symmetry

Article

Frontal Alpha Asymmetry

and Negative Mood:

A Cross-Sectional Study in Older and Younger Adults

Catarina Barros

check for
updates

Citation: Barros, C.; Pereira, A.R,;
Sampaio, A.; Bujn, A.; Pinal, D.
Frontal Alpha Asymmetry and
Negative Mood: A Cross-Sectional
Study in Older and Younger Adults.
Symmetry 2022, 14, 1579. https://
doi.org/10.3390/sym14081579

Academic Editor: Sebastian
Ocklenburg

Received: 5 July 2022
Accepted: 27 July 2022
Published: 1 August 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, Ana Rita Pereira, Adriana Sampaio, Ana Bujan

and Diego Pinal *

Psychological Neuroscience Lab, Center for Research in Psychology, School of Psychology, Campus de Gualtar,
University of Minho, 4710-057 Braga, Portugal; id8510@alunos.uminho.pt (C.B.);

id8593@alunos.uminho.pt (A.R.P.); adriana.sampaio@psi.uminho.pt (A.S.); ana.bujan@gmail.com (A.B.)

* Correspondence: diego.pinal@psi.uminho.pt

Abstract: Frontal alpha asymmetry (FAA) has been associated with emotional processing and affective
psychopathology. Negative and withdrawal stimuli and behaviors have been related to high levels
of right cortical activity, while positive and approach stimuli and behaviors have been related to
increased left cortical activity. Inconsistent results in terms of depressive and anxious symptoms and
their relationship to FAA have been previously observed, especially at older ages. Additionally, no
studies to date have evaluated whether loneliness, a negative feeling, is related to FAA. Therefore, this
study aimed (i) to compare FAA between younger and older adults and (ii) to investigate the possible
relationships between loneliness, depressive and anxious symptomatology with FAA in young and
older adults. Resting electroencephalogram recordings of 39 older (Mage = 70.51, SD = 7.12) and
57 younger adults (Mage = 22.54, SD = 3.72) were analyzed. Results showed greater left than right
cortical activity for both groups and higher FAA for older than younger adults. FAA was not predicted
by loneliness, depressive or anxious symptomatology as shown by regression analyses. Findings
bring clarity about FAA patterns at different ages and open the discussion about the relationship
between negative emotional processing and frontal cortical imbalances, especially at older ages.

Keywords: frontal alpha asymmetry; aging; loneliness; depression; anxiety

1. Introduction

Research investigating potential relationships between asymmetries in brain activity,
emotional processing and affective psychopathology has been quite prolific in the last
20 years. A model of the relationship between cortical activity asymmetry and emotional
processing has been proposed, claiming that the left frontal region may be focused on
processing positive/approach related stimuli and behaviors, while the right frontal regions
may be involved in processing negative/withdrawal related stimuli and behaviors [1].
Neurobiological evidence supporting this model comes mainly from electroencephalog-
raphy (EEG) studies that investigated frontal alpha asymmetry (FAA) [2]. The most used
index to assess this frontal asymmetry is computed by subtracting the overall power in
the alpha frequency band (8-12 Hz) at left frontal electrodes from the alpha power at right
frontal electrodes [3]. Accordingly, given that alpha power is inversely related to cortical
activity [4], higher FAA (i.e., less alpha power in left than right electrodes) scores calculated
that way indicate greater left frontal activity, while lower FAA scores (i.e., more alpha
power in left than right electrodes) indicate greater right frontal activity [4].

Support for the aforementioned proposed difference between frontal hemispheres
is found in EEG studies showing that greater left frontal activity (i.e., high FAA scores)
is associated with trait tendencies towards behavioral activation, motivational system,
propensity to approach or engage with a stimulus, aggressive behavior, negatively-valenced
but approach-related emotions, more intense responses to positively-valenced stimuli and
with emotions such as joy and anger [5-9]. In addition, studies have also shown that greater
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right frontal activity (i.e., low FAA scores) is associated with trait tendencies towards
general avoidance, withdrawal system, propensity to disengage from stimulus, sadness,
depression and depressive symptomatology, social inhibition, shyness and more intense
responses to negative-valenced stimuli—especially the ones involving fear [9-15].

One factor characterizing the research on this frontal hemispheric asymmetry is its
relationship with affective psychopathology. A meta-analysis of the association of FAA
with different affective states found a moderate effect size for the relationship of right-sided
resting frontal asymmetry with depression (rs = 0.26) as well as with anxiety (rs = 0.25) [3].
More recent studies continue to solidify previous findings on the relationship between de-
pression and frontal hemispheric asymmetry, showing that depressed individuals present
negative FAA scores [16], indicating greater right-lateralized activity, in contrast to the
balanced cortical activity shown by healthy controls [17-19]. Nevertheless, there are still
some conflicting findings in the literature about the relationship of FAA with depression;
mainly, due to the unknown effects of some confounding variables, such as anxiety symp-
toms (for review see [20]). Results on the relationship between anxiety and FAA are scarcer
and more contradictory, however. Hence, dividing anxious symptoms between trait and
state, Heller et al. [21] found that traits of anxiety were more positively related to left-sided
frontal activity (i.e., higher FAA scores), although no differences in this asymmetry index
were reported in a study by Gordon et al. [19] when accounting for anxiety symptoms
without separating state and trait factors.

The right-side frontal asymmetry (i.e., lower or negative FAA scores) for depressive
symptomatology was also translated in terms of volumetric asymmetry, as shown by
Kumar and colleagues [22]. Specifically, these authors found right regions to be larger
than left regions with an increase of severity for late onset depression, i.e., first episode
of depression at age 60 or later. In spite of this result, EEG studies on frontal hemispheric
asymmetry and its relationship with affective psychopathology in older adults are scarce
and have shown contradictory results. Some research has shown that aging seems to
be related with more positive FAA scores when compared to younger adults, indicating
greater left frontal brain activity and greater experiences of positive emotions [23,24]. This
neural pattern can be explained based on the positivity bias observed on aging, which
gives preference to positive over negative stimuli in cognitive processing [25]. Additionally,
in the presence of depressive symptoms in older adults, these symptoms seem to rely
less on affective aspects than on the cognitive domain [26]. Furthermore, some studies
showed no differences between depressed and non-depressed older adults in terms of
frontal hemispheric asymmetry [27-29]. Therefore, more research is needed to determine
if FAA is an indicator of depressive symptomatology, negative emotion and withdrawal
motivation traits in the older population.

Among negative emotions, older adults are the population segment with the high-
est prevalence of loneliness. Estimated figures indicate that 20-34% of older people in
Europe and 25-29% in the USA are affected by loneliness [30]. Perceived social isolation
or loneliness increase implicit vigilance for social threats along with increasing anxiety,
depression, hostility and social withdrawal [31-33]. Loneliness is defined as the persistent
and distressing feeling produced when there is a mismatch between desired and actual
social relationships [34,35]. Withdrawal from social relationships tends to be progressive
with age and may trigger further increases in loneliness [33]. Moreover, the COVID-19 pan-
demic significantly contributed to increasing the feelings of loneliness and social isolation
among the aging population [36]. Importantly, there is evidence that the presence of social
withdrawal and other negative-type symptoms is related to higher risk of conversion into
dementia from the prodromal state of mild cognitive impairment [37].

Objective and perceived social isolation generates changes in brain structures, func-
tions and networks in adult social animals [38]. Evidence from EEG studies searching
for certain signatures of loneliness comes mainly through the analyses of event-related
potentials (ERPs). Cacioppo et al. [39,40] found that lonely individuals processed negative
and threatening social stimuli (as compared with nonsocial stimuli) faster than non-lonely
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participants. Moreover, brain source localization suggested that lonely individuals showed
early recruitment of the associative visual cortex, the inferior and superior temporal gyrus,
the parahippocampus, the supramarginal gyrus, the dorsolateral prefrontal cortex, the
amygdala and the insula, all of which are involved in attention, self-representation and
threat [40]. Accordingly, Greenan et al. [41] also computed EEG source analyses in the
context of a facial emotion bias task. These authors showed a positive relationship between
loneliness and theta activity in the left transverse temporal region and with beta activity
in the left superior parietal region for angry emotion biasing. These regions are associ-
ated with social-affective and attentional processing, respectively. However, out of these
three EEG studies, just Greenan and colleagues [41] included older adults as participants,
adopting a lifespan perspective (age range from 18 to 84 years), even though no effects
of age were reported. Moreover, although the link between loneliness and depressive
symptomatology /occurrence of major depressive disorders (MDD) is obvious and well-
demonstrated [42,43], no studies have been conducted on the relationship between this
complex emotion and the asymmetry in frontal alpha activity.

Therefore, the main objective of this study is twofold: firstly, we intend to explore the
frontal alpha asymmetry (FAA) pattern in younger and older adults to better characterize
the relationship of this index with emotional dispositions such as depressive and/or anxiety
symptomatology; secondly, we assessed if loneliness is related to FAA in the same way
as depressive feelings and other negative emotions—in other words, we expected greater
right frontal activity (i.e., lower or negative FAA scores) to be related to higher loneliness
scores. In addition, we expect a greater left cortical activity (i.e., higher FAA scores) in
older adults when compared to young adults, given the positivity bias and the lower
presence of affective symptoms in the older age group. Ina addition, we expect that the
degree of right lateralization in frontal cortical activity (i.e., lower or negative FAA scores)
is related with participants’ scores in depressive symptomatology and anxiety traits scales
(e.g., Beck depression inventory and State—Trait Anxiety Inventory, respectively). Similarly,
higher feelings of loneliness (measured by the UCLA Loneliness scale, for example) are
also expected to be related to the degree of right lateralization in frontal cortical activity.

2. Materials and Methods
2.1. Participants

Cognitively healthy older adults (OA) aged 60 years or more were selected from
the community and via contacts with different associations of older adults and day-care
centers from the city of Braga and its surroundings, through advertisement and informative
talks. Additionally, young adults (YA) between 18 and 35 years of age were recruited
among University of Minho's students and received course credits for their participation.
All volunteers provided their written informed consent, and the study protocols were in
accordance with principles outlined in the Declaration of Helsinki and received approval
from the ethics committee for Research in Health and Life Sciences at the University of
Minho (CE.CVS 095/2018).

Volunteers were excluded if they had a history of stroke, transient ischemic attack,
head injury, Parkinson’s disease, Alzheimer’s disease or other neurological or psychiatric
diseases. In addition, volunteers taking anxiolytic or antidepressant medication were
excluded. The Mini Mental State Examination (MMSE) [44] was used to assess the general
cognitive status according to years of education, and volunteers were excluded if their
score lay below the cut-off for probable dementia established in the Portuguese version by
Santana and colleagues [45]: illiterates <15 points, education from 1 to 11 years <22 points
and education for more than 11 years <27 points. Further, all volunteers accepted for
participation were independent or mildly dependent for the instrumental activities of daily
life according to the Portuguese validation of the Instrumental Activities of Daily Living
Scale (IADL) [46,47].

Accepted volunteers were divided into two groups: an OA group of 39 participants
(26 females) aged 59 to 89 years (M = 70.51; SD = 7.12) and a YA group initially composed of
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60 participants. Three of them were later excluded as they were identified as multivariate
outliers (see Section 2.6 for details). The final YA group included 57 participants (30 females)
aged 18 to 34 years (M = 22.54; SD = 3.72). General characteristics of both groups are
described in Table 1, including demographic data (age, sex and educational attainment)
and cognitive status.

Table 1. Characteristics of study sample (1 = 96).

Young Adults (n = 57) Older Adults (n = 39)
Variable Mean (SD) or %  Range Mean (SD) or %  Range
Age, years 22.54 (3.72) 18-34 70.51 (7.12) 59-89
Sex, % female 52.63 - 66.7 -
Education, years 15.74 (2.60) 12-23 6.72 (4.36) 0-17
UCLA Loneliness Scale  30.12 (8.66) 18-53 32.15(7.94) 19-52
BDI-II 6.53 (5.07) 0-21 11.62 (7.79) 0-37
STAI-Y Trait 35.30 (8.63) 20-54 38.38 (9.92) 23-60
MMSE 29.54 (0.68) 28-30 27.90 (2.04) 20-30

Notes: SD = standard deviation.

2.2. Measures
2.2.1. UCLA Loneliness Scale

The UCLA Loneliness Scale [48,49] is an 18 item measure that was used to assess the
feeling of loneliness. This scale consists of a self-report measure, and the score ranges from
18 to 72, with a higher score indicating more severe loneliness. The Portuguese version of
the scale has demonstrated high internal consistency (Cronbach’s alpha = 0.87) and good
concurrent validity as judged by its correlation with self-report measures of loneliness
(r = 0.46) and other negative emotional states (e.g., rejection: r = 0.45, abandon: r = 0.38, or
isolated: r = 0.45) [49].

2.2.2. Beck Depression Inventory-II

The Beck Depression Inventory-II (BDI-II) [50,51] is a 21 item self-report inventory
that measures the severity of depression. The score ranges from 0 to 63, with a higher
score indicating more severe depression. The internal consistency of the Portuguese
version is high (Cronbach’s alpha = 0.90), and it showed high convergent validity with
other depressive symptomatology scales (e.g., Center for the Epidemiologic Studies of
Depression Scale: r = 0.71) [51].

2.2.3. State—Trait Anxiety Inventory—Form Y

The State-Trait Anxiety Inventory Form Y (STAI-Y) [52,53] is a 40 item inventory
used to measure trait (20 items) and state (20 items) anxiety. The score ranges from 0 to
80 for each measure. For the trait subscale, a higher score indicates more severe anxiety
as a personality trait, revealing individual differences related to a tendency to exhibit
anxiety traits. For the state subscale, a higher score reflects more anxious psychological
and physiological reactions directly related to adverse situations in a specific moment. In
the current study, only the trait subscale was considered. The Portuguese version of the
scale has demonstrated high internal consistency (Cronbach’s alpha = 0.85; Cronbach’s
alpha = 0.88 if trait subscale is considered alone). Further, the trait subscale concurrent
validity was demonstrated with its scores’ significant correlation with other measures of
emotional tension and negative affect (e.g., Profiles of Mood Scale depression and tension
indices: r = 0.31 and r = 0.19) [53].



Symmetry 2022, 14, 1579

5o0f 14

2.3. EEG Recording

Electroencephalograms (EEG) were recorded using a Biosemi ActiveTwo system
(Biosemi, Amsterdam, The Netherlands) from 64 active Ag/AgCl scalp electrodes placed
in a nylon head cap. Electrode locations were arranged according to the international
standard 10-10 system. Five additional active electrodes were placed in the lateral canthi
of both eyes (horizontal electrooculogram—HEOG), above and below the left eye (vertical
electrooculogram—VEOQOG) and at the tip of the nose. A Common Mode Sense (CMS) and
Driven Right Leg (DRL) montage was used as reference during the recording, with two
additional electrodes around the vertex. The EEG was recorded at a sampling rate of 512 Hz
and on-line filtered between 0.01 and 100 Hz. Electrode offsets were below 30 mV before
starting the recording. Recorded data were stored for offline analyses.

2.4. Procedure

Data collection was carried out on two different days (see Figure 1). On the first day,
the participants signed the informed consent and completed the cognitive and emotional
status assessment questionnaires, and it was confirmed if the participants fulfilled all the
requirements for inclusion in the sample of the study. In the second session, the participants
filled out an EEG checklist (to ensure participants’ safety) and then underwent an EEG
recording. The EEG recording took place while participants were seated in a comfortable
armchair located in a light- and sound-attenuated room. EEG data collection started
with a 3 min eyes-closed resting state condition, followed by a 3 min eyes-open resting
state condition. The session finished with EEG data collection during the execution of a
cognitive task. For the present study, only data from the resting-state eyes-closed condition
were used.

Procedure
Day 1 Day 2
- Written informed consent. - EEG safety screening form.
- Mimi-Mental State Examination. Accepted participants - 3 min eves-closed resting state EEG
- Instrumental Activities of Daily recording.
Living Scale. Older adults: n =39 - 3 min eyes-open resting state EEG
- UCLA Louﬂ’;{ress Scale. Young adults: n = 60 1'ec0|'d1ng. )
- Beck Depression Inventorv-1I. - EEG recording during cognitive task
- State-Trait Anxiety Imentory. execution.

Data Analysis

Statistical procedure

EEG data
) - Multivariate outliers elimination based
- R_t-refermce to nose tip. " on Mahalanobis distance.
- Filtered between 0.5-40 Hz. Final analyzed sample - Univariate outliers detection and
- Elimination of bad channels and Older adults: n =39 winsorization.
transient artifacts correction Young adults: n =57 - First session: Mann-Whitney and t-test

- Independent Component Analysis.

: to contrast independent samples.
- Interpolation of removed channels.

- Second session: Mixed design repeated

- Re-reference to average. measures ANOVA.
f= : : : : 3
2s ep0C1l§ segmentation. - Third session: linear regressions
- Artifact rejection. ‘ ‘ between emotional state scores and
- Power spectral density calculation. FAA separately for each age group.

Figure 1. Experimental flow in the present study, showing the procedure (top) as well as the EEG
signal processing and statistical analyses pipelines (bottom).

2.5. EEG Data Processing

Stored EEG data were preprocessed with EEGLab [54]. Data were re-referenced to the
nose tip electrode and band-pass filtered between 0.5-40 Hz with a finite impulse response
(FIR) filter. Automated detection and elimination of electrodes with a low correlation
(r <0.75) with the neighboring sensors along with the correction of large transient artifacts
in the data was performed using artifact subspace reconstruction in Clean Raw Data plugin.
Independent Component Analysis (ICA) was then applied, and resulting independent
components were inspected with the aid of IC Label plugin [55]. IC components with a
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low probability of containing brain activity (<20%) were removed from the data. This
was followed by the interpolation of the previously removed channels prior to proceeding
to re-reference data to the average reference. Then, preprocessed data were divided into
2 s segments. Segments containing artifacts were removed according to the following
criteria: (i) presence of values of £100 pV; (ii) presence of trends with slopes exceeding
75 uV; (iii) presence of improbable data and abnormal distribution with a single channel
limit of 5 SDs; (iv) spectral power in frequencies from 0 to 2 Hz outside the range from
50 to —50 dB, or outside the range 25 to —100 dB for frequencies between 20 and 40 Hz.
Finally, those recordings with a minimum of 30 artifact-free data epochs (i.e., 1 min) were
selected for power spectral density (PSD) calculations through the p-welch function from
the Signal Processing Toolbox in Matlab, using Welch’s overlapped segment averaging
estimator windowed with a Hamming window.

For each participant, the eight power values (0.5 Hz resolution) in the alpha fre-
quency band (8-12 Hz) were extracted and averaged for electrodes F3 and F4, separately.
Averaged alpha power values were then transformed by calculating their natural log-
arithm. Frontal alpha asymmetry (FAA) was then calculated using the following for-
mula: FAA = In(F4) — In(F3); where In(F4) represents the natural logarithm of averaged
alpha power at electrode F4 and In(F3) the natural logarithm of averaged alpha power at
electrode F3.

2.6. Statistical Analysis

Before conducting the planned statistical analyses, in order to eliminate the influence
of extreme values, the Mahalanobis distance (MD) was calculated in a multivariate space
with scores on all the analyzed and demographic variables (i.e., MMSE, IADL, Education
Years, BDI-II, STAI-Y, UCLA, and FAA). Individuals whose MD exceeded the value with an
associated probability of 0.001 in a x2 distribution with 8 degrees of freedom were defined
as multivariate outliers. Three YA were identified as multivariate outliers and discarded
for further analysis. Furthermore, individual scores deviating from the variable mean by
at least 2.2 times the interquartile range were considered univariate outliers [56,57] and
winsorized before the statistical tests [58].

Across the statistical sessions in the present study, the alpha level was kept at p < 0.05.
The first session included a series of Mann—-Whitney tests for independent samples, con-
trasting FAA values as well as UCLA and BDI-II scores between groups. STAI-Y scores
were adjusted to the normal distribution and thus were compared between groups using
an independent samples t-test. To further explore FAA characteristics in YA and OA, a
second session was carried out to perform a mixed repeated measures ANOVA with the
between-subjects factor Group (YA and OA) and the within-subjects factor Hemisphere
(InF4 and InF3). Bonferroni correction was employed for planned post hoc comparisons. The
final session aimed to delve into the relationship between FAA and loneliness, depression
and anxiety. Thus, for each group, linear regression analyses were run using FAA as the
outcome variable and scores on UCLA, BDI-II and STAI-Y as predictors independently,
given the high correlation among the emotional status variables and the potential effects
of multicollinearity.

A priori sample size calculations on G*Power software (https:/ /www.psychologie.hhu.
de, accessed on 12 September 2020) estimated for the mixed design ANOVA a minimum
sample size of 34 participants for detecting medium effect sizes (f = 0.25) with a statistical
power of 0.80 and an alpha level of 0.005 and considering a moderate to high correlation
(r =0.5) between the repeated measures. For the linear regression, the estimation for
detecting medium effect sizes (f2 = 0.15) with a statistical power of 0.80 and an alpha level
of 0.05 was 55 participants.
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3. Results
3.1. Group Differences

The independent samples Mann-Whitney tests to compare FAA values between YA
and OA groups reached statistical significance, U = 1484.0; p = 0.006; r = 0.335 (Figure 2A),
showing that OA (x = 0.981, SD = 0.36) presented higher asymmetry than YA (x = 0.811,
SD =0.36).

(A) 1.0 1 O Older Adults
0.8 — ® Young Adults
0.6 —
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Figure 2. Comparison of frontal alpha asymmetry (FAA) values between YA and OA. Mann-Whitney
test revealed hemispheric activity differences between groups: OA presented higher FAA than YA
(A). Mixed repeated measures ANOVA showed a significant main effect for the hemisphere; the right
hemisphere presented a higher alpha activity for both age groups (B). * p < 0.05.

Regarding the emotional state questionnaires, UCLA scores did not significantly differ
between OA and YA, U = 1322.5; p = 0.116. Similarly, STAI-Y scores were not significantly
different for OA and YA, #(94) = 1.62; p = 0.109. Nonetheless, BDI-II scores showed a
statistically significant difference, U = 1581.5; p < 0.001; r = 0.423; with OA having larger
scores than YA.

3.2. Hemispheric Alpha Power Differences within and between Groups

The mixed repeated measures ANOVA to compare the natural logarithm transform of
alpha power between cerebral hemispheres within each age group as well as between
them showed a significant main effect for Hemisphere, F(1, 94) = 572.08; p < 0.001;
nzp = 0.859 (Figure 2B), as well as a significant interaction between Hemisphere and Group
F(1,94) = 5.16; p = 0.025; 1, = 0.052. Planned post hoc comparisons showed that YA and
OA'’s F3 electrodes showed a lower natural logarithm of alpha power than YA and OA’s F4
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electrodes (all p < 0.001), without age group differences for the natural logarithm of alpha
power at any electrode (F3: p = 0.707, F4: p = 0.413). Similarly, there was no main effect for
Group, F(1, 94) = 1.36; p = 0.246.

3.3. Relationship between FAA and Loneliness, Depression, and Anxiety

For the OA group, none of the tested regression models were significant (see Table 2).
Likewise, for the YA group, none of the models were significant (see Table 2). Thus, it seems
that FAA is not predicted by emotional status questionnaires in the sub-clinical groups
used in the present study (Figure 3).

Table 2. Regression models with the emotional status questionnaires as predictors and FAA as
outcome for the OA and YA groups.

F df p R? (Adjusted R?)
Older Adults
UCLA 0.112 1,37 0.740 0.003 (—0.024)
BDI-II 0.373 1,37 0.545 0.010 (—0.017)
STAI-T 0.026 1,37 0.874 0.001 (—0.026)
Younger Adults
UCLA 0.327 1,55 0.570 0.006 (—0.012)
BDI-II 0.256 1,55 0.615 0.005 (—0.013)
STAI-T 0.333 1,55 0.566 0.006 (—0.012)
Older Adults
2.0 2.0 2.0
o | o o
15 — 15— 1.5 —
gé%)ébooo jSOOoC@ oeo ¢ 00%65) @ o
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< o © g0 C o0, ° AT
0.5 — © 0.5 m o © 0.5 — o ©
0.0 — o ° 00— 4 © 00— © o
-0.5 — -0.5 — -05 -~
[ I [ I [ | [ I [ I I [ 1 [ [ [ [ 1
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UCLA Loneliness BDI scores STAI Trait subscale
scores scores
2.0 - 2.0 - 2.0 -
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e} | o © 00
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Figure 3. Scatter plots showing the regression analyses conducted between frontal alpha asymmetries
(FAA) and UCLA loneliness scores, BDI scores and STAI Trait subscale scores for younger and
older adults.
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4. Discussion

The two main objectives of this paper were to compare the frontal alpha asymmetry
between younger and older adults to better characterize the relationship of this index
with depressive and anxious symptomatology and to understand if these cortical patterns
were related to loneliness in the same way they appear to be related to depression and
negative emotions in the scientific literature. According to our hypothesis, we found
a main effect of frontal alpha asymmetry between the two age groups, in which older
adults presented more positive FAA than younger adults. In other words, older adults
presented greater hemispheric imbalance with higher left cortical activity in comparison
to younger adults. However, contrary to what we expected, this cortical pattern was not
related to loneliness, depression or anxiety, meaning that higher scores on the loneliness
scale and higher symptoms on depression and anxiety inventories were not significant
predictors of FAA levels. We further examined if there were any differences in loneliness,
depression and anxiety symptoms between the two age groups. We found no differences
in loneliness nor in anxiety symptoms between younger and older adults. However, the
two age groups differed in the depression scores, in which older adults presented higher
depressive symptoms than younger adults.

Regarding the main effect of FAA found in the present study that revealed greater
asymmetry for the older than the younger group, this is in accordance with previous
literature that indicates greater left frontal brain activity in older adults [23,24]. Studies
on frontal asymmetry have been consistently showing that the left frontal region is more
concerned with processing positive emotions, stimuli and behaviors [1,4]. Accordingly,
the literature has been showing the presence of a positivity bias on aging, which may
explain this greater left frontal activity at older ages. This effect describes how this older
population has a tendency to pay more attention and better remember positive than
negative stimuli [25]. Thus, this preference pattern for positive stimuli may be related
to greater alpha activity on the right hemisphere and consequently to higher activation
of those left-brain regions related to the processing of positive stimuli even in resting
state recordings.

Furthermore, even in the presence of a clinical depression, which could lead to a
negative bias to unpleasant emotions and thus greater right frontal asymmetry, studies
have been showing no statistical differences on FAA between depressed and non-depressed
older adults [27-29]. These results indicate that clinical depression in older ages may be
insufficient to provoke a change in the balance of hemispheric activity. However, it is
important to deeply understand how late onset depression, i.e., depression in older ages,
differs in presentation, etiology, risk and protective factors from depression at younger
ages [26]. When depression is manifested in older adults, the symptoms presented are
more prominent in the cognitive domain than in the affective domain [26], which can easily
lead to cognitive deficits [37]. Thus, the fewer negative affective symptoms manifested
in late onset depression may explain the null differences found in FAA patterns between
depressed and non-depressed older adults. Additionally, it may sustain the FAA pattern
found in this study and previous studies, with older adults revealing a greater left then
right cortical activity in the absence of clinical depression.

Interestingly, it is noteworthy here that previous literature in cognitive rather than
emotional processing has observed a reduction of hemispheric asymmetry in older people
in comparison with younger adults, as summarized in the HAROLD model [59]. Conse-
quently, the present results, as well as those of previous studies on FAA in older adults, are
at odds with this model, indicating that, at rest, there may be a greater frontal asymmetry
in older than younger adults. Whether this result is also observed when actively processing
emotional stimuli or performing cognitive tasks should be examined in future studies.

Regarding our exploration of the FAA patterns and their relationships with emotional
disposition on both age groups, we found no significant associations. Thus, the frontal
asymmetries found in our results were not significantly explained by loneliness, depressive
or anxious symptoms. Firstly, it is important to acknowledge that the cortical imbalance
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found in our results represents a greater left than right cortical activity for both age groups,
and previous literature shows that depression and anxiety seem to be more related to
greater right than left cortical activity [3]. Additionally, by the nature of loneliness and its
well-demonstrated relationship with depression [42,43], we expected a similar relationship
between loneliness and FAA to that observed between depression and FAA (i.e., higher
symptoms to be related to greater right than left cortical activity). However, our results
do not withstand either of these relationships of negative emotionality and greater right
than left cortical activity. Therefore, our null results can be an important call for further
research on the relationship between the FAA and the negative emotions symptomatology.
Given that several previous studies showed that clinical depression is related to greater
right FAA [16-19], it could be argued that, perhaps, the subclinical symptoms that our
participants presented were not enough to provoke an alpha activity imbalance driven by
greater right than left cortical activity.

Moreover, even though the older group presented higher depressive symptoms in
comparison to the younger group, which could lead to a greater right than left alpha
activation or a more balanced cortical activity, this age-group still presented a higher
asymmetry than younger adults, which was characterized by greater left than right cortical
activity. Deslandes et al. [28] found no differences between depressed and non-depressed
older adults in FAA, but, interestingly, these authors also found a main effect of hemisphere
for both groups, with higher cortical activity for the left than right hemisphere. It seems,
therefore, that at older ages there is a cortical imbalance favoring left hemispheric activation,
and that this asymmetry may be associated with the positivity bias and the nature of the
depressive symptoms (manifested more prominently on the cognitive than the affective
domain) in this age group. However, in our sample, the depressive symptoms were
subclinical, and our data cannot reveal if the depressive symptoms in our older group were
more prominent in the affective or cognitive domains. Furthermore, the linear regression
for the older adults group presented low statistical power, which could hinder finding
small but significant effects. Consequently, future studies are needed to explore whether,
with aging, a left cortical imbalance prevails even in the presence of negative affective
psychopathology (subclinical and clinical symptoms), which tends to be related to greater
right than left cortical activity in younger ages [17-19].

Regarding anxiety, despite it having been previously related to heightened right
hemisphere activity [3], studies on anxiety and FAA are scarce and presented mixed results.
For example, Gordon et al. [19] failed to find a relationship between anxiety and FAA, but
Heller et al. [21] found that when anxious symptoms are divided between trait and state,
traits of anxiety were positively related to left-sided frontal activity. Thus, in our study.
we evaluated the traits of anxiety of our participants and their relationship with the FAA.
Even though our participants presented a higher cortical activity for the left than the right
hemisphere, which seems to be the pattern expected for traits of anxiety, our results showed
that this cortical activity pattern was not related to these symptoms.

Finally, with respect to loneliness feelings, when evaluating their relationship to the
FAA, we also found no significant association between them. We expected to observe such
a relationship, providing that loneliness is a negative affective processing construct [39,40],
which has been associated with left hemispheric activity signatures [41] and has a well-
established link with depression [42,43]. Therefore, it is possible that other factors, apart
from the emotional and affective domains, might explain the different FAA patterns ob-
served in our results and those of previous studies.

Nevertheless, further studies are necessary to make stronger conclusions on FAA and
emotional processing throughout a person’s lifespan. Such studies should help to clarify if
the positivity bias presented in older ages indeed has more impact on FAA than negative
emotions and whether the suggested difference in the nature of the depression symptoms
manifested throughout aging is also responsible for the different patterns found in the
literature. Thus, it would be important to analyze different levels and types of affective
psychopathology and their possible effects on FAA patterns. For example, for depression,
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and overcoming some limitations of the current work, it could be important to evaluate the
level of affective and cognitive symptoms on younger and older adults and the relationship
between these affective/cognitive subscores and the FAA. Another factor that may be
a limitation for the generalization of the present results and that should be taken into
account in future studies is the homogeneity of the sample size for the different age groups,
since in our study, the size of the older adults group is smaller than that of the younger
group. Additionally, this yielded a low statistical power for the regression analyses in the
older group.

5. Conclusions

Taken together, our results bring clarity on the FAA patterns at different stages of the
adult lifespan and their relationships with emotional processing and negative affective
dispositions. There is a well-known pattern showing that older adults when compared
to younger adults pay more attention and better retain memories from positive stimuli
and experiences than from negative ones [25]. In addition, left hemispheric frontal activity
has been related to positive emotional processing [1,4]. Hence, both factors seem to be
translated into a greater frontal alpha asymmetry in older than younger participants, which
is driven by higher left than right frontal activity during resting state in the current study.
Furthermore, even with higher levels of depressive symptoms than the younger adults, this
cortical pattern of greater left hemispheric frontal activity still prevails in the older adults.
This latter result can also challenge traditional views on the effect of negative emotion on
the FAA. The literature on FAA and emotional processing is scarce and inconsistent; thus,
it is possible that factors other than the affective domain could better explain the frontal
alpha asymmetries found throughout individuals, especially at older ages. Nevertheless,
this study brings light to FAA patterns in different age groups and their relationship to
different negative emotions (loneliness, depressive and anxious symptoms); additionally, it
further clarifies the rather scarce literature regarding cortical asymmetries on aging.
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