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ABSTRACT

Perceived loneliness has implications in both cognitive and affective domains. High loneliness is
considered to be a major risk factor for major depressive disorder. Loneliness is also associated
with impaired executive control functioning (ECF) including multiple cognitive subdomains, such
as working memory, planning, response inhibition, and attention control. However, little know-
ledge exists as to whether perceived loneliness is associated with impaired functioning of specific
ECF components. The relationship between perceived loneliness and the latent dimensions captur-
ing multiple measures across different ECF paradigms has not been established. In this study, we
first investigated the latent dimensions of ECF processes across a comprehensive range of para-
digms using exploratory factor analysis. We then examined the association of perceived loneliness
and the resulted ECF components in older adults while simultaneously controlling for other demo-
graphic and affective measures. Four components emerged from the factor analysis: social cogni-
tion and processing speed, planning and working memory, selective, divided attention and
inhibition control, and sustained attention and motor inhibition. We observed that the second ECF
component, planning and working memory, was a significant predictor of perceived loneliness
even after controlling for depressive characteristics measured by the Geriatric Depression Scale.
Our findings have potential clinical significance in the older population, by showing that planning
and working memory functions may predict perceived loneliness, which is also associated with
higher risk for major depression. Thus, older individuals who have lower planning and working
memory functions may be specifically targeted for possible early prevention of chronic loneliness
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and depression.

Perceived loneliness refers to the perception of being
socially isolated resulting from a discrepancy between
one’s social needs or expectation and real-life social rela-
tionships (Cacioppo, Norris, Decety, Monteleone, &
Nusbaum, 2009). Perceived loneliness has both affective
and cognitive implications. On the affective side, perceived
loneliness is a major risk factor for depression, especially in
older adults (Cacioppo & Hawkley, 2009), and is generally
associated with higher levels of negative mood, anxiety,
anger, and depressive symptomatology (Santini et al,
2020). On the cognitive side, perceived loneliness has been
associated with greater risk for developing Alzheimer’s dis-
ease and potential impairment in various cognitive
domains, such as working memory and processing speed
(Boss, Kang, & Branson, 2015). Cacioppo and Patrick (2008)
suggested that lonely individuals typically display negative
affective bias that affects their emotions, thoughts, and
behaviors. Specifically, perceived loneliness activates impli-
cit hypervigilance for social threat in one’s environment; in
chronic form, this could exhaust the cognitive resources for
executive control of the affective system (Cacioppo &
Hawkley, 2009). Reduction in cognitive and affective con-
trol could lead to further enhanced negative bias

constituting a growing cycle (Gotlib & Joorman, 2010).
Precise characterization of the cognitive control function of
lonely older adults is key to understanding the mechanisms
through which perceived loneliness affects emotional and
cognitive health.

Critical in the context of emotional and cognitive con-
trol, ECF consists of several cognitive subdomains such as
response inhibition, planning, problem-solving, attention,
working memory, set shifting (mental flexibility), abstract
thinking, and judgement (Zheng et al, 2012). In a daily
context, these executive processes are routinely employed
in a goal-directed manner aimed at maintaining adequate
top-down control of lower level affective processes and are
essential for self-regulation (Lewis & Miller, 2007). Poor self-
regulation is a strong risk factor for mental health issues
such as major depressive disorder and addiction (Nigg,
2017), especially among older adults. Considering the high
prevalence of late-life depression (Blazer, 2003), efficient
self-regulation could be an important protective factor in
preventing older adults from developing depression. An
array of neuropsychological and laboratory tasks (Lewis &
Miller, 2007) exist that assess different ECF processes. For
example, The Tower of London Task (Tol), Stroop Colour
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Word Task (Colour-Stroop), Colour Trails Test (CTT), and
Continuous Performance Test (CPT) are widely used cogni-
tive tasks that measure planning and working memory, as
well as inhibition and attention control functions, respect-
ively (Burton et al., 2010; Epp, Dobson, Dozois, & Frewen,
2012; Kostering et al., 2015; Lee, Yuen, & Chan, 2002).
These ECF processes, along with social cognitive processes
such as theory of mind (ToM), empathy, and perspective
taking, might determine the lonely individual’s emotional
and cognitive health (Cacioppo et al., 2009).

Existing evidence indicates an association between per-
ceived loneliness and ECF. Among the older adult popula-
tion, perceived loneliness was negatively correlated with
cognitive processes such as processing speed and verbal
fluency at baseline and was a predictor of subsequent cog-
nitive impairments (Boss et al., 2015; Cacioppo & Hawkley,
2009; Donovan et al., 2017). Lonely people were found to
have difficulty inhibiting the prepotent response (Cacioppo
& Hawkley, 2009) and performed worse than non-lonely
individuals on a battery of cognitive measures including
memory tests, attention tasks, and processing speed
(Wilson et al., 2007). However, some evidence suggested
that the association between loneliness and ECF disap-
peared after controlling for demographic or psychosocial
factors but not after controlling for depressive symptoms
(Boss et al., 2015; Wilson et al., 2007).

As described above, different cognitive paradigms have
been developed to measure different ECF domains.
However, most of the existing paradigms are not a pure
measure of a single ECF process. For example, ToL can
measure planning, inhibitory control, and working memory
capacities (Luciana et al., 2009), and the Colour-Stroop task
can measure both inhibition and attention control, as was
previously found in the Chinese population (Lee et al,
2002). As such, it is difficult to interpret any observed asso-
ciation between loneliness and cognitive task performance
in terms of the precise cognitive processes implicated.
Moreover, different measures from the same task might
reflect partially non-overlapping executive functions. For
example, one study examining genetic contribution to Tol
performance suggested that the speed for completing the
task, as reflected by the time spent in problem-solving, rep-
resented a separate, albeit correlated, factor from the effi-
ciency of task performance as reflected by the number of
moves (Kremen et al,, 2009). Another study showed that
while both ToL time and number of move indices corre-
lated with backward digit span, suggesting a potential
working memory determinant, only the number of moves
correlated with target detection performance, indicating a
potential, sustained attention determinant (Luciana et al,,
2009). Therefore, it might be more useful to consider cog-
nitive “components” rather than individual cognitive proc-
esses or task measures with one component possibly
reflecting shared processes of multiple tasks and measures.
In other words, the cognitive components are latent con-
structs that can capture the overlap across different para-
digms and indices. Existing studies on cognitive
components have been limited and inconsistent. Lewis and
Miller (2007) suggested there are four important compo-
nents that underlie ECF, including working memory, plan-
ning, cognitive fluency, and cognitive flexibility. Another
study suggested that only three cognitive components
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underlie the ECF, including inhibition of prepotent
response (response inhibition), updating and monitoring of
working memory representations (working memory), and
shifting between tasks and mental sets (task switching)
(Miyake et al., 2000).

As outlined above, there is currently a gap in knowledge
on the association of perceived loneliness and ECF compo-
nents after accounting for various demographic, psycho-
metric, and psychosocial factors. In particular, loneliness is
closely associated with elevated depressive symptoms
(Cacioppo et al, 2015) that could impact ECF (eg.
Chantiluke et al., 2012). It is important to control for object-
ive social isolation when investigating the effect of per-
ceived loneliness or subjective social isolation (Layden
et al,, 2017). In the current study, we used exploratory fac-
tor analysis to capture the latent dimensions of executive
control processes across ECF tasks and measures and
examined the association of loneliness and those ECF com-
ponents in older adults. Based on the limited existing
research, we hypothesized that perceived loneliness would
be predicted by altered functions of one or several ECF
components encompassing the various processes such as
attention, working memory, planning and processing
speed, even after controlling for key demographic, psycho-
metric, and psychosocial variables.

Methods
Participants and data collection

The Institutional Review Board in the University of Hong
Kong approved this study. The study was carried out in
The Institute of Clinical Neuropsychology of The University
of Hong Kong. The participants were residents throughout
the 18 city districts of Hong Kong. They were recruited
from the community via words of mouth and with the help
of various nongovernmental organizations. Demographic
information including age, sex, education years, marital sta-
tus, housing ownership, housing type and social participa-
tion was collected by self-reporting. Age and sex were
additionally verified by the participant’s Hong Kong iden-
tity card. Participants were included only if they did not
have any histories of major psychiatric or physical illness.
Those with a score of < 22 on the Montreal Cognitive
Assessment (MoCA), score of > 7 on the Geriatric
Depression Scale (GDS), or a history of neurological dis-
eases were excluded to ensure no confounding effect of
cognitive impairment or neurological changes.

Participants signed the fully informed written consent
form after they were briefed of the study objectives and
procedures. Participants did not receive any financial incen-
tive, but they received a neuropsychological consultation
by our in-house clinical psychologists. The whole data col-
lection process was carried out by various fully-trained
research personnel, including research assistants and post-
graduate students.

Psychological measures

Executive control functioning tests
Tower of London task (Tol). ToL was developed to meas-
ure the planning ability and working memory of an



1226 (&) E.SINETAL

individual (Rainville, Lepage, Gauthier, Kergoat, & Belleville,
2012). The ToL apparatus consists of two kits, each with a
wooden base. On the base, three wooden pegs with differ-
ent lengths are mounted. In each kit, there is a green, blue,
and red ball, each with a hollow core that can be moved
easily from one peg to another. One of the kits serves to
display the goal arrangement. This is the examiner’s kit.
The other is for participants to reproduce the arrangement.
This is the participant’s kit. There are 10 problems in total.
The total number of moves, the total number of correct
answers, and the total time of completion are recorded.

Stroop color word task (stroop). The Stroop was developed
to measure cognitive inhibitory and attention control (Lee
et al,, 2002). The Dot subtask displays items consisting of
colored dots, the Word subtask displays items consisting of
common words unrelated to color, and the Color-Word
subtask displays items consisted of words that are color
names. Each subtask is made up of six rows of four items.
The four color names used are blue, green, red, and yellow.
Participants are required to name the colors in which the
items are printed while disregarding their verbal content.
The test-retest reliability of the Chinese version of the Dot,
Word, and Color-Word subtasks was 0.89, 0.91 and 0.90,
respectively (Lee et al., 2002). Interference scores for both
accuracy and reaction time were generated by subtracting
the performance on the Color-Word subtask from that of
the Dot subtask.

Colour trails test (CTT). The CTT was used to measure the
divided attention of an individual (Lee et al., 2002). The
test contains two parts: part A and part B. In part A, partici-
pants are required to connect 25 circled numbers randomly
arranged on the test sheet in ascending numerical order. In
part B, participants connect the 25 circled numbers
sequentially, this time alternating between pink and yellow
numbers. The time required to complete each part of the
task is recorded. The interference index was calculated
using the formula [Time (B) - Time (A)l/Time (A).

Continuous performance test (CPT). The CPT was used to
measure the sustained attention and motor inhibition of an
individual (Egeland & Kovalik-Gran, 2010; Wright, Lipszyc,
Dupuis, Thayapararajah, & Schachar, 2014). It is a com-
puter-administered task that requires the participants to
press the space bar when any letter other than X is flashed
on the screen. The participants have to inhibit responses
when the stimulus is not the target and maintain attention
or vigilance continuously. The commission errors and omis-
sion errors made by the participants are recorded.

Halstead category test (HCT). The Halstead Category Test
(HCT) was designed to measure the mental flexibility of an
individual (Nici & Hom, 2013). In the test, participants are
shown a series of shape designs. For each series of designs,
there is a single hidden rule that the participants must dis-
cern through hypothesis testing and trial-and-error learn-
ing. For each design, participants press a key on an answer
panel to indicate their response. Immediate feedback is
given in the form of a bell ring for a correct answer or a
buzzer sound for an incorrect answer. There are seven

subtests in total. The total number of errors made

is recorded.

Symbols digit modality test (SDMT). The Symbols Digit
Modality Test (SDMT) is used for assessing the processing
speed of an individual (Bird, Papadopoulou, Ricciardelli,
Rossor, & Cipolotti, 2004). In this test, participants need to
complete 50 blank squares, each indexed with an abstract
symbol. Each symbol is paired with a single digit number
(1-9), as indicated by a row of keys displayed in the upper
section of the worksheet. During the test, participants need
to fill in the squares with the digits that are correctly linked
with the symbols as quickly as possible. The total number
of correct answer is recorded.

Social cognitive tests

Frith-Happe animations (FHA)

The Frith-Happe Animations (FHA) is a test used for assess-
ing social cognition, especially the ToM (Ladegaard, Larsen,
Videbech, & Lysaker, 2014). This test consists of short video
sequences of animated shapes, specifically a red and a
blue triangle in a contained space. Half of the clips, each of
which is associated with a unique story (e.g.the small tri-
angle is told off as it tries to mimic the big triangle), can
deploy their kinetic properties or ToM animations to elicit a
mental state attribution. The other half of the clips consists
of random motions with no storyline. After viewing each
clip, participants answer twelve categorization questions
and eight emotion-related questions. A high number of
questions answered correctly reflect greater ToM ability.

Reading the mind in the eyes test (eye test)

The eye test was designed to measure the ability of an
individual to perceive the mental states of others through
eye gaze (Olderbak et al., 2015). The test includes 36 items.
For each item, participants view the eyes, but not other
parts of the face, of a person and select among four men-
tal state terms to describe the state of the person. The
number of correct answers is recorded.

Questionnaires

UCLA loneliness scale (LS)

The UCLA Loneliness Scale (LS) measures participants’ per-
ceived loneliness level (Russell, 1996). It has proven sensi-
tivity to perceived loneliness with high internal consistency
(coefficient alpha ranging from 0.89 to 0.94), test-retest
reliability (r=0.73), suitability for use in older adults
(Cacioppo, Hawkley, & Thisted, 2010; Hawkley, Thisted, &
Cacioppo, 2009). The Chinese version of the LS has good
internal consistency with an alpha coefficient of 0.88 (Wu
et al,, 2010). The test-retest reliability over 2 weeks is 0.85
for the Chinese version (Chen & Chung, 2007).

Geriatric depression scale (GDS)

The Chinese version of the GDS is used to measure the
severity of participants’ depression. The GDS consists of fif-
teen items and is a widely used scale for assessing the
severity of depressive symptoms in older adults (Kurlowicz
& Greenberg, 2007). It has good internal consistency



(Cronbach alpha = 0.89) (Chan, 1996). The score ranges
from 0-15, with a higher score indicating more severe
depressive symptoms.

Participants were asked how frequently they engaged in
social activities. The tool that we used to measure social
engagement was referred to and adapted from previous
studies on older adults (Glass, de Leon, Marottoli, &
Berkman, 1999; Gonzales, Matz-Costa, & Morrow-Howell,
2015), which found that higher social engagement was
associated with lower mortality rate and better life quality.
Three sets of questions were asked which assess both job-
and leisure-related social activities (please refer to supple-
mentary Table S1 for more details). The employment status
question asked whether the participant was employed or
unemployed. For the second and third parts, the scales
ranged from 0 to 4, with 0 representing no participation at
all and 4 representing the highest level of participation.
The total mark ranged from 0-68, with higher scores indi-
cating greater social participation levels.

Statistical analysis

Factor analysis

Exploratory factor analysis with varimax rotation was per-
formed on the outcome measures of the eight cognitive
tests, which assess cognitive functions in various domains
including social cognition, processing speed, planning,
working memory, selective attention, divided attention,
inhibition control, sustained attention and motor inhibition,
in order to detect the underlying common cognitive con-
structs being captured by those measures. All the outcome
measures were converted into z scores before the fac-
tor analysis.

Linear regression

Linear regression was performed with the LS scores as the
dependent variable. We included the components that
were yielded from the factor analysis, along with age, mari-
tal status, years of education, sex, GDS scores, and social
participation scores, as the predictors. For each component,
the z scores of all the individual measures were summed
to compute the composite score for the component. The
measures were inverse-scored where appropriate such that
higher scores always reflected greater performance. All
other continuous variables were also converted into z
scores. When constructing the model, we entered the pre-
dictors in a stepwise fashion where the demographic varia-
bles and the GDS scores were entered first, followed by the
component variables.

Some previous literature suggests that ‘older adults’
may be divided into heterogeneous age-defined sub-
groups, including young old (60-69years), middle old
(70-79years), and old old (> 80years). Existing evidence
suggests that loneliness levels may be higher in the com-
bined group of middle old and old old groups (i.e.age >
70years) compared to the young old group (Andersson,
1998; Luanaigh & Lawlor, 2008; Luhmann & Hawkley, 2016).
Unfortunately, our participants all fell in the young old and
middle old age groups. Thus, it was not possible for us to
assess the loneliness level in the old old age group. In a
supplementary analysis, we added an age group variable
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Table 1. Demographics of the participants.

Descriptive statistics'

Sex (Male/Female) 53/172
Age 65.29 (10.93)

Education Years 12.13 (4.57)
Marital Status (Married/Single) 72/151

UCLA LS score 36.59 (8.95)
GDS score 2.86 (1.93)

Social Participation score 18.48 (5.61)

UCLA LS score: UCLA Loneliness Scale GDS: Geriatric Depression Scale.
1Based on the whole participant sample (N=225); Both mean (standard
deviation) are presented.

(young old vs. middle old) into our existing regression
model to assess whether loneliness levels may be different
between the young old and middle old participants.

Results

Two hundred and twenty-five older participants aged more
than 60years (53 males and 172 females, age
65.29 £ 10.93 years) were recruited from the community
and participated in the study. Demographical and psycho-
metric scores of the participants are presented in Table 1.

Among the participants, around two thirds were mar-
ried, while the rest reported to be single, divorced, sepa-
rated or widow. We may assume those who were not
married were living alone. Regarding the housing situation,
we asked participants about their housing ownership,
including the options of self-owned or rental, and housing
type, which assessed whether the participant was living in
public housing, home ownership scheme flat, quarter, pri-
vate housing, temporary housing or others. The question
did not specifically include the option of senior living com-
munity, which was generically covered in the ‘others’
option. Around three fourths of the participants owned
their flat while the remaining rented it. For the housing
type, the majority of the participants (around 65%) lived in
private housing, while similar proportions stayed in either
public housing or home ownership scheme flat (13% and
16% respectively). The rest were in quarter (1 participant)
or under the option ‘others’.

Factor analysis

Exploratory factor analysis generated four factors among
the thirteen outcome measures from the eight cognitive
tests (Table 2). The model accounted for 56% of the total
variance of the cognitive measures. This four-factor model
generated relatively distinct factors, each composed of 2-5
items, with the items loading relatively heavily on one fac-
tor (>0.6) but minimally on the other factors.

The first factor, composed of five outcome measures,
appeared to reflect social cognition, processing speed, and
mental flexibility. The second factor appeared to reflect the
planning and working memory abilities as indexed by the
three outcome measures of the TolL task. The third factor
appeared to reflect the divided and selective attention and
cognitive inhibitory control abilities. It consisted of the
three outcome measures of the CTT and Colour-Word
Stroop task. The last factor comprised of two outcome
measures from the CPT. It appeared to reflect the sustained
attention and motor inhibition functions.
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Table 2. The exploratory factor analysis results of the cognitive measures.

Factor  Factor Factor Factor

Cognitive Test 1 2 3 4
Frith-Happé animations (Feelings) 0.733
Halstead Category Test (Total Error) 0.699
Frith-Happé animations (Category) 0.696
SDMT (Oral) 0.657
Eyetest 0.601
ToL (Number of Move) 0.922
TolL (Total Correct) 0.818
TolL (Total Time) 0.713
CTT (Interference Index) 0.65
Stroop Task (Interference —0.611

Score, Accuracy)
Stroop Task (Interference 0.593

Score, Reaction Time)
CPT (Omission Error) 0.747
CPT (Commission Error) 0.676

SDMT: Symbol Digit Modalities Test ToL: Tower of London Test CTT: Color
Trail Test.
CPT: Continuous Performance Test.

Linear regression

In the linear regression analysis, we only included the
demographic information including age, sex, education
years, marital status and social participation into the model.
We did not include the housing ownership and housing
type in our model as we found that the two housing varia-
bles were not related to loneliness score (Supplementary
Table S2). Our result showed that the GDS score (beta =
0.573, t=9.434, p < 0.01) was the best predictor of LS score
in older adults (Figure 1). Among the cognitive compo-
nents, only component 2, ToL Planning and Working
Memory, showed additional significant association with the
LS scores (beta = 0.146, t =2.361, p=0.019) (Figure 2). The
r* value demonstrated a reasonably good accuracy of the
prediction (= 0.336) (see Supplementary Table S3 for the
full regression analysis results). Finally, we found that the
age group variable (young old vs. middle old) had no sig-
nificant effect on loneliness level (beta = 0.019;
t=0.285, p=0.776).

Discussion

Our study showed that executive control processes may be
classified into four components: social cognition and proc-
essing speed, planning and working memory, selective, div-
ided attention and inhibition control, and sustained
attention and motor inhibition. Most importantly, we
showed that the GDS score and ECF component 2 were
significant predictors for perceived loneliness in the older
population. While the GDS was the strongest predictor
quantitatively, the predictive strength of the ECF compo-
nent 2 was significant even after controlling for the GDS
score and other demographic, psychometric, and cogni-
tive measures.

Our factor analysis results were consistent with those of
previous studies. The first component consisted of the out-
come measures of tasks that assessed social cognition and
processing speed. Previous studies suggested that process-
ing speed would reduce with age, and that this change
would affect the speed of older adults’ reactions across dif-
ferent situations (Kerchner et al., 2012). Social environment
is highly complex with many embedding cues. Thus, an
individual needs to perceive and process those cues
quickly and accurately in order to give a suitable response
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or to understand the implication of those social behaviors.
Older adults with lower processing speed may show
impaired ability to process social cues, due to reduced cog-
nitive reserve and capacity. (Kerchner et al., 2012). This may
explain the relatively high correlations between social cog-
nition and processing speed measures. Component 2 con-
tains solely the outcome measures of ToL to form the
factor that represents planning and working memory.
Previous evidence suggests that different ToL measures
might be more or less reflective of different ECF processes.
For example, the time of task completion might reflect
working memory, whereas the number of moves might
reflect both working memory and sustained attention
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(Luciana et al., 2009). However, evidence also indicates that
the different ToL measures are highly correlated (Kreman
et al, 2009), and this is consistent with our cur-
rent findings.

Components 3 and 4 represented attention and cogni-
tive inhibition, as well as attention and motor inhibition,
respectively. The two components captured different types
of attention, with selective/divided attention in component
3 and sustained attention in component 4. Previous studies
showed that inhibition declined with age, which would
reduce the functional capacity of working memory and
result in poorer encoding, retrieval, and comprehension in
older adults (McDowd, 1997). With less efficient inhibition
function, the individual would have difficulty in preventing
irrelevant information from entering their attention span.
Attention also plays an essential role at the stimulus-encod-
ing phase. Effective selective attention is the fundamental
ECF basis for goal-directed volitional actions. It is of no sur-
prise that the measures of selective attention and inhibi-
tory control are highly correlated. However, the measures
of sustained attention tended to correlate with component
4, motor inhibition, rather than component 3, selective
attention and inhibitory control. We speculate that cogni-
tive inhibition demands more selective attentional control
compared to motor inhibition, as measured by the CPT,
which may depend more on the ability to maintain atten-
tion and vigilance throughout the task. The association
between sustained attention and motor inhibition during
CPT performance was also previously noted (Burton
et al., 2010).

Our results aligned with those of previous studies sug-
gesting that the GDS score is a predictor for perceived
loneliness. A wide range of studies have shown that there
is a strong correlation between depression and perceived
loneliness, especially in older populations (Aziz & Steffens,
2013; Djukanovi¢, Sorjonen, & Peterson, 2015; Singh &
Misra, 2009). Depressed individuals typically exhibit nega-
tive perceptual and cognitive biases (Beck, 2008; Disner,
Beevers, Haigh, & Beck, 2011). Similarly, lonely individuals
are postulated to be hypervigilant to negative social stimuli
and to show negative bias in social interactions (Cacioppo
& Hawkley, 2009). There is a known association between
aging and a high rate of developing major depression (Aziz
& Steffens, 2013; Beekman et al., 1995; Blazer, 2003), and
this would likely impede the development and mainten-
ance of social connections, resulting in a higher incidence
of loneliness (Singh & Misra, 2009). Moreover, avolition, or
a severe lack of initiative to accomplish purposeful tasks, is
a core characteristic of depressed people (Singh & Misra,
2009). This would hinder them from engaging in social
activities, with the consequence of gradually reduced social
support and social connectedness resulting in the percep-
tion of loneliness (Cornwell & Waite, 2009). Our findings
highlight the important association between loneliness and
emotional health and the clinical implication of loneliness
in the older population.

The second predictor found in our study was compo-
nent 2, planning and working memory, which included the
3 outcome measures of ToL. ToL is commonly used to
measure the planning function of an individual, but some
studies suggest that ToL also measures other ECF processes
such as working memory and inhibition. To successfully
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perform Tol, the individual needs to engage in a range of
cognitive processes, including goal identification, by assess-
ing the current situation based on comparing between the
initial stage and the final stage, defining a series of sub-
goals, mental rehearsal of the sequence of moves in order
to attain the sub goals, revising the sequence, and execut-
ing the sequence correctly (Phillips, Wynn, McPherson, &
Gilhooly, 2001). Similarly, researchers suggested that plan-
ning was not to be a single process but should involve
mental generation, evaluation, and selection of action
sequences in relation to goal achievement (Gilhooly,
Phillips, Wynn, Logie, & Sala, 1999), which overlap with the
processes involved in ToL. Planning is an important survival
skill for successful aging (Kremen et al., 2009), for several
important reasons. First, it was found that at older age,
there is a large reduction in the prefrontal region (Raz &
Rodrigue, 2006), which is important for the planning skill.
Thus, it is particularly important to preserve planning func-
tion as older individuals experience neural declines.
Second, at older age, there are many changes to people’s
lives such as loss of friends and retirement. These changes
may create stress with negative health implications, while
stress could be reduced with better planning functions
especially in the older age (Williams, Suchy, & Rau, 2009).
Third, it was also found that lower planning skills were
associated with late life depression, as individuals with
planning deficits may have difficulty anticipating and pre-
paring for future changes (Alexopoulos, 2003).

Planning encompasses working memory and inhibition
processes, both of which show a reduction in normal aging
(Rainville et al, 2012). Existing evidence suggests that
impairments in inhibition and working memory are in turn
associated with failure in self-monitoring and self-control
(Schmeichel, Volokhov, & Demaree, 2008). Self-monitoring
is an important process linked with self-regulation of emo-
tions, impulsivity control, and anticipation of behavioral
consequences (Black, Semple, Pokhrel, & Grenard, 2011).
Impairment in self-monitoring is a prominent characteristic
of people suffering from major depression, who may also
have difficulty in affect management, which reduces their
coping efficacy and eventually contributes to the develop-
ment of perceived loneliness (Cacioppo & Hawkley, 2009).
It is interesting to note that social cognition was not found
to be a predictor of perceived loneliness in our study, and
this suggests that planning and working memory contrib-
uted more to the development of perceived loneliness
through the self-monitoring mechanism as mentioned
before (Schmeichel et al., 2008).

Our findings should be considered with awareness of a
number of limitations to our study. First, the sex ratio of
our sample was biased toward female participants,
although it may reflect the actual gender distribution in
people self-labeled as lonely (Borys & Perlman, 1985).
Notwithstanding, our findings may not generalize to popu-
lations with equal sex distribution or a higher proportion
of males. This needs to be validated in future research.
Also, our study only included older adults aged between
60-79years old, and thus no data from individuals in the
old old age group (> 80years) was available. Further study
should include the full spectrum of older adults. The third
limitation of our study was that we did not include tasks
that specifically measure mnemonic functions other than
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working memory processes. In future studies, it may be
worth expanding our research to other memory processes,
such as long-term, short-term, and episodic memories, to
obtain a more comprehensive picture of the relationship
between memory and loneliness. Fourthly, future studies
may wish to include participants with clinical depression to
further investigate the cognitive profiles of perceived lone-
liness in healthy and depressed populations, respectively.
Moreover, our study was cross-sectional, meaning the
causal direction of any association between cognitive,
affective measures, and loneliness could not be established.
Future studies should employ the longitudinal approach to
establish the temporal trajectory of the loneliness profiles.
Although our participants were all free of major physical,
neurological or psychological diseases, we could not com-
pletely rule out the potential impact of relatively minor
medical comorbidities on social engagement, objective
social isolation and/or perceived social isolation. Further
studies should include more comprehensive assessments of
participants’ medical conditions. Lastly, since we did not
explicitly ask participants detailed information about their
social status of living (e.g.by one’s own, cohabiting with 1
or 2 people, etc), we had to partly infer this information
based on participants’ self-reported marital status. This
inference could be inaccurate. Future studies should
include more extensive measures in this aspect.

In summary, our study provided important evidence on
the underlying cognitive component that may contribute
to the development of perceived loneliness. We established
that the latent cognitive component of planning and work-
ing memory, as reflected by scores on the ToL measures,
predicted loneliness even after accounting for depressive
characteristics and other demographic and cognitive varia-
bles. Thus, our findings contribute to our understanding of
the cognitive-affective mechanism of loneliness and may
inform clinical interventions targeted to reduce late-life
loneliness and depression.
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