm (Peng et al., 2025). This RVF bias is consistent with 
findings from visual neglect research, which indicate that the left 
hemisphere primarily processes RVF stimuli while the right hemisphere 
contributes to processing of both visual fields (Heilman and Van Den 
Abell, 1980; Reuter-Lorenz et al., 1990). However, despite this neural 
similarity, older adults in the no-history group exhibited unbalanced 
reaction times, with slower responses to RVF targets compared to LVF 
targets. In contrast, younger adults show comparable reaction times 
across visual fields (Peng et al., 2025), suggesting a subtle reduction in 
neural efficiency with age. Although older adults can recruit additional 
frontal resources to process RVF stimuli, as evidenced by lower frontal 
alpha power, this compensatory engagement does not fully preserve the 
balanced behavioral performance characteristic of younger populations. 
Future studies could compare frontal asymmetry patterns between 
mentally healthy younger and older adults to further clarify how age- 
related changes in neural recruitment relate to cognitive efficiency 

across visual fields.

4.5. Occipital alpha asymmetry: visuospatial attention

Occipital alpha power is commonly regarded as a marker of visuo
spatial attention, with lower alpha power indicating greater cortical 
activation to relevant stimuli (Thut et al., 2006). In this study, no sig
nificant hemifield asymmetries in occipital alpha were observed during 
the Target-After-Fear and Target-After-Neutral conditions, despite frontal 
asymmetries. However, in the absence of emotional distractors (Target- 
After-Target condition), both groups exhibited significantly lower alpha 
power in response to RVF targets. This suggests right-field attentional 
bias emerges when processing demands are purely visuospatial and 
aligns with the view that the occipital cortex primarily processes sensory 
information (Corbetta and Shulman, 2002; Heilman and Van Den Abell, 
1980).

Notably, this occipital hemifield asymmetry mirrors the frontal alpha 
pattern in the no-history group, where RVF biases were more pro
nounced. This alignment implies that, in healthy aging, there is a pre
served coordination between frontal and occipital regions: the frontal 
cortex directs attentional resources to support emotion regulation and 
cognitive control (Corbetta and Shulman, 2002; Dolcos and McCarthy, 
2006; Kaplan and Berman, 2010), while the occipital cortex processes 
the spatial input (Heilman and Van Den Abell, 1980; Yang et al., 2024). 
Conversely, the finding that occipital asymmetry was present in both 
groups, whereas frontal asymmetry differed, suggests that early visual 
processing remains intact even when frontal control is compromised.

4.6. Implications for clinical and healthy aging populations

This study provides preliminary insights into how a history of 
depressive and/or anxiety disorders may relate to patterns of frontal 
alpha asymmetry, hemispheric lateralization, and visual field processing 
in older adults. The history group exhibited relatively greater right- 
hemisphere activation, which could suggest increased reliance on 
right-lateralized networks for emotion-cognition interactions. In 
contrast, the no-history group showed more bilateral frontal activation, 
potentially reflecting adaptive neural recruitment associated with 
healthy aging. These observations contribute to understanding how af
fective history may interact with normative age-related brain changes, 
although caution is warranted in interpreting these findings, given the 
sample size and cross-sectional design.

While it is tempting to draw clinical implications, these results 
should be considered exploratory. They suggest that interventions pro
moting balanced hemispheric engagement could be beneficial, but 
specific recommendations remain speculative. Potential approaches, 
supported by prior research, include bilateral movement-based activ
ities (e.g., dance, tai chi, dual-task stepping) that may engage both 
hemispheres (Serrien et al., 2006; Hackney and Earhart, 2008), EEG- 
based neurofeedback targeting frontal alpha asymmetry to modulate 
motivational processes (Harmon-Jones and Gable, 2018; Mennella et al., 
2017), and mindfulness or breath-based practices, such as alternate 

Table 5 
Pepisode for alpha-band oscillations across participants separated by cluster location, target condition and target visual field (Mean(SD)).

Group Electrode cluster Target-After-Fear Target-After-Neutral Target-After-Target

Left Field Right Field Left Field Right Field Left Field Right Field

History 
(n = 20)

L. Frontal 0.126 (0.070) 0.140 (0.096) 0.122 (0.087) 0.114 (0.081) 0.082 (0.054) 0.064 (0.049)
R. Frontal 0.097 (0.078) 0.151 (0.126) 0.091 (0.062) 0.117 (0.084) 0.060 (0.031) 0.066 (0.044)
L. Occipital 0.055 (0.034) 0.063 (0.047) 0.055 (0.025) 0.053 (0.034) 0.046 (0.021) 0.034 (0.031)
R. Occipital 0.062 (0.046) 0.056 (0.045) 0.059 (0.043) 0.052 (0.032) 0.048 (0.036) 0.031 (0.022)

No-History 
(n = 28)

L. Frontal 0.141 (0.105) 0.100 (0.076) 0.119 (0.081) 0.092 (0.069) 0.095 (0.074) 0.064 (0.038)
R. Frontal 0.130 (0.087) 0.112 (0.087) 0.114 (0.072) 0.108 (0.074) 0.093 (0.062) 0.063 (0.035)
L. Occipital 0.082 (0.044) 0.065 (0.046) 0.080 (0.048) 0.063 (0.045) 0.071 (0.041) 0.052 (0.036)
R. Occipital 0.076 (0.045) 0.065 (0.037) 0.077 (0.047) 0.061 (0.041) 0.068 (0.038) 0.048 (0.034)

Note: History: participants with a depression and/or anxiety history. No-History: participants without depression and/or anxiety histories. L: left. R: right.
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nostril breathing (e.g., Pranayama), hypothesized to influence inter
hemispheric coordination (Bhaskar et al., 2020; Campanelli et al., 
2020). These strategies warrant careful investigation in future studies 
before any clinical recommendations can be made.

Beyond depression and anxiety, these findings may inform broader 
questions about emotion-cognition interactions in late adulthood. 
Several conditions that emerge or persist in older adults, including post- 
traumatic stress disorder, bipolar disorder, somatic symptom disorder, 
and mild cognitive impairment with behavioral disturbances, often 
involve overlapping challenges in emotion regulation, attentional con
trol, and hemispheric functioning (Keller et al., 2022). Investigating 
patterns of neural asymmetry and compensatory processing across dis
orders may support transdiagnostic approaches and help identify 
mechanisms that extend beyond disorder-specific symptomatology 
(Farras-Permanyer et al., 2019; Mather, 2016; Orlando and Filippini, 
2024).

Future research should examine these neural patterns longitudinally 
and across diverse clinical and nonclinical populations, including in
dividuals with comorbid conditions, to clarify how affective history and 
aging interact over time. Assessing whether early markers of frontal 
asymmetry predict cognitive or emotional outcomes, and whether in
terventions targeting neural plasticity, such as aerobic exercise, cogni
tive remediation, or neurofeedback, can modulate hemispheric balance, 
will be important next steps. Such work could inform evidence-based, 
circuit-level strategies for promoting emotional and cognitive func
tioning in older adults, without prematurely claiming direct clinical 
efficacy.

4.7. Limitations

While this study provides preliminary insights into how a history of 
depression and/or anxiety may influence emotion–cognition in
teractions and visuospatial attention in older adults, several limitations 
should be noted. First, the demographic characteristics of our sample 
warrant careful consideration. The participants in the present study, 
recruited from Edmonton, Canada, were predominantly highly 
educated. High education is a well-established factor contributing to 
cognitive reserve, which can buffer against age-related cognitive decline 
and support neural compensatory mechanisms. Consequently, the 
bilateral recruitment observed in our “no-history” group might reflect a 
“best-case” scenario of successful aging that is not generalizable to older 
adults with lower socioeconomic status or educational backgrounds. 
Furthermore, while not controlled for here, the high northern latitude 
introduces potential environmental variables (e.g., seasonal daylight 
fluctuations) that future studies should address through diverse 
geographic sampling.

Second, important clinical and pharmacological confounds were not 
fully controlled. The history group included participants with past or 
recurring depressive and/or anxiety symptoms, some of whom had 
previously used or were currently taking psychotropic medications (e.g., 
antidepressants, anxiolytics). While we excluded major neurological or 
psychiatric conditions known to strongly influence neural activity, other 
common age-related medical conditions, such as hypertension, dyslipi
demia, and diabetes, were not systematically controlled. Given the po
tential effects of medications on both neural activation and behavioral 
performance, some of the observed differences may reflect pharmaco
logical influences in addition to group-level neural characteristics. 
Future studies should examine medication effects explicitly or include 
unmedicated participants to clarify the contribution of depressive/ 
anxiety history independent of treatment.

Third, the classification of the history group presents a methodo
logical limitation. To ensure sufficient power, we combined participants 
with histories of depression and anxiety into a single group. While this 
reflects the high comorbidity and shared “general affective distress” 
(Clark and Watson, 1991), it obscures potential differences between 
subtypes. For example, anxiety subtypes show distinct lateralization: 

“anxious apprehension” (worry) is often left-lateralized (Heller et al., 
1997), whereas “anxious arousal” (somatic vigilance) is right-lateralized 
(Nitschke et al., 1999). Depression may involve patterns of hypo
activation or withdrawal distinct from anxiety-related hyperarousal. 
Pooling these heterogeneous profiles could mask disorder-specific defi
cits or unique compensatory mechanisms. Future studies with larger 
samples should examine these diagnostic categories separately to clarify 
their contributions to neurocognitive aging.

Finally, this study employed a cross-sectional design within a 
controlled laboratory setting, which limits the ability to draw causal 
inferences or track how neural patterns in the history group evolve over 
time. Longitudinal studies are needed to determine whether the right- 
hemisphere dominance observed in older adults with a history of 
depression and/or anxiety reflects a stable trait, represents a long-lasting 
effect of past affective episodes, or emerges as a developing compensa
tory mechanism. Additionally, the experimental paradigm used static 
images, which may not fully capture the complexity of real-world 
emotional regulation. Processing dynamic, naturalistic emotional stim
uli may engage neural resources differently than the controlled labora
tory conditions implemented here.

4.8. Conclusion

This study demonstrates that older adults with a history of depres
sion and/or anxiety exhibit distinct patterns of emotion–cognition 
interaction. Specifically, while the no-history group exhibited adaptive 
bilateral frontal recruitment to preserve accuracy, the history group 
displayed maladaptive right-hemisphere dominance. This lateralization 
coincided with impaired cognitive performance following fearful dis
tractors, suggesting that past depressive and/or anxiety disorders leave a 
lasting impact on emotion regulation and cognitive processing. Conse
quently, frontal alpha asymmetry serves as a potential neural marker of 
vulnerability to cognitive and emotional dysregulation. These findings 
highlight the need for interventions targeting frontal asymmetry to 
mitigate these enduring risks in older adults with affective histories.
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