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Abstract

Objective: The present study aims to explore the benefits of using D-CAP, an android based cognitive training app in Mild

Cognitive Impairment(MCI).

Background: Mild cognitive impairment (MCI) is a transient phase between normal age related cognitive decline and de-

mentia, with deficits in memory, executive function and speed of processing. D-CAP is an app-based cognitive retraining

program provided by downloading an application that can be installed on an android phone, developed by Prof Keshav Ku-

mar. Patients were self trained on the app. Weekly contact with the patient along with the caregiver is made to ensure adher-

ence to the program.

Materials and Methods: The study adopted a single case design.The patient is a 55 - year-old female diagnosed with MCI.

She was evaluated, before and after the treatment, with NIMHANS Neuropsychological battery for Elderly.The patient was

given 30 sessions of app-based cognitive retraining activities using D- CAP. The program included tasks targeting to en-

hance attention, working memory, visual learning, and memory and response inhibition. Informant Questionnaire on Cog-

nitive Decline in Elderly (IQCODE), and NIMHANS Cognitive complaint scale were also used to assess cognitive functions,

Mild Behavioral impairment checklist was used to assess behavioral and psychological symptoms of dementia, Quality of

life in Alzheimer’s disease (QOL-AD) was used to assess quality of life and

Instrumental activities of daily living -IADL-EDR was used to assess instrumental activities of daily living before and after

the intervention.

Results: The results showed that post-intervention improvements were found in verbal learning and memory, visual learn-

ing and memory, verbal and visual working memory, verbal fluency, reduced symptoms and increased quality of life.

Conclusion: D-CAP-based cognitive retraining can help in improving not only cognitive functions, but also reduction of
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symptom and quality of life in Mild cognitive impairment indicating generalization of cognitive retraining to other psycho-

logical functioning.
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Introduction

Mild cognitive impairment (MCI) is a transient phase between normal age related cognitive decline and dementia, with deficits in

memory, executive function and speed of processing [1]. MCI can be present with a number of cognitive symptoms, subsumed un-

der  amnestic  with  predominant  memory  disturbance  and  non  amnestic  MCI  with  primarily  executive  functions  deficits.Preva-

lence rate of MCI among elder adults is  estimated to be 3% to 42 % [2];  conversion rate of MCI to dementia have ranged from

2-31% [3];14-40% of those with MCI return to normal cognitive function(4,5); and many individuals also exhibit a persistent form

of MCI without converting to dementia [5, 6].

Research suggests that individuals with MCI experiences changes in psychological functioning, daily functioning and quality of life

[7-9]. Behavioural and psychological symptoms of dementia such as depression, anxiety, irritability, apathy, agitation, sleep disor-

ders are very common in MCI with prevalence rate of 35% -85% [10-13]. Individuals with multi domain MCI have greater functio-

nal limitations than those with single domain MCI. Appointment scheduling, transportation issues, financial issues are some areas

of daily living frequently impacted in MCI [8]. Research also shows that individuals with MCI report reduced QOL compared to

other elderly without MCI [9].

Cognitive retraining can be defined as a systematic therapeutic approach designed to improve cognitive functioning after central

nervous system insult. Studies shows that cognitive based intervention are helpful for people with MCI to improve different cogni-

tive modalities such as language, memory, attention, visuospatial functions, anxiety, depression, quality of life, activities of daily liv-

ing etc [14-18]. This suggests that cognitive interventions underlie a neurobiological mechanism in which cognitive stimulation fa-

cilitates neuroplasticity resulting in cognitive reserve enhancement [19-20]. Neuroplasticity refers to the brain’s ability to undergo

structural  and  functional  alterations  in  response  to  internal  and  external  stimulation  [21].  Research  on  multi  domain  training

suggests that the training increases within-network connectivity predominantly in the Default Mode Network. The degree of anti--

correlation between networks, in particular between the Fronto Parietal Network and Default Mode Network is augmented, which

has been related to better cognitive functioning in age related diseases [22, 23]. The current case described in this paper is an at-

tempt  to  explore  the  benefits  of  app-based  cognitive  retraining  using  D-CAP  in  Mild  Cognitive  Impairment.  Digital  Cognitive

Augmentation Programme (D-CAP) is a cognitive neuroscience informed android based app with tasks designed to improve atten-

tion, processing speed, verbal memory, visual memory, working memory, and response inhibition. It  was developed at the neu-

ropsychology unit, NIMHANS, by Prof Keshav Kumar. It was hypothesized that app-based cognitive retraining would lead to ob-

servable changes in neuropsychological measures of sustained attention, working memory, verbal learning and memory and visual

learning and memory. Improvement following training was also excepted on secondary outcome measures such as quality of life,

behavioural and psychological symptoms, and instrumental activities of daily living.

Materials and Methods

Subject

The participant was a 55 year old woman, who is a home maker. She was referred in 2022 for neuropsychological assessment and

cognitive retraining. There was history of gradual decline in her memory over past few years including difficulty in concentration,
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misplacing things, forgetting conversation, repeatedly asking the same questions and making errors in simple calculation. She cont-

inued to function independently managing the household activities and other instrumental activities of daily living. Medical histo-

ry  included  cholesterol,  blood pressure,  diabetes  .She  had  no  history  of  any  of  head  injury,  stroke  or  any  other  neurological  or

psychiatric illness and there was no family history of dementia. Neuropsychological testing revealed impaired performance in ver-

bal  learning and memory.  Other areas  of  concern included attention,  verbal  working memory,  visual  working memory,  fluency

and visual learning & memory in which her performance is in the below average range. MRI shows mild diffuse cerebral atrophy

with grade 1, microangiopathic changes. She was diagnosed with MCI.

A diagnosis of Mild cognitive impairment was determined per the DSM V criteria and 1.5 standard deviation below the mean on

standard  neuropsychological  test  (Peterson’s  Criteria  for.  MCI).  The  diagnosis  of  MCI  was  also  confirmed  by  the  consultant

psychiatrist from the geriatric clinic, NIMHANS. The patient was evaluated before and after cognitive training on NIMHANS Neu-

ropsychological battery for elderly [24].  A parallel  form of Neuropsychological test for elderly - Parallel  Form was used for post

cognitive training assessment to minimise the practice effects on the tests. NIMHANS Neuropsychological battery for elderly (NN-

BE) is a comprehensive battery developed for assessing cognitive functions in Indian elderly population. It is a brief battery which

takes 60 minutes to administer. It includes measures of attention, memory, executive functions, language, visuospatial construc-

tion and parietal focal signs. Word list test, story recall test, stick construction test, digit span, corsi block tapping test, category flu-

ency, Go/No-Go, Picture cancellation and parietal focal signs.

The other outcome measures includes Informant Questionnaire on Cognitive Decline in Elderly (IQCODE) [25], NIMHANS Cog-

nitive complaint scale (Sowparnika & Kumar et al 2021).(ref),. Mild Behavioural impairment checklist [26] was used to assess be-

havioural and psychological symptoms of dementia, Quality of life in Alzheimer’s disease(QOL-AD) was used to assess quality of

life and Instrumental activities of daily living -IADL-EDR [27]was used to assess instrumental activities of daily living. The partici-

pant was rated on all the outcome measures both before and after the intervention.

Treatment

Digital Cognitive Augmentation Programme

D-CAP is a cognitive neuroscience informed android based app designed to improve multidomain cognitive deficits. It was devel-

oped by Prof Keshav Kumar at the neuropsychology unit. It’s provided by downloading an application in an android phone. Vari-

ous cognitive retraining task were developed for healthy normal elderly as well as patients with MCI and dementia, by Kumar et al

in 2013. Subsequently, these activities were digitalized and made into an app by Adobe as their probono initiative. It was found to

be effective in improving cognitive functions like attention, learning, delayed recall,  digit  symbol substitution in healthy normal

elderly. Specific tasks were designed to load on specific neural network, at increasing levels of difficulty. This is hypothesised to fa-

cilitate neural plasticity in the associated neural circuitry that are recruited in mediating these cognitive functions, and improving

sub optimal cognitive functions to optimal levels. The app used for the study is designed to improve 8 cognitive domains including

attention, working memory, verbal memory, visual memory and response inhibition akin to several internationally used cognitive

apps. Each of the exercises were comprised of 3 levels of difficulty (low, medium and high), which selectively enables as the users

progressed. To the best of our knowledge, this is the first app based comprehensive cognitive retraining in India. The patient un-

der went app- based cognitive retraining for 30 one hour session spanning over 6weeks. Weekly follow up was done with the pa-

tient via whats app video call to improve adherence to training programme.

Design

The study was designed as a single case intervention study with pre and post, assessments. Baseline data and post assessment data

after the intervention was collected. Pre post assessment for the patient on neuropsychological tests was compared with the norma-

tive data.
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Results

Attention and Executive Functions

Table 1 provides the raw scores and the percentile ranks of the patient in neuropsychological assessment for the pre and post neu-

ropsychological assessment on various cognitive functions. For attention it was found that the scores were between the pre (50th

percentile) and post assessment for the time taken (15th -20th percentile) for cancellation task was increased, but the errors were

reduced (From 10th - 15th percentile, to 95th percentile). On attention for visual modality assessed using corsi block design test

forward there was improvement from pre to post assessment (From 5th -10th percentile, to 75th percentile) .On attention for ver-

bal modality her scores remained the same when compared to the previous assessment before intervention (70th percentile).

Functions Test Variables Preassessment Percentile Postassesment Percentile

Attention Attention
Trial Time taken 155seconds 50th 220 15th

-20th

Errors 4 0

Verbal working Digit span
test Forward 6 70th 6 70th

Backward 4 75th 6 80th
-85th

memory

Visual
workingmemory

Corsi block
tapping test Forward 4 5-10

th

6 55-75
th

Backward 4 35th 8 >95th

Fluency Verbal
fluency Fruits 17 95th 15 75th

Animals 13 40th 22 90
th

 -95
th

Vegetables 11 10th 12 15
th

 -20
th

Verbal learning Word list
learning Total learning 18 10-15th 23 45th

-50th

Delayed recall 3 <5th 6 15th

Recognition 8 5th -10th 10 95th

Story
memory test Immediaterecall 4 <5th 9 25th

Delayed recall 2 <5th 7 5-10
th

Visuospatial
Design
construction
test

Construction 24 95th 24 95th

Immediate 24 95th 23 15th

Delayed recall 9 10-15
th

10 15-20
th

Table 1: Raw scores on neuropsychological assessment pre- post intervention
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Fluency was assessed using the category task. The categories fruits, animals and vegetables were used to assess the category fluen-

cy. It was found that there was an increase in animals (from 40th to 90th -95th percentile) and vegetables category (10th to 15th

-20th percentile),  but fruits category was reduced when comparing the pre and post assessment(95th to 75th percentile).Overall

there was improvement in fluency, when considering the average score on all the three categories between the pre and post assess-

ment.

Working memory was assessed using digit span backward and corsi block design backward. It was found that both verbal working

memory (70th percentile) and visual working memory (35th to >95th percentile) has improved from pre to post assessment.

Memory Abilities

There were significant improvement in verbal learning and memory in terms of total learning (10th -15th to 20th percentile), de-

layed recall ( <5th to 15th percentile) and recognition( 5th -10th to 95th percentile),when considering the pre and post assessment for

word list task. The patient has significantly improved on immediate recall (<5th to 25th percentile) and delayed recall( <5thto

5th-10thpercentile) of story memory test between pre and post assessment.

For visual memory assessed using visual learning and memory, there was improvement on delayed recall (95th percentile) and dec-

line in immediate recall (95th percentile for pre assessment and 15thpercentile for post assessment).

IQCODE -Informant questionnaire on cognitive decline in elderly and NIMHANS cognitive complaint scale was used to assess

the cognitive complaints of the patient. It was found that for both the scales the scores for cognitive complaints were reduced from

pre to post assessment after the intervention indicating patient’s cognitive functions has improved and corroborating the improve-

ment on neuropsychological tests.

Other Secondary Outcome Measures

Table 2 provides the scores for other measures. On Mild Behavior Impairment checklist (MBI-C), it was found that after the inter-

vention the patient had no difficulties. Similarly, on quality of life Alzheimer's disease (QOL-AD), it was found that quality of life

of the patient was improved. On IADL-EDR,- which was used to assess the instrumental activities of daily living of the patient and

the patient had no difficulties in activities of daily living.

Table 2: Scores on secondary measures pre-post intervention

IQCODE NCS MBI-C QOL-PA QOL-FA IADL-EDR

PRE POST PRE POST PRE POST PRE POST PRE POST PRE POST

3.2 2.84 12 5 2 0 36 38 35 38 0 0

Discussion

This  case  study explored the  effects  of  mobile  based cognitive  retraining in  Mild  Cognitive  impairment.  Cognitive  retraining is

known to enhance, brain’s ability to reorganize and relearn those functions that were lost with ageing and other disease related de-

generation of the brain. Our results support previous studies that show cognitive retraining are helpful in improving memory, at-

tention, visuospatial functions in Mild cognitive impairment [15, 28].

In the present study D-CAP was used to improve multiple domains of cognition including attention, executive function, learning

and memory memory. Targeting the compromised cognition, these app based activities enhanced cognitive abilities. Presumably

through neural neuroplastic mechanisms which resulted in improvement in the cognitive processes of the patient. Though cogni-

tive retraining tasks for language per se has not been included in the app, an improvement in fluency task was noted after the re-
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training. Research suggest that cognitive retraining is the most systematic attempt to obtain transfer of skills  (29).  Cognitive re-

training  programme  assumes  that  general  cognitive  ability  can  be  enhanced  by  engaging  in  cognitively  demanding  exercises.

Studies have demonstrated that engaging in cognitive retraining programme improves participants performance on trained as well

as other related tasks [30]. These activities are known to improve general cognitive skills in addition to the trained activities. Once

these general cognitive skills are improved they possibly boost other capabilities that depend on them, with neural plasticity acting

as the mediator [31].This demonstrates near transfer effect for untrained ability of fluency in this study.

On tests of memory, participant showed improvement on both verbal and visual memory after cognitive retraining. This is consis-

tent with the previous studies which suggests cognitive retraining results in improvement in memory [17, 18].The practice on care-

fully  selected  tasks  focused  on  specific  networks  might  have  facilitated  recovery  of  the  disrupted  neural  circuits  along  with  im-

paired cognitive processes. These cognitive tasks bring about the neural plasticity, optimized the neural networks and improved

the cognitive functions. Studies have shown that in amnestic MCI, a visuospatial speed of processing training resulted in increased

resting state functional connectivity in DMN [23]. Van Balkom et al (2020), in a recent review have argued that multi domain cog-

nitive retraining can counteract dysfunctional connectivity patterns in cognitive networks associated with aging and neurodegener-

tive diseases [20].Studies shows that MCI patients has improved in memory after multi domain training through increasing with-

in-network  connectivity  in  the  Default  mode  network  and degree  of  anti-  correlation  between networks  particular  between the

FPN and DMN [22, 23]. Above studies demonstrates that cognitive retraining has resulted in improving the functional connectivi-

ty among various brain networks . It suggests that cognitive retraining; including app based methods could have potentially result-

ed in connectivity changes. This might have resulted in improved cognitive functions in the patient.

Behavioral  and  psychological  deficits  were  ameliorated  after  cognitive  retraining.  These  results  were  consistent  with  previous

studies.Cognitive  retraining not  only  improves  cognitive  functions but  also improves  the quality  of  life,  activities  of  daily  living

and behavioral and psychological symptoms of dementia [32].

Cognitive  deficits  can result  in various behavioral  and psychological  deficits  and this  in turn can affect  the quality  of  life  of  the

elderly population. Training multiple domains of cognition results in better generalization to everyday activities as well as possibili-

ty of improving associated psychological symptoms, which in turn has improved the quality of life. Cognitive retraining in Mild

cognitive impairment could potentially mitigate progression of cognitive deficits and possibly reverse mild cognitive impairment.

The current case study is in accordance with others studies demonstrating that improved brain activation may delay the onset of

dementia which is a dreadful fear for the elderly, which in turn improves their quality of life and other psychological functions.

Conclusion

As the number of elderly is increasing worldwide, there are serious changes in the economic and social trends in the world, result-

ing in increased longevity. This is often accompanied with increased vulnerability to various neurodegenerative disorders. Cogni-

tive deficits are known to be the harbinger for behavioral and psychological deficits and in turn can affect the productivity and in-

dependent life of the elderly population. Researchers have demonstrated the ability of human brain to change with experiences.

Our  findings  shed  light  on  the  usefulness  of  app  based  cognitive  training  for  elderly  with  mild  cognitive  impairment  in  India,

where there is scarcity of trained professionals who can provide cognitive retraining. Our study demonstrates the potential to use

app based cognitive retraining in India to improve cognitive functions, which is both time and cost effective.
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