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Abstract

Background: Perceived loneliness has insinuation in both cognitive and well-being of individuals. Loneliness is a major risk factor
for depressive disorder. Decreased executive function is a significant problem for older adults that plays an essential role in their
psychological well-being.

Objectives: This study aimed to investigate the role of executive functions in the loneliness and psychological well-being of the
elderly.

Methods: The present correlational study with a survey research design used structural equation modeling. The sample size was 115
people selected using purposeful sampling. The Ryff's psychological well-being questionnaire, executive function tests (including
N-Back, Trail Making Test, quantitative calculations, London Tower, and Reaction Time), and the DiTomasso Social and Emotional
Loneliness Scale for Adults were used to collect information required for this research.

Results: Model fit indices showed that the conceptual model extracted based on theoretical foundations had an acceptable fit (RM-
SEA = 0.047). The analysis results showed that executive functions played a mediating role in the relationship between perceived
loneliness and psychological well-being. The perceived loneliness showed a significant inverse relationship with executive func-
tions and psychological well-being, but executive functions had a direct relationship with psychological well-being.

Conclusions: In the present study, it was found that executive functions played a mediating role in the relationship between psycho-
logical well-being and the perceived loneliness of the elderly, and these findings are consistent with previous research and theoreti-
cal foundations. Further research is suggested to determine biological mechanisms underlying the relationship between perceived
loneliness and executive functions with psychological well-being.
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1. Background

The dramatic increase in the elderly population world-
wide and in Iran raises the importance of the elderly in our
society and reveals the need for research in this field. Ac-
cording to the general census of 2011, the elderly popula-
tion over 60 years of age in Iran was about 6,159,676 people
(8.23%). This population is predicted to reach more than 25
million by 2050, a faster trend than other age groups (1).
Loneliness is a significant concern among the elderly, es-
pecially in societies with a rapidly growing elderly popula-
tion (2). By aging, the likelihood of loneliness due to the
death of loved ones and the loss of friends increases (3),
and a series of studies have shown that loneliness is associ-
ated with reduced psychological well-being and quality of

life in the elderly (4). Ryff and Keyes noted that psychologi-
cal well-being consists of five factors. These factors include
self-acceptance, positive relationships with others, auton-
omy, purpose in life, and personal growth (5). Psychologi-
cal well-being is influenced by challenging and rewarding
life events (6). However, several studies have shown that
living alone is not associated with reduced quality of life
and psychological well-being (7), and more recent studies
have shown that what matters is the feeling of loneliness or
perceived loneliness (8). Feeling lonely is defined as a per-
son’s mental experience concerning the lack of satisfactory
human relationships (9). Feelings of loneliness are evoked
when one has no social partners, does not feel emotional
intimacy with anyone, feels that they are a stranger to oth-
ers, and no one understands them, or they are rejected by
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others (10).

Primary evidence suggests thatloneliness is associated
with reduced cognitive functions (2). Cognitive decline, in
turn, has a negative effect on the ability to perform day-to-
day tasks and maintain the functional independence (i.e.,
financing, food provision, transportation, and supply pur-
chase) of the elderly. The progression of cognitive decline
leads to dementia and Alzheimer’s, which are not natural
consequences of aging because the aging brain still retains
neurogenesis abilities and neural flexibility (11). Cognitive
deficits lead to reduced quality of life among the elderly,
an additional burden on caregivers, and economic costs
to the medical system (12). Therefore, gaining more un-
derstanding of psychological phenomena related to the re-
duction of executive functions is critical to prevent cogni-
tive decline and improve the quality of life of the elderly
(11).

Evidence suggests that maintaining cognitive func-
tions is associated with a healthier lifestyle and greater
well-being (13). However, most recent research has focused
only on improving executive functions (14) and ignored
perceived emotional experience or well-being. For this rea-
son, the effects of cognitive abilities are not very clear on
well-being. It is believed that increasing cognitive abili-
ties positively affects well-being (15), but this relationship
is hypothetical and has no research evidence. For this rea-
son, one of the issues that was addressed in this article was
the relationship between executive functions and the well-
being of the elderly.

2. Methods

This research was applied in terms of purpose and used
structural equation modeling. The statistical population
of the study included all vital elderly who were referred to
retirement centers in Tehran in 2018 and were selected vol-
untarily using purposeful sampling. The Power Analysis
and Sample Size software version 15 (PASS15) were used to
estimate the sample size. The sample group consisted of 83
men and 32 women (115 total), and their ages were reported
to be between 65 and 85 years. The study was conducted
in a private clinic in Tehran. For eligibility, the partici-
pants had to be between 65 - 85 years of age, live indepen-
dently, have at least a high school diploma degree, score
85 and above in the Addenbrooke test, and read and sign
the informed consent form. The exclusion criteria were us-
ing any other cognitive enhancement method (like brain
training software, neuro-feedback, and TDCS) and suffer-
ing from a psychiatric disorder, any physical illness inter-

fering with the participant’s enrollment in the study, and
alcohol and drug abuse. In order to collect the informa-
tion required for the research, questionnaires and cogni-
tive tasks were used. The psychological well-being ques-
tionnaire (5), executive function tasks, and the adult socio-
emotional loneliness questionnaire (16) were used. The
participants filled out the questionnaires and performed
the tests before the examiners.

2.1. The Psychological Well-Being Scale

This questionnaire measures six factors of Ryff’s psy-
chological well-being model with 84 questions. Six fac-
tors include positive relationships, environmental mas-
tery, self-acceptance, autonomy, personal growth, and pur-
pose in life. Ryff (1989) reported Cronbach’s alpha value
of self-acceptance as 0.93, positive relationship with oth-
ers as 0.91, autonomy as 0.86, environmental mastery as
0.90, purpose in life as 0.90, and personal growth as 0.87.
Lindfors et al. reported the internal stability coefficient to
range between 0.65 and 0.70 for different factors of the
questionnaire (17). In a study in Iran (2008), Cronbach’s Al-
phavalue of the questionnaire was reported above 0.70 for
all the factors, and the results of factor analysis with six fac-
tors were favorable (18).

2.2. The Social and Emotional Loneliness Scale for Adults
(SELSA)

The scale contains 15 items answered on a 7-point Lik-
ert scale. The scale also includes three loneliness factors:
social, family, and romantic. The Cronbach’s alpha («) of
the scale was calculated, and it was satisfactory. The inter-
nal consistency results are as follows for each factor: Social
(v =0.90), family (« = 0.89), and romantic (« = 0.87) (19).
In Iran, the reliability and validity of the scale were inves-
tigated in a study. The results confirmed the existence of
three factors (20).

2.3. The Reaction Time Test (RT)

Simple reaction time (SRT) tests, where subjects sim-
ply respond as fast as possible to the occurrence of a stim-
ulus, are among the most basic measures of processing
speed. Francis Galton first studied RTs in the late 19th cen-
tury. Test-retest reliability for the RT was 0.53 using mean
scores and 0.65 using median scores (21).
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2.4. Mathematical Processing Task

This task asks participants to answer simple math
problems. This task is based on the math processing taskin
the UTC test battery. A correlation of 0.41 has been reported
by computing the answers; participants answer whether
the answer is higher or lower than 5, allowing for “yes-no”
responses. They were patterned after the math processing
test described by Perez et al. (1987) (22).

2.5. Tower of London

The Tower of London test was first developed by Shal-
lice in 1982 to assess 14 patients with frontal lobe injury.
This test assesses the ability to implement planning or
strategic planning and problem-solving. The reliability of
this test was acceptable and was reported at 0.79 (23).

2.6. Trail Making Task (TMT)

This test mainly measures cognitive flexibility and task
alternation. In one study, the reliability of the test-retest
of the forms A and B was investigated, and the correlation
between the two forms was between 0.76 and 0.89 for the
form A and 0.86 and 0.94 for the form B, which indicates
the high reliability of the tool (24). This study used the
paper-pencil model of this test and the sheets A, B, and A-
B.

2.7. N-Back Test

This test measures cognitive performance related to
executive functions and was first introduced in 1958 by
Wayne Kirchner. Since this task involves storing and ma-
nipulating cognitive information, it is well-known for mea-
suring working memory performance. Validity coeffi-
cients in the range between 0.55 and 0.88 showed the high
validity of the test. The validity of the test is also very ac-
ceptable as an indicator of working memory performance
(25).

3. Results

In the first stage of the analysis, the zero-order correla-
tion matrix of the explicit variables is reported.

As shown in Table 1, most of the observed variables
were significantly correlated with each other. It was ob-
served that the components of perceived loneliness had
aninverse relationship with well-being and executive func-
tions. Executive functions had a positive relationship with
well-being components. Then, the relationships of the
variables were tested in the form of a structural model.
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Before performing the structural model analysis, the as-
sumptions of this model, such as the normal distribution
of data, and the absence of inflation and alignment in the
explicit variables, were examined.

As shown in Table 2, the value of the chi-square index
per degree of freedom was 2.07, the value of the normed
fitindex (NFI) was 0.88, the comparative fit index (CFI) was
0.95, the incremental fit index (IFI) was 0.95, and the ad-
justed goodness-of-fit index (AGFI) was 0.88, the goodness
of fitindex (GFI)was 0.91,and the root mean square error of
approximation (RMSEA) was 0.047. These results indicated
that the structural model of the research had a firm fit, and
it was acceptable. Accordingly, factor loads and path coeffi-
cients obtained from the model were reported in the form
of figures and tables in the following.

Table 3 reports the factor loads and their significance
along with the multivariate correlation coefficient of each
of the apparent variables of the model. As can be seen,
all the reported coefficients were significant and well sup-
ported their latent attribute.

In the following, direct and indirect coefficients be-
tween the variables of feeling lonely, executive functions,
and well-being of the elderly were reported.

As shown in Table 4 (also in Figure 1), the relationship
between perceived loneliness and executive functions (-
0.82) was inverse and significant. Also, the relationship be-
tween executive functions and well-being (1.84) was posi-
tive and significant, and the relationship between loneli-
ness and well-being was negative and significant (-0.69).
The results showed that the indirect effect of loneliness on
well-being (0.566) was positive and significant. In other
words, an executive function was able to reduce the impact
of perceived loneliness on well-being. Thus, it can be stated
that executive functions play a significant mediating role
in the relationship between loneliness and the well-being
of the elderly.

4. Discussion

This research aimed to investigate the role of executive
functions concerning the perceived loneliness and psycho-
logical well-being of the elderly. The results showed that
executive functions could significantly reduce the nega-
tive effect of loneliness on the well-being of the elderly. Al-
though the underlying mechanisms of such a relationship
are unclear, existing research suggests three potential ex-
planations for the relationship between loneliness and ex-
ecutive functions and their implications for well-being and
its components. Loneliness can lead to behaviors such as
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Table 1. The Zero-Order Correlation Matrix of Explicit Variables

Variables 1 2 3 4 5 6 7
1- Romantic loneliness 1
2-Family loneliness 0.377** 1
3-Social loneliness 0.023 0.563** 1
4- Working memory -0.282™* -0.224* -0.15 1
5- Cognitive flexibility -0.288** -0.278** -0.191* 0.310** 1
6- Quantitative reasoning -0.133 -0.240** -0.178 0.097 0.133 1
7-Planning -0.279** -0.157 -0.162 0.324* 0.220* 0.143 1
8-Reaction time -0.369** -0.219* -0.085 0.161 0.315** -0.085 0.085
9- Self-acceptance -0.312** -0.233* -0.103 0.439™* 0.415** 0.400™* 315
10- Positive relations -0.293** -0.299** -0.259** 0.311** 0.340** 0.392** 0.126
11-Autonomy -0.373** -0.496™* -0.304™ 0.268** 0.447** 0.218* 0.281™
12- Environmental mastery -0.434™" -0397** -0.195* 0.284™* 0.280*" 0.218* 0.364™*
13- Purpose in life -0.425** -0.225* -0.126 0.437** 0.467* 0.029 0.226*
14 Personal growths -0.267** -0.237* -0.235* 0.230* 0.399** 0.379™* 0.419**
Variables 8 9 10 1 12 13 14
8-Reaction time 1
9-Self-acceptance 0.315** 1
10- Positive relations 0.320™ 0.405™* 1
11- Autonomy 0.249™* 0.188* 0.117 1
12- Environmental mastery 0.301** 0.205* 0.174 0308 1
13- Purpose in life 0.436™* 0.282™* 0.14 0.319** 0.178 1
14 Personal growths 0.241** 0.298™* 0.348** 0.328"* 0.188* 0.161 1
Table 2. Structural Model Fit Indices
x2 df 2 /df NEL CH I REL GH AGH RMSEA
153.8 74 2.078378 0.88 0.95 0.95 0.89 0.91 0.88 0.047

inactivity, decreased participation in situations that lead
to the use and exercise of cognitive abilities, increased al-
cohol consumption, smoking, and sleep disorders, all of
which are considered risk factors for cognitive decline (26);
there are also biological pathways through which loneli-
ness can affect executive functions (2). For example, it has
been reported that loneliness can increase cortisol levels,
which, in the long term, can have adverse effects on neu-
rons involved in memory. Loneliness can also deprive in-
dividuals of the benefits of social relationships such as
self-efficacy, social support, meaning, and purpose in life,
which increases the risk of cognitive impairment (27).

In addition, these results showed that with the reduc-
tion of executive functions, the psychological well-being
of the elderly decreased, which can be interpreted ac-
cording to the variables existing in psychological well-

being and the role of executive functions in them. Self-
sufficiency and self-satisfaction play an essential role in the
sub-component of self-acceptance, which can be explained
by the role of executive functions in performing daily ac-
tions and the role they play in maintaining the indepen-
dence of the elderly. Regarding the components of positive
communication and autonomy, the concept of social com-
petence and its relationship with executive functions can
be used. Social competence is the ability of an individual
to achieve social goals and perform communication func-
tions required in a particular situation while taking advan-
tage of the linguistic, cultural, and social needs of that situ-
ation. Research has shown that executive functions play an
essential role in people’s social competence. Items such as
programming, working memory, cognitive flexibility, in-
hibition, and processing speed are critical to establishing
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Table 3. The Factor Relationships and Loads of Explicit Variables Relative to Their Latent Trait

Variables A Coefficient Std Error TValue Multivariate Correlation Coefficient
Romantic loneliness 1.82 0.15 12.54 0.75
Family loneliness 151 0.17 8.92 0.58
Social loneliness 126 0.2 6.46 0.23
Working memory 123 = = 0.19
Cognitive flexibility 1.40 0.15 9.42 0.22
Quantitative reasoning 1.20 0.14 8.91 0.18
Planing 0.78 0.1 6.97 0.12
Reaction time 1.40 0.14 9.77 0.19
Self-acceptance 197 — - 0.28
Positive relations 1.57 0.18 8.73 0.19
Autonomy 1.46 0.14 10.19 0.23
Environmental mastery 172 0.16 10.63 0.24
Purpose in life 1.87 0.18 10.35 0.25
Personal growth 1.84 0.2 9.25 0.27
Table 4. Indirect and Direct Effects on the Structural Model
Independent Variable Dependent Variable Direct Effect StdDev  TValue Multivariate Correlation Indirect Effect  Total Effect
Coefficient
Perceived loneliness Executive function -0.82 0.098 -8.41%* 0.28 — -0.82
Executive function Psychological-wellbeing 1.84 0.25 734 0.504 = 1.84
Perceived loneliness Psychological-wellbeing -0.69 0.25 -2.76™ 0.504 0.566 -0.124

and maintaining relationships (28).

These results should be considered by observing the
limitations of the study. (1) We had more males than fe-
males in our sample. These findings need to be confirmed
in future research. (2) This research was conducted on el-
derly aged 65-85years old. Future studies can include a
broader age range. (3) We only assessed working mem-
ory in this research. Other memory processes should be
included in future studies to gain a more detailed pic-
ture of the memory and loneliness relationship. (4) Our
study was cross-sectional, meaning that the relationship
between cognitive measures, well-being, and loneliness
could not be proven causally for future studies. However,
our participants were vital elderly without severe physical
and mental issues. It is recommended to assess medical is-
sues in participants more comprehensively in future stud-
ies.

4.1. Conclusions

It can be concluded that the reduction of executive
functions can directly affect the quality of social interac-
tions, and the quality of social interactions, in turn, can

Iran ] Psychiatry Behav Sci. 2022; 16(2):e114188.

affect the perceived loneliness in old age. On the issue of
environmental dominance, research has shown that cog-
nitive flexibility is one of the variables that can positively
impact people’s interactions in the environment and con-
cerning new and unknown cases. Goal setting and achiev-
ing goals require planning and problem-solving skills that
are essential parts of executive functions, and for cognitive
development, itis necessary to define the formation of new
behaviors and attitudes and learn new skills that are part of
executive functions and play an essential role in providing
them (29).
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