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ABSTRACT
:  Objective: Cognitive enhancement is a noninvasive brain treatment that has the potential
Article info: . to improve cognitive deficits in patients with symptoms of cognitive impairment, such as
Received: 09 Dec 2022 . mild cognitive impairment. Studies have not investigated the effectiveness of this method on
Accepted: 16 Jan 2023 : people’s quality of life; therefore, this study aims to investigate the effectiveness of cognitive

Available Online: 01 Apr 2023 enhancement on the quality of life (QoL) of the elderly with mild cognitive impairment.

Methods: As a quasi-experimental study, the authors utilized the pre-test-post-test design
with follow-up. The statistical population of the study was elderly with mild cognitive
impairment. A total of 40 senior patients with cognitive abnormalities who were referred to the
Rehabilitation Clinic of the Payambaran Hospital in Tehran City, Iran, were picked at random
and assigned into an experimental and a control group. The experimental group underwent 12
sessions of cognitive enhancement. To measure the variables, the LEIPAD QoLquestionnaire
was employed. The data were analyzed using the two-way repeated measures analysis of
variance via the SPSS software, version 25.

Results: In terms of the post-test quality of life, the results revealed a significant difference
between the experimental and control groups. The QoLof the elderly with mild cognitive
impairment was impacted by cognitive improvement. The follow-up studies also demonstrated
that the observed disparities between the groups were persistent over time (P<0.05).

Keywords: Conclusion: In addition to affecting the cognitive abilities of the brain, cognitive enhancement

Cognitive enhancement, can affect the QoLof the elderly with mild cognitive impairment.
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Highlights

* The possibility of cognitive problems in the elderly is high.

* Mild cognitive impairment is one of the disorders associated with the elderly.

* Mild cognitive impairment in the elderly is associated with a decline in quality of life (QoL).

* Cognitive enhancement improves the quality of life in the elderly with mild cognitive impairment.

Plain Language Summary

Population aging has increased worldwide and has many social, economic and health implications. Aging is associated
with a decline in cognitive function. Mild cognitive impairment (MCI) is an intermediate stage between cognitive
decline expected in natural aging and early stages of Alzheimer's disease. The effects of MCI go beyond cognition
and negatively affect the QoL of the elderly. Therefore, it is very important to pay attention to the improvement of this
problem. The main approach in cognitive therapies is the cognitive enhancement approach. Cognitive rehabilitation
is a treatment method whose main goal is to improve the patient's cognitive function and defects such as memory,
executive function, social understanding, concentration and attention. Cognitive rehabilitation is effective in improving
cognitive symptoms and improving the QoL of the elderly with mild cognitive impairment.

1. Introduction

ased on the demographic information and
improvement in the quality of health ser-
vices, the percentage of the elderly popu-
lation has increased significantly in recent
years (Prince et al., 2015). The rate of pop-
ulation aging has increased dramatically worldwide. This
has many social, economic, and health consequences (Rao
et al, 2018). Aging is associated with a decline in cognitive
functions (Crimmins et al., 2016). One of the assumptions
considered today to explain the decline in cognitive per-
formance in the elderly is the reduction of stimulation and
challenging activities in the environment (Calero, 2019).
The growing number of elderly people leads to an increase
in the incidence of aging-related disorders, such as mild
cognitive impairment (MCI) (Klimova & Maresova, 2017).
Alzheimer disease and MCI are major challenges in geriat-
ric healthcare in the 21% century (Livingston et al., 2020).

Age-related cognitive decline is a widespread phe-
nomenon (Hu et al., 2017). MCl is an intermediate stage
between the cognitive decline expected in the natural ag-
ing period and the early stages of Alzheimer, dementia,
or mental decline, causing problems related to memory,
language, thinking, and judgment. Deficits of cognitive
functions are more than normal age-related changes
(Lima et al., 2017). Currently, there is a consensus that
successful aging is related to having healthy genes and
access to health resources. Additionally, successful ag-

ing depends on how people actively regulate life and
their behaviors (Pachana & Laidlaw, 2014).

Quality of life (QoL) is a key concept for understand-
ing the effects of cognitive impairment on the lives of
MCI patients (Hussenoeder et al., 2020). It seems that
people who are aware of their diagnosis of MCI experi-
ence a lower quality of life, regardless of the severity
of the disorder (Stites et al., 2017). The effects of MCI
exceed beyond cognition and they negatively affect the
QoL of the elderly (Hussenoeder et al., 2020).

QoL is an important health outcome for the older popu-
lation with MCI because it is multidimensional in na-
ture. Accordingly, it is necessary to enable healthcare
providers to comprehensively measure the disease and
treatment effects (Song et al., 2019). Few effective treat-
ments are available to prevent the progression of demen-
tia and MCI. Only a small number of studies have tested
the effectiveness of neuromodulation techniques for the
treatment of dementia-related defects or MCI (Orinstein
& Stevens, 2014). Non-pharmacological interventions
for the treatment of MCI have attracted much attention.
One of the main nonpharmacological approaches is the
cognitive enhancement approach. Cognitive rehabilita-
tion is a treatment method whose main goal is to im-
prove the patient’s cognitive function, such as memory,
executive function, social understanding, concentration,
and attention. This method is based on the principles of
the neuroplasticity of the brain (Bergo et al., 2016).
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Research background supports computerized cogni-
tive rehabilitation interventions to improve MCI. In a re-
cent study, Bahar-Fuchs et al. (Bahar-Fuchs et al., 2017)
investigated the effects of computer-based cognitive
rehabilitation on cognitive performance in the elderly
with MCI. The findings of the research showed that the
participants in the condition of computerized cognitive
training had more improvement in the measurements of
memory, learning, and cognitive ability. Ge et al. (2018)
found in a meta-analysis that cognitive enhancement
was effective in improving the symptoms of the elderly
with MCI and some cognitive enhancement interven-
tions improved non-cognitive symptoms, such as anxi-
ety and depression. Keeping the brain stimulated may
be a key aspect of reducing some aspects of age-related
cognitive decline or deficits associated with MCI (Coft-
man, Trumbo & Clark, 2012; Satorres et al., 2022).

Since MCI is considered a critical period during which
cognitive and neurological reconstruction, such as com-
pensation still occurs, rehabilitation can have a beneficial
effect on reducing the probability of progression in the
MCI period (Kirova et al., 2015). Cognitive rehabilita-
tion can improve MCI in the elderly (Cosmo et al., 2015).
Biundo et al. (2015) combined cognitive training with
transcranial direct-current stimulation and reported a sig-
nificant improvement in memory in the elderly with MCI.
Mirzaei et al. (2021) investigated the effectiveness of the
combined treatment of computerized cognitive rehabilita-
tion and direct electrical stimulation of the brain on the
cognitive performance of the elderly and concluded that
this method can improve the cognitive abilities of the el-
derly. Park et al. (2013) investigated the effect of cogni-
tive computer training on stroke patients and concluded
that the application of such a protocol can have a sig-
nificant effect on improving patients’ performance when
compared to the control group. According to the conduct-
ed studies, investigating the effectiveness of cognitive en-
hancement training on the QoL and mental health of the
elderly has received less attention. Investigating whether
improving cognitive abilities in the elderly with MCI can
improve their QoL is the focus of this study.

Considering that the elderly, as the most vulnerable
group, are subject to a decrease in their functional abili-
ties as well as some changes in their physical conditions,
such as cognitive, social, and psychological functioning
(Kotradyova, 2016), and because, nowadays, the rapid
diagnosis of the Alzheimer disease from MCI is the most
important step in preventing the progression (Syaifullah
et al., 2021) and also given that MCI is a risk factor for
dementia (Mirza et al., 2017), the need for more stud-
ies in this field is evident. Various treatment methods

have investigated the effect of cognitive enhancement
on the cognitive problems of patients with MCI; how-
ever, so far, no research has been conducted regarding
this type of treatment and its effectiveness in the QoL of
this group of people. The application of this method has
mostly been used to improve cognitive abilities but its
effectiveness on psychological issues and QoL has not
been investigated. Hence, this study aims to investigate
the effectiveness of cognitive enhancement on the QoL
of the elderly with MCI.

2. Materials and Methods

This was quasi-experimental research and used a pre-
test-post-test design with a control group and follow-
up. The target population in this study included all the
elderly with MCI living in Tehran City, Iran. Using the
convenience sampling method and the Cochran formula,
40 people who visited Tehran Payambaran Hospital for
evaluation in 2020-2021 and were diagnosed with MCI
by a neurologist were randomly selected and divided
into an experimental and a control group (20 subjects
in each group). Written consent was obtained from both
groups of participants and they were informed that they
can leave the research whenever they wished. The exper-
imental group received cognitive enhancement individu-
ally, and the intervention was not implemented for the
control group. The participants were assessed before the
intervention process, after the intervention, and 1 month
after the treatment by questionnaires on the QoL of the
elderly. The obtained data were analyzed via the two-
way repeated measures analysis of variance (ANOVA)
in the SPSS software, version 25.

The research method followed the following proce-
dure: after the approval of the proposal and the approval
of the Ethics Committee of Shahid Beheshti University,
and considering the ethical considerations in the neurol-
ogy clinic department of Payambaran Hospital, 40 peo-
ple who had been diagnosed with MCI were randomly
selected to participate in the study and the information
required to participate in the research was given to them;
subsequently, cognitive enhancement sessions were held
3 times a week in the Neurotherapy Clinic of the hospi-
tal; meanwhile, the ethical considerations included pri-
vacy and confidentiality, informed consent to participate
in the research, and the freedom to withdraw from the
research at any time.
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The inclusion criteria were 1) having a minimum age
of 65 years and a maximum of 74 years, 2) having been
diagnosed with MCI according to diagnostic tools, and
3) having a minimum education of a diploma. Mean-
while, the exclusion criteria were as follows:

1) abuse of alcohol and addictive substances, 2) suf-
fering from acute and chronic psychological diseases, 3)
severe cognitive impairment (similar to occurrences in
dementia), 4) physical illnesses that may interfere with
the response and cooperation of the participants, 5) par-
ticipating in another treatment program at the same time,
and 6) vision and hearing problems according to vision
and hearing tests.

Elderly QoL questionnaire

The LEIPAD QoL questionnaire is used to measure the
QoL of the elderly. This tool was designed in 1998 by
De leo et al. LEIPAD measures the QoL of the elderly
in 7 dimensions, namely physical function, self-care,
depression and anxiety, mental function, social function,
sexual function, and life satisfaction. It includes 31 items
and is scored based on a 4-point Likert scale. The total
score ranges from 0 (minimum) to 93 (maximum) and
higher scores indicate a better quality of life. The Cron-

Table 1. Sessions and content of cognitive enhancement program

bach a of this questionnaire was obtained at 0.83 (De
Leo et al., 1998). The questionnaire has no cultural bur-
den and has been translated and standardized in Iran. The
first part of the questionnaire includes questions about
age, gender, income, marital status, number of children,
length of stay, and level of education. The second part
has 31 questions. In the research by Sajjadi and Biglarian
(2007), the reliability of the questionnaire was obtained
at 0.87 via the Cronbach o method.

In this study, the intervention protocol was designed by
a researcher based on the neuroplasticity theories. The
protocol included twelve 30-min sessions for each per-
son. The summary of the sessions is provided in Table 1.

Results

Descriptive data, Mean+SD of scores of the QoL in
the intervention and control groups are summarized in
Table 2. Accordingly, in the intervention group, 14 peo-
ple (70%) were men and 6 people (30%) were women.
In the control group, 16 people (80%) were men and 4
people (20%) were women. The mean age of the inter-
vention group was 71.5 while this mea was 68.4 for the
control group.

Content

Session

Summary of Cognitive Enhancement Sessions

In the 1% session, after the pre-test and initial familiarization, the participants were informed about how to work with the
1 software and what process should be followed during each session. Based on the Captain Log software, a basic test is
taken from the person at the beginning and then based on the results, the desired exercises are performed.

2-11

These sessions included practice with suggested games as well as categories of games from Captain Log. During the 12

sessions of cognitive enhancement, the exercise process was similar and each session did not have separate instructions.

12

In the final session, after completing and reviewing the obtained graphs, the post-test was performed and the data was
collected for analysis.

Table 2. Descriptive information related to the variable of quality of life in pre-test and post-test

Mean+SD

Variables Experimental

Control

Pre-test

Post-test

Pre-test Post-test

Quality of life 30.4017.660

34.02+7.06

30.65+7.350 31.25+6.608
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Table 3. The results of the multivariate within-subject effects test to compare the quality of life of the control and cognitive

enhancement groups

Effect Value F Effect d, Error d, Sig. Effect Size
Pillai trace 0.863 18.989 6 150 0.001 0.432
Wilk lambda 0.170 35.241 6 148 0.001 0.588
Repeat

Hoteling trace 4.704 57.238 6 146 0.001 0.702

Roy largest root 4.663 116.572 3 75 0.001 0.823

Pillai trace 0.755 15.153 6 150 0.001 0.377

Wilk lambda 0.276 22.255 6 148 0.001 0.474

RepeatxGroup

Hoteling trace 2.506 30.488 6 146 0.001 0.556

Roy largest root 2.460 61.502 6 150 0.001 0.711

The results of Table 2 demonstrate that the scores of the
experimental group in the variable of QoL have changed
in the post-test when compared to the pre-test phase,
and this change is not observed in the control group.
The Levene test was used to check the homogeneity of
variances between the control and experimental groups.
The results for the QoL in the pre-test, post-test, and
follow-up are as follows: P<0.05, FL 1,5=0.039; P<0.05,
FL ,=0.101; P<0.05, FL ,5=0.0216. Accordingly, it was
not significant and the assumption of homogeneity of
variances is confirmed. The Mauchly sphericity test
was also used for homoscedasticity of the variance of
the differences between the groups and was not statisti-
cally significant for the QoL (P<0.05). This establishes
the assumption of sphericity. Because of the validity of
the assumptions of repeated variance analysis, the use of
this method is allowed.

Based on the information in Table 3, the results show
that all the multivariate tests are significant, which indi-
cates the existence of the main effect related to the repe-
tition factor (pre-test, post-test, and follow-up) as well as
the interaction effect between groups and repetition (that
is, the existence of differences between groups during
the stages measurement). To more accurately examine
the difference between groups, the single-variable with-
in-subject effects should be used, as presented in Table 4.

According to the results presented in Table 4, the F values
related to the interaction effects between groups and repeti-
tion (that is, the existence of differences between groups dur-
ing the measurement steps) for all variables are significant
at the a 0of 0.01 (P<0.01). The significance of the interaction
effects indicates the difference between the changes in QoL
scores of the control and cognitive enhancement groups dur-
ing the measurement stages. To compare the average scores

Table 4. The Results of the single-variable within-subject effects test to compare the quality of life of the control and cognitive

enhancement groups

E
Source Variables SS d MS F Sig. ffect
Size
Sphericity 57.403 2 28.702 10.545 0.001 0.217
Repeat Quality of life
Greenhouse Geisser 57.403 1.478 38.826 10.545 0.001 0.217
Sphericity 24.648 2 12.324 4.528 0.014 0.106
Repeat'Group Quiality of life
Greenhouse Geisser 24.648 1.478 16.672 4.528 0.024 0.106
Sphericity 206.862 76 2.722
Error Quality of life
Greenhouse Geisser  206.862 56.182 3.682
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Table 5. Bonferroni post hoc test for pairwise comparison of quality of life post-test and follow-up

Group Variables MeanSE Sig.
Post-test -0.600+0.337 0.250
Pre-test
Control Quiality of life Follow-up -0.280+0.568 1
Post-test Follow-up 0.320£0.616 1
Post-test -2.750%0.337 0.001
Pre-test
Cognitive enhancement  Quality of life Follow-up -1.835+0.568 0.008
Post-test Follow-up 0.915%0.616 0.437

during the measurement stages, the Bonferroni post hoc test
was used and the results are presented in Table 5.

According to Table 5, pairwise comparisons are given
to examine the difference between QoL scores during the
treatment for each of the control and cognitive enhance-
ment groups. Based on the results obtained in the cognitive
enhancement group, the difference between the average
scores of the pre-test, post-test, and follow-up is signifi-
cant (P<0.05). The follow-up compared to the pre-test has
increased significantly. The difference between the scores
of the post-test and the scores of the follow-up is not sig-
nificant (P<0.05), which indicates the stability of the treat-
ment effects over time. In the control group, the difference
between the scores of the pre-test, post-test, and follow-up,
as well as the difference between the scores of the post-test
and the follow-up scores is not significant (P<0.05).

4. Discussion

This research aimed to investigate the effectiveness of
cognitive enhancement treatment on the QoL of the elderly
with MCIL. According to the findings, cognitive enhance-
ment has an effect on the QoL and mental health of the
elderly with MCI. Also, based on the studies in the 1-month
follow-up stage, the observed difference between the
groups is stable over time.

The findings are in line with the results of the studies by
Hyer et al. (Hyer et al, 2016) regarding the effect of the cog-
nitive training program to improve working memory in the
elderly with MCI, Mirzaei et al. (2021) regarding the effec-
tiveness of the combined treatment of computerized cog-
nitive rehabilitation and direct electrical stimulation of the
brain on the cognitive function of the elderly, and Zare et al.
(2019) regarding the effect of computerized cognitive reha-
bilitation on the improvement of MCI and working memory
capacity of elderly women. Similar results have been ob-

tained in other studies as well. San juan et al. (2020), based
on systematic reviews and meta-analysis, found that after
the cognitive intervention, the elderly obtained positive re-
sults in the trained specific skills. These effects are seen in
the specific skills learned and in mental health and quality
of life. Chandler et al. (2016) found that cognitive interven-
tions are effective in improving MCI patients, and Case-
miro et al. (2016) found that cognitive enhancement plays a
significant role in the anxiety and depression of the elderly.

Low QoL in the elderly is associated with concerns about
memory (Montejo et al., 2012 and Trigg, 2011) and cognitive
impairment (Mhaolain et al, 2012). Cognitive enhancement
helps people to accept their conditions, emphasizes support-
ing factors and corrects a person’s knowledge and beliefs,
and can change a person’s perspective on life experiences as
well as strengthen their mental health (Khashab et al., 2017).

The results show that the effects of MCI exceed cognition
and affect the QoL of people with MCI (Hussenoeder et al,
2020). By improving brain function and brain connections,
and consequently, cognitive abilities, the psychological life
of people are affected and improved. The inability to perform
daily tasks and the type of lifestyle in which a person is de-
pendent on others greatly reduce self-esteem and quality of
life, therefore, improving brain function using nonpharmaco-
logical and noninvasive methods can improve mental health.
Most studies of different rehabilitation methods to date have
reported a positive effect on cognitive and mood variables in
MCI (Ferreira et al., 2020; Fernandez et al., 2017). Because
of the close relationship between people’s QoL and their
understanding of themselves, self-confidence, the ability to
create positive emotions in themselves and resist negative
emotions, positive views about themselves, the world, and
the future, and the ability to cope with them, any improve-
ment in these factors can reduce people’s anxiety and have a
positive effect on their QoL (Sharma et al., 2016).
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The findings of the present study show convincing evi-
dence that nonpharmacological, noninvasive, and risk-
free methods, such as cognitive training, are useful inter-
vention options to help the mental health of the elderly.
The neuroplasticity feature may be a key aspect of re-
ducing some aspects of age-related cognitive decline or
deficits associated with MCI. Considering that cognitive
decline and MCI have important consequences for pa-
tients and their families, and given the need for clinicians
to be skilled in identifying and managing this common
disorder as the number of elderly people will increase in
the coming decades (Langa & Levine, 2014), more re-
search is suggested. Considering that the level of income
and education also play a role in cognitive functions,
considering these variables can also be investigated in
future studies.

Not considering gender as a variable and the available
sample is one of the limitations of this research, which is
recommended to be considered in future research. Also,
future studies can examine the individual characteristics
of patients with MCI (such as 1Q, diet, drug abuse, phys-
ical activity level, and so on) on the treatment results.

5. Conclusion

It can be stated that the cognitive enhancement method,
which is one of the noninvasive neurological modification
methods, can lead to changes in the psychological health
of the elderly with MCI. Neurological correction and
cognitive abilities, and consequently, more management
and control over life, can affect the QoL and vitality in
people with MCI.
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