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Abstract

patients with mild cognitive impairment.

than the external cognitive training group (P<0.05).

Background: Mild cognitive impairment (MCI) is a common condition in the elderly population. It is characterized
by confusion, disorientation, memory complaints, as well as restricted attention, learning, and language abilities.

Objectives: The objective of this study was to compare the effect of internal and external cognitive training in

Methods: Twenty-six patients with mild cognitive impairment participated in this study. An equal number of
participants (n=13) were allocated into two groups, i.e,, the internal cognitive training group (group A) and external
cognitive training (group B). Cognitive training session was administered 40 min per day, at a frequency of 2 sessions
per week, for a period of 4 weeks for both groups, and aerobic exercise was also performed for 15 min per day, for a
period of 4 weeks. Outcome measures were undertaken at baseline and at the end of the 4th week.

Results: The result shows a significant improvement on MoCA components in the internal cognitive training group

Conclusion: It was concluded that the internal cognitive training (ICT) shows significant improvement on mild cog-
nitive impairment in elderly as compared to external cognitive training (ECT).

Keywords: Aging, Mild cognition impairment, Cognitive therapy, ICT, ECT

Introduction

Population aging is a worldwide process of growing older
at the cellular, organ, or whole body level [1]. The elderly
population is increasing dramatically worldwide, with
many social, economic, and health implications. “Elderly”
has been defined as a chronological age of 65 years old
or older [2]. The United Nations (UN) proposed a cut-off
at 60+ years to refer to the older population. The num-
ber of older persons in the world is projected to reach
1.4 billion by 2030 and 2.1 billion by 2050 and could rise
to 3.2 billion in 2100 [3]. The growing number of older
individuals will lead to an increase in the incidence of
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age-related disorders such as mild cognitive impairment
(MCI). A significant risk factor for alterations in motor
function and body balance is cognitive impairment [4]. It
is the intermediate state between normal cognition and
dementia and is characterized by confusion, disorienta-
tion, memory complaints, as well as restricted attention,
learning, and language abilities. Such intellectual dete-
rioration is feared and often broadly affects the quality
of life because of limitations on functioning in daily life
and increased disability [5]. The prevalence rate of MCl is
estimated at 3—42% in the older adult population, and the
conversion rate between MCI and dementia is estimated
at 2—-31% [6—8]. MCl is a risk factor for dementia and is
associated with a 6-fold increased risk of Alzheimer’s dis-
ease (AD) [6].
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Findings from numerous epidemiological and clinical
studies suggest that multiple neurobiological, behavio-
ral, social, and environmental factors may increase the
risk of cognitive decline. Neurobiological factor leads to a
decrease in brain size in old age; role of diet and lifestyle
changes are also responsible for brain aging; decrease
in blood flow to the brain can also impair memory and
lead to changes in cognitive skills, smoking, and alcohol
consumption; and many other genetic and environmental
factors also affect the cognitive function during aging. It
has been suggested that improving the diet help to delay
age-associated cognitive decline; vitamin B is essential
for maintaining normal brain function and memory. The
physical activity and active lifestyle improve age-associ-
ated cognitive decline [9, 10].

The mild cognitive impairment (MCI) diagnosis is
based mainly on the patient’s history and cognitive
examination [11]. The Mini-Mental Status Examination
(MMSE) and Montreal Cognitive Assessment (MoCA)
scales are useful instruments to detect cognitive func-
tion and both scales are used to diagnose both MCI and
dementia; MoCA scale has better psychometric char-
acteristics than MMSE [12, 13]. Currently, pharmaco-
logical intervention is not intended for the treatment of
mild cognitive impairment (MCI) by the food and drug
administration (FDA) [14]. The non-pharmacological
interventions include physical activities, healthy diet,
and cognitive training. This helps in the maintenance of
synaptic function and synaptic protein loss may be pre-
vented. In addition, physical activities can contribute to
the increase of vascularization, energy metabolism, and
resistance against oxidative stress, which has a positive
effect on cognitive functions [15]. In the literature, mul-
tiple terms have been used for cognitive intervention,
including cognitive rehabilitation, cognitive stimulation,
and cognitive training [16].

Cognitive training may be strategy-based and act as a
preventive technique incorporating both internal and
external strategies. Acting as primary prevention helps to
reduce the incidence of disease by delaying the cognitive
decline process. ICT implicit training is a mental tech-
nique or self- abilities to facilitate cognitive processes,
e.g., “chunking” pieces of information to assist encoding.
ECT explicit training uses practical aides to compensate
for weaker cognitive processes, e.g., writing information
down to reduce the burden on memory processes. Both
internal (e.g., categorizing, visualizing, or paraphrasing
information during learning), and external (e.g., using
calendars or environmental cues) techniques encourage
to strengthen intact cognitive function and adapt to areas
of weakness or decline [17]. In literature, there is a lack
of evidence that compares the effect of ICT and ECT on
mild cognitive impairment in the elderly. The aim of the
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present study is to compare the effect of ICT and ECT on
mild cognitive impairment in the elderly.

Materials and methods

This is an experimental study conducted at the SGT
Medical College Hospital & Research Institute, Guru-
gram Haryana, India. After receiving Institutional Ethi-
cal Clearance the study was initiated. Thirty subjects who
have mild cognitive impairment having MoCA scores
between 22 and 26 [13] of either gender ranging from
60 to 70 years of age group [18] with a minimum edu-
cation of 12th class who can understand simple English
words and follow verbal instruction were included in the
study. Those who were having any neurological disorders
in the brain and spinal cord such as Alzheimer’s disease
(AD), Lewy body disease, stroke (CVA), Huntington’s
disease, MS, ALS, frontotemporal dementia, and vascu-
lar dementia; use of medication known to have a negative
impact on cognition (benzodiazepines); use of antipsy-
chotics and cholinesterase inhibitors (CHEISs); current or
recent (past 6 months) alcohol or substance use disorder;
any behavioral changes like depression, anxiety, stress,
other systemic diseases likely to impair cognition, such
as hypothyroidism, deficiency of folic acid or vitamin
B12, or viral infection (syphilis, HIV); vision and speech
impairment (aphasia); any sort of musculoskeletal pain;
lack of sleep less than 8 h; and nutritional deficiency like-
thiamine were excluded [19, 20]. The sample size was cal-
culated using the G- power software with a 10% power
and 95% confidence interval.

The samples of 42 subjects were selected from the pop-
ulation on the basis of inclusion and exclusion criteria.
Twelve subjects were excluded (not meeting the inclu-
sion criteria) and 4 subjects lost follow-up out of 30 sub-
jects. Twenty-six subjects fulfilled the protocol and were
equally divided into two groups (Fig. 1). Pre readings of
Montreal Cognitive Assessment (MoCA) were taken
for both the groups at baseline, i.e., before starting the
intervention. Both the groups received different cogni-
tive strategies and aerobic exercise. Cognitive treatment
protocol of 40 min per day, at a frequency of 2 sessions
per week, for a period of 4 weeks [21], was given by the
researcher in her supervision for both groups, and aero-
bic exercise was also performed for 15 min per day, for a
period of 4 weeks. At the end of the 4th week, post read-
ings were taken through Montreal Cognitive Assessment
(MoCA).

Outcome measures

Montreal Cognitive Assessment (MoCA). This scale
has been used in the population of normal individu-
als, mild cognitive impairment, stroke, multiple scle-
rosis, Parkinson’s disease, traumatic brain injury, and
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Fig. 1 Flowchart demonstrates the experimental design of the study

Analysed (n=13)

those who have cognitive decline. The scale consists
of 8 items that are scores range between 0 and 30. A
score of 26 or over is considered to be normal. MoCA
scale is a valid scale in detecting cognitive impairment.
It has high sensitivity and specificity, i.e., 100% and 87%
respectively [21].

Interventions

Group A (internal cognitive training+ aerobic exercise)

The internal cognitive training (ICT) included mnemon-
ics, chunking, method of loci, story recall, and list/object
recall. In mnemonics, participants are asked to recognize
the photo and remember the name of that person by self-
generating mnemonics; chunking is a process of taking
individual pieces of information (chunks) and grouping
them into large units; method of memory enhancement
uses visualizations with the use of spatial memory; story
recall is when reading or listening to a story; it might be
helpful to focus on only the key points of the story, this
way irrelevant information can be forgotten and the story

may simplify and be easier to recall and in last recall the
list of things or list of items needed for cooking or shop-
ping, etc. It combines with chunking and method of loci.

Group B (external cognitive training+ aerobic exercise)

The external cognitive training (ECT) included cue-
ing, spaced retrieval, face-name recall, and number
recall. Cueing by providing relevant cues at recall can
aid retrieval and can be useful when teaching informa-
tion particularly face-name recall or number recall. Two
types of cueing are vanishing cues (cueing with decreas-
ing assistance) or forward cues (cueing with increasing
assistance); spaced retrieval helps to aid increase reten-
tion of information. This strategy is beneficial for face-
name associations, object naming, and memory of object
location, face-name recall, present a photograph of the
to-be-remembered person. Discuss the photograph and
name. Generate mnemonics (or association) that can be
used to assist recall. It combines with cueing and spaced
retrieval, number recall, and present the to-be-remem-
bered numbers in verbal and written formats. Discuss
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Table 1 Baseline demographic data of participants: mean 4 SD

Characteristics Group A (n=13) Group B (n=13) p value
Sample size (n) 13 13

Age (years) 64.00 £3.12 63.85+3.24 p>005
Women/men (n) 6/7 5/8

the number, what it is for, how often it is used, etc., and
generate mnemonics (or associations) that can be used
to assist recall. It also combines with cueing and spaced
retrieval [22, 23].

Aerobic exercise
It includes brisk walking, cycling, jogging, and running
for 15 min per day for 4 weeks which is not done under
supervision [24].

Statistical analysis

Statistical Analysis was done using the software package
SPSS 20.00 for Windows 7 version. The mean and stand-
ard deviation of all the variables was calculated. Wilcoxon
test was used to compare the mean of data of pre and
post-intervention within the group. Mann-Whitney test
was used to compare the mean of data of pre and post-
intervention between groups A and B. The p-value<0.05
was considered to be statistically significant.
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Result

In the present study, a total of 26 subjects were selected
of age 61-68 years who met the inclusion criteria and
completed the treatment protocol for a period of 4
weeks. The subjects include 18 males and 8 females out
of 26 subjects who were divided into two groups i.e.,
ICT (N=13) and ECT (N=13). The treatment protocol
of 4 weeks was given to both groups. In the result analy-
sis of demographic data, comparisons within the group
and in between the group have been done. The mean age
of group A and group B was 6443.12 and 63.85+3.24
respectively. There were 7 men and 6 women in group
A, whereas there were 8 men and 5 women in group B.
(Table 1). An equal variance ¢-test reveals a significant
difference in the Montreal Cognitive Assessment score
of both groups (p-value < 0.05) (Table 2). An equal vari-
ance t-test reveals a statistical difference between the
mean values of the MoCA component (visuospatial/
executive, attention, and delayed recall) pre-interven-
tion and post-intervention among subjects of group A
(Table 3). Similarly, an equal variance ¢-test reveals a sta-
tistical difference between the mean values of the MoCA
component (visuospatial/executive and delayed recall)
pre-intervention and post-intervention among subjects
of group B (Table 4). There was a significant difference
in MoCA score (p-value < 0.05) and u value between
group A and group B post-intervention (end of 4th week)
(Table 5).

Table 2 Comparison of mean and standard deviation (SD) of MoCA score of pre (baseline) and post-intervention (end of 4th week)

among groups A and B

Total MoCA score Pre-intervention (baseline) Post-intervention (end of 4th z-value p-value
week)

Group A (mean=SD) 22.3841.044 27.3840.768 -3.24 P < 0.05*

Group B (mean+SD) 22.46+0.967 25.62+0.650 -3.22 P < 0.05*

*Significant p-value (p < 0.05)

Table 3 Comparison of mean and standard deviation (SD) of various components of the MoCA score at pre- (baseline) and post-

intervention (end of 4th week) in group A

Variables (MoCA components) Group A zvalue p-value

Pre-intervention (baseline) ~Post-interventaion (end of 4t"

(mean=+SD) Week)

(mean=SD)

Visuospatial/executive 2.38+0.506 4.62£0.506 —-11.23 0.001 *
Naming 2.7740.599 2.8440.376 —039 0.698
Attention 4.38+0.506 5.4640.660 —4.66 0.001 *
Language 2.85+0.376 2.92+0.277 —0.59 0.558
Abstraction 1.77£0439 1.92+0.277 —1.06 0.296
Delayed recall 2.3840.506 3.6940.480 —-6.75 0.001 *
Orientation 5.85+3.76 5924277 — 059 0.558
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Table 4 Comparison of mean and standard deviation (SD) of various components of the MoCA score at pre- (baseline) and post-

intervention (end of 4th week) in group B

Variables (MoCA components) Group B zvalue p-value

Pre-intervention (baseline) Post-intervention (end of 4th

(mean=+SD) week)

(mean=+SD)

Visuospatial/executive 2.62+0.506 3.774£0439 —-6.21 0.001 *
Naming 2.85+0.376 29240277 —0.59 0.558
Attention 4.15£0.689 4.54£0.519 —1.60 0.121
Language 29240277 3.0040.0 —1.00 0327
Abstraction 1.85+£0.376 1.92+0.277 —059 0.558
Delayed recall 2.23+0439 35440519 —6.94 0.001 *
Orientation 585+3.76 59242.77 —059 0.558

Table 5 Comparison of (MoCA) at pre-intervention and post-
intervention, i.e, baseline and end of 4th week of subjects
between group A and group B

MoCA components Group a vs group b

u-value p-value
Pre-intervention (baseline) —-0.27 P>0.05
Post-intervention (end of 4th week) —4.08 P<0.05"

*Significant p-value (p < 0.05)

Discussion

Many studies have concluded that age is an important
factor affecting cognitive functioning in older adults.
The participants in the present study were 60—70 years
of age. The one-month intervention study proved to
show significant improvement in both group A and
group B. This indicates that both interventions are val-
uable in the rehabilitation of individuals with mild cog-
nitive impairment. However, the result of the present
study provides evidence supporting the hypothesis that
internal cognitive training (ICT) would lead to greater
improvement in cognitive function when compared to
external cognitive training (ECT). Nevertheless, the
difference between the results of the two distinguished
groups could be attributed to their different training
protocol. Internal cognitive training (ICT) is a mental
technique or self-abilities to facilitate cognitive pro-
cesses-e.g. ‘chunking’ pieces of information to assist
encoding. In internal cognitive training (ICT), partici-
pants think internally through thier own self mental
ability and learn the tasks by using different methods
like mnemonics, chunking, and story recall that aid
information retention. The training offered numer-
ous opportunities of practice with mental attention; it
helps the participant to learn or remember things by
self-generating mnemonics and make the story to recall

for a longer period. Therefore, it improves the cognitive
status of all participants and enhances the MoCA score.
These findings again suggest intervention effective-
ness in cognitive tests which are similar to the activi-
ties trained, but also suggest possibly a higher degree of
plasticity in executive functions.

A study conducted by Liu et al. (2016) on cognitive
training in older adults with mild cognitive impairment
concluded that age is an important factor affecting cog-
nitive functioning in older adults and also demonstrated
that level of education may affect cognitive abilities, with
an association between fewer years of education and
faster declines in cognitive ability with age, which is con-
sistent with our study [7]. The effect of training on older
adults with MCI participated in this training. Training
may stimulate brain activity and promote cognitive abil-
ity by using cognition to complete all tasks independently
and the mean MoCA score was increased, which still rep-
resents improvements in cognitive functioning which is
consistent with our study.

Mowszowski et al. (2010) reviewed that early inter-
vention through selective prevention programs directed
“at-risk” groups to reduce the cognitive decline and
ultimately reduce the incidence of dementia. Such pro-
grams should target the prevention of cognitive decline
and promote neuroplasticity. They showed that cognitive
activity contributes to dendritic arborization, increased
synaptogenesis, and brain plasticity. At a cellular level,
cognitive activity likely influences spine density, syn-
aptogenesis, and vascular supply to the brain. It likely
promotes glial and metabolic activity and hippocampal
neurogenesis. Indeed, in older people, higher mental
activity levels have been associated with lower rates of
hippocampal atrophy [17]. The processes that strengthen
brain function can be conceptualized as being “positive”
plasticity which is consistent with our study.
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Many studies have concluded that cognitive train-
ing is an effective method to promote improvements
in the cognitive abilities of patients with MCI, and may
decrease the rate at which MCI progresses to dementia
or AD. More than 50.00% of people with MCI subse-
quently develop dementia [25-29]. Currently, cognitive
training is frequently used in patients with MCI, and it
generally includes physical activity training and men-
tal training. In our study, significantly higher improve-
ments to normal levels were observed after internal
cognitive training (ICT) group A than in the external
cognitive training (ECT) group B. Therefore, although
a substantial proportion of individuals with MCI in the
external cognitive training (ECT) group B improved to
normal levels, we still recommend cognitive training as
the best and most effective method for improving the
cognitive functions of patients with MCI. According to
some studies, cognitive training exerts beneficial effects
on visuospatial/executive function, attention, language,
delayed recall, and orientation in individuals with MCI
(6, 7].

Our study has few limitations: we include small sample
size and duration of treatment was too short to test the
efficacy of cognitive training. Structural and functional
MRI was not used to investigate the underlying mecha-
nism. The subjects were not ruled out for any community
activity, housework, or reading (times/weeks) during the
study which may affect the outcome of the results.

Conclusion

The present study concluded that internal cognitive
training is more effective than external cognitive train-
ing. It shows significant improvement on mild cognitive
impairment in elderly as compared to external cognitive
training.
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