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NEUROPSYCHOLOGICAL AND IMAGING PREDICTORS OF 

LONGITUDINAL COGNITIVE TRENDS IN MILD COGNITIVE 

IMPAIRMENT (MCI) 

INTRODUCTION  

There is a gradual but significant increase in elderly population across the 

world. According to the World Population Aging Report, 2020, Globally, there were 

727 million persons aged 65 years or over in 2020(1). Over the next three decades, 

the number of older persons worldwide is projected to more than double, reaching 

over 1.5 billion in 2050. All regions will see an increase in the size of the older 

population between 2020 and 2050 Globally, the share of the population aged 65 

years or over is expected to increase from 9.3 per cent in 2020 to around 16.0 per 

cent in 2050(1). With increase in ageing globally, cognitive impairment is becoming 

a major public health issue. Cognitive decline is becoming the most feared aspect of 

growing old because cognitive decline herald’s dementia and reduces life span. 

In India memory problems and changes in instrumental activities of daily 

living are often seen as a part of senescence rather than early symptoms of a disease. 

Most often these early symptoms are overlooked by the family as well as the 

primary physicians at first contact. Therefore, lack of awareness about MCI and 

dementia both among families and health sector added to the other challenges like 

lack of resources, poor help seeking, cultural beliefs, poor education, and untreated 

chronic co-morbidities are barriers to early identification and interventions. 

Mild cognitive impairment (MCI) or  Mild neurocognitive disorder (MCD) 

consider as a transitional state between the cognition of normal aging and mild 

dementia(2,3). Mild cognitive impairment (MCI) occurs along a continuum with 

normal cognition at one end of the continuum and dementia at the other(2). 

Patients with  MCI have mildly impaired performance on objective 

neuropsychological tests but relatively intact global cognition and daily 

functioning(4).  

There is considerable etiological and clinical heterogeneity within MCI; 

however, there is a unifying increased risk of progression to dementia, hence it 
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warrants an appropriate stage for intervention to prevent its progression to dementia 

and therefore, requires early identification for which various diagnostic modalities 

such as neuroimaging, neuropsychological tests, and biological markers are 

considered(5).  

MCI identifies a spectrum of diseases that includes impairment in both 

memory (amnestic) and nonmemory cognitive domains (non amnestic). MCI can be 

divided  further into single domain or multiple domains, based on the involvement 

of the number of cognitive domains affected(2,5). 

MCI may not always convert to dementia. Around 20- 40%, cases appear to 

improve over time on retesting. After diagnosis, the subtype may change on follow-

up. MCI may have different outcomes(6,7). Multi-domain amnestic MCI appear to 

be at the greatest risk of dementia. Amnestic MCI has the highest risk for conversion 

to Alzheimer's dementia, whereas multi-domain presentation to vascular dementia 

(8–10). A non-amnestic subtype with multiple domain involvement more likely 

converts to non-AD, with the single domain dysexecutive subtype at particular risk 

of progressing to fronto-temporal dementia(11). 

Rates of progression from MCI to dementia vary between hospital cohorts  

20-30% and community cohorts 5-10% with a few outliers at the lower and higher 

ends of the spectrum (12,13).  Some studies have found that the annualised 

conversion rate was between 10-15% for hospital cohort and less than 5 % for 

community cohorts (14) . 

Progression of MCI may be determined by the following factors includes, 

older age, fewer years of education, multidomain amnestic MCI, high fat diet, 

medical comorbidities(9,15). Medical comorbidities involving metabolic syndrome, 

chronic inflammatory diseases, vascular disease, thyroid disorders, and elevated 

homocysteine levels, Excessive alcohol intake, Stressful lifestyle, Untreated 

depression, Presence of apolipoprotein E (ApoE), E4 allele and Magnetic resonance 

imaging (MRI), with volumetric measurements of the hippocampus at or below the 

25th percentile for matched age and sex(16). 
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REVIEW OF LITERATURE   

EVOLUTION OF MCI 

The concept of memory impairment developing with aging has been 

discussed in the literature for many years. Perhaps the first discussion of this type of 

problem was introduced by Kral (1962) with the term, "Benign senescent 

forgetfulness" which referred to memory changes that were likely relatively stable 

and not indicative of a progressive disorder. 

In 1986, the National Institute of Mental Health organized a workgroup to 

address cognitive changes with age and coined the term, "Age associated memory 

impairment" (AAMI). The criteria included a subjective memory impairment, 

normal general cognition, no dementia, and an objective memory impairment 1 SD 

below that of young adults. 

Levy and colleagues with the International Psychogeriatric Association 

proposed a revision of the AAMI with the notion of "Aging-associated cognitive 

decline" (AACD).  This concept broadened the notion of impairment to domains 

other than memory. Persons with AACD may have deficits in memory, attention, 

language, or visuospatial skills, and performance was referenced to age-appropriate 

norms. The deficits were not believed to be sufficiently severe to impair functional 

activities. The criteria for AACD referred to a person who is aware of a cognitive 

decline for at least 6 months and has objective evidence of a cognitive decline in 

learning, memory, attention, thinking, language, and visuospatial skills of a 

magnitude of at least 1 SD below age and education norms. 

The DSM IV addressed cognitive changes with age in the research 

nomenclature in the manual and proposed the term, Aging-related cognitive decline. 

This term was meant to refer to cognitive changes resulting from the aging process, 

such as a change in memory or other cognitive process not believed to be related to 

neurologic or psychiatric disorders. However, this concept was somewhat vague and 

did not address the issue of normal aging and incipient disease.  

The International Classification of Disease 10 (ICD 10) proposed the concept 

of a Mild cognitive disorder, which referred to an impairment of memory or 
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concentration that was not believed to be due to dementia or other nervous system 

disorders but, rather, to systemic illnesses. In this sense, the concept is only 

tangentially related to the notion of MCI. 

The Canadian Study of Health and Aging has used the term, ‘cognitive 

impairment no dementia’ (CIND), to characterize intermediate cognitive function of 

insufficient severity to cause dementia(17). 

MCI -OVERVIEW 

MCI was first introduced in late 1980s by Reisberg ,but it was  first fully 

characterized by Petersen and associates in 1997 .MCI refers to impairment in 

cognition above that which is seen with normal age-related cognitive decline, but 

not severe enough to cause significantly impaired daily function(18).MCI validated 

as qualitatively different from both normal ageing and dementia and has been a 

matter of debate regarding whether or not it is a risk factor for the development of 

dementia(2,19).MCI is a syndrome defined as cognitive decline greater than that 

expected for an individual’s age and education level but that does not interfere 

notably with activities of daily life(20). 

Age related cognitive decline can affect 6 main cognitive domains that could 

potentially be affected (learning and memory, social functioning, language, 

visuospatial function, complex attention, or executive functioning). The term MCI 

generally refers to a decline in the ability to learn new information or recall stored 

information.  

 

 

Figure 1: MCI CORE COMPONENTS 
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DEFINITIONS  

In 2004 the International Working Group on MCI published a consensus 

report in which the following criteria were proposed for MCI: (i) the person is 

neither normal nor demented; (ii) there is evidence of cognitive deterioration shown 

by either objectively measured decline over time and/or subjective report of decline 

by self and/or informant in conjunction with objective cognitive deficits; and (iii) 

activities of daily living are preserved and complex instrumental functions are either 

intact or minimally impaired(19). 

The National Institute on Ageing and Alzheimer’s Association (2010) 

revised the criteria of MCI as: 1) concern regarding change in cognition, 2) 

impairment in one or more cognitive domains, 3) preservation of independence in 

functional abilities, and 4) not demented(21). 

MCI due to AD-If the subject meets the Core Clinical Criteria for MCI, and 

in addition has positive biomarkers for both Amyloid β deposition (CSF Aβ42, PET  

amyloid imaging) and neuronal injury (CSF tau ,hippocampal or medial temporal 

atrophy by volumetry) this provides the highest level of certainty that over time the 

individual will progress to AD dementia(21). 

Diagnostic and Statistical Manual of Mental Disorders 5th Edition (DSM-V) 

classifies MCI as a “mild neurocognitive disorder,” and specifies that there must be 

both a subjective and objective decline from previous level of functioning in 1 or 

more of the 6 cognitive domains, not substantially interfering with instrumental 

activities of daily living, and not occurring in the context of delirium or other 

psychological disorders(3). 

EPIDEMIOLOGY 

The prevalence of MCI in those greater than 65 years of age is thought to be 

around 3% to 22%, depending on the demographics of the population studied(22).  

The rates of MCI reported vary from 3 to 17%, it being 3% at 60 years to 

15% at the age of 75. In fact, the rate of development of MCI was about 5.3% per 

year (3.5% in the seventh decade of life and 7.2% in the eighth decade)(23,24). 
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Petersen et al,in his study revealed that MCI prevalence was 6.7% for ages 

60–64, 8.4% for 65–69, 10.1% for 70–74, 14.8% for 75–79, and 25.2% for 80–84. 

Cumulative dementia incidence was 14.9% in individuals with MCI older than age 

65 years followed for 2 years(25). 

An Indian study from Calcutta reported 14.89% prevalence of MCI-of which 

the amnestic type (more seen in men) was 6.04% and the multiple domain types 

(more seen in men) was 8.85%(26). The study from Cochin also reported the 

prevalence to be about 14.89%. Satishchandra and group on the other hand reported 

an incidence in a clinical setting to be as high as 47.1%. Mridula, Alladi et 

al.(n=1190) in their clinic sample reported a rate of 59% with MCI, in their elder 

population(27). 

Conversion rates from MCI to the AD found to be 10- 15% as reported by 

Petersen in his sample at a specialty clinic, whilst it was 8-10% in the general 

population(28).  Mridula, Alladi et al. in their clinic sample, showed 11% 

conversion rate to AD, during a 13 month follow up(27). 

PRESENTATIONS AND SUBTYPES 

MCI can be further classified as “amnestic” versus “nonamnestic.” Amnestic 

MCI refers to impairment purely in one’s ability to recall stored information, 

whereas non amnestic MCI refers to impairment in one or more of the other 

cognitive domains, while memory remains relatively intact. MCI also be classified 

into single and multidomain(2,4).  

The concept of different aetiologies causing MCI was also introduced: 

degenerative, vascular, psychiatric and traumatic(2). A model with MCI subtypes of 

different aetiologies representing different prodromal dementia disorders was put 

forward. Amnestic MCI (aMCI) of degenerative aetiology was suggested to 

represent prodromal AD; amnestic MCI with multiple domains impaired (maMCI) 

of degenerative aetiology would also represent prodromal AD; maMCI of vascular 

aetiology would represent vascular dementia (VaD); non- amnestic MCI with 

multiple domains impaired (mdMCI) of degenerative aetiology dementia was 

suggested to be prodromal dementia with Lewy bodies (DLB); mdMCI of vascular 
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aetiology VaD; non-amnestic MCI with single domain impaired would be prodromal 

frontotemporal dementia (FTD) or DLB(16). 

MILD BEHAVIOURAL IMPAIRMENT (MBI) 

In the prodromal phase of dementia, another group observed, known as "mild 

behavioural impairment" (MBI) that presented only with behavioural symptoms and 

yet progressed toward dementia. Thus, Taragano et al.(11) proposed another 

classification: 1) MCI with neuropsychiatric symptoms, 2) MCI without 

neuropsychiatric symptoms, 3) MBI with cognitive symptoms, and 4) MBI without 

cognitive symptoms(29). 

 

Figure 2: MCI CLASSIFICATION 

PREDICTORS OF CONVERSION  

GENERAL OVERVIEW  

There are several risk factors that increase the risk for developing MCI, with 

age being the strongest. Other well-established risk factors include male sex, 

presence of the apolipoprotein E allele, family history of cognitive impairment, and 
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the presence of vascular risk factors such as hypertension, dyslipidemia, coronary 

artery disease, and stroke(11,16,30). 

One study focusing on multimorbidity and development of MCI found that 

those participants with 4 or more chronic conditions, particularly 2 of the 

following—hypertension, dyslipidemia, coronary artery disease, and osteoarthritis—

had the highest risk of MCI(31). Other chronic medical conditions, such as chronic 

obstructive pulmonary disease, depression, and diabetes mellitus, are also known 

risk factors. Lifestyle plays a role as well, with those who are cognitively and/or 

physically sedentary at greater risk for developing MCI(32). 

About 30% to 50% of those originally diagnosed with MCI reverting back to 

“normal” cognition at subsequent follow-up. Some factors found to be associated 

with a greater likelihood of return to normal cognition include single domain 

impairment, presence of depression, use of anticholinergic medications, absence of 

the apolipoprotein E ε4 allele, greater hippocampal volume on neuroimaging  and 

higher scores on neuropsychology testing(16,20,32). 

Despite the high reversion rate, however, there is a 5% to 10% annual rate of 

progression to dementia in those with MCI, which is much higher than the 1% to 2% 

incidence per year among the general population(30,33). 

This dichotomy between the annual reversion rate to normal cognition and 

the conversion rate to dementia indicates that there are modifiable factors that may 

be contributing to cognitive decline and makes the case for the necessity of early 

screening and diagnosis. 

Since all MCIs do not convert, follow-up studies are needed to know the rate 

of conversion in the Indian context and to identify any demographic, clinical, 

biochemical, or neuropsychological profile that would aid in identifying those at 

higher risk of conversion to dementia so that preventive measures could be initiated 

at the time of identification of MCI. 
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CLINICAL PREDICTORS 

Table 1: MCI clinical predictors literature review 

Study Title Method Conclusion 

Claudia 

Cooper et 

al 

2015(15) 

Modifiable 

Predictors of 

Dementia in MCI 

: A Systematic 

Review and 

Meta-Analysis 

Longitudinal follow 

up study looked at 

modifiable risk 

factors for incident 

dementia after MCI 

.76 articles reporting 

62 studies were 

included 

Diabetes increased the risk 

of conversion to dementia.  

Other factors that predict 

risk are prediabetes, 

metabolic syndrome, 

neuropsychiatric symptoms, 

depression and low dietary 

folate.  

Atti et al 

2019(34)  

Metabolic 

Syndrome(MetS), 

MCI, and 

Dementia: A 

MetaAnalysis of 

Longitudinal 

Studies 

Nine longitudinal 

studies were selected 

for the meta-analysis. 

A total of 18,313 

participants aged 

older than 40 years 

with mean MetS 

prevalence of 22.7% 

were followed for 

9.41 yrs  

No significant association 

was found between MetS 

and incident dementia and 

AD.  MetS increased the 

incidence of pure VaD risk 

of progression from MCI to 

dementia  

Bin Zhou 

et al 

2016(35) 

Shanghai Cohort 

Study on MCI: 

Study Design and 

Baseline 

Characteristics 

Prospective cohort 

study that included 

400 subjects with 

MCI and a follow-up 

once annually for 

three years  

At baseline age, education 

and being single influenced 

MMSE, ADAS-cog13 and 

most domains of cognition 

Forlenza 

et al 

MCI: clinical 

characteristics 

and predictors of 

Included 1,698 

articles, 248 were 

critically eligible 

Cross-sectional diagnosis of 

MCI has limited prognostic 

relevance The 
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2013(36)  dementia (cross-sectional and 

longitudinal studies) 

between 1999-2012 

  

characterization of 

persistent and/or 

progressive cognitive 

deficits over time is a better 

approach for identification 

of cases 

Pal et al 

2018(37) 

MCI 

and progression 

to dementia 

in people 

with diabetes, 

prediabetes 

and metabolic 

syndrome: 

a systematic 

review and meta-

analysis 

Included 15 articles 

reporting 12 studies 

(6865 participants). 

Diabetes and MetS were 

both associated with an 

increased incidence of 

dementia when co-existing 

with MCI.  

-Intensive cardiovascular 

risk reduction and lifestyle 

changes for patients 

presenting with MCI and 

diabetes, prediabetes or 

MetS reduces incidence of 

dementia in high risk 

population 

Mingyue 

Hu et al 

2020(38) 

Neuropsychiatric 

symptoms as 

prognostic 

makers for the 

elderly with 

MCI: a meta-

analysis 

 

Prospective cohort 

studies were included 

if they reported on at 

least one NPS at 

baseline and had 

MCI as the outcome. 

Obtained 13 cohort 

studies with a total 

population of 33,066 

-Depression was associated 

with an approximately 1.5-

folds increased risk of the 

progression to MCI in the 

population with normal 

cognition. 

- Other NPSs with 

underlying predictive value 

deserve more attention 

Natalia et 

al 

Neuropsychiatric 

profiles and 

 A total of 2137 MCI 

patients monitored in 

Irritability and Apathy were 

predictors of conversion to 

https://pubmed.ncbi.nlm.nih.gov/?term=Hu+M&cauthor_id=32479315
https://pubmed.ncbi.nlm.nih.gov/?term=Hu+M&cauthor_id=32479315
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2021(39) conversion to 

dementia in MCI, 

a latent class 

analysis 

a memory clinic were 

included in the study 

dementia 

Anxiety/depression class 

showed no risk effect of 

conversion when compared 

to Asymptomatic class. 

Palmer et 

al 

2007(40) 

Predictors of 

progression from 

MCI to 

Alzheimer 

disease 

 

185 persons with no 

cognitive impairment 

and 47 with MCI 

(amnestic and 

multidomain), ages 

75 to 95, from the 

population-based 

Kungsholmen 

Project, Stockholm, 

Sweden, for 3 years. 

Predictive validity of MCI 

for identifying future 

Alzheimer disease (AD) 

cases is improved in the 

presence of anxiety 

symptoms.  

-Depression in preclinical 

AD  appeared in persons 

both with and without MCI 

Ramakers 

et al 

2010(41) 

Affective 

symptoms as 

predictors of 

Alzheimer's 

disease in 

subjects with 

MCI: a 10-year 

follow-up study 

 

263 subjects with 

MCI older than 55 

years were selected 

from a memory clinic 

and followed up after 

2, 5 and 10 years.  

- Predictors 

investigated were: 

symptoms of 

depression, anxiety, 

apathy and sleeping 

problems 

-Depression was associated 

with a decreased risk for 

AD only in subjects without 

amnestic MCI, but not in 

subjects with amnestic 

MCI. 

 

Visser et 

al 

2008(42) 

MCI as predictor 

for Alzheimer's 

disease in clinical 

practice: effect of 

-Non-demented 

subjects older than 

40 (n=320) were 

reassessed 5 years 

-The predictive accuracy of 

MCI for AD is dependent 

on age and the definition of 

MCI used.  
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age and 

diagnostic criteria 

 

later for the presence 

of AD. 

-Analyses were 

conducted on the 

entire sample and on 

subgroups of subjects 

aged 40-54, 55-69 

and 70-85 years. 

-The predictive accuracy is 

good only for amnestic 

MCI in subjects 70-85 

years. 

 

Solfrezzi 

et al 

2011(43) 

Metabolic 

syndrome, MCI, 

and progression 

to dementia. The 

Italian 

Longitudinal 

Study on Aging 

Large longitudinal 

Italian population-

based sample with a 

3.5-year follow-up. A 

total of 2097 

participants from a 

sample of 5632, 65–

84-year-old subjects 

from the Italian 

Longitudinal Study 

on Aging were 

evaluated 

Among MCI patients the 

presence of MetS 

independently predicted an 

increased risk of 

progression to dementia 

over 3.5 years of follow-up. 

Tze et al 

2016(44) 

Metabolic 

Syndrome and 

the Risk of MCI 

and Progression 

to Dementia 

Follow-up of the 

Singapore 

Longitudinal 

Ageing Study 

Cohort 

Prospective 

population based 

longitudinal study 

with 1519 

cognitively normal 

adults more than 55 

yrs were followed up 

from2003, through 

2009, South East 

region of Singapore.  

The MetS was associated 

with an increased incidence 

of MCI and progression to 

dementia. Identifying 

individuals with diabetes 

mellitus or the MetS with or 

without MCI is a promising 

approach in early 

interventions to prevent or 

slow progression to 

dementia 

 

NEUROPSYCHOLOGY PARAMETERS OF PREDICTION  
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Most of these neuropsychological and imaging studies are done in western 

population. There is a real dearth of Indian data on neuropsychological profile of 

MCI, its radiological correlates or its conversion rate to AD.  

Extensive survey of literature shows that the hospital based conversion rate 

worldwide is 20-30% and for community based studies annualised conversion rate 

was between 3-10%.(13,14,33). A meta-analysis revealed that using Mayo defined 

MCI at baseline and adjusting for sample size, the cumulative proportion of MCI 

who progressed to dementia, to Alzheimer’s disease (AD) and to vascular dementia 

(VaD) was 39.2%, 33.6% and 6.2%, respectively in specialist settings and 21.9%, 

28.9% and 5.2%, respectively in population studies. The adjusted annual conversion 

rate (ACR) from Mayo defined MCI to dementia, AD and VaD was 9.6%, 8.1% and 

1.9%, respectively in specialist clinical settings and 4.9%, 6.8% and 1.6% in 

community studies.(33) .Thus the annual adjusted conversion rate is approximately 

5–10% and most people with MCI will not progress to dementia even after 10 years 

of follow-up.  A study from India by Mukku et al 2019 showed annualised 

conversion rate of 28.6% with a mean duration of follow up 1.4 yrs  

The overall conclusions of all the studies is that poor performance on 

delayed recall and executive function tests indicate a high risk of progression to 

dementia, particularly delayed recall, since this measure was a highly accurate 

predictor of progression to dementia in longitudinal studies of 2–10 years’ duration 

in clinical samples and large epidemiological samples(45–49). 

The MCI Multidomain subtype of MCI has shown increased conversion to 

dementia , 2/3 of multidomain converted whereas only less than half of single 

domain MCI developed dementia on follow up(8–10,50). 

Low  baseline CDR and IADL showed faster decline to dementia and are 

important parameters to assess conversion(8,14,51,52). 

The gaps in literature is study of correlation between functional imaging and 

baseline neuropsychological scores in predicting progression.  

HOSPITAL BASED COHORTS  

Table 2: MCI HOSPITAL BASED COHORTS LITERATURE REVIEW 
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Study Title Method Conclusion 

Yong S. 

Shim et al 

2016(12) 

Clinical Predictors 

for MCI 

Progression in a 

Korean Cohort  

Multicentric 

Hospital based 

prospective cohort 

study 

Korean cohort of 

778 that included 

older adults with 

MCI who 

completed at least 

one follow-up visit 

(mean duration 

1.42±0.72 yr) 

27.63% of cohort 

progressed to dementia 

The best predictors were 

age, apolipoprotein ε4 

allele 

Clinical predictors were 

reliable for the progression 

from MCI to dementia 

Maria 

Eugenia et 

al  

2016(53) 

Searching for 

Primary Predictors 

of Conversion from 

MCI to 

Alzheimer’s 

Disease: A 

Multivariate 

Follow-Up Study 

Multivariate follow 

up study  

-33 MCI patients 

followed up for 2-

year 

-MCI were divided 

into two subgroups 

according to their 

outcome: The 

“stable” MCI group 

(sMCI, 21 subjects) 

and the 

“progressive” MCI 

group (pMCI, 12 

subjects). 

-Combination of left 

hippocampal volume, 

occipital cortex theta 

power, and clock drawing 

copy subtest scores 

predicted conversion to 

AD with a 100% of 

sensitivity and 94.7% of 

specificity 

-Anatomical, cognitive, 

and neurophysiological 

markers may be 

considered as “first order” 

predictors of progression 

to AD 

Mitchell 

et al 

2009(33) 

Rate of progression 

of mild cognitive 

impairment to 

dementia – meta-

analysis of 41 

robust inception 

cohort studies 

Meta-analysis of 41 

cohorts of MCI -

Hospital and 

community based 

cohorts 

Adjusted annual 

conversion rate (ACR) 

from Mayo defined MCI 

to dementia, AD and VaD 

was 9.6%, 8.1% and 1.9%, 

(Hospital based) and 4.9%, 

6.8% and 1.6% in 
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community studies 

Tabert et 

al 

2006(54) 

Neuropsychological 

Prediction of 

Conversion to 

Alzheimer Disease 

in Patients With 

MCI 

Longitudinal follow 

up study One 

hundred forty-eight 

patients reporting 

memory problems 

and 63 group-

matched controls 

 

MCI patients with memory 

plus other cognitive 

domain deficits, rather 

than those with pure 

amnestic MCI, constituted 

the high-risk group. 

Deficits in verbal memory 

and psychomotor 

speed/executive function 

abilities strongly predicted 

conversion to AD. 

Farias et 

al 

2009(14) 

Progression of MCI 

to Dementia in 

Clinic- vs 

Community -Based 

Cohorts 

Prospective 

longitudinal study 

of 111 MCI for 

average 2.4 yrs 

-Among the 

participants, 46% 

were recruited from 

a clinical setting 

and 54% were 

recruited directly 

through community 

outreach 

 

- The clinic sample had an 

annual conversion rate of 

13%, whereas the 

community sample had an 

annual conversion rate of 

3%.  

Degree of functional 

impairment at baseline 

measured by CDR (and no 

demographic, cognitive, or 

neuroimaging variables or 

MCI subtype) is an 

important predictor of 

conversion to dementia  

Woong 

Roh et al 

2016(55) 

Clinical Conversion 

or Reversion of 

MCI in Community 

versus Hospital 

Based Studies: 

GDEMCIS 

-The two studies 

had nearly the same 

protocol and were 

performed over a 

similar period.  

-We used 

- The hospital based 

cohort had hazards of 2.13 

for conversion and HR of 

0.34 for time to reversion 

compared to community 

based cohort 
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(Gwangju 

Dementia and MCI 

Study) and 

CREDOS (Clinical 

Research Center for 

Dementia of South 

Korea) 

propensity score 

matching for 

baseline 

comparability.  

-After that, Cox 

proportional 

hazards regression 

analyses were 

conducted to 

estimate the hazard 

ratios and 95% 

confidence 

intervals of clinical 

conversion or 

reversion 

-Hence even after the 

matching process and 

adjustments for baseline 

covariates, recruitment 

source greatly affected the 

course of MCI. 

Chen et al 

2016(13) 

 

Progression from 

normal cognition to 

MCI in a diverse 

clinic-based and 

community-based 

elderly cohort 

-Rates and 

predictors of 

conversion were 

assessed in 254 

cognitively normal 

subjects clinic (5%) 

and community 

sample (95%)  

followed up for 

7yrs  

-Prospective 

longitudinal study 

at University of 

California, Davis, 

Alzheimer’s 

Disease Center 

from 2000 to 2015 

The clinic-based sample 

showed an annual 

conversion rate of 30% per 

person-year, whereas the 

community-based sample 

showed a conversion rate 

of 5%  per person-year.  

-Risk factors for 

conversion include clinic-

based recruitment, being 

older, lower executive 

function and worse 

functional assessment at 

baseline, and smaller total 

brain volume 
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Jang et al 

2017(10) 

Prediction Model 

of Conversion to 

Dementia Risk in 

Subjects with 

Amnestic MCI: A 

Longitudinal, 

Multi-Center 

Clinic-Based Study 

 

-A total of 338 

aMCI patients from 

two hospital-based 

cohorts were 

followed up and 

conversion to 

dementia was the 

primary outcome  

- All patients were 

classified into 1) 

verbal, visual, or 

both, 2) early or 

late, and 3) single 

or multiple-domain 

aMCI  

-In logistic regression 

models, both modalities 

compared with visual only 

, late compared to early, 

and multiple compared to 

single domain aMCI were 

significantly associated 

with dementia conversion 

within 3 years. 

Xie et al 

2011(56) 

Predictors of Future 

Cognitive Decline 

in Persons with 

MCI 

187 MCI patients 

were evaluated 

serially with the 

MMSE for up to 

3.5 years. 

Patient age and 

performance on delayed 

recall, constructional 

praxis, attention, and 

orientation to time and 

floor predicted future 

cognitive decline  

Edith et al 

2018(57) 

Longitudinal 

Follow-Up of a 

Population with 

MCI: Predictive 

Value of the MIS 

Test with Delayed 

Recall for 

Progression to 

Dementia 

 Memory 

Impairment Screen 

with delayed recall 

(MIS-DR) was 

used to predict 

conversion to 

dementia in patients 

with MCI. 

 -In retrospective 

study 502 patients 

- There were no significant 

differences in terms of 

gender, education level or 

vascular risk factors 

among patients who 

converted and those who 

did not convert to 

dementia 

-MIS-DR is a useful and 

valid test to detect 
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over 60 years old, 

evaluated  

-During follow up, 

28.6%converted 

and the average 

time of progression 

to dementia were 

23 months.  

episodic memory 

impairment and to identify 

patients at risk of 

progression to dementia 

Marcos et 

al 

2006(58) 

Neuropsychological 

Markers of 

Progression from 

MCI to 

Alzheimer’s 

Disease 

Neuropsychological 

tests were 

performed on 82 

MCI subjects 

Three cognitive variables 

(CAMCOG, Memory, and 

Perception) were able to 

predict the risk of 

progression from MCI to 

AD with high sensitivity 

Julayanont 

et al 

2014(59) 

Montreal Cognitive 

Assessment 

Memory Index 

Score (MoCA-

MIS) as a Predictor 

of Conversion from 

MCI to 

Alzheimer’s 

Disease 

One hundred 

fourteen 

participants 

progressed to AD 

(MCI-AD), and 51 

did not 

(nonconverters; 

MCI-NC) 

Individuals with MCI with 

a low MoCA-TS and a low 

newly devised memory 

index score (MoCA-MIS) 

are at greater risk of short-

term conversion to AD. 

 

Hye-

Geum 

Kim et al 

2020(60) 

Neuropsychological 

predictors of 

cognitive 

deterioration in 

non-demented 

individuals 

 

106 participants 

with subjective 

cognitive 

complaints (SCCs) 

classified as non-

demented (90 MCI 

and 16 SCD) 

Correlation analysis 

showed a 

They concluded that SCD 

and MCI individuals with 

significantly poor initial 

executive function and 

memory abilities should be 

closely monitored for 

future cognitive decline 
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significant 

correlation between 

the deterioration of 

the CDR scores and 

baseline language, 

memory, and 

frontal lobe 

function scores. 

Seok Ho 

Yun et al 

2020(61) 

Characteristics of 

Individuals Who 

Converted to 

Dementia during a 

5-Year Follow-Up 

107 participants 

were evaluated 

periodically for 5 

years.  

Assessment items 

included 

demographic 

information, 

including age, sex, 

and education; 5 

cognitive domains 

of a comprehensive 

neuropsychological 

test including 

memory, language, 

attention, 

visuospatial 

functions, and 

frontal (executive) 

function; Barthel’s 

IADL the mini-

mental state 

examination 

findings; and CDR 

Concluded that individuals 

with prominent memory 

decline or problems with 

social activities should be 

carefully observed for 

dementia conversion 
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Tian et al 

2003(62) 

Neuropsychological 

prediction of 

conversion to 

dementia from 

questionable 

dementia: 

statistically 

significant but not 

yet clinically useful 

195 patients with 

QD seen in a 

National Health 

Service hospital 

outpatient clinic 

135 seen for a mean 

follow up of 24.5 

months 

Conversion rate to 

dementia was 

27.4% (37 of 135). 

Use of cognitive indicators 

combined with 

neuroradiological, 

neuropathological, and 

genetic factors for 

predicting conversion to 

dementia might prove 

more reliable  

Chapman 

et al 

2010(63) 

Predicting 

conversion from 

MCI to Alzheimer's 

disease using 

neuropsychological 

tests and 

multivariate 

methods 

Longitudinally 

studied 43 patients 

of MCI, baseline 

evaluation were 

first reduced to 

underlying 

components 

(principal 

component 

analysis, PCA), and 

then the component 

scores were used in 

discriminant 

analysis to classify 

MCI individuals as 

likely to convert or 

not. 

When empirically 

weighted and combined, 

episodic memory, speeded 

executive functioning, 

recognition memory, 

visuospatial memory 

processing speed, and 

visuospatial episodic 

memory were together 

strong predictors of 

conversion to AD 

Chasles et 

al 

2019(64) 

An Examination of 

Semantic 

Impairment in 

Amnestic MCI and 

Ninety-six 

participants divided 

into three equal 

groups (N = 32: 

These results indicate a 

semantic memory 

impairment in aMCI 

revealed by a simple, 
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AD: What Can We 

Learn From Verbal 

Fluency? 

AD, aMCI and 

Controls) were 

included in this 

study  

- Compared verbal 

fluency  

performance of 

aMCI patients to 

those of AD and 

elderly controls 

matched one-to one 

for age and 

education.  

commonly-used 

neuropsychological test 

Nesset et 

al 

2014(65) 

Brief Tests such as 

the Clock Drawing 

Test or Cognistat 

Can Be Useful 

Predictors of 

Conversion from 

MCI to Dementia 

in the Clinical 

Assessment of 

Outpatients 

Retrospective, 

longitudinal study 

of 90 patients of 

MCI at a 

psychogeriatric 

clinic in Norway 

was conducted. 

- Baseline scores on 

the Mini-Mental 

State Examination 

(MMSE), Clock 

Drawing Test 

(CDT), and 

Neurobehavioral 

Cognitive Status 

Examination 

(Cognistat) were 

used during 46 

months 

ACDT and Cognistat 

significantly predicted the 

conversion from MCI to 

dementia and are therefore 

considered appropriate 

tests in clinical practice 
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Tierney et 

al 

1996(66) 

Prediction of 

probable 

Alzheimer's disease 

in memory-

impaired patients: 

A prospective 

longitudinal study 

123 MCI patients 

were followed 

longitudinally for 2 

years with a 

research battery of 

neuropsychological 

tests 

Two tests contributed 

significantly to this model: 

the delayed recall from the 

Rey Auditory Verbal 

Learning Test and the 

Mental Control subtest of 

the Wechsler Memory 

Scale 

Serrano et 

al 2013(9) 

MCI: Risk of 

Dementia 

according to 

Subtypes 

-A total of 127 

patients diagnosed 

with MCI average 

age 70.21yrs were 

evaluated with a 

neuropsychological 

battery.  

-They were 

classified into 3 

groups: amnestic 

MCI (n=20), 

multiple-domain 

MCI (n=98), non-

amnestic MCI 

(n=9).  

-Seventeen normal 

subjects with 

average age 74.59 

yrs were included 

-27.1% of cohort 

converted and average 

conversion time was 11.12 

months 

-Thirty-five percent of 

amnestic MCI converted 

to AD 

It was found that 31.6% of 

multiple domain MCI 

converted to AD 15.3% 6 

months and 16.3%  at 12 

months 

 -Age and retirement being 

the variables that increased 

the likelihood of 

conversion to Dementia 

 

 

COMMUNITY BASED COHORTS 



 29 
 

Table 3: LITERATURE REVIEW OF COMMUNITY BASED MCI 

COHORTS 

Study Title Methods Conclusion 

Belleville 

et al 

2017(67) 

Neuropsychological 

Measures that 

Predict Progression 

from MCI to 

Alzheimer's type 

dementia in Older 

Adults: a 

Systematic Review 

and Meta-Analysis 

Twenty-eight longitudinal 

studies met the eligibility 

criteria (2365 participants) 

and reported predictive 

values from 61 

neuropsychological tests 

with a 31-month mean 

follow-up 

Cognitive tests (esp 

verbal memory and 

language tests) are 

excellent at 

predicting MCI 

individuals who will 

progress to 

dementia and 

should be a critical 

component of any 

toolkit intended to 

identify AD at the 

predementia stage. 

Sara 

Garcia et 

al 

2016(48) 

Neuropsychological 

predictors of 

conversion to 

probable Alzheimer 

disease in elderly 

with MCI  

Predictive value of the 

cognitive tests included in 

a neuropsychological 

battery for conversion to 

AD among MCI 

participants  

-A total of 105 participants 

were assessed with a 

neuropsychological battery 

at baseline and during a 3-

year follow-up period. 

The results reveal 

the relevance of the 

NPT tests of 

episodic verbal 

memory tests and 

tests that assess 

visuospatial and 

executive 

components at 

baseline predicted 

risk for conversion 

-The logistic 

regression analysis 

determined that the 

long delay cued 
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recall and the 

performance time of 

the Rey figure test 

were the best 

predictive tests of 

conversion to 

dementia after an 

MCI diagnosis. 

Joubert 

et al 

2020(68) 

A Meta-Analysis of 

Semantic Memory 

in MCI 

 22 studies (476 healthy 

participants, 476 MCI 

patients, mean MMSE of 

the MCI patients: 27.05 ± 

0.58) were included in the 

meta-analysis 

Semantic deficits 

are a key feature of 

MCI. Semantic tests 

should be 

incorporated in 

routine clinical 

assessments 

Rindge et 

al 

2017(51) 

Neuropsychological 

and Psychological 

Predictors of 

Conversion from 

MCI to 

Alzheimer’s 

Dementia 

210 subjects with MCI and 

aimed to determine to what 

extent neuropsychological 

measures, depression, and 

ratings of everyday 

functional status predict 

conversion from MCI  

 

CDR was the only 

significant predictor 

of conversion from 

MCI to AD, with 17 

times more likely to 

convert to AD for 

each one-unit 

increase on the 

CDR. 

Helen 

Amieva 

et al  

2004(69) 

Annual Rate and 

Predictors of 

Conversion to 

Dementia in 

Subjects Presenting 

MCI Criteria 

Defined according 

to a Population-

- Ninety elderly volunteers 

with memory complaint 

diagnosed with MCI on the 

basis of their functional 

and neuropsychological 

performances were 

followed up within 2 years.  

Neuropsychological 

-Within the 2 years, 

29 subjects (32.2%) 

presented a 

conversion to 

dementia 

Logistic regression 

showed Letter 

Cancellation Test 
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Based Study measures used were (Mac 

Nair Scale, Mini-Mental 

State Examination, Benton 

Visual Retention Test, 

Isaacs Set Test, Digit 

Symbol Substitution Task, 

Letter Cancellation Task, 

digit span tasks and finger-

tapping test) 

was shown to be an 

independent 

predictor for  

conversion to 

dementia 

Larrieu 

et al 

2002(6) 

Incidence and 

outcome of MCI in 

a population-based 

prospective cohort 

A community-based cohort 

of nondemented elderly 

people (Personnes Agées 

QUID [PAQUID]) was 

followed longitudinally for 

5 years.  

MCI was a good 

predictor of AD 

with an annual 

conversion rate of 

8.3% and a good 

specificity, but it 

was very unstable 

over time: Within 2 

to 3 years, only 6% 

of the subjects 

continued to have 

MCI, whereas 40% 

reverted to normal 

Thomas 

et al 

2018(49) 

Word-list Intrusion 

Errors Predict 

Progression to MCI 

Cognitively normal 

participants (n=525) from 

the Alzheimer’s Disease 

Neuroimaging Initiative 

(ADNI) were followed for 

up to five years and 

classified as either “stable 

normal” (n=305) or 

“progressed-to-MCI” 

(n=220) 

Baseline RAVLT 

intrusion errors 

predicted 

progression to MCI 
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Boyle et 

al 

2006(70) 

MCI  Risk of 

Alzheimer disease 

and rate of 

cognitive decline 

786 community-based 

persons (221 with MCI and 

565 without cognitive 

impairment) from the Rush 

Memory and Aging 

Project, a longitudinal 

clinical-pathologic study of 

common chronic 

conditions of old age. All 

participants underwent 

detailed annual clinical and 

neuropsychological 

evaluations. 

MCI  is associated 

with a greatly 

increased risk of 

incident Alzheimer 

disease,6.7 times 

higher risk  and a 

more rapid rate of 

decline in cognitive 

function 

Daly et al 

2000(52) 

MCI is associated 

with a greatly 

increased risk of 

incident Alzheimer 

disease and a more 

rapid rate of decline 

in cognitive 

function 

165 subjects of which 123 

had CDR of 0.5 and 42 

with  CDR of zero were 

followed up annually for 

three years 

After 3 yr follow up 

18.6% (CDR-

0.5)subjects were 

diagnosed with AD 

Fleisher 

et al 

2007(71) 

Clinical predictors 

of progression to 

Alzheimer disease 

in amnestic MCI 

539 participants with aMCI 

from the Alzheimer’s 

Disease Cooperative Study 

clinical drug trial of 

donepezil, vitamin E, or 

placebo. During the study 

period of 36 months, 212 

aMCI participants 

progressed to AD.  

Progression from 

amnestic MCI to 

Alzheimer disease 

in this cohort was 

best determined by 

combining four 

cognitive measures 

Symbol Digit 

Modalities Test, 

Delayed 10-Word 

List Recall, New 
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York University 

Paragraph Recall 

Test (Delayed), and 

the ADAS-cog total 

score 

Ganguli 

et al 

2004(22) 

MCI, amnestic type 

An epidemiologic 

study 

The subjects were drawn 

from voter registration 

lists, composing a cohort of 

1,248 individuals with 

mean age of 74.6 (5.3) 

years, who were 

nondemented at entry and 

who were assessed 

biennially over 10 years of 

follow-up. 

MCI showed overall 

increased Odds for 

conversion 

27% developed 

dementia,21.2% 

remained stable and 

55.6% reverted to 

normal over the 

next 10 years 

Di Carlo 

et al 

2007(8) 

CIND and MCI in 

the Italian elderly 

Frequency, vascular 

risk factors, 

progression to 

dementia 

Evaluated CIND and MCI 

in the Italian Longitudinal 

Study on Aging. The 

neuropsychological battery 

assessed global cognitive 

function, memory and 

attention. Two thousand 

eight hundred thirty 

participants were examined 

at baseline and after a 

mean follow-up of 3.9  0.7 

years 

-Incidence of 

dementia was 

higher in CIND and 

MCI. Among MCI 

multidomain 

subtype had higher 

risk of progression 

-Among baseline 

variables, only 

previous stroke and 

impairment IADL 

significantly 

increased the risk of 

dementia at follow-

up 

Katie et 

al 

MCI in the general 

population: 

Occurrence per 100 

nondemented persons of 

Two-thirds of MCI-

multi domains, but 
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2008(50) occurrence and 

progression to 

Alzheimer disease 

Population-based 

Swedish study 

MCI-amnestic, MCI-multi 

domain, and MCI-single-

nonmemory was 2.1%, 

1.8%, and 7.2%, 

respectively. 

only half of MCI-

amnestic progress to 

AD. 

-MCI-multidomain 

showed the highest 

progression to AD 

Ding 

ding et al 

2016(72) 

Progression and 

predictors of  MCI 

in Chinese elderly: 

A prospective 

follow-up in the 

Shanghai Aging 

Study 

362 individuals with MCI 

diagnosed at baseline 

through a clinical and 

neuropsychological 

interview.  

 

Approximately 6% 

of elderly with MCI 

progress and 7.8% 

revert to normal 

annually. 

Amnestic MCI 

multiple domains 

was the most risky 

type for dementia 

(conversion rate: 

14.2 per 100 

person-years)  

Older age ,ApoE4 

and low MMSE 

were predictors 

Qi Gao et 

al  

2018(7) 

MCI reversion and 

Progression: Rates 

and Predictors in 

Community-Living 

Older Persons in 

the Singapore 

Longitudinal 

Ageing Studies 

Cohort 

Determined MCI reversion 

and progression among 473 

community-living adults 

aged ≥55 yrs with an 

average of 6 years of 

follow-up and estimated 

association with baseline 

variables 

44% reverted to 

normal 4% 

progressed to 

dementia  

-Higher rates of 

MCI reversion and 

lower rates of MCI 

progression were 

predicted by the 

positive effects of 

Leisure time 
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activity and a higher 

MMSE score 

 

NEUROIMAGING 

With advancements in Magnetic Resonance Imaging (MRI) brain volumetric 

techniques, increasing number of longitudinal studies have been focusing on 

structural (volumetric or morphometric) predictors of MCI conversion.  

Available research has largely implied hippocampus, temporal lobe, and 

entorhinal cortex as areas most commonly affected in patients with AD. The 

decreased size of the hippocampus on volumetric measures is suggestive of MCI and 

correlated with the likelihood of progression to Alzheimer’s dementia(73,74).  

  The FAZEKA score showed correlation with baseline neuropsychology 

parameters especially in word-list learning-recall and WMS verbal delayed recall  in 

predicting conversion to dementia especially non Alzheimer’s dementia(75–77). 

Table 4: IMAGING PREDICTORS OF PROGRESSION IN MCI 

Study Title Methods Conclusion 

Salka et al 

2009(75) 

Progression of MCI 

to Dementia and  

Contribution of 

Cerebrovascular 

Disease Compared 

With Medial 

Temporal Lobe 

Atrophy 

 

152 consecutive 

patients with MCI 

who underwent 

baseline MRI to 

identify presence of 

medial temporal 

lobe atrophy and 

vascular disease 

(presence of 

lacunes, 

microbleeds, and 

infarcts was 

determined, and 

Deep WMHs and 

periventricular 

hyperintensities predicted 

progression to non-

Alzheimer dementia. 

Converters were older and 

had lower MMSE at 

baseline 

Baseline medial temporal 

lobe atrophy predicted 

progression to AD 
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WMHs were rated 

on a 

semiquantitative 

scale) , mean 

follow 2±1yrs 

Holz et al 

2017(76) 

Cognitive 

performance in 

patients with MCI 

and Alzheimer’s 

disease with white 

matter 

hyperintensities 

40 participants 

(18MCI, 22AD 

patients) aged ≥ 65 

years. Spearman’s 

correlation was 

performed among 

cognitive 

performance 

(memory, language, 

visuospatial ability, 

and executive 

function) and 

WMH evaluated by 

the Fazekas and 

ARWMC scales 

Fazekas score exhibited 

significant correlation with 

all cognitive domains 

evaluated. Fazekas score 

was better predicted by 

episodic visual memory 

and age 

Karas et al 

2008(78) 

Amnestic MCI : 

Structural MR 

Imaging Findings 

Predictive of 

Conversion to 

Alzheimer Disease 

Twenty-four 

amnestic patients 

with MCI were 

included. After 3 

years, 46% had 

progressed to AD, 

for 13 patients 

remained as MCI 

 

Converters versus 

nonconverters, atrophy 

beyond the medial 

temporal lobe to be 

characteristic of MCI 

progressors. Atrophy of 

structures such as the left 

lateral temporal lobe and 

left parietal cortex may 

independently predict 

conversion 

Henneman Hippocampal Included 64 They concluded, 
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et al  

2009(79) 

atrophy rates in 

Alzheimer disease 

Added value over 

whole brain 

volume measure 

patients with AD, 

44 patients with 

MCI (21/23), and 

34 controls (16/18).  

hippocampal measures, 

especially hippocampal 

atrophy rate, best 

discriminate MCI from 

controls. Whole brain 

atrophy rate discriminates 

AD from MCI 

Devanand 

et al 

2007(80) 

Hippocampal and 

entorhinal atrophy 

in MCI Prediction 

of Alzheimer 

disease 

Performed MRI in 

139 patients with 

MCI broadly 

defined, and 63 

healthy controls 

followed for an 

average of 5 years 

(range 1 to 9 years). 

Hippocampal and 

entorhinal cortex 

volumes were each 

largest in controls, 

intermediate in 

MCI non 

converters, and 

smallest in MCI 

converters to AD 

Smaller hippocampal and 

entorhinal cortex volumes 

each contribute to the 

prediction of conversion to 

Alzheimer disease  

Fleisher et 

al 

2008(81) 

Volumetric MRI vs 

clinical predictors 

of Alzheimer 

disease in MCI 

Baseline MRI scans 

from 129 subjects 

with amnestic MCI 

were obtained from 

participants in 

ADCS 

Measures of whole 

brain, ventricular, 

Use of MRI measures did 

not improve predictive 

accuracy beyond that 

obtained by cognitive 

measures alone. APOE 

status, MRI, or 

demographic variables 

were not necessary for the 
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hippocampal, and 

entorhinal cortex 

volumes were 

acquired.  

Of the four MRI 

measures 

evaluated, only 

ventricular volumes 

and hippocampal 

volumes were 

predictive of 

progression to AD. 

optimal predictive model 

Korolev et 

al 

2016(82) 

Predicting 

Progression from 

MCI to Alzheimer's 

Dementia Using 

Clinical, MRI, and 

Plasma Biomarkers 

via Probabilistic 

Pattern 

Classification 

Baseline data from 

259 MCI patients  

-139 developed 

AD-type dementia 

during three-year 

follow-up period 

Predictors of progression 

included scores on the 

Alzheimer's Disease 

Assessment Scale, Rey 

Auditory Verbal Learning 

Test, and Functional 

Activities Questionnaire, 

as well as volume/cortical 

thickness of three brain 

regions (left hippocampus, 

middle temporal gyrus, 

and inferior parietal cortex 

 

MOLECULAR IMAGING  

Functional imaging techniques, such as 18F-fluorodeoxyglucose positron-

emission tomography (18FDG-PET), which provide an index of synaptic integrity, 

have also been evaluated as predictors of progression to dementia. Studies indicate 

that patients with a pattern of hypometabolism in the temporal and parietal regions 

of the brain on 18FDG-PET, which is suggestive of Alzheimer’s disease, may be at 
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increased risk for rapid progression from MCI to Alzheimer’s disease as compared 

with patients without this pattern. A multicenter longitudinal study, showed that for 

subjects with MCI who had this pattern of hypometabolism on 18FDG-PET, the risk 

of progression to Alzheimer’s disease during the next 2 years was 11 times the risk 

among subjects who did not have this pattern(16,83–85). 

The use of molecular imaging, particularly of amyloid plaques in the brain , 

has also been studied as a possible approach to risk stratification. In several studies, 

subjects with MCI in whom amyloid was detected on positron-emission tomography 

(PET) with the use of the amyloid-binding carbon 11–labelled Pittsburgh compound 

B had more rapid progression to Alzheimer’s disease than did subjects in whom 

amyloid was not detected. Assessment with 18-FDG Pittsburgh Compound B (PiB) 

PET was found sensitive in differentiating amnestic and nonamnestic MCI. It shows 

a good correlation with cognitive measures in patients with MCI, with a sensitivity 

of 92% and specificity of 89% to predict conversion to AD(86). 

CEREBROSPINAL FLUID BIOMARKERS 

Analysis of markers in the cerebrospinal fluid has also been proposed as a 

means of assessing the risk of progression to Alzheimer’s disease. A Swedish study 

showed that subjects with MCI  who had low levels of β-amyloid peptide 42 (Aβ42) 

and elevated levels of tau protein in cerebrospinal fluid were significantly more 

likely to undergo progression to Alzheimer’s disease than subjects without this 

profile(87–89). 

GENETIC MARKERS 

The presence of mutations in A4 precursor protein (APP) and PS1 and PS2 

genes are likely predictors of the conversion of MCI to early Alzheimer’s dementia. 

In addition, there is increased risk for the development of dementia in an individual 

with MCI, in the presence of apolipoprotein (Apo) E4 allele. On the other hand, E2 

allele is associated with decreased risk(90). 

NEUROPATHOLOGY 

Most patients with amnestic MCI demonstrate the deposition of tau proteins 

in neurofibrillary tangles in the medial temporal lobe and neuronal plaques due to 
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deposition of beta amyloid(5,11). There is down-regulation of trkA RNA in persons 

with MCI and those with AD had a significant loss in the number of trkA-containing 

neurons, (46% decrease for MCI, and 56% for an AD)(91). 

In individuals with MCI and mild AD, ChAT activity was unchanged in the 

inferior parietal, superior temporal and anterior cingulate cortices. On the contrary, 

ChAT activity in the superior frontal cortex was significantly elevated above normal 

controls in MCI subjects, whereas the mild AD group was not different. ChAT 

activity in the hippocampus was significantly higher in MCI subjects. The up-

regulation in frontal cortex and hippocampal ChAT activity could be an important 

factor in preventing the transition of MCI subjects to AD(92). 

Table 5: INDIAN DATA ON MCI 

Study Title Methods Conclusion 

Mukku et al 

2019(93) 

MCI – A 

hospital-based 

prospective study 

21 patients with MCI 

with repeat NPT above 

50 years from  

NIMHANS between 

2012 and 2014 ,mean 

duration of follow up 

1.43 yrs 

- Hindi Mental Status 

Examination (HMSE), 

Everyday Abilities 

Scale for India 

(EASI), NIMHANS 

neuropsychological 

battery for Indian 

elderly, and Clinical 

Dementia Rating 

(CDR) scale 

instruments were used 

28.6% progressed to 

AD and rest retained 

MCI status  

-Executive function 

learning and memory 

like total word list 

learning , design 

construction copy, 

total figures 

cancelled in figure 

cancellation test , and 

total omissions on 

figure cancellation 

test were the domains 

predominantly 

affected in the 

converters compared 

to nonconverters 
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for assessment  

SK Das et al 

2007(26) 

An epidemiologic 

study of MCI in 

Kolkata, India 

 

Community based 

study 

960 subjects(745 

underwent full NPT) 

from Kolkata India  

older than 50 yrs.  

An overall 

prevalence of MCI 

detected based on 

NPSY testing was 

14.89%.  

-Prevalence of the 

amnestic type was 

6.04%  and that of 

the multiple domain 

type was 8.85% . 

- Hypertension and 

diabetes mellitus 

were the major risk 

factors for both types 

of MCI 

Srikala et al 

2017(94) 

Clinical and 

neuropsychological 

profile of persons 

with MCI, a 

hospital based 

study from a lower 

and middle income 

country 

Community based 

study  

 

 -7469 persons aged 

60 yrs, between 2012-

2014, NIMHANS 

OPD & community 

services were screened 

for early cognitive 

deficits. 

Underwent detailed 

clinical and 

neuropsychological 

assessments. 

Neuropsychiatric 

symptoms were 

prevalent in 55% of 

MCI group 

 Persons with MCI 

perform worse not 

only on memory 

tasks but also on 

some of the attention 

and executive 

functions tasks.  

-Amnestic multiple-

domain MCI was the 

most common type 

of MCI and 

performed worse on 

episodic memory, 

logical memory, 

attention and 

executive functions 



 42 
 

-Indigenous 

assessment tools 

were of significant 

value in 

distinguishing MCI 

from normal ageing 

Alladi et al 

2014(95) 

MCI : clinical and 

imaging profile in 

a memory clinic 

setting in India 

Community based 

study 

 

1,190 patients were 

evaluated for MCI 

were included and 

underwent clinical and 

neuropsychological 

examination as well as 

standard brain 

imaging. 

12% of the cohort 

was classified by 

imaging biomarkers 

as having MCI with 

intermediate 

likelihood of AD 

Sheelakumari 

et al 

2018(96) 

Structural 

correlates of MCI: 

A clinic volumetric 

study 

 

Hospital based 

case control study 

 

24 patients classified 

as having "non-

progressor" MCI, 13 

as having an early AD, 

and 25 controls, and 

assessed using 

neuropsychological 

evaluation, 

multimodal MRI were 

included in the study 

Both voxel-based 

morphometry and 

automated regional 

volumetry to assess 

the topographical 

patterns of volume 

loss 

Identification of the 

pattern of volumetric 

abnormalities in 

patients with 

amnestic MCI in 

addition to atrophy of 

the medial temporal 

lobes necessitates a 

close follow up to 

continuously assess 

these patients for 

their progression to 

early AD 

Sheelakumari Multimodality -33 participants with The combined 
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et al 

2018(97) 

Neuroimaging in 

MCI: A Cross-

sectional 

Comparison Study 

Hospital based 

study 

 

cognitively stable 

amnestic MCI; 15 

MCI converters to 

early Alzheimer's 

disease (AD; diseased 

controls) and 20 

healthy controls 

underwent high-

resolution T1-

weighted volumetry, 

MRI DTI and MR 

spectroscopy 

method of grey 

matter atrophy, white 

matter tract changes, 

and metabolite 

variation achieved a 

better performance at 

classifying MCI 

compared to the 

application of 

individual MRI 

biomarkers 

B Thomas et 

al 2019(98) 

Regional Cerebral 

Blood Flow in the 

Posterior Cingulate 

and Precuneus and 

the Entorhinal 

Cortical Atrophy 

Score Differentiate 

MCI and Dementia 

Due to Alzheimer 

Disease 

 

 -Analyzed MR 

imaging from a 

prospective data base 

of 3 age-matched 

groups: 21 cognitively 

healthy controls, 20 

patients with MCI, and 

19 patients with early 

Alzheimer disease.  

-The highest 

entorhinal cortical 

atrophy score 

(ERICA) and an atlas-

based measurement of 

CBF in the posterior 

cingulate and 

precuneus were 

estimated in these 

groups.  

Combining 

entorhinal cortical 

atrophy(ERICA) and 

regional CBF could 

be a potential 

imaging biomarker in 

distinguishing mild 

cognitive impairment 

and Alzheimer 

disease 

Divya et al Post-stroke Logistic regression Significant 
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2016(77) cognitive 

impairment - A 

cross-sectional 

comparison study 

between MCI of 

vascular and non-

vascular etiology 

analysis adjusted for 

age and sex comparing 

VaMCI [N=50] with 

controls [N=27]  

differences were 

noted in word-list 

learning-recall and 

WMS verbal delayed 

recall  between 

VaMCI with mild 

versus moderate to 

severe deep white 

matter 

hyperintensities on 

neuroimaging 

 

 

GAP AREAS IN CURRENT KNOWLEDGE 

1. There is a paucity of large scale hospital based studies on conversion rates of 

MCI in India. It is not certain whether the annual conversion rates in hospital 

based cohorts are higher than community based cohorts in India. 

2. It is uncertain about which neuropsychological measures at baseline predict 

conversion or progression in MCI . It is also not clear whether these measures 

are more relevant than baseline clinical variables such as vascular risk factors 

and after correction for age which variables provide the best predictive 

estimates. 

3. The absence of prediction scores with regard to risk of progression or 

conversion in MCI  

4. Relevance of baseline structural MRI and volumetric variables in MCI to 

predict conversion is not certain . 

5. Relevance of subtypes of MCI in India with regard to longitudinal outcomes in 

terms of conversion or progression is not certain. 
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HYPOTHESIS 

1. Majority of patients with single domain MCI exhibit stability over time as 

opposed to multi-domain 

2. Vascular risk factors are important predictors of progression in MCI as in  

dementia 

3. Learning and recall measures at baseline are the most important 

neuropsychological predictive variables. 

4. Progressors /Converters have distinctive imaging signatures at baseline as 

opposed to stable MCI 

 

 

 

AIMS AND OBJECTIVES 

1. To determine the longitudinal cognitive trends in an MCI cohort with single and 

multi-domain cognitive  impairment 

2. To ascertain the clinical, neuropsychological and imaging predictors of 

cognitive decline in MCI 

3. To correlate neuropsychological trends with imaging biomarkers in MCI 

4. To estimate logistic regression based stratification of MCI based on progression 

and conversion risk 
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DEFINITIONS 

1. Petersen’s MCI definition (Appendices 1 ) 

2. DSM-IV criterion (Appendices 2 ) 

3. Alzheimer’s dementia criterion (Appendices 3) 

4. MCI types definition  (99,100) 

1) Single domain MCI – Subjective memory impairment with objective 

evidence of memory decline in any two neuropsychology tests of memory 

(ACE registration, ACE recall, RAVLT, WMS) or any two test of 

executive functioning (Trail A time, Trail B time, errors, WCST-categories 

passed, errors) which is less than Mean -1.5 SD for appropriate age and 

education status  

2) Multidomain MCI - Subjective memory impairment with objective 

evidence of memory decline in any two tests  of neuropsychology tests of 

memory (ACE registration, ACE recall, RAVLT, WMS ) and any two tests 

of executive functioning (Trail A time, B time, errors, WCST categories 

passed, errors) which is less than Mean -1.5 SD for appropriate age and 

education status 

3) Amnestic MCI - Subjective memory impairment with objective evidence 

of memory decline in any two neuropsychology tests of memory (ACE 

registration, ACE recall, RAVLT, WMS) which is less than Mean -1.5 SD 

from cognitively normal subjects for appropriate age and education status 

4) Dysexecutive MCI - Subjective memory impairment with objective 

evidence of memory decline in any two  neuropsychology tests of test of 

executive functioning (Trail A time, B time, errors, WCST- categories 

passed, errors) which is less than Mean -1.5 SD from cognitively normal 

subjects for appropriate age and education status 

5) Converter – MCI patients who had shown clinical and or 

neuropsychological decline on follow up and had fulfilled the DSM-IV 

criterion for dementia with worsening in outcome measures IADL and  

CDR (>1).  
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6) Non converter – MCI subjects who’s cognitive status had remained stable 

on clinical and neuropsychological tests on follow up or has progressed but 

still remains independent for ADLs and has not fulfilled the DSM-IV 

criterion for dementia or the outcome measures IADL and CDR (<1). 

7) Stable MCI – MCI patients remaining static clinically and or on 

neuropsychological tests as single /multidomain MCI on follow up   

8) Progressors – MCI patients who has shown decline in cognition on clinical 

and neuropsychology parameters from single domain  MCI to multidomain 

or from single /multidomain MCI have converted to dementia on follow up  

 

METHODOLOGY 

1) STUDY TYPE 

The study is a hospital based retrospective and prospective consecutive study 

to assess the clinical, neuropsychology and MRI predictors of conversion of MCI. 

2)  INCLUSION CRITERION  

1. MCI diagnosed as per modified Petersen’s criteria  

2. Age 55-80 years at time of recruitment  

3. At least one  neuropsychological assessment at baseline and clinical follow 

up of 2 yrs should be available at time of inclusion  

4. These subjects should have baseline MRI Brain structural scans and 

preferably T1 volumetric sequences 

5. Clinical Dementia rating -CDR (sum of boxes) <1 at time of inclusion into 

cohort  

6. Domain specific test scores on atleast 2 neuropsychological tests < mean-

1.5SD for age and education based cut-off  

7. Conversion to AD based on Mckhann et al criteria, 2011 

8. Patients who are on follow up for evaluation of the treatment from the date 

of IEC approval -June 2019 till Jun 2021 

3)  EXCLUSION CRITERION  

1. Dementia diagnosis at baseline as per DSM IV  
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2. Clinically significant anxiety depression 

3. Major cardiovascular or medical comorbidity (uncontrolled DM, HT, CAD)  

4. Past stroke, Traumatic Brain Injury, psychosis  

5. CDR >1 at the time of inclusion into cohort  

6. Lack of clinical follow up beyond two years from baseline  

7. MRI Brain showing changes of early AD as per NIAA criteria 

4) STUDY DESIGN AND FOLLOW UP 

A cohort study was designed based on the registry of patients who has a 

diagnosis of MCI recruited between 2010-2018 with at least one formal 

neuropsychological assessment at baseline and clinical follow up of a minimum 

of 2 yrs with MRI Brain at baseline.  The prospective study was completed 

based on clinical evaluation at last follow up ,information provided by 

bystander and where available longitudinal neuropsychological tests on follow 

up after obtaining proper informed consent. All these patients were literate and 

spoke, read and wrote in primarily in Malayalam language (L1) and were under 

regular follow up with Cognitive and Neuro behaviour section, Department of 

Neurology, SCTIMST, Trivandrum. The recruitment of subjects for the study 

was done by the principal investigator from the date of institutional ethics 

committee approval after obtaining informed consent. 

Subjects who were lost to follow up or in whom clinical follow up was not 

available between 2020-21 due to COVID-19 pandemic were contacted over 

phone. The last available clinical status was documented based on DSM IV 

criteria for dementia, IADL and CDR status.  A cognitive neurologist with more 

than 10 years experience verified the clinical diagnosis at baseline and last 

follow up as well as the categorization into MCI and dementia subtypes. 

CLASSIFICATION OF MCI 

The MCI subjects were classified into three groups for analysis a) Non 

Converters vs Converters b) Stable MCI Vs Progressors c) Single domain MCI 

Vs Multidomain MCI. 
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The MCI converters were further classified into MCI due to Alzheimers 

dementia (Mc KHANN et al 2011) (101), MCI due to Vascular dementia -

Hachinski Ischemic Score (HIS)(102), MCI due to FTD (FTD Consortium 

criterion)(103), MCI due to Lewy Body dementia (DLB consortium criterion-

fourth consensus)(104). 

5)  SAMPLE SIZE ESTIMATION  

Total number - 95  

Assuming 10% of patients to have single domain non-amnestic MCI, and 

conversion rates to AD of 11.1% for non-amnestic MCI and 31.6% for multi-

domain MCI. The sample size required to meet all statistical requirements for 

such a study (computed using Open Epi version 3.1) would be 396. This 

number may be feasible only with multi-centric or registry based studies or 

studies with extensive community screening and recruitment and is beyond the 

feasibility of the current exercise. However we anticipate a number of 95 

patients who fulfil the inclusion and exclusion criteria. This number will suffice 

to capture predictors that have a risk ratio of approximately 6 or above and are 

sufficiently common in the studied population. Predictors that are less strongly 

associated with conversion or are rare may not be found significant in this 

study. But the descriptive data will help identify patterns and anticipate 

sampling and methodological aspects for future studies 

6)  STATISTICAL ANALYSIS 

A)  UNIVARIATE ANALYSIS AND DEMOGRAPHIC PROFILES 

- Quantitative variables were summarized as means and standard 

deviations  

- Qualitative (Categorical variables) were summarised as proportions  

B)  BIVARIATE ANALYSIS  

- Means were compared using Unpaired T test /ANOVA or Mann 

Whitney U test as appropriate 

- Proportions were compared using Chi Square test /Fisher’s exact test  
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- Correlations were explored using Spearman’s Rank correlation test  

C)  MULTIVARIATE ANALYSIS 

- Variables significant on bivariate analysis were taken for multivariate 

analysis using the Binary logistic regression (Forward Conditional 

Method) 

- Age was forced into the model even if it was not significant in the 

forward conditioning model and predictors were derived for Convertors 

and Progressors 

- An equation was generated based on the logistic model for converters 

and a new score was created. 

- The validity of the derived score in classifying converters from non 

converters was tested using ROC analysis   

- Youden’s J was computed for each of the cut off values and the J Max 

was reported  

D)  REPEATED ANOVA MEASURES 

- Age adjusted repeated measure ANOVA was done for CDR and IADL 

among Non Converters /Converters and Non Progressors /Progressors 

between baseline and final follow up and also between all follow ups 

with the aim to explore trends over time  

E)  SURVIVAL ANALYSIS  

- Kaplan Meier survival analysis was done to compare survival across 

baseline MCI groups (single Vs multidomain), CDR and based on the 

generated new prediction score for conversion. 

- The log rank test was used to check statistical significance  

Throughout the statistical analysis a p value of <0.05 was considered 

statistically significant  

SPSS version 25.0 was used for this study  

 

MRI METHODOLOGY 
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All the MRI Brain sequences were obtained on 3T Siemens MRI scanner. 

The volumetric structural data were processed using voxel-based morphometry 

(VBM 8) toolbox in SPM8 (statistical parametric mapping software, Wellcome 

Trust Centre for Neuroimaging, London, UK; http://www.fil.ion.ucl.ac.uk/spm). 

First, the images were registered into the MNI space using high-dimensional 

DARTEL normalization algorithm. Then, the images were segmented into three 

different tissues: grey matter (GM), white matter (WM), and CSF. After 

segmentation, the GM images were smoothed with a Gaussian kernel of 8 mm full 

width half maximum. The smoothed images were then multiplied with the binary 

masks of 11 region of interests (ROIs) bilaterally (including temporal neocortex, 

precuneus, and posterior cingulate) chosen priori from automated anatomic labelling 

atlas. We computed the volume of each of the ROI region using MATLAB 

scripting.  

FAZEKA SCORE (105,106) 

- The periventricular and deep white matter hyperintensities were graded 

according to the Fazekas grading as given below: Total Score Minimum, 0; 

Maximum, 6  

- Periventricular and deep WMCs are rated separately. A total score is obtainable 

by summing the 2 partial scores.  

Periventricular Hyperintensities 

- Periventricular Hyperintensities Scores are as follows: 0-absence, 1-“caps” or 

pencil-thin lining, 2-smooth “halo,” and 3- irregular periventricular 

hyperintensities extending into the deep white matter.  

Deep White Matter Hyperintensities 

- Deep White Matter Hyperintense Signals Scores are as follows: 0-absence, 1-

punctuate foci, 2-beginning confluence of foci, and 3-large confluent areas.  

ERICA SCORE (98,107) 

The medial temporal lobe atrophy was graded as per the ERICAs score.  

ERICA scores were defined as 0 for normal volume of the entorhinal cortex 

and para hippocampal gyrus, 1 for mild atrophy with widening of the collateral 

http://www.fil.ion.ucl.ac.uk/spm
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sulcus, 2 for moderate atrophy with detachment of the entorhinal cortex from the 

cerebellar tentorium (which we termed the “tentorial cleft sign”), and 3 for 

pronounced atrophy of the para hippocampal gyrus and a wide cleft between 

entorhinal cortex and the cerebellar tentorium 

CEREBRAL MICROBLEEDS(108) 

The presence of Cerebral Micro bleeds (CMB) was noted and the number 

and location were noted.  

These MRI characteristics-FAZEKA, ERICAs score and cerebral microbleed 

index were correlated with neuropsychology test domains. 

 

7) TOOLS AND OUTCOME MEASURES 

A)  CLINICAL (Appendices 4) 

B)  NEUROPSYCHOLOGICAL TESTS (Appendices 5)  

1)  MMSE and ACE- ACE Malayalam III and domain specific scores(100) 

2)  MEMORY 

a) Working memory -Digit span test, ACE orientation  

b) Short term memory - 

1) Rey Auditory Verbal Learning Test (RAVLT)(109) 

-  New learning total score, 20 minutes delayed recall and 

recognition scores, Omission errors and commission errors  

d) Weschler Memory Scale (WMS)(110) 

 -  Verbal, visual subsets 

-  Assess working and short term memory in the verbal and visual 

domains 

3)  EXECUTIVE 

a) Trail A - Psychomotor speed, sustained attention  
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b) Trail B – Psychomotor speed, attention, executive function, set 

shifting, omission and commission errors  

c) Wisconsin card sorting -Categories passed, omission errors, 

commission /perseverative errors (111) 

d) Categorical and lexical fluency on ACE  

4)  LANGUAGE - Fluency, semantic battery and ACE language subsets  

5)  VISUOSPATIAL 

- WMS visual subsets (immediate, ACE visuospatial subsets (cube, 

construction, clock drawing) 

 

6)  DEPRESSION AND ANXIETY SCALES(112) 

a) Hospital Anxiety Depression Scale (HADS-A) 

b) Hospital Anxiety Depression Scale (HADS-D)  

7)  OUTCOME MEASURES 

a) Instrumental Activities of Daily Living (ADL) score(113) 

b) Clinical Dementia Rating scale (CDR)(114) 

C)  APO- E4  AT BASELINE (in subjects who underwent estimation) 

D)  IMAGING PARAMETERS 

1)  QUALITATIVE (Subset analysis in patients who had structural 

MRI 3T scans) 

a) ERICAS SCORE-Regional or diffuse atrophy 

b) FAZEKAS GRADING for small vessel disease 

c) Cerebral microbleed index 

2)  QUANTITATIVE (Subset analysis in patients in whom volumetric 

3T MRI measures were available) 

Voxel based morphometry (whole brain) and volumetry 
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RESULTS 

1)  BASELINE DEMOGRAPHICS (Table No-1) 

Ninety five patients with MCI with mean age 68.4 ±6.4 at baseline were 

followed up for a mean duration of 6.4 ±3.15 yrs .The duration from symptom onset 

was 8.7±3.5 yrs.  

68.4% (n=65) were males and 31.6% (n=30) of the cohort were females.  

The mean years of education was 12.8±3.8 yrs and majority of the subjects 

had atleast or more than 12 yrs of education (94.8%). 

A positive family history of dementia was present in 11.6% and Apo E allele 

was positive in 41.6% (10/24). 

Major Comorbidities  

The major comorbidities were Hypertension (49.5%), diabetes 41.1%, 

Obstructive sleep apnoea 35.8%, Dyslipidemia 23.2%, CAD 17.9%, Thyroid illness 

14.8% and seizures 11.6%.  

33.7% had psychiatric illness at baseline and majority of patients had 

depression 53%. 

41.1% showed evidence of small vessel disease on MRI Brain on FAZEKA 

grading. 

TABLE 1 – BASELINE DEMOGRAPHIC, CLINICAL, MCI PROFILE AND 

MRI FINDINGS 

Variable RESULTS N (%) 

Age 68.14 ±6.76 (45-84yrs) 

Male  

Female  

65 (68.4) 

30 (31.6) 

Duration of symptoms  

Duration of follow up 

8.7±3.5 yrs (2-23 yrs) 

6.4 ±3.15 yrs  (1-18yrs) 

Years of education 

Primary 

12.8±3.8 yrs  (3-24yrs) 

2 (2.1) 
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Middle school 

High school  

Diploma 

Graduate  

Professional  

3 (3.2) 

34 (35.8) 

13 (13.7) 

26 (27.4) 

17 (17.9) 

Family history of dementia  

First degree relative with dementia  

11 (11.6 ) 

8/11 (8.42) 

APOE (Estimated in N=24) 

E2/E3 

E3/E3 

E3/E4 

E4/E4 

10 (41.6) 

1 (4.16) 

10 (41.6) 

9 (37.5) 

4 (16.6) 

COMMORBIDITIES  

Diabetes  39 (41.1) 

Hypertension  47 (49.5) 

Dyslipidemia  22 (23.2) 

CAD 17 (17.9) 

Stroke 8 (8.4) 

POVD 3 (3.2) 

Head injury 3 (3.2) 

OSACS 34 (35.8 ) 

Thyroid illness  

Hypothyroidism 

Hyperthyroidism 

14 (14.8) 

13 (13.7) 

1 (1.1) 

COPD/Asthma 3 (3.15) 

Chronic Kidney disease (CKD) 2 (2.1) 

Psychiatric illness 

Depression  

32 (33.7) 

17 (17.9 ) 
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Anxiety 

Psychosis  

14 (14.7) 

1 (1.1) 

History of seizures 11 (11.6) 

Baseline Executive dysfunction on 

history apart from memory complaints 

23 (24.2) 

Follow up Executive function on history 

apart from memory complaints 

37 (38.9) 

Mood and behaviour changes 18 (18.9) 

Visuospatial impairment 2 (2.1) 

MCI status at baseline 

Single domain 

Multidomain 

 

56 (58.9) 

39 (41.1) 

MCI subgroups  

Amnestic MCI 

Dysexecutive MCI 

Multidomain MCI 

 

32 (33.6) 

27 (28.4) 

36 (37.9) 

MCI status on follow up 

Non convertor 

Convertor  

 

74 (77.9) 

21 (22.1) 

MCI Progression status 

Stable  

Progressor  

 

69 (72.6) 

26 (27.4) 

MRI characteristics 

FAZEKA  

Mild 

Moderate 

Severe 

 

39 (41.1) 

14 (14.7) 

9  (9.5 ) 

6 (6.3) 

Microbleed  

Superficial  

15 (15.8) 

8 (8.4) 
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Deep 

Mixed  

3 (3.2) 

4 (4.1) 

ERICA score  

Mild  

Moderate 

Severe 

51 (53.7) 

30 (31.6) 

10 (10.5) 

1 (1.1) 

  

CORE OUTCOMES 

The core outcomes were the cumulative conversion rate was 22.2% (21/95) 

and the annualised conversion rate (ACR) was 3.3 % per year of follow up . The 

majority of subjects who had converted had multidomain MCI (66%).  

Neuropsychological tests at baseline for memory (ACE recall, RAVLT, 

WMS) and executive function (Trail A, B errors and WCST) are definitely reliable 

than clinical or MRI parameters in predicting progression. 

The MCI converters had more decline in the baseline outcome measures 

CDR and IADL, both of which are good predictors of conversion  

Only FAZEKA changes on MRI brain had shown correlation with baseline 

neuropsychology tests of memory such as ACE recall, RAVLT delayed recall.  

MCI status at baseline and final follow up 

MCI status at baseline showed 58.9 % with single domain and 41.1% had 

multidomain MCI.  

Among the patients with single domain MCI 33.6% had amnestic MCI and 

28.4% had dysexecutive MCI at baseline.  

On follow up 22.1% of MCI had converted to dementia and 27.4% were 

progressors. 

7 patients had expired during the follow up period of which five MCI 

converters expired due to advanced dementia, one MCI converter due to head injury 

and one non converter due to sudden cardiac arrest.  

MCI EVOLUTION AMONG CONVERTERS ON FOLLOW UP (Table-2) 
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Majority of the converters evolved into Early AD (72%) followed by 

moderate and advanced AD (27.7%). Few patients in the cohort evolved into DLB 

and FTD 

TABLE 2 - DEMENTIA SUBTYPES ON LAST AVAILABLE FOLLOW UP 

Dementia type N (%) 

Early AD 

Moderate AD 

Advanced AD 

13 (72) 

2 (11.1) 

3 (16.6) 

MCI due to DLB 2 (9.5) 

MCI due to FTD 1 (4.7) 

 

2)   NEUROPSYCHOLOGY SCORES- BASELINE AND FOLLOW UP (Table 

3) 

A baseline full neuropsychology battery was done for all patients of the 

cohort, however 68 and 37 patients only had full second and third follow up 

neuropsychology tests respectively. 

The outcome measures CDR and IADL were available for all subjects of 

cohort (n=95) at baseline and final follow up 

TABLE 3 – BASLINE AND FOLLOW UP NEUROPSYCHOLOGY SCORES 

NEUROPSYCHOLOGY 

PARAMETERS 

VISIT-1 

(N=95) 

VISIT -II 

(N=68) 

VISIT-III 

(N=37) 

MMSE 28.09± 1.82 28.01± 1.95 27.75± 3.13 

ACE total 84.42±7.5 83.82±9.52 84.46±10.21 

ACE recall  4.99±2.56 5.06±2.69 6.24±2.84 

ACE registration  18.91±3.8 19.04±4.02 19.49±4.68 

ACE orientation 9.67±0.936 9.66±0.96 9.44±1.44 

ACE visuospatial 4.22 ±1.18 4.19 ±1.07 4.22 ±1.04 
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ACE language 26.95 ±1.646 26.98 ±1.89 26.83±1.9 

P fluency 8.90  ±3.51 8.51 ±3.59 8.44 ±3.13 

Animal fluency 10.05±3.51 9.34±3.36 9.50±3.35 

RAVLT total 35.47±9.07 35.38±9.83 36.08±12.33 

RAVLT Immediate 4.36 ±2.91 6.5±3.95 7.00±3.40 

RAVLT delayed recall (20min) 5.52±3.67 5.41±3.86 6.08±4.03 

RAVLT Recognition  10.91±3.49 12.12±3.23 13.06±2.91 

Omission error 3.78±3.13 2.63±2.87 2.08±2.93 

Commission error 5.22±4.89 5.14±6.04 5.76±5.96 

WMS visual immediate 21.78±9.13 21.05±10.73 22.57±9.17 

WMS visual delayed 12.19±10.09 15.19±11.93 15.38±11.01 

WMS digit forward 6.14±1.86 5.73±1.82 5.78±1.84 

WMS digit backward 4.91±1.88 4.92±1.54 4.89±1.31 

WMS logical memory 

immediate 

13.35±8.38 16.16±7.61 16.82±9.33 

WMS logical memory delayed 8.78±7.37 10.52±7.47 12.03±8.03 

Trail A  4.56±17.96 5.08±15.24 10.64±27.43 

Error A 0.27±1.025 0.23±0.98 0.28±1.25 

Trail B  11.17±43.32 15.63±45.41 21.86±72.63 

Error B 2.60±5.3 3.77±7.54 7.5±10.08 

Faces  18.89±3.503 46.9±124.09 21.11±2.84 

WCST Category 4.54±1.96 4.42±2.06 4.42±1.96 

WCST error  5.9±6.14 4.94±3.86 1.94±2.36 

WCST -P errors 1.19±1.24 1.35±1.67 2.78±3.79 

WCST letters 7.11±6.82 6.19±3.87 4.75±4.83 
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PD 17.74±4.36 17.67±5.44 19.57±0.78 

CA 7.05±3.61 8.54±2.22 9±1.91 

IADL 1.88±2.1 2.11±2.83 1.15±1.60 

HADS-A 4.06±3.874 3.15±3.33 2.94±2.58 

HADS-D 2.86±3.27 2.67±2.72 2.61±2.51 

CDR 0.445±0.157 0.587±0.354 0.500±0.193 

 

3)   CDR AND IADL SCORES -BASELINE AND FOLLOW UP (Table 4) 

There were significant decline in the CDR and IADL scores at baseline and 

final follow up 

TABLE -4 -CDR and IADL baseline and follow up 

Variable Baseline (n=95) Final follow up (n=95) 

CDR-4 0.445±0.157 0.64±0.56 

IADL-4 1.88±2.1 3.10±5.29 

 

4)   BRAIN MRI PARAMETERS (Table 5) 

The MRI parameters could be retrieved for 61 subjects. All of the patients 

had undergone imaging with 3 T MRI.  

The mean GM score at baseline were 551.87±48.53 ,WM scores  

452.46±58.4 and  CSF volumetry was 500.87±115.4  

The mean Left hippocampal , Right hippocampal scores were 2.9±0.76 and 

3.12±0.64 respectively  

The mean cerebral microbleed number was 2.67±3.06 
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TABLE 5- VOLUMETRIC IMAGING PARAMETERS 

IMAGING PARAMETERS RESULTS (in mm3 )  

GM 551.87±48.53 

WM 452.46±58.4 

CSF 500.87±115.4 

TIV 1505.86±154.27 

Left Hippocampus 2.9±0.76 

Right Hippocampus 3.12±0.64 

Left Amygdala  0.89±0.31 

Right Amygdala  0.90±0.35 

Cerebral microbleed number 2.67±3.06 

 

 

B)   BIVARIATE ANALYSIS  

NON CONVERTER Vs CONVERTER 

1)  CATEGORICAL VARIABLES AMONG CONVERTERS AND NON 

CONVERTERS (Table 6) 

66.6% of the dementia converters had multidomain MCI (p<0.05) 

There were 36.1% Multidomain MCI, 12.9% amnestic and 11.1% 

dysexecutive MCI among converters at baseline which was statistically significant 

(p  <0.05) 

The FAZEKAS score at baseline showed significance among converters 

(p<0.05). 
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TABLE 6 – QUALITATIVE VARIABLES- NON CONVERTERS AND 

CONVERTERS 

VARIABLE 
Non converter (n=74) 

N(%) 

Converter( n=21) 

N(%) 

P value 

(Fisher’s 

exact 

test) 

Sex  

Male  

Female  

 

51 (78.5) 

23 (76.7) 

 

14 (21.5) 

7 (23.3) 

 

0.845 

Family history 

Absent 

Present 

 

67 (79.8) 

7 (63.6) 

 

17 (20.2) 

4 (36.4) 

 

0.253 

MCI baseline status 

Single domain 

Multi domain 

 

49 (87.5) 

29 (64.1) 

 

7 (12.5) 

14 (35.9) 

 

 

0.007 

Amnestic MCI 

Dysexecutive MCI 

Multidomain MCI 

27 (87.1) 

24 (88.9) 

23 (63.9) 

4 (12.9) 

3 (11.1) 

13 (36.1) 

 

0.01 

FAZEKA grade 

Absent 

Mild  

Moderate  

Severe 

 

32 (82.1) 

12 (85.7) 

5 (55.6) 

2 (33.3) 

 

7 (17.9) 

2 (14.3) 

4 (44.4) 

4 (66.7) 

 

 

 

0.026 

Microbleed 

Absent 

Present 

 

36 (76.6) 

11 (73.3) 

 

11 (23.4) 

4 (26.7) 

 

1.00 

ERICA score  

Normal  

Mild  

Moderate  

Severe 

 

10 (100) 

21 (70) 

7 (70) 

0 

 

0 

9 (30) 

3 (30) 

1(100) 

 

 

0.08 
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2)  NON CONVERTERS (N=74) AND CONVERTERS (N=21)-

NEUROPSYCHOLOGY PARAMETERS (Table 7) 

The mean age was high among converters .The mean duration of diagnosis 

and years of education were similar across groups  

The neuropsychology scores at baseline  which were significant for 

predicting conversion  were ACE orientation, tests for memory and learning - ACE 

recall, RAVLT recognition, WMS visual immediate, WMS visual delayed, WMS 

digit forward, WMS logical memory immediate  and tests of executive function 

Trail A errors, Trail B errors, WCST perseverative errors. 

The rest of the quantified variables including measured brain volumes were 

not significant. 

TABLE-7 – STATISTICALY SIGNIFICANT/CLINICALY PERTINENT 

NEUROPSYCHOLOGY VARIABLES BETWEEN NON CONVERTERS 

AND CONVERTERS 

Variable Group 
Mean ±SD 

First visit 

Mean ±SD 

Second visit 

Mean ±SD 

Third visit 

P Value 

(ANOVA/ 

Mann 

Whitney’s  

U test) 

First visit 

Age 

 

Non converter 

Converter 

67.51±7.09 

70.33±4.99 
  

0.092 

Duration of 

diagnosis 

Non converter  

Converter 

8.28± 3.43 

8.24± 3.93 
  

0.959 

Years of 

education 

Non converter  

Converter 

12.72±3.43 

13.48 ±3.93 
  

0.39 

MMSE Non converter  

Converter 

28.27 ±1.73 

27.37 ±2.01 

28.58±1.05 

26.07±2.94 

28.94±1.28 

23.67±4.15 

0.05 

ACE total Non converter 

Converter  

85.09 ±7.27 

82.05 ±7.99 

86.54±7.39 

75±10.54 

87.34±7.58 

74±12.13 

0.10 
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ACE 

orientation 

Non converter 

Converter 

9.81 ±0.79 

9.11 ±1.23 

9.92±0.27 

8.80±1.69 

10±0.0 

7.14±2.12 

0.004 

ACE recall Non converter 

Converter 

5.26 ±2.43 

4.05 ±2.85 

5.83±2.31 

2.56±2.33 

6.79±2.32 

4.25±3.77 

0.05 

Phonemic 

fluency 

Non converter 

Converter 

9.12±3.74 

8.11±2.42 

8.87±3.673 

7.38±3.160 

8.97±3.134 

6.29±2.215 

0.26 

Categorical 

fluency 

Non converter 

Converter 

10.32±3.54 

9.00±3.25 

9.81±3.296 

7.73±3.173 

9.72±3.673 

8.57± 1.27 

0.15 

RAVLT 

Total 

Non converter 

Converter 

36.4 ±8.78 

32.24 ±9.53 

37.67±9.34 

27.86±7.55 

39.48±10.73 

23.75±9.93 

0.06 

RAVLT 

delayed recall 

Non converter 

Converter 

5.75±3.23 

4.71±4.91 

6.57±3.55 

1.87±2.35 

7.14±3.78 

2.25±2.25 
0.255 

RAVLT 

Recognition 

Non converter 

Converter 

11.52 ±2.93 

8.65 ± 4.47 

12.40±3.05 

11.29±3.73 

13.68±1.61 

10.88±5.05 

0.002 

WMS visual 

immediate 

Non converter 

Converter 

23.09 ±9.02 

17.06 ±8.06 

23.33±10.28 

14.20±9.26 

24.76±8.547 

14.63±6.989 

0.01 

WMS visual 

delayed 

Non converter 

Converter 

13.59 ±10.27 

7.28 ±7.80 

18.36±11.76 

5.87±6.32 

17.55±10.408 

7.50±9.986 

0.02 

WMS digit 

forward 

Non converter 

Converter 

6.38 ±1.68 

5.38 ±2.21 

5.76±1.84 

5.67±1.79 

6.03±1.700 

4.88±2.167 

0.03 

WMS logical 

memory 

immediate 

Non converter 

Converter 

14.49 ±8.07 

9.33 ±8.43 

18.27±6.87 

10.15±6.49 

20.00±7.568 

5.00±4.397 

0.02 

Trail A Non converter 

Converter 

2.59 ±9.05 

10.07±33.93 

5.78±17.46 

2.87±1.56 

12.67±30.78 

3.30±1.85 

0.110 

Trail error A Non converter 

Converter 

0.11 ±0.43 

0.88 ±2.02 

0.26±1.08 

0.14±0.53 

0.34±1.396 

0.00 

0.005 
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Trail  B Non converter 

Converter 

7.73 ±28.11 

22.60 ±78.04 

14.89±47 

17.95±41.58 

25.75±81.57 

7.26±3.04 

0.169 

Trial error B Non converter 

Converter 

2.73±4.49 

4.06±7.41 

2.65±5.98 

7.46±10.77 

4.38±8.415 

20.43±4.577 

0.05 

WCST P Non converter 

Converter 

1.05 ±1.20 

1.69 ±1.30 

1.24±1.74 

1.69±1.43 

2.24±3.951 

4.71±2.563 

0.071 

HADS-A Non converter 

Converter 

4.26 ±3.97 

3.27 ±3.41 

3.48±3.48 

2.08±2.59 

3.17±2.647 

2.00±2.23 

0.377 

HADS-D Non converter 

Converter 

2.87 ±3.21 

2.80 ±3.59 

2.45±2.63 

3.38±3.01 

2.69±2.634 

2.29±2.05 

0.94 

CDR Non converter 

Converter 

0.43 ±0.17 

0.50 ±0.00 

0.54±0.32 

0.71±0.40 

0.468±0.179 

0.600±0.210 

0.08 

IADL Non converter 

Converter 

1.81 ±1.94 

2.18 ±2.63 

1.86±2.75 

2.83±3.04 

0.65±1.018 

3.00±2.082 

0.595 

 

 

3)   NEUROPSYCHOLOGY PARAMETERS- TRENDS (Among patients who 

underwent serial neuropsychological tests) 

A)  MMSE 

The baseline MMSE scores in converters were 27.37 ±2.01 (p 0.053) and 

showed further decline on  last follow up were 23.67±4.15 (p<0.01)  

In Non converters the baseline MMSE scores were 28.27 ±1.73 and the final 

follow up scores were 28.94±1.28 
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Figure -1 – Trends in MMSE between Non Converters and Converters 

 

B)  ACE TOTAL 

The baseline ACE scores in converters were 82.05 ±7.99 (p 0.101) and 

during last follow up was 74±12.13 (p <0.01)  

Non converter group the baseline total ACE scores were 85.09 ±7.27 and the 

final follow up scores were 87.34±7.58 

Figure -2 Trends in ACE TOTAL scores between Non Converters and 

Converters 
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C)  ACE ORIENTATION 

The baseline ACE orientation scores in converters were 9.11 ±1.23 (p -

0.004) and on last follow up declined to 7.14±2.12 (p value - <0.01)  

In non converters the baseline ACE orientation scores were 9.81 ±0.79 and 

the final follow up scores were 10±0.0 

 

Figure -3 -Trends in ACE ORIENTATION between Non Converters and 

Converters 

 

 

D)  ACE RECALL 

The baseline ACE recall scores in converters were 4.05 ±2.85 (p 0.05) and 

on last follow up was 4.25±3.77 (p value 0.02) 

Among the non converters the baseline and final follow up scores were 5.26 

±2.43 and 6.79±2.32 respectively  
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Figure -4 -Trends in ACE RECALL between Non Converters and Converters 

 

E)   RAVLT-TOTAL 

The baseline RAVLT total scores in converters were 32.24 ±9.53 (p 0.06) 

and it declined to 23.75±9.93 (0.001) on final follow up. 

The RAVLT total scores in the Non converter group at baseline and final 

follow up were 36.4 ±8.78 and 39.48±10.73 

Figure -5 -Trends in RAVLT TOTAL between Non Converters and Converters 
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F)  RAVLT-RECOGNITION 

The RAVLT recognition score at baseline in converters were 8.65 ± 4.47 (p 

value 0.002) and mean scores on final follow were 10.88±5.055 (p-0.01). 

The RAVLT recognition scores in Non converters at baseline and final 

follow up were 11.52 ±2.93 and 13.68±1.611 respectively.  

Figure -6 -Trends in RAVLT RECOGNITION between Non Converters and 

Converters 

 

 

G)  WMS -VISUAL IMMEDIATE 

The mean WMS visual immediate score at baseline in converters were 17.06 

±8.06 (p -0.012) and on final follow up was 14.63±6.989 (p value 0.004) 

Among Non converters the scores were 23.09 ±9.02 at baseline and 

24.76±8.547 on final follow up  

 

  



 70 
 

Figure -7 – Trends in WMS VISUAL IMMEDIATE between Non Converters 

and Converters 

 

H)  WMS -VISUAL DELAYED 

The mean WMS visual delayed scores at baseline in converters were 7.28 

±7.80 (p-0.01) and on final follow up were 7.50±9.986 (p -0.02) 

Among Non converters the scores were 13.59 ±10.27 at baseline and 

17.55±10.408 on final follow up  

Figure 8- Trends in WMS VISUAL DELAYED between Non Converters and 

Converters 
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I)  WMS -DIGIT FORWARD 

The WMS digit forward mean scores at baseline in converters were 5.38 

±2.21 (p 0.02) and on follow up were 4.88±2.167 (p 0.1) 

Among Non converters the mean scores were 6.38 ±1.68 at baseline and 

6.03±1.700 on last follow up  

Figure 9- Trends in WMS DIGIT FORWARD between Non Converters and 

Converters 

 

 

J)  WMS -LOGICAL MEMORY IMMEDIATE 

The WMS logical memory immediate scores at baseline in converters were 

9.33 ±8.43 (p 0.02) and on final follow were 5.00±4.397 (p<0.01) 

Among the Non converters the mean scores were 14.49 ±8.07 at baseline and 

20.00±7.568 during final follow up  
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Figure 10- Trends in WMS LOGICAL MEMORY IMMEDIATE between Non 

Converters and Converters 

 

K)  TRAIL A -ERROR  

Among converters the baseline mean Trail A error were 0.88 ±2.02 (0.005) 

and on follow up were 0  

In Non converters the baseline scores were 0.11 ±0.43 and the final follow 

up scores were 0.34±1.396 

Figure 11- Trends in TRAIL A ERRORS between Non Converters and 

Converters 
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L)  TRAIL B- ERROR 

Among converters the baseline Trail B error scores were 4.06±7.41 (p 0.05) 

and on last follow up were 20.43±4.577 (p <0.01)  

In Non converters the baseline mean scores were 2.73±4.49 and on final 

follow up were 4.38±8.415 

Figure 12- Trends in TRAIL B ERROR between Non Converters and 

Converters 

 

 

M)  WCST-Perseverative errors (WCST-P) 

The WCST -P scores in converters at baseline were 1.69 ±1.30 ( p 0.07) and 

on last follow up were 4.71±2.563 (p 0.13) 

Among Non converters the baseline mean scores were 1.05 ±1.20 and on 

final follow up were 2.24±3.951 
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Figure 13- Trends in WCST -P ERRORS between Non Converters and 

Converters 

 

N)  IADL 

The mean IADL scores at baseline among converters were 2.18 ±2.63 (p 

0.59) and on last follow up were 3.00±2.082 (<0.01) 

In Non converter group the baseline mean scores were 1.81 ±1.94 and on 

final follow up were 0.65±1.018 

Figure 14- Trends in IADL between Non Converters and Converters 
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O)  CLINICAL DEMENTIA RATING (CDR) 

The mean CDR scores at baseline among converters were 0.50 ±0.00 (p 

0.07) and on final follow up were 0.600±0.210 (p value 0.05) 

In Non Converters the baseline scores of CDR were 0.43 ±0.17 and the final 

follow up scores were 0.468±0.179 

 

Figure 15- Trends in CDR between Non Converters and Converters 

 

 

STABLE VS PROGRESSOR  

4)  CATEGORICAL VARIABLES AMONG STABLE AND PROGRESSORS 

(Table 8) 

Multidomain MCI showed 46.2 % progression in MCI status and 14.3% of 

the progressors were single domain MCI at baseline (p<0.01). 

There were 47.2% multidomain MCI, 16.1% amnestic MCI and 11.1% 

dysexecutive MCI among converters (p<0.05). 

The FAZEKAS score also showed significance among progressors -14.3% 

mild, 44.4%had moderate and 83.3% of progressors had grade 3 FAZEKA (p<0.05).  
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TABLE 8 – QUALITATIVE VARIABLES STABLE MCI AND 

PROGRESSORS 

VARIABLE 
Stable n=69 

N(%) 

Progressor n=26 

N(%) 

P value (Fisher’s 

exact test ) 

Sex  

Male  

Female  

 

47 (72.3) 

22 (73.3) 

 

18 (27.7) 

8 (26.7) 

 

0.91 

Family history 

Absent 

Present 

 

63 (75) 

6 (54.4) 

 

21 (25) 

5 (45.5) 

 

0.16 

OSACS 

Mild 

Moderate 

Severe 

 

11 (100) 

5 (100) 

3 (50) 

 

0 

0 

3(50) 

 

 

0.02 

MCI baseline status 

Single domain 

Multi domain 

 

48 (85.7) 

21 (53.8) 

 

8 (14.3) 

18 (46.2) 

 

 

0.001 

Amnestic MCI 

Dysexecutive MCI 

Multidomain MCI 

26 (83.9) 

24 (88.9) 

19 (52.8) 

5 (16.1) 

3 (11.1) 

17 (47.2) 

 

0.002 

FAZEKA 

Absent 

Mild  

Moderate  

Severe 

 

29 (74.4) 

12 (85.7) 

5 (55.6) 

1 (16.7) 

 

10 (25.6) 

2 (14.3) 

4 (44.4) 

5 (83.3) 

 

 

 

0.01 

Microbleed 

Absent 

Present 

 

34 (72.3) 

10 (66.7) 

 

13 (27.7) 

5 (33.3) 

 

0.75 

ERICA score 

Normal 

Mild 

Moderate  

Severe 

 

10 (100) 

19 (63.3) 

7 (70) 

0 

 

0 

11 (36.7) 

3 (30) 

1 (100) 

 

 

0.06 
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5)  NEUROPSYCHOLOGICAL VARIABLES BETWEEN STABLE(N=69) 

AND PROGRESSORS (N=26)   [Table 9] 

The MCI progressors were significantly older and the mean duration of 

diagnosis and years of education were similar among both groups  

The Neuropsychology scores at baseline  which were significant among MCI 

progressors from baseline were MMSE, ACE orientation, tests for memory and 

learning - ACE recall, RAVLT recognition, Omission error, WMS visual immediate, 

WMS visual delayed, WMS digit forward, WMS logical memory immediate and 

tests for executive function – Trail A errors, and CDR. 

The rest of the quantified variables including measured brain volumes were 

not significant. 

 

TABLE 9 - STATISTICALY SIGNIFICANT/CLINICALY PERTINENT 

NEUROPSYCHOLOGY VARIABLES ACROSS STABLE MCI VS 

PROGRESSORS 

Variable Group 
Mean ±SD 

First visit 

Mean ±SD 

Second visit 

Mean ±SD 

Third visit 

P Value First 

visit 

(ANOVA/ 

Mann 

Whitney’s  U 

test) 

Age 

 

Stable 

Progressor 

67.23±7.191 

70.54±4.810 

  0.033 

 

Duration of 

diagnosis 

Stable 

Progressor 

8.35± 3.267 

8.08± 4.223 

  0.74 

Years of 

education 

Stable 

Progressor 

12.58±3.376 

13.69±3.957 

  0.175 

MMSE Stable 

Progressor 

28.32±1.766 

27.42±1.840 

28.60±1.067 

26.53±2.776 

28.97±1.299 

24.10±4.15 

0.03 

 

ACE total Stable 

Progressor 

85.29±7.422 

82.12±7.361 

86.94±7.462 

76.35±9.954 

87.32±7.722 

75.56±12.269 

0.06 

 

ACE Stable 9.80 ±0.808 9.91±0.285 10.00±0.0 0.01 
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orientation Progressor 9.24 ±1.179 9.00±1.609 7.50±2.204  

ACE recall Stable 

Progressor 

5.36±2.407 

3.96± 2.761 

5.85±2.388 

3.15±2.455 

6.89±2.299 

4.22±3.528 

0.02 

 

Phonemic 

fluency 

Stable 

Progressor 

9.13±3.632 

8.26±3.122 

8.77±3.760 

7.90± 3.161 

8.86±3.135 

7.00± 2.878 

0.314 

 

Categorical 

fluency 

Stable 

Progressor 

10.28±3.530 

9.36±3.430 

9.67±3.335 

8.53± 3.373 

9.61±3.685 

9.13± 1.959 

 

0.293 

RAVLT 

Total 

Stable 

Progressor 

 36.40±9.046 

33.04 ±8.852 

38.67±8.990 

27.72±7.193 

40.04±10.507 

23.78±9.298 

0.11 

 

RAVLT 

delayed recall 

Stable 

Progressor 

5.87±3.246 

4.62± 4.544 

7.07±3.256 

1.74± 2.232 

7.29±3.76 

2.33± 2.12 

0.14 

RAVLT 

Recognition 

Stable 

Progressor 

11.66±3.0 

8.95± 3.994 

12.74±2.682 

10.78±3.949 

13.74±1.607 

11.00±4.743 

0.002 

 

OE Stable 

Progressor 

3.36±2.972 

4.86±3.342 

2.00±2.335 

4.06±3.506 

1.46±1.795 

4.00±4.743 

0.05 

 

WMS visual 

immediate 

Stable 

Progressor 

 23.02±9.166 

18.57±8.387 

24.51±9.709 

13.58±9.057 

25.04±8.570 

14.89±6.585 

0.05 

WMS visual 

delayed 

Stable 

Progressor 

14.10±10.365 

7.35±7.596 

19.25±11.849 

6.63±6.370 

17.75±10.543 

8.00±9.460 

0.006 

 

WMS digit 

forward 

Stable 

Progressor 

6.47±1.709 

5.30±2.010 

5.83±1.883 

5.53±1.712 

6.11±1.685 

4.78±2.048 

0.01 

 

WMS logical 

memory 

immediate 

Stable 

Progressor 

 14.84±7.86 

9.57±8.638 

 

18.49±7.010 

10.73±6.204 

 

20.44±7.377 

5.50±4.309 

 

0.001 

 

Trail A Stable 

Progressor 

3.03±9.38 

8.53±30.53 

6.10±18.25 

2.77±1.52 

13.07±31.27 

3.09±1.83 

0.186 

 

Trail error A Stable 

Progressor 

0.11±0.451 

0.68±1.810 

0.26±1.127 

0.17±0.514 

0.36±1.420 

0.00 

0.03 

 

Trail  B Stable 

Progressor 

7.83±26.06 

19.52±70.124 

15.69±49.27 

15.5±36.68 

26.49±82.918 

6.96±2.98 

0.246 

 

Trail error B Stable  2.20±4.642 2.28±5.740 3.93±8.205 0.267 
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Progressor 3.68±6.785 7.18±9.983 20.00±4.408  

WCST P Stable 

Progressor 

1.08 ±1.238 

1.50± 1.235 

1.15±1.778 

1.76±1.393 

2.00±3.845 

5.13±2.642 

0.195 

 

HADS-A Stable 

Progressor 

4.18± 3.978 

3.75±3.640 

3.55±3.5 

2.24±2.71 

3.14±2.690 

2.25±2.188 

0.67 

 

HADS-D Stable 

Progressor 

2.86 ±3.287 

2.85±3.297 

2.45±2.638 

3.18±2.942 

2.61±2.644 

2.63±2.134 

0.99 

 

CDR Stable 

Progressor 

0.43 ±0.179 

0.500 ±0.0 

0.500±0.2440 

0.775±0.47 

0.467±0.18 

0.59±0.20 

0.04 

 

IADL Stable 

Progressor 

 1.84±1.965 

2.00 ±2.483 

2.03±2.823 

2.27±2.939 

0.56±0.92 

3.00±1.92 

0.81 

 

6)   NEUROPSYCHOLOGY TRENDS -STABLE Vs PROGRESSORS 

a)  MMSE  

The baseline MMSE scores in progressors were 27.42±1.840 (p 0.035) and it 

showed further decline on last follow up 24.10±4.15 (<0.001). 

In stable MCI the baseline MMSE scores were 28.32±1.766 and the final 

follow up scores were 28.97±1.299. 

Figure 16- Trends in MMSE between Stable and Progressors 
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b) ACE TOTAL 

The baseline ACE scores in progressors were 82.12±7.361 (p- 0.066) and 

during last follow up was 75.56±12.269 (p-0.001).  

Among the stable MCI group the baseline total ACE scores were 

85.29±7.42and the final follow up scores were 87.32±7.722. 

 

Figure 17- Trends in ACE TOTAL between Stable and Progressors 

 

 

c) ACE Recall 

The baseline ACE recall scores in progressors were 3.96± 2.76 (p 0.018) and 

on last follow up was 3.15±2.455 (p value-0.01). 

Among the stable MCI the baseline and final follow up scores were 

5.36±2.407and 6.89±2.29 respectively.  
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Figure 18 - Trends in ACE RECALL between Stable and Progressors 

 

d) ACE ORIENTATION 

The baseline ACE orientation scores in progressors were 9.24 ±1.179 (p -

0.015) and on last follow up declined to 7.50±2.20 (<0.001) 

In stable MCI the baseline ACE orientation scores were 9.80 ±0.81 and the 

final follow up scores were 10.00±0.0 

Figure 19 - Trends in ACE ORIENTATION between Stable and Progressors 
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e) RAVLT TOTAL 

The baseline RAVLT total scores in progressors were 33.04 ±8.852 (p-

0.109) and it declined to 23.78±9.298 (p-<0.01) on final follow up. 

The RAVLT total scores in the stable MCI group at baseline and final follow 

up were 36.40±9.046 and 40.04±10.507. 

 

Figure 20 - Trends in RAVLT TOTAL between Stable and Progressors 

 

 

f)  RAVLT RECOGNITION 

The RAVLT recognition score at baseline in progressors were 8.95± 3.994 

(p value-0.002) and mean scores on final follow were 11.00±4.743 (p-0.01). 

The RAVLT recognition scores in stable MCI at baseline and final follow up 

were 11.66±3.0 and 13.74±1.607 respectively.  
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Figure 21- Trends in RAVLT RECOGNITION between Stable and Progressors 

 

g)OMISSION ERROR (OE) 

The OE score at baseline in progressors were 4.86±3.342 (p value-0.05) and 

mean scores on final follow were 4.00±4.743 (p-0.02) 

The OE scores in stable MCI at baseline and final follow up were 

3.36±2.972 and 1.46±1.795 respectively  

Figure 22 - Trends in OMISSION ERROR (OE) between Stable and 

Progressors 
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h)  WMS VISUAL IMMEDIATE 

The mean WMS visual immediate score at baseline in progressors were 

18.57±8.387 (p -0.046) and on final follow up was 14.89±6.585 (p value-<0.01). 

Among stable MCI the scores were at baseline and on final follow up were 

23.02±9.166 and 25.04±8.570 respectively. 

 

Figure 23 - Trends in WMS VISUAL IMMEDIATE between Stable and 

Progressors 

 

 

i) WMS VISUAL DELAYED 

The mean WMS visual delayed scores at baseline in progressors were 

7.35±7.596 (p-0.006) and on final follow up were 8.00±9.460 (p -0.01). 

Among stable MCI the scores were 14.10±10.36 at baseline and on final 

follow up were 17.75±10.54. 
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Figure 24 - Trends in WMS VISUAL DELAYED between Stable and 

Progressors 

 

j) WMS DIGIT FORWARD 

The WMS digit forward mean scores at baseline in progressors were 

5.30±2.010 (p -0.011) and on follow up were 4.78±2.048 (p -0.05). 

Among stable MCI the mean scores at baseline were 6.47±1.709 and on last 

follow up showed 6.11±1.68. 

Figure 25 - Trends in WMS DIGIT FORWARD between Stable and 

Progressors 

 



 86 
 

k) WMS LOGICAL MEMORY IMMEDIATE 

The WMS logical memory immediate scores at baseline in progressors were 

9.57±8.638 (p-0.001) and on final follow were 5.50±4.309 (p<0.01). 

Among the stable MCI the mean scores were 14.84±7.86 at baseline and 

during final follow up were 20.44±7.37. 

 

Figure 26 - Trends in WMS LOGICAL MEMORY IMMEDIATE between 

Stable and Progressors 

 

 

l) TRAIL A -ERROR 

Among progressors the baseline mean Trail A error were 0.68±1.810 (p-

0.02) and on follow up was zero.  

In stable MCI the baseline scores were 0.11±0.451 and the final follow up 

scores were 0.36±1.420. 
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Figure 27 - Trends in TRAIL A ERROR between Stable and Progressors 

 

m)  CLINICAL DEMENTIA RATING (CDR) 

The mean CDR scores at baseline among progressors were 0.500 ±0.0 (p-

0.004) and on final follow up were 0.59±0.20 (p value-0.06). 

In stable MCI the baseline scores of CDR were 0.43 ±0.179 and the final 

follow up scores were 0.467±0.18. 

Figure 28- Trends in CDR between Stable and Progressors 
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n) IADL 

The mean IADL scores at baseline among progressors were 2.00 ±2.483 (p-

0.8) and on last follow up were 3.00±1.92  (p- <0.01). 

In stable MCI group the baseline mean scores were 1.84±1.96 and on final 

follow up were 0.56±0.92. 

Figure 29 - Trends in IADL between Stable and Progressors 

 

SINGLE VS MULTIDOMAIN  

7) Categorical measures between single and multidomain MCI (Table 10) 

A positive family history of dementia and higher FAZEKA score was found 

among Multidomain MCI, but it was not statistically significant. Proportion of 

subjects with moderate atrophy on ERICA score was found to be higher among 

multidomain MCI in comparison to single domain MCI and those with no atrophy 

on ERICA score were more prevalent among single-domain MCI 

TABLE 10 – QUALITATIVE VARIABLES SINGLE DOMAIN AND 

MULTIDOMAIN MCI 

VARIABLE 
Single domain 

n=56 N(%) 

Multidomain 

n=39 N(%) 

P value (Fisher’s 

exact test) 



 89 
 

Sex  

Male  

Female  

Total 

 

39 (60) 

17 (56.7) 

56 (58.9) 

 

26 (40) 

13 (43.3) 

39 (41.1) 

 

0.759 

Family history 

Absent 

Present 

Total 

 

51 (60.7) 

5 (45.5) 

56 (58.8) 

 

33 (39.3) 

6 (54.5) 

39 (41.1) 

 

0.35 

FAZEKA score 

Absent 

Mild 

Moderate 

Severe 

 

23 (59) 

9 (64.3) 

4 (44.4) 

4 (66.7) 

 

16 (41) 

5 (35.7) 

5 (55.6) 

2 (33.3) 

 

 

0.77 

Cerebral Microbleed 

Absent 

Present 

 

27 (57.4) 

9 (60) 

 

20 (42.6) 

6 (40) 

 

 

0.86 

ERICA score 

Normal  

Mild  

Moderate  

Severe 

 

9 (90) 

15 (50) 

3 (30) 

1 (100) 

 

1 (10) 

15 (50) 

7 (70) 

0 

 

 

0.03 

The mean age was high among multidomain MCI (p-0.16) 

 

8) SINGLE (N=56) VS MULTIDOMAIN(N=39) -NEUROPSYCHOLOGY 

PARAMETERS (Table 11) 

The Neuropsychology scores which were significant across the Single and 

Multidomain MCI groups at baseline were MMSE, ACE total, ACE orientation S, 

ACE language, tests for memory- ACE recall RAVLT total , RAVLT delayed recall, 

WMS visual immediate, WMS visual delayed, WMS logical memory immediate and 

test for executive function Trail A errors.  
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TABLE 11 - STATISTICALY SIGNIFICANT/CLINICALY PERTINENT 

NEUROPSYCHOLOGY VARIABLES ACROSS SINGLE DOMAIN MCI VS 

MULTIDOMAIN MCI 

Variable Group 
Mean ±SD 

First visit 

Mean ±SD 

Second 

visit 

Mean ±SD 

Third visit 

P Value 

(ANOVA/ 

Mann 

Whitney’s) 

First visit 

Age 

 

Single domain 

Multi domain 

67.32±7.259 

69.31±5.877 

  0.16 

 

Duration of 

diagnosis 

Single domain 

Multi domain 

8.61±3.696 

7.79±3.270 

  0.27 

Years of 

education 

Single domain 

Multi domain 

12.98±3.651 

12.74±3.462 

  0.75 

 

MMSE Single domain 

Multi domain 

28.43±1.597 

27.61±2.021 

28.56±1.343 

27.15±2.428 

28.88±1.509 

25.87±4.155 

0.03 

ACE total Single domain 

Multi domain 

86.27±6.754 

81.77±7.808 

87.12±8.520 

78.50±8.746 

87.75±8.023 

78.38±11.318 

 

0.004 

ACE 

orientation 

Single domain 

Multi domain 

9.89 ±0.320 

9.32±1.387 

9.79±0.522 

9.44±1.387 

9.83±0.834 

8.77±2.006 

 

0.005 

ACE recall Single domain 

Multi domain 

 5.79±2.294 

3.82± 2.524 

6.05±2.459 

3.46±2.284 

6.96±2.053 

4.92±3.639 

 

<0.001 

ACE 

visuospatial 

Single domain 

Multi domain 

4.40±0.884 

3.94± 1.51 

4.49±0.756 

3.71± 1.33 

4.39±0.941 

3.92± 1.18 

0.08 

 

ACE 

language 

Single domain 

Multi domain 

27.32±1.123 

26.40±2.117 

27.36±1.646 

26.40± 2.121 

27.13±1.792 

26.31± 2.057 

0.009 

 

Phonemic 

fluency 

Single domain 

Multi domain 

8.80±3.382 

9.03±3.722 

8.55±3.210 

8.46±4.207 

8.48±3.073 

8.38±3.380 

0.771 

Categorical 

fluency 

Single domain 

Multi domain 

10.14±3.534 

9.92±3.516 

9.22±3.410 

9.54±3.337 

9.39±3.858 

9.69±2.359 

0.77 

RAVLT 

Total 

Single domain 

Multi domain 

38.35±9.44 

31.41±6.76 

39.06±9.58 

29.88±7.45 

39.25±11.37 

30.23±12.28 

<0.001 

RAVLT 

Delayed 

Single domain 

Multi domain 

6.67±3.61 

3.90±3.11 

7.25±3.01 

2.76±3.43 

7.13±4.06 

4.15±3.28 

 

<0.001 
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recall 

WMS visual 

immediate 

Single domain 

Multi domain 

24.26±8.642 

18.70±8.88 

25.58±9.373 

14.25±9.028 

25.33±8.18 

17.46±8.97 

0.005 

WMS visual 

delayed 

Single domain 

Multi domain 

16.31±9.48 

7.03±8.389 

21.26±10.87 

6.33±6.812 

17.88±10.56 

10.77±10.68 

<0.001 

 

WMS logical 

memory 

immediate 

Single domain 

Multi domain 

16.52±7.45 

9.17±7.75 

18.29±7.03 

12.68±7.39 

20.05±8.40 

10.36±7.86 

<0.001 

Trail A time Single domain 

Multi domain 

3.03±10.42 

6.68±24.93 

6.36±19.63 

3.18±2.44 

12.78±32.64 

6.70±13.79 

0.34 

Trail error A Single domain 

Multi domain 

 0.07±0.327 

0.51±1.465 

0.03±0.167 

0.54±1.503 

0.30±1.460 

0.23±0.832 

0.04 

Trail  B time  Single domain 

Multi domain 

7.86±28.65 

15.99±58.68 

16.58±51.16 

13.94±34.08 

30.28±88.95 

5.68±3.070 

 

0.38 

Trial error B Single domain 

Multi domain 

1.70 ±4.447 

3.80±6.120 

2.97±7.006 

5.10±8.372 

3.96±6.912 

13.77±11.938 

0.08 

WCST P Single domain 

Multi domain 

1.00±1.342 

1.44±1.076 

0.84±1.186 

2.15±2.007 

2.50±4.395 

3.25±2.633 

0.14 

HADS-A Single domain 

Multi domain 

3.66± 3.698 

4.61±4.092 

3.31±3.667 

2.91±2.859 

2.83±2.605 

3.15±2.641 

0.29 

HADS-D Single domain 

Multi domain 

 2.61±3.157 

3.18±3.432 

2.44±2.828 

3.00±2.611 

2.26±2.359 

3.23±2.743 

0.45 

CDR Single domain 

Multi domain 

0.43±0.169 

0.45±0.138 

0.54±0.356 

0.66±0.345 

0.48±0.17 

0.533±0.229 

0.47 

IADL Single domain 

Multi domain 

 1.69±1.895 

2.18±2.343 

2.14±3.015 

2.05±2.614 

0.60±1.046 

2.00±1.958 

0.39 

 

CSF volumes Single domain 

Multi domain 

469.56±94.6

535.5±127.5 

  0.03 

 

  



 92 
 

9) CDR and IADL Final follow up (Table 12) 

The CDR and IADL scores showed significant decline across Non converter 

Vs Converter, Stable Vs Progressor, Single domain Vs Multidomain MCI. 

The CDR and IADL showed no statistically significant decline among 

amnestic, dysexecutive and multidomain MCI.  

 

TABLE 12 - CDR AND IADL ACROSS THREE GROUPS FINAL VISIT 

Variable CDR 4 P value IADL 4 P value 

Non Converter(NC) 

Converter(C) 

0.44±0.17 

1.33±0.87 

0.000 

 

0.77±1.27 

11.28±5.94 

0.000 

 

Stable (S) 

Progressor(P) 

0.43±0.16 

1.19±0.83 

0.000 0.76±1.25 

9.31± 6.77 

0.000 

 

Single domain (SD) 

Multidomain (MD) 

0.61±0.57 

0.67±0.56 

0.595 2.23±4.81 

4.35±5.75 

0.05 

Amnestic 

Dysexecutive 

Multidomain 

2.0± 1.68 

1.24 ±2.07 

2.29±2.34 

0.28 2.45±5.20 

2.22 ±5.06 

4.15 ±5.46 

0.27 

 

  



 93 
 

AMNESTIC Vs DYSEXECUTIVE Vs MULTIDOMAIN MCI 

10)FAZEKA grade among MCI subgroup (Table 13) 

The FAZEKA grade across MCI subgroups (amnestic, dysexecutive and 

multidomain) showed no statistical significance  

Table 13 – MCI subgroups and FAZEKA grading 

 

Baseline MCI 

status 

FAZEKA grade  

Absent Mild Moderate Severe P value 

Amnestic 

Dysexecutive 

45.8 (11) 20.8 (5) 20.8 (5) 12.5 (3) 0.17 

68.4 (13) 21.1 (4) 0 10.5 (2) 

Dysexecutive 

Multidomain 

68.4 (13) 

58.3 (14) 

21.4 (4) 

20.8 (5) 

0 

16.7 (4) 

10.5 (2) 

4.2 (1) 

0.267 

Amnestic  

Multidomain  

45.8 (11) 

58.3 (14) 

20.8 (5) 

20.8 (5) 

20.8 (5) 

16.7 (4) 

12.5 (3) 

4.2 (1) 

0.68 

 

11)Comparison of baseline MCI subgroups and final outcomes (Non 

converter/Converter) (Table 14, 15 and 16) 

On comparison between amnestic vs multidomain MCI and dysexecutive vs 

multidomain MCI, there was significant association of multidomain MCI at baseline 

and converter status at follow up.  

Table 14 - Amnestic and Dysexecutive MCI at baseline and final status (Non 

converter / Converter) 

Baseline MCI status 
MCI final status 

Nonconverter Converter 

Amnestic N (%) 27 (87.1) 4 (12.9) 

Dysexecutive N (%) 24 (88.9) 3 (11.1) 

p=0.99 (Fisher exact) 
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Table 15- Dysexecutive and Multidomain MCI at baseline and final status (Non 

converter /Converter) 

Baseline MCI status 
MCI final status 

Nonconverter Converter 

Dysexecutive N(%) 24 (88.9) 3 (11.1) 

Multidomain N(%) 23 (63.9) 13 (36.1) 

p=0.024 (Fisher exact) 

 

Table 16 - Amnestic and Multidomain MCI at baseline and final status (Non 

converter /Converter) 

Baseline MCI status 
MCI final status 

Nonconverter Converter 

Amnestic N(%) 27 (87.1) 4 (12.9) 

Multidomain N(%) 23 (63.9) 13 (36.1) 

p=0.030 (Fisher exact) 

 

12)Comparison of baseline MCI subgroups and final outcomes (Stable Vs 

Progressor) (Table 17, 18 and 19) 

The multidomain MCI at baseline had shown significant progression on 

follow up on comparing Dysexecutive vs Multidomain MCI and Amnestic Vs 

Multidomain MCI 

 

Table 17- Amnestic and Dysexecutive MCI at baseline and final status (Stable / 

Progressor) 

Baseline MCI status 
MCI progression status 

Stable Progressor 

Amnestic N(%) 26 (83.9) 5 (16.1) 

Dysexecutive N(%) 24 (88.9) 3 (11.1) 

p=0.712 (Fisher exact) 
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Table 18 - Dysexecutive and Multidomain MCI at baseline and final status 

(Stable /Progressor) 

Baseline MCI status 
MCI progression status 

Stable Progressor 

Dysexecutive N(%) 24(88.9) 3(11.1) 

Multidomain N(%) 19(52.8) 17(47.2) 

p=0.002 (Fisher exact) 

 

Table 19 - Amnestic and Multidomain MCI at baseline and final status (Stable 

/Progressor) 

Baseline MCI status 
MCI progression status 

Stable Progressor 

Amnestic N(%) 26 (83.9) 5 (16.1) 

Multidomain N(%) 19 (52.8) 17 (47.2) 

p=0.007 (Fisher exact) 

 

13) OUTCOME MEASURES AMONG MCI SUBGROUPS (Table 20, 21) 

The outcome measures (CDR and IADL) showed decline between baseline 

and final visit across amnestic /dysexecutive/multidomain MCI but was not 

statistically significant (ANOVA and Post hoc Bonferroni analysis). 

Table 20 – Comparison between MCI baseline subgroups   and CDR and IADL 

at baseline and follow up 

MCI status at 

baseline 

CDR 

baseline 

CDR final follow 

up 

IADL 

baseline 

IADL final 

follow up 

Amnestic 0.43±0.17 2.0±1.68 0.64±0.59 2.45±5.2 

Dysexecutive 0.44±0.16 1.24±2.07 0.611±0.59 2.222±5.06 

Multidomain 0.45±0.14 2.29±2.34 0.65±0.54 4.15±5.46 

P value (ANOVA) 0.827 0.288 0.957 0.271 
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Table 21- Baseline MCI subgroups and outcome measures at baseline and final 

follow up Post hoc tests (Bonferroni) test 

Outcome measure Baseline Baseline Sig. (p value) 

CDR baseline  Amnestic Dysexecutive 1.000 

Multidomain 1.000 

Dysexecutive Amnestic 1.000 

Multidomain 1.000 

Multidomain Amnestic 1.000 

Dysexecutive 1.000 

CDR final follow up  Amnestic Dysexecutive 1.000 

Multidomain 1.000 

Dysexecutive Amnestic 1.000 

Multidomain 1.000 

Multidomain Amnestic 1.000 

Dysexecutive 1.000 

IADL baseline  Amnestic Dysexecutive 0.796 

Multidomain 1.000 

Dysexecutive Amnestic 0.796 

Multidomain 0.371 

Multidomain Amnestic 1.000 

Dysexecutive 0.371 

IADL final follow up  Amnestic Dysexecutive 1.000 

Multidomain 0.572 

Dysexecutive Amnestic 1.000 

Multidomain 0.460 

Multidomain Amnestic 0.572 

Dysexecutive 0.460 
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C) CORRELATION -FAZEKA AND NEUROPSYCHOLOGY SCORES  

On correlation analysis between FAZEKA changes on MRI and 

Neuropsychology variables ACE orientation, ACE recall and RAVLT delayed recall  

showed significant negative correlation at baseline (p value <0.05). 

 

TABLE 22– CORRELATION -FAZEKA & NEUROPSYCHOLOGY TESTS 

Neuropsychology 

variable 
Spearman’s 

First 

visit 

Second 

visit 

Third 

visit 

Fourth 

visit 

MMSE 

 

Correlation Coeff 

Sig (Two tailed) 

-0.126 

0.313 

-0.197 

0.195 

-0.053 

0.783 

 

ACE Correlation Coeff 

Sig (Two tailed) 

-0.090 

0.465 

-0.125 

0.408 

0.055 

0.784 

 

ACE orientation Correlation Coeff 

Sig (Two tailed) 

-.291* 

0.021 

-0.091 

0.556 

0.344 

0.086 

 

ACE registration Correlation Coeff 

Sig (Two tailed) 

0.034 

0.783 

0.065 

0.668 

0.063 

0.754 

 

ACE recall Correlation Coeff 

Sig (Two tailed) 

-.247* 

0.044 

-.327* 

0.026 

-0.316 

0.109 

 

ACE visuospatial Correlation Coeff 

Sig (Two tailed) 

-0.086 

0.499 

-.369* 

0.015 

0.080 

0.696 

 

ACE language Correlation Coeff 

Sig (Two tailed) 

-0.036 

0.777 

0.019 

0.905 

0.000 

0.998 

 

P fluency Correlation Coeff 

Sig (Two tailed) 

-0.161 

0.211 

-0.270 

0.069 

-0.055 

0.790 

 

Animal fluency Correlation Coeff 

Sig (Two tailed) 

-0.183 

0.158 

-0.207 

0.173 

-0.113 

0.582 

 

RAVLT total Correlation Coeff -0.198 -0.263 -0.226  
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Sig (Two tailed) 0.108 0.088 0.256 

RAVLT immediate 

recall 

Correlation Coeff 

Sig (Two tailed) 

-0.442 

0.173 

-.785** 

0.007 

-0.617 

0.192 

 

RAVLT delayed 

recall 

Correlation Coeff 

Sig (Two tailed) 

-.376** 

0.002 

-.323* 

0.035 

-0.315 

0.109 

 

RAVLT 

Recognition 

Correlation Coeff 

Sig (Two tailed) 

-0.186 

0.162 

-0.066 

0.686 

-0.343 

0.079 

 

Commission error Correlation Coeff 

Sig (Two tailed) 

0.172 

0.189 

.453** 

0.003 

0.278 

0.160 

 

WMS Logical  

memory immediate 

Correlation Coeff 

Sig (Two tailed) 

-0.053 

0.692 

-0.323 

0.051 

-0.214 

0.315 

 

Position 

discrimination 

Correlation Coeff 

Sig (Two tailed) 

.458* 

0.048 

-0.120 

0.742 

-0.280 

0.543 

 

IADL Correlation Coeff 

Sig (Two tailed) 

0.272 

0.082 

0.331 

0.055 

.474* 

0.017 

0.164 

0.180 

CDR Correlation Coeff 

Sig (Two tailed) 

0.101 

0.417 

0.194 

0.212 

-0.229 

0.215 

.321** 

0.008 

 

D) MULTIVARIATE ANALYSIS – CONVERTORS (TABLE 23) 

In the multivariate analysis, the age corrected models across converters 

showed age (p-0.3, Odds 1.05, 95% CI 0.933-1.203), RAVLT recognition (p-0.006, 

Odds -0.73, 95% CI -0.589-0.916), WMS logical memory immediate (p-0.033, 

Odds-0.885, 95% CI -0.790-0.990), WCST perseverative (p-0.004, Odds-3.116, 

95% CI-1.425-6.817) could predict conversion of MCI. 

It implies that lower RAVLT recognition score, WMS logical memory 

immediate scores and higher WCST perseverative error scores at baseline were 

independent predictors of MCI conversion on binary logistic regression. 
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1)  AGE CORRECTED MODEL 

TABLE 23 - SIGNIFICANT PARAMETERS ON MULTIVARIATE 

ANALYSIS AMONG NON CONVERTERS AND CONVERTERS 

 B 
Sig                          

(p value) 

Exp B 

(Adjusted 

Odds ratio) 

95% 

Confidence 

Interval 

(Lower-Upper) 

Age 0.058 0.371 1.059 0.933-1.203 

RAVLT Recognition -0.308 0.006 0.735 0.589-0.916 

WMS Logical memory 

immediate 
-0.123 0.03 0.885 0.790-0.990 

WCST Perseverative error 1.137 0.004 3.116 1.425-6.817 

Constant -2.703 0.560 0.067  

 

 

2) CONVERSION SCORE 

An equation was generated based on the logistic model for converter and a 

new score was created which could predict conversion from MCI during the mean 

duration of follow up 6.49 years 

CONVERSION SCORE=-0.308 (RECOG) - 0.123(WMS L1) +1.137 (WCST P) 

+0.058*AGE 

 

3) ROC CURVE 

The variables derived were from Beta logarithmic form and they were 

converted to linear regression model. Hence the validity of the derived score was 

tested using the ROC Analysis and the conversion score was found to be valid with 

AROC 0.881 (p <0.001)  

The new score was able to classify converters from Non converters.  
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FIGURE 30 - ROC ANALYSIS 

 

AROC – 0.881 (p <0.001) 

Predicted cut off score  

The Youden’s J was computed for each cut off values and the J Max was 

reported  

A conversion score greater than or equal to 2.6105, could predict with 

sensitivity of 71.4 % and specificity of 98.1%, Youden’s J max 0.695 for the risk of 

conversion over a period of 6.4 yrs . 

Sensitivity and Specificity of Conversion score (Youden’s J max) -

Appendices 6. 

 

4) MULTIVARIATE ANALYSIS -STABLE Vs PROGRESSORS (TABLE 24) 

The logistic regression model for stable Vs Progressors showed significance 

of the baseline MCI status (single or multidomain) with p-0.012, Adjusted Odds 

4.591 and 95% Confidence Interval 1.395-15.116.  
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TABLE 24 - FORCED MODEL WITH MCI BASELINE GROUP (STABLE 

VS PROGRESSORS) 

Parameter Sig (P value) 
Exp B -Adjusted 

Odds 

95% Confidence 

Interval (LL-UL) 

Age 0.141 1.070 0.978-1.170 

WMS Logical memory 

immediate 
0.222 0.955 0.887-1.028 

MCI baseline (Single / 

Multidomain) 
0.01 4.591 1.395-15.116 

Constant 0.073 0.003  

 

E) REPEATED MEASURE ANOVA 

1)  CDR-NON CONVERTER VS CONVERTER  

a)   CDR repeated measures - (Baseline and final follow up) 

The CDR repeated measure ANOVA among Converters and Non converters 

showed decline between and also within each groups from baseline and final follow 

up 

FIGURE 31 - CDR REPEATED MEASURE ANOVA - BASELINE AND 

FINAL VISIT NON CONVERTER VS CONVERTER 
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b)   CDR all four visits 

FIGURE 32 - CDR REPEATED MEASURE ANOVA -ALL FOUR VISITS 

NON CONVERTER VS CONVERTER 

 

2)  CDR-STABLE VS PROGRESSOR 

a)  CDR repeated measured (Between baseline and Final follow up) 

The CDR repeated measure ANOVA across stable Vs progressors showed 

decline between and within each groups from baseline and final follow up 

FIGURE 33 - CDR REPEATED MEASURE ANOVA -BASELINE AND 

FINAL VISIT STABLE AND PROGRESSOR 
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b)  CDR repeated measures – all four readings 

 

FIGURE 34- CDR REPEATED MEASURE ANOVA ACROSS ALL FOUR 

VISIT IN STABLE VS PROGRESSORS 

 

 

3) IADL REPEATED MEASURES -NON CONVERTOR VS CONVERTER 

a)  IADL repeated measures– baseline and final 

The IADL repeated measure ANOVA among Converters and Non converters 

showed decline between and also within each groups from baseline and final follow 

up 
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FIGURE 35 - IADL REPEATED MEASURE ANOVA -BASELINE AND 

FINAL FOLLOW UP IN NON CONVERTERS VS CONVERTERS 

 

b)  IADL repeated measures -All four visits 

FIGURE 36 - IADL REPEATED MEASURE ANOVA -ALL FOUR VISITS IN 

NON CONVERTERS VS CONVERTERS 
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4) IADL Repeated measure STABLE VS PROGRESSOR 

a)  IADL repeated measures baseline and final follow up 

The IADL repeated measure ANOVA across Stable and Progressors showed 

decline between and also within each groups from baseline and final follow up 

 

FIGURE 37- IADL REPEATED MEASURE ANOVA – BASELINE AND 

FINAL FOLLOW UP IN STABLE VS PROGRESSORS 

 

b)  IADL repeated measures - All four readings 

FIGURE 38 - IADL REPEATED MEASURE ANOVA – ALL FOUR VISITS 

IN STABLE VS PROGRESSORS 
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F) KAPLAN MEIER SURVIVAL CURVE 

 1)  SINGLE DOMAIN Vs MULTIDOMAIN MCI-SURVIVAL ANALYSIS 

(TABLE 25) 

The Kaplan Meier survival analysis showed Multidomain MCI would 

convert to dementia over a mean duration of 10.46 yrs (95% CI 8.261-12.666) when 

compared to single domain MCI 12.45 yrs (95% CI 11.230-13.687) and the log rank 

test showed significant p values (p-0.003).  

FIGURE 39- KAPLAN MEIER SURVIVAL ANALYSIS SINGLE DOMAIN 

VS MULTIDOMAIN MCI 

 

 

TABLE 25 – CONVERSION ESTIMATES BETWEEN SINGLE AND 

MULTIDOMAIN 

MCI Baseline group Estimate 
95% Confidence Interval (Lower 

Bound-Upper Bound) 

Single Domain 12.458 11.230-13.687 

Multidomain  10.463 8.261-12.666 

Overall 11.879 10.365-13.393 

Log Rank test p=0.003 
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2) SURVIVAL ANALYSIS -CDR  

Subjects with higher CDR scores at baseline had more decline and would 

convert earlier to dementia than subjects with low CDR.  

FIGURE 40 - SURVIVAL ANALYSIS – BASELINE CDR AND HAZARDS 

FOR PROGRESSION 

 

3)  NEW SCORE BASED CUT OFF (above 2.615) [TABLE 26] 

The Kaplan Meier survival curve for the conversion score with cut off above 

2.615 showed conversion to dementia over 4.576 yrs (95% CI 2.909 -6.243, log rank 

test p <0.001) when compared to score below 2.615 which would convert over 

14.805 (95% CI 13.671-15.939). 

Means and Medians for Survival Time 

TABLE-26- CONVERSION ESTIMATES BASED ON NEW SCORE (ABOVE 

2.615) 

Prediction of Conversion Estimate 
95%Confidence Interval (Lower 

bound-Upper bound) 

Screen negative for converting 14.805 13.671-15.939 

Screen positive for converting 4.576 2.909-6.243 
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Overall 12.570 10.988-14.153 

Log rank test p <0.001 

FIGURE 41- KAPLAN MEIER SURVIVAL ANALYSIS FOR CONVERSION 

SCORE CUT OFF ABOVE 2.615 

 

G) ANNUALIZED CONVERSION RATE 

Cumulative conversion rate at mean (SD) period of follow up= 21/95 (22.2%) 

Total Person time of follow up in years = 636 

Total events = 21 

Annualized conversion computes to be 3.30 per 100 person years 

Hundred persons followed up for one year – Three persons will convert  

Hence over a period of follow up for 6.4 yrs in our cohort ,  around 19.2 patients  out 

of hundred converted to dementia 
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DISCUSSION 

The was a real gap in knowledge was the dearth in  indigenous literature as 

there were no similar Hospital based studies which identified MCI predictors and 

also looked at the longitudinal trends of evolution in MCI  from the Indian 

subcontinent. 

A community based cohort from Kolkata by Das et al showed the prevalence 

of MCI was around 14.89% however the estimate of conversion to dementia is 

uncertain(26). 

DEMOGRAPHIC PROFILE  

Ninety five  patients with MCI  68.4% males 31.6% females, with age 68.4 

±6.4 , at baseline were  followed up for a mean duration of 6.4 yrs and the mean 

duration from symptom onset was 8.7yrs.  

AGE  

The mean age was higher among converters 70.33yrs, progressors 70.54 yrs 

and multidomain MCI 69.31yrs. The predictive accuracy for conversion of MCI is 

dependant on age and age is an independent factor for MCI conversion as has been 

found in other studies (12,13,35,42). 

Even though in our analysis we could not find significance, anticipating a 

potential confounding effect, it was forced into the logistic regression model and the 

conversion score .Hence we relied on a logistic regression based estimation to look 

at the independent effect of neuropsychological variables at baseline on risk of 

conversion. 

EDUCATION STATUS  

Our study population were from Kerala and it consisted of a highly literate 

population and 94.8% of cohort had   more than 12 yrs of education. At 96.2 per 

cent, Kerala emerged as the most literate state in India once again. In Kerala, the 

female literacy rate has been pegged at 95.2 per cent in contrast to the male literacy 

rate at 97.4 per cent (The report on 'Household Social Consumption: Education in 

India as part of the 75th round of National Sample Survey ).The mean years of 

education did not differ significantly across the three groups . 
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The education status has a definite influence on most of domains of 

cognition and is protective against MCI conversion(9,14,35). This can also 

potentially explain our lower  ACR which is similar to that of community based 

cohorts (6,70,72) but significantly lower than other hospital-based cohorts. This 

could indicate a higher proportion of ‘worried well’ persons who are keen not to 

disregard their cognitive issues as simple aging associated memory impairment and 

preference for early diagnosis and intervention is sought better among persons with 

higher education.  

11.6% patients had positive family history of dementia and Apo E4/E4 allele 

was positive in 41.6% (10/24) in our subset analysis.  However positive family 

history or Apo E4 homozygosity did  not significantly differ among non convertors 

and convertors as has been shown in other studies (115) 

MAJOR COMORBIDITIES  

Most of the studies have shown significant association between vascular risk 

factors, metabolic syndrome, hypothyroidism with cognitive decline and dementia 

conversion on follow up(15,36,37,43,44). 

The major comorbidities were Hypertension (49.5%), diabetes 41.1%, 

Obstructive sleep apnoea 35.8%, dyslipidemia 23.2%, CAD 17.9%, Thyroid illness 

14.8% and seizures 11.6%. Kerala is a state with a higher burden of these disorders 

compared to the rest of the country (116,117) ,which made it particularly relevant to 

determine the relevance of these factors on conversion risk. 

None of the comorbidities had a significant bearing on dementia conversion 

in our cohort as opposed to the findings of other hospital community based cohorts 

(15,37,43,44).  This may be because of the higher health seeking behaviour and 

early identification and further control and follow up of patients with these 

comorbidities with medications and other interventions. Similar findings on the non 

significance of clinical variables as opposed to neuropsychology variables on the 

risk of conversion has been demonstrated in studies such as by Edith et al(57). 
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NEUROPSYCHIATRIC ILLNESS AND MCI 

Neuropsychiatric symptoms as prognostic markers for MCI conversion were 

looked at by various studies and the common conclusions were depression was 

associated with increased risk of progression(15,38,40,41). Some studies have found 

association with irritability and apathy as conversion predictors(39). 

A large community based data by Srikala et al from India showed that the 

prevalence of neuropsychiatric symptoms were 55%(94). 

33.7% had psychiatric illness at baseline and 17.9% had depression and 

14.7% had anxiety at baseline. The lack of significant association in our study may 

be because we excluded patients with clinically significant anxiety, depression, 

psychosis and bipolar disorders. Also we did not find the HADS scores to differ in 

convertors or progressors. Another aspect could be of the early treatment and 

targeted treatment including psychiatric referral which were reflected in follow up as 

improvement of HADS score.  

MCI CONVERSION  

The cumulative conversion rate was 22.1% on follow up .This was almost 

comparable  to the multiple hospital based cohorts worldwide(13,14,55). 

An Indian study by Mukku et al which had only 21 MCI cohorts with median 

follow up 1.4 yrs found 28.6% conversion and rest of the MCI retained the status 

without any reversion(93). Our study demonstrated the relevance of memory 

variables, particularly learning and encoding measures as determined by recognition 

score and executive function as determined by errors on set shifting to be 

particularly relevant. This is similar to the results of other studies (13,54,56–

58,63,66) and ours is the first study from Indian to demonstrate the superior 

relevance of neuropsychological tests after correction for age in comparison to 

baseline comorbidities to be a factor that estimates conversion. Conversion rate as 

shown in the review of literature is multifactorial and baseline measures of memory, 

executive function and profile of MCI at baseline are likely to determine this. It is 

well known that baseline neuropsychological measures even among  persons with 

subjective memory deficits and minimal cognitive impairment ascertain cognitive 
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reserve and are likely to  determine the future clinical course (14,54,56,63,66). 

Development of neuropsychological changes are known to post-date pathological 

changes in pre-clinical AD (118) and thus baseline performance of memory and 

executive function will prove to be robust clinical biomarkers of MCI due to a 

neurodegenerative cause with a definite risk of progression. We have explored the 

combination of tests which are relevant robustly in our multivariate analysis as will 

be discussed further. 

SINGLE AND MULTIDOMAIN MCI 

58.9% had single domain MCI and 41.1% multidomain MCI at baseline and 

on follow up 66.6% of the multidomain MCI converted to dementia 33.6% had 

amnestic MCI and 28.4% had dysexecutive MCI at baseline. 

Amnestic MCI was significantly associated with dementia conversion 

especially AD(9,10) and multidomain MCI at baseline had significant conversion 

(more than half to two thirds) in various studies(8,9,50,72). Conversion to AD was 

noted in a significant proportion of our cohort with rare patients converting to 

DLBD and FTD as has been noted in other studies (119–123). This also suggests 

that AD is more likely to have a prolonged prodromal phase as MCI (124,125) as 

opposed to DLBD and FTD which are syndromes which can present to the geriatric 

psychiatrist as mild behavioural impairment (MBI) and will be evaluated 

neurologically only once overt neurological decline is apparent to the extent of 

affliction of activities of daily living (eg delirium, resistant hallucinations or mood 

disorders with dysexecutive syndrome which do not respond to conventional 

psychiatry treatment). Our results do not seem to indicate a large proportion of MBI 

who met the neuropsychological criteria of MCI probably due to the exclusion 

criteria for our study. 

A study from NIMHANS have found that  multidomain MCI was the most 

common type of MCI and had performed worse on episodic memory ,logical 

memory ,attention and executive functions in the cross sectional data , however the 

follow up evolutions were not looked into(94). 
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AMNESTIC Vs DYSEXECUTIVE Vs MULTIDOMAIN MCI 

In our subgroups multidomain MCI at baseline was significant among 

converters and amnestic, dysexecutive MCI at baseline found no significance in 

predicting conversion or progression to dementia. We did not find significant 

association between FAZEKA grade and outcome measures (CDR and IADL) 

across these groups between baseline and follow up. 

The risk of dementia conversion were more among amnestic and 

multidomain MCI based on multiple prior studies (9,10,72) . However we did not 

observe a higher rate of progression in isolated amnestic MCI indicating that 

presence of subtle executive deficits on cognitive testing needs to be ascertained and 

the focus should not be restricted to the memory domain alone. Attention, executive 

and visuospatial deficits are known to be harbingers of cognitive decline in 

prodromal AD(126,127) 

NEUROPSYCHOLOGY TESTS IN MCI 

Literature survey shows that intra-individual change in neuropsychological 

test scores over time can diagnose trends in MCI and also conversion to dementia 

much earlier than other clinical , MRI Brain or functional imaging parameters(81). 

The results of our study were in concurrence with the same. The baseline 

neuropsychology evaluation has showed significant impairment on tests of memory 

and executive functions in MCI converters and progressors and also in multidomain 

MCI subjects and these subjects have a more rapid decline in the cognitive functions 

when compared to Non converters / stable MCI and single domain MCI. 

Tabert et al found that deficits in verbal memory and psychomotor speed 

/executive function abilities strongly predicted conversion to AD(54).  

COMPARISON OF NEUROPSYCHOLOGICAL PARAMETERS ACROSS 

GROUPS 

The poor performance in  test of memory especially delayed recall  and 

executive functions at baseline predicted MCI conversion to dementia in multiple 

hospital based cohort(13,56,58,60,63,66). The community based cohorts have also 

found similar associations(48,49,67,68,71). 
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Our MCI cohort also revealed similar findings concordant with multiple 

hospital and community based cohorts. There was significant decline in the tests for 

memory and learning (RAVLT total, RAVLT recognition, WMS visual immediate, 

delayed, digit forward, WMS logical memory immediate) and tests for executive 

function (Trail A errors, Trial B errors, WCST P) from baseline among converters 

and progressors.  

OUTCOME MEASURES  

Higher Clinical dementia rating score (CDR) and IADL at baseline has been 

associated with a greater risk of MCI conversion(14,51,52,61,82). Our cohort also 

exhibited similar results. 

MRI PARAMETERS AND MCI 

Hippocampal volume loss is directly corroborated pathologically to neuronal 

loss and clinically to memory deficits. The measure of hippocampal volume has 

been used for predicting MCI and further conversion to AD. In several longitudinal 

studies, total hippocampal volume was reported as reduced in the following order: 

control> MCI >AD(79,80,82).  

Hence we had analysed the MRI parameters across three groups of MCI in a 

subset analysis ,but none of the MRI Brain parameters except FAZEKA grading 

were found to be significant to predict progression /conversion in our study. 

Crucially a study by Fleisher et al also found that MRI measures did not improve 

predictive accuracy beyond that obtained by cognitive measures(81). After 

correction for age on our bivariate analysis no volumetric variable was found to be 

significantly correlated with conversion however multidomain MCI demonstrated an 

increase CSF volume in comparison to single-domain which may be a compensatory 

change or an indirect marker of global cerebral atrophy and is likely to be more 

pronounced in the former. This has been demonstrated in other studies (128). 

Imaging differences between single-domain and multidomain MCI were 

apparent on ERICA score with moderate atrophy more frequent in the latter 

subgroup . Thus a qualitative score may be of utility in determining the imaging 
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phenotype of MCI. However this was not proven to be a factor deterministic for 

conversion or progression.  

 

FAZEKA GRADE AND NEUROPSYCHOLOGICAL PARAMETERS 

CORRELATION  

The progression of MCI to dementia was studied by Salka et al and found 

that higher FAZEKA score correlated with progression to non Alzheimer’s dementia 

and medial temporal lobe atrophy predicted progression to AD(75).  Holz et al found 

that FAZEKA score exhibited significant correlation with all cognitive domains but 

especially with episodic visual memory(76). 

In our study 41.1% showed evidence of small vessel disease on MRI Brain 

on FAZEKA grading  

On correlation analysis between FAZEKA changes on MRI and 

Neuropsychology variables like ACE orientation, ACE recall and RAVLT delayed 

recall  showed significant  correlation at baseline in converters and progressors . 

This raises the significance of white matter integrity as a measure of dementia risk 

among persons with MCI. Prior studies have also demonstrated this correlation 

between memory measures and Fazeka’s grading in Va MCI (77)  and tensor 

imaging has also been found to be a robust measure on multimodality imaging 

.(97)As has been shown in longitudinal community  cohorts (Framingham 

study(129)), the importance of baseline white matter ischemia or disordered tensor 

metrics could suggest in utility as an imaging biomarker in MCI at risk of 

progression. However this measure was not found to be significant on multivariate 

analysis indicating that age in itself could determine the Fazeka’s grading in 

combination with vascular risk factors such as diabetes and hypertension which 

were found in a significant proportion of patients in our study. This aspect has also 

been demonstrated in other studies (129,130). In the absence of longitudinal 

community based cohort data or case-control comparisons we are unable to 

determine the role of higher prevalence of risk factors such as DM, hypertension, 

smoking, alcohol use or sleep apnoea with regard to conversion risk in our MCI 

cohort. 
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MULTIVARIATE ANALYSIS -LOGISTIC REGRESSION  

The multivariate logistic regression has found low RAVLT recognition, 

WMS immediate logical memory scores and high WCST -perseverative errors as 

predictors of progression and none of the clinical and MRI parameters could reliably 

predict conversion in bivariate or multivariate analysis. Prior studies which have 

attempted to provide similar logistic regression based estimates have combined 

neuropsychology test of memory and executive functions and found significance  in 

delayed recall on logical memory and trail making test (sensitivity 86%,specificity 

83%)(63), RAVLT(49), semantic deficits(68), clock drawing test (sensitivity of 

100% and specificity of 94.7%)(53), semantic fluency (sensitivity 84%, specificity 

64%)(67), delayed recall(131).  Garcia et all found that long delay cued recall 

(sensitivity 85.7, specificity 98.3) and the performance time of the Rey figure test 

(sensitivity 70%, specificity 62%)(48) were the best predictive tests of conversion to 

dementia after an MCI diagnosis 

CONVERSION SCORE  

A conversion score was derived based on data from the logistic regression 

which if was higher than 2.615 could predict risk of conversion with sensitivity of 

72% and specificity of 98% over a period of 6.4 yrs follow up ,suggesting the utility 

of our equation which combined age, learning and encoding score with executive 

errors to predict conversion in MCI. 

ROC CURVE  

The validity of the derived score was tested using the ROC Analysis and the 

conversion score was found to be valid with AROC 0.881 (p <0.001). 

SURVIVAL ANALYSIS AND HAZARDS CURVE  

The Kaplan Meier survival analysis showed that the hazards of conversion of 

multidomain MCI to dementia would take around 10.46 yrs when compared to 12.45 

yrs in single domain MCI.  
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The survival analysis curve for the cut off score 2.615 showed conversion to 

dementia over 4.5 yrs when compared to score below 2.615 which would convert 

over 14.8 yrs  

CDR AND IADL REPEATED MEASURE ANOVA ANALYSIS  

The CDR and IADL repeated measure ANOVA across Non converters Vs 

converters and stable Vs progressors showed decline between and within each 

groups from baseline and final follow up. This was supportive of evidence from 

multiple studies that CDR and IADL are reliable predictors of MCI         

progression(14,51,52,61,82). 

ANNUALIZED CONVERSION RATE  

A cumulative conversion rate of 22.1% over mean period of follow up of 6.4 

yrs and over a mean duration of symptoms 8.7 yrs, which is similar to that identified 

other hospital based cohorts (ranging between 20-30%).  The annualized conversion 

in our study was however 3.3 per hundred person years which means that three 

patients will convert each year for 100 persons with MCI followed up , hence as the 

mean duration of follow up in our study was 6.4 yrs, a total of 19.2 patients will 

convert over that period to dementia from MCI. This conversion rate was much 

lower than the reviewed data from hospital based cohorts and is similar to other 

community based cohorts (3-10%) for dementia and its subtypes (13,14,33). This 

might be due to fact ,the early health seeking behaviour of our patients who were 

predominantly from urban/semi urban regions of Kerala with high literacy and 

education levels and where the healthcare systems are well developed(132,133) and 

the subjects would have an early diagnosis of MCI .Such subjects would be under 

constant medical care and follow up with constant monitoring and follow up of 

vascular risk factors and also early identification and treatment of associated 

neuropsychiatric illness along with other comorbidities which were treated with 

targeted interventions or pharmacotherapy. It is possible that the MCI non 

convertors in our subgroup could harbour other etiologies such as VCI (although 

only a small subset had a past history of stroke) and  a longer period of followup 

could be more relevant given the fact that progressors were older in comparison to 

non-progressors in our study. This observations reinforces the fact that all MCI 
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etiologies are not degenerative dementias and early identification of subjects with 

close follow up might definitely help in preventing progression to dementia as well 

as improve the quality of life . The recent Lancet 2020 reports indicates a >40% risk 

reduction with early, mid and late –life interventions to delay the onset of 

dementia.(134) Our results while not entirely representative of the community could 

suggest a significant intervention window in MCI and the necessity to have a high 

specificity for diagnosis of MCI due to AD or other etiologies. It is thus pertinent to 

determine the etiology of MCI at baseline itself so as to mitigate risk factors for 

conversion and thus enabling a good intervention time window in MCI. Another 

possibility for the low conversion rates might be most of our patients might fall in 

the “worried well” category and they have a tendency of health seeking behaviour 

and reassurance is also the key, especially if test performances are borderline with 

regard to the cut off score for that particular age and education status. It is still 

controversial as to whether one should rely on 2 tests in a cognitive domain with a 

performance of mean-1 SD to diagnose impairment or impairment on any one test 

for a given domain with a score of below mean-1.5SD is required. While we relied 

on the latter performance on 2 tests to diagnose impairment the possibility of over 

diagnosis remains. Although employing domain specific measures alone may have a 

role in predicting conversion to dementia, its use in a heterogeneous entity such as MCI 

irrespective of conversion risk may lead to under-diagnosis. It is also recognized that 

the best validity for MCI diagnosis is seen when two tests in each domain are 

employed in composite. Recent evidence from the Framingham cohort demonstrated 

that only the two-tests approach, i.e. Jak/Bondi criteria (two tests impaired/domain, 

>1 SD below normal) remained significantly associated with incident dementia on a 

combined statistical hazard model(135–137). 

REFERRAL, MEASUREMENT AND ASSESSMENT BIAS  

Our hospital is a quaternary care centre in South India hence there is a 

possibility that the poor and illiterate persons have delayed access to our centre for 

memory problems which would result in potential referral bias, but this situation is 

less likely in Kerala as the literacy rate is very high and healthcare seeking 

behaviour is high, hence the chance for selection bias is less likely. Many subjects 
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tend to defer evaluation by simplifying symptoms as ‘aging associated memory 

impairment’. Only  a longitudinal community study can address this limitation. 

The neuropsychology measurements were consistent and the same battery of 

tests were used but different neuropsychologist at various time points have done the 

assessments, hence  minor variations may have crept in which may lead on to a 

measurement bias / interobserver bias, but the distortion of final results is less likely.  

Ascertainment bias also happens when data for a study or an analysis are 

collected such that some members of the target population are less likely to be 

included in the final results than others (eg Patients with MCI who did not have 

complete neuropsychological assessments or did not follow up beyond 1 year were 

excluded). The resulting study sample becomes biased, as it is systematically 

different from the target population. Ascertainment bias in our study could be 

related to sampling bias, selection bias, detection bias, and observer bias. 

Ascertainment bias can happen when there is more intense surveillance or screening 

for outcomes among exposed individuals than among unexposed individuals, or 

differential recording of outcomes. 

FUTURE IMPLICATIONS AND DIRECTIONS  

These observations tells us that MCI is a window of opportunity for 

intervention but this needs to be substantiated by future studies which would identify 

sensitive and specific early longitudinal predictors in MCI and also more robust 

multicentric data on various subgroups and subtypes of MCI including post mortem 

pathology studies. Longitudinal case-control hospital-based studies will throw 

further light on the relevance of clinical factors interlinked to neuropsychological 

measures and after correction for age.  Incorporation of multimodality imaging 

techniques in conjunction with MRI volumetry such as diffusion tensor imaging, 

resting state fMRI connectivity, MR spectroscopy arterial spin-labelling based 

perfusion techniques and when available amyloid-PET imaging may also throw light 

in to what baseline features can predict conversion or progression in various 

subtypes of MCI. 
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CONCLUSION  

1. Cumulative conversion rate of 22.2% was noted in our hospital based cohort (of 

patients with well characterized MCI who were diagnosed based on standard 

clinical and neuropsychological criteria) similar to as in other studies, however 

a lower estimate of annualized adjusted conversion rate to dementia  of 3.3 per 

hundred person years was noted (as in  community based cohorts). 

2. Higher risk of conversion and progression is associated with multidomain MCI 

at baseline highlighting the importance of subclassifying MCI at baseline . 

3. Intra individual change in neuropsychological test scores over time can 

diagnose dementia better than clinical or imaging parameters. 

4. Neuropsychological tests for memory and learning such as Rey Auditory Verbal 

Learning Test, Wechsler Memory Scale and tests for executive functions as 

WCST are more specific in predicting conversion to early dementia and are the 

earliest to show changes. 

5. CDR and IADL at baseline can potentially predict risk of progression both 

within and between the groups , however may not differ between MCI subtypes 

of amnestic ,dysexecutive and multidomain . 

6. FAZEKA changes at baseline correlates with decline in memory tests such as 

RAVLT, ACE orientation and Recall.  

7. Logistic regression based estimations of dementia risk in MCI have a high 

specificity especially if it takes into consideration age, memory and executive 

domain test scores.   

8. Clinical variables such as vascular risk factors among others, education status 

and MRI volumetric measures did not differ between convertors to dementia 

and non-convertors among our cohort of MCI. However the significance of 

white matter integrity measures which is directly linked to vascular risk factors 

such as hypertension, diabetes and age needs to be studied in more detail using 

quantified DTI as Fazeka’s score was higher among both convertors and 

progressors. The significance of atrophy measures such as ERICA is confined to 

imaging differences between single and multi-domain MCI. However  the 
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qualitative ERICA score at baseline does not seem to be a predictive factor for 

conversion in MCI 

 

 

STRENGTHS OF STUDY 

The strengths of our study are its prospective follow up limb  including a 

Hospital based cohort of MCI patients, the comprehensive and timely 

neuropsychological evaluation and the use  of imaging  predictors in surveying  

longitudinal cognitive trends in MCI, including a diagnostic workup and a long 

follow-up. Our results suggest the importance of specific baseline 

neuropsychological measures of memory (learning, recall, recognition) and 

executive function measures (especially performance errors on set shifting) to 

predict MCI at risk of conversion using specific age and neuropsychological test sub 

scores in a logistic regression based model. The model derived by us can be useful 

for not only prediction of progression in MCI but also risk of conversion 

independent of other clinical variables after controlling for the independent effect of 

age. Other strengths include subsets which have longitudinal neuropsychology, 

baseline volumetry and qualitative MRI estimates in subsets of patients (especially 

white matter disease burden) as well as inclusion of different subtypes of MCI 

(single-domain, multiple domain). We were also able to highlight the 

neuropsychological differences between convertors and non convertors, progressors 

and non progressors, amnestic, dysexecutive and multidomain subtypes. The 

relevance of CDR and IADL measurements at baseline and follow up were also 

ascertained indicating the necessity to not only measure domain specific test scores 

but also real-world performance measures in MCI.   

Ours is the largest study from India with a cohort of MCI patients and long 

duration of follow up using a combination of age and neuropsychology predictors.  
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LIMITATIONS OF STUDY 

Our results should be interpreted in light of several limitations- 

1. First, this study was carried out in a single centre, thus further large cohort 

studies are needed to confirm the generalizability of our findings 

2. Possible biases related to diagnostic ascertainment and lack of self- referral to 

memory clinic cannot be excluded. It is possible that a proportion of patients did 

not seek medical attention for mild memory issues  

3. Functional imaging like PET, CSF biomarkers were not done in this study and 

APO E status could be done only in one fourth of subjects  

4. This was a single centre hospital based study hence the sample size was 

adequate but considering the overall small sample size some statistical 

assumptions were violated  

5. Selection bias and referral bias to hospital based registry. It is possible patients 

with subjective memory complaints who did not undergo formal 

neuropsychology assessment a baseline may have been excluded. 

6. The neuropsychological tests at various time points were done by different 

neuropsychologists hence mild interobserver variations may have crept in 

resulting in measurement bias 

7. Although clinical and ADL outcome variables could be evaluated, baseline 

neuropsychological measures alone were relied upon as the entire cohort did not 

have identical time points of longitudinal neuropsychological assessment. 

Referral for neuropsychology is largely clinically driven hence an ascertainment 

bias is also likely. However DSM IV criteria was relied upon with regard to 

conversion of the MCI patients all of whom had complete neuropsychological 

measures available at the baseline visit. 
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APPENDICES -1-MCI DEFINITION (PETERSEN ET AL) 
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APPENDICES -2 - DEMENTIA (DSM-4 CRITERION) 

 

A1 - Memory impairment 

A2 - One of the following  

-Aphasia 

-Apraxia 

-Agnosia 

-Disturbance in executive function  

The cognitive deficits in A1 and A2 each cause significant impairment in 

social or occupational function and represent a significant  decline from previous 

level of functioning  

 The cognitive deficits do not occur exclusively during the course of delirium. 
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APPENDICES -3 -ALZHEIMER’s DEMENTIA (Mc KHANN et al 2011) 

 

 

 

 

 



 137 
 

APPENDICES -4-CLINICAL PROFORMA 
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APPENDICES -5-NEUROPSYCHOLOGY TESTS 

MMSE 

- It is probably the most widely used test for bedside memory testing.  

- It has sensitivity and specificity of 70% with a cut off score of 26.  

- The scores of 26 (in non educated individuals) and 28 (in educated 

individuals) warrant further assessment, follow up and surveillance for MCI. 

- Addition of a recall after a longer delay improves the sensitivity and 

specificity to >80%. 

Addenbrooke's Cognitive Examination 

The ACE encompassed tests of five cognitive domains: attention/orientation, 

memory, language, verbal fluency, and visuospatial skills.  

It is scored out of 100, with a higher score denoting better cognitive function. 

The ACE also incorporated the MMSE, such that this score (out of 30) might 

also be generated.  

The current version of the test is the Addenbrooke's Cognitive Examination-

III (ACE-III). This consists of 19 activities which test five cognitive domains: 

Attention, Memory, Fluency, Language and Visuospatial processing 

Attention 

Attention is tested by asking the patient for the date including the season and 

the current location; repeating back three simple words; and serial subtraction. An 

example is something like "subtract seven from 100 and then continue subtracting 

seven away from each new number." 

Memory 

Memory is tested by asking the patient to recall the three words previously 

repeated; memorising and recalling a fictional name and address; and recalling 

widely known historical facts. The memory section is split into five sections 

scattered throughout the tests.  
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Fluency 

Fluency is tested by asking the patient to say as many words as they can 

think of starting with a specified letter within one minute; and naming as many 

animals as they can think of in one minute. An example of this would be the tester 

asking the test taker to list every word they can think of that starts with the letter C. 

Language 

Language is tested by asking the patient to complete a set of sequenced 

physical commands using a pencil and piece of paper such as "place the paper on top 

of the pencil"; to write two grammatically-complete sentences; to repeat several 

polysyllabic words and two short proverbs; to name the objects shown in 12 line 

drawings, and answer contextual questions about some of the objects; and to read 

aloud five commonly-mispronounced words. Language involves ascribing meaning 

to words and statements so this section consists of simple directions that may 

involve movements, such as the example of placing the paper on top of the pencil, to 

see how well they apply meaning. Because language is valuable and important to 

functioning in society, this section is the longest consisting of seven separate parts. 

Visuospatial 

Visuospatial skills are used almost daily to remember directions, addresses, 

and layout of familiar places. Visuospatial abilities are tested by asking the patient to 

copy two diagrams; to draw a clock face with the hands set at a specified time; to 

count sets of dots; and to recognize four letters which are partially obscured. 

Scoring 

The results of each activity are scored to give a total score out of 100 (18 

points for attention, 26 for memory, 14 for fluency, 26 for language, 16 for 

visuospatial processing). The score needs to be interpreted in the context of the 

patient's overall history and examination, but a score of 88 and above is considered 

normal; below 83 is abnormal; and between 83 and 87 is inconclusive. 
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Rey Auditory Verbal Learning Test, RAVLT 

- The Rey Auditory Verbal Learning Test (RAVLT) is a neuropsychological 

assessment designed to evaluate verbal memory in patients, 16 years of age 

and older. 

- It can be used to evaluate the nature and severity of memory dysfunction and 

to track changes in memory function over time.  

- The test is designed as a list-learning paradigm in which the patient hears a 

list of 15 nouns and is asked to recall as many words from the list as 

possible. After five repetitions of free-recall, a second ‘‘interference’’ list 

(List B) is presented in the same manner, and the participant is asked to 

recall as many words from List B as possible.  

- After the interference trial, the participant is immediately asked to recall the 

words from List A, which she or he heard five times previously. After a 20 

min delay, the participant is asked to again recall the words from List A. 

After this ‘‘delayed recall’’ task, a list of 50 words is presented containing all 

of the words from Lists A and B, in addition to 20 phonemically and/or 

semantically similar words. This trial directly tests recognition memory, as 

opposed to free-recall.  

- The multiple memory processes assessed by the RAVLT provide rich data 

regarding memory abilities.  

- The multiple recall trials for List A can be represented as a learning curve, 

demonstrating relative memory capacity.  

- In addition, the correct number of recalled words from List B, the recall of 

immediate-delayed words from List A, and the delayed-recall words from 

List A are also recorded to assess for interference and retention. 

- The RAVLT may be particularly useful for comparing specific memory 

processes within an individual.  

- The number of words recalled on the first five repetitions of List A provides 

a measure of immediate memory span.  

- The change over these five trials provides a learning curve, with the slope of 

the curve representing verbal learning.  
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- The delayed recall score compared to the number of words recalled on trial 

one asses the participant’s retention skill.  

- The recognition task allows the clinician to distinguish between retrieval in 

initial encoding and retention of information.  

- Overall recall patterns can also be evaluated for primacy and recency effects, 

intrusion errors, and semantic or phonetic confusions 

Digit Span Test 

- The Digit Sequencing Test, alternatively called the Digit Span Test is a key 

tool for working verbal memory. Usually, the examiner reads a list of 

numbers as the digit sequencing, and the participant repeats them until an 

incorrect answer is given. 

- The test was originally designed to test working memory and attention, as 

part of the Wechsler Intelligence Scale.  

- Usually, the examiner reads a list of numbers, and the participant repeats 

them until an incorrect answer is given. Sometimes the participant is asked to 

repeat the sequence of digits backward. 

- The Digit Sequencing test measures one’s verbal working memory and 

attention. After the examiner has presented the digits, the participant must 

recall them – until they can’t remember the complete sequence, or until they 

repeat it incorrectly. Usually, the trials are presented twice. 

- The Digit Sequencing test can be administered backward, which means that 

the subject has to repeat the digits in reverse order. This variation requires 

the participant to hold the digits longer in their working memory.  

- Thus, it’s believed that the ability to perform well on this additional 

difficulty of the task can be linked to general intelligence. 

Trail Making Test 

- The Trail Making Test is a neuropsychological test of visual attention and 

task switching.  

- It consists of two parts in which the subject is instructed to connect a set of 

25 dots as quickly as possible while still maintaining accuracy.  
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- The test can provide information about visual search speed, scanning, speed 

of processing, mental flexibility, as well as executive functioning. 

- It is sensitive to detecting cognitive impairment associated with dementia, 

for example, Alzheimer's disease.  

- The task requires a subject to connect a sequence of 25 consecutive targets 

on a sheet of paper or computer screen, in a similar manner to a child's 

connect-the-dots puzzle.  

- There are two parts to the test: in the first, the targets are all numbers (1, 2, 3, 

etc.) and the test taker needs to connect them in sequential order; in the 

second part, the subject alternates between numbers and letters (1, A, 2, B, 

etc.).If the subject makes an error, the test administrator corrects them before 

the subject moves on to the next dot. 

- The goal of the test is for the subject to finish both parts as quickly as 

possible, with the time taken to complete the test being used as the primary 

performance metric.  

- The error rate is not recorded in the paper and pencil version of the test; 

however, it is assumed that if errors are made it will be reflected in the 

completion time.  

- The second part of the test, in which the subject alternates between numbers 

and letters, is used to examine executive functioning. The first part is used 

primarily to examine cognitive processing speed. 

Wisconsin Card Sorting Test 

- The Wisconsin Card Sorting Test (WCST) is a neuropsychological test of 

"set-shifting", i.e. the ability to display flexibility in the face of changing 

schedules of reinforcement.  

- The Wisconsin Card Sorting Test requires subjects to discover the principle 

according to which a deck of cards must be sorted.  

- The standard material consists of cards bearing geometric figures that vary in 

colour (red, green, blue, or yellow), shape (triangle, star, cross, or circle) and 

number (1, 2, 3, or 4 items). 

- Four reference cards are aligned in front of the subject throughout the test. 

Another deck of cards serves as response cards.  
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- The subject is instructed to place each response card in front of 1 of the 4 

reference cards, wherever he thinks it should go. After each response, he is 

told whether the response was "right" or "wrong," but not where the card 

should have gone.  

- The goal for the subject is to get as many "right" responses as possible.  

Initially, cards must be sorted according to, say, colour. When performance 

is successful, the sorting rule is changed, for example from colour to shape; the 

subject must notice the change and find the new correct rule. 

Wechsler Memory Scale (WMS) 

The Wechsler Memory Scale is a neuropsychological test that can be used 

with people from age 16 to 90. The WMS or WMS-R contains sub-tests like Logical 

Memory Passage, Visual Reproduction and Paired Associate Learning. Logical 

Memory Passage is a test of paragraph or prose recall and has an immediate recall 

and delayed recall. The examiner reads two stories, stops after each reading, and 

asks for an immediate free recall. After a delay of 30 minutes, delayed recall is taken 

as an attempted verbatim recitation. Story 1 contains 24 memory units and Story 2, 

23 memory units. The total score is the total number of ideas recalled for both 

stories together. The WMS-R Visual Reproduction Subsets requires the subject to 

draw from memory simple geometric figures. Each of the visual reproduction cards 

is shown for ten seconds. Following each presentation, immediate recall is tested. 

The subjects then draw from memory what they remember of the design. A delayed 

recall is taken after 30 minutes. 

Clinical Dementia Rating (CDR) Scale 

- It considers six domains - memory, orientation, judgment and problem 

solving, community affairs, home and hobbies, and personal care.  

- Score of 0.5 on this scale is of diagnostic importance for MCI, according to 

Peterson’s modified criteria. 

- American Academy of Neurology (AAN) accepts this score as equivalent to 

the presence of MCI. 

- It has a high inter-rater reliability and appears to be a reliable and valid tool 

for assessing and staging dementia 
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IADL 

- Instrumental Activities of Daily Living (IADL) Scale was developed to 

assess more complex activities (termed “instrumental activities of daily 

living”) necessary for functioning in community settings (e.g., shopping, 

cooking, managing finances). 

- The capacity to handle these complex functions normally is lost before basic 

“activities of daily living” (e.g., eating, bathing, toileting) which are 

measured by ADL scales.  

- Therefore, assessing IADLS may identify incipient decline in older adults or 

other individuals who are otherwise capable and healthy 
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APPENDICES -6-SENSITIVITY AND SPECIFICITY OF CONVERSION 

SCORE (YOUNDEN’S J MAX) 
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APPENDICES-7 (MRI PARAMETERS ACROSS GROUPS AT BASELINE) 
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KEY TO MASTERCHART (APPENDICES-8) 

BASELINE AND FINAL FOLLOW UP 

Sex     1. Male    2. Female 

Death     0. No     1. Yes 

 

Death Cause    0. Alive    1. Advanced Dementia 

2. Other Medical 

 

Educational history   1. Illiterate      2. Primary   

3. Middle  School   4. High School   

5. Intermediate diploma  6. Graduate  

7. Professional degree/diploma    

 

Occupation     1. Unemployed     2. Unskilled worker    

3. Semiskilled worker    4. Skilled worker  

5. Clerical /shop /farm  6. Semi Profession  

7. Professional 

 

Socioeconomic status    1. Lower     2. Upper lower    

3. Lower middle    4. Upper middle   

5. Upper 

 

Family h/o  0. Absent   1. Present 

Family history  0. Absent    1. One first degree 

2. Two first degree  3. One first degree, one seconds deg 

4. Third degree 

 

Comorbidities     1. Absent     2. Diabetes    3. Hypertension    

4. Dyslipidemia  5. CAD   6. Stroke  

7. POVD      8. Others 

 

Diabetes   0. Absent   1. Present 

Hypertension  0. Absent   1. Present 

Dyslipidemia  0. Absent   1. Present 

CAD   0. Absent   1. Present 

Stroke   0. Absent   1. Present 

POVD   0. Absent   1. Present 

Head injury  0. Absent   1. Present 

OSACS   0. Absent   1. Mild  

2. Moderate  3. Severe 

Thyroid   0. Absent   1. Hyopothyroidism 2. Hyper 
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Respiratory   0. Absent   1. Asthma   2. COPD 

Renal dys  0. Absent   1. Present 

History of Neuropsychiatric illness    0. None   1. Depression    

2. Anxiety     3. Psychosis 

 

History of seizures       1.Present        2. Absent  

Deficits in attention    1.Present       2. Absent  

Memory deficits     1. Present      2. Absent  

Type of memory problem  1. Immediate   2. Recent  3. Remote  

Type of Language deficit   0.None      1. Naming of items    

2.Comprehension  3.Repitition  4.Fluency  

5.Reading   6.Writing  7 word finding  

Language deficits      1. Present      2. Absent  

Executive function      1. Absent      2. Present  

Difficulty in performing familiar task    1. Present     2. Absent 

Poor or decreased judgement      1. Present    2. Absent  

Problems with abstract thinking       1. Present       2. Absent  

Misplacing things       1. Present      2. Absent  

Changes in mood and behaviour      1.Present    2. Absent  

Changes in personality      1. Present       2. Absent  

Loss of initiative       1. Present       2. Absent  

Praxis         1. Normal   2. Impaired  

Visuospatial functions       1. Normal   2. Impaired  

Eye movements      1.Normal    2. Hypometric saccades    

3.Opthalmoplegia 

 

Speech disturbances  1.None    2.Flaccid dysarthria   

3. Spastic dysarthria   4. Ataxic speech 

 

Extrapyramidal  symptoms 1. Absent    2. Dystonia 

3. Tremor    4. Chorea    

5. Myoclonus   

 

Sensory    0. None    1. Upper limbs  

2. Lower limbs  3. Objective 

 

Parkinsonism    1. Present       2. Absent 

Tremor    1. Present       2. Absent 

Sphincter disturbance   0. Normal   1. Bladder     

2. Bowel      3. Impotence 
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RBD    1. Present       2. Absent 

Sleep     0. Normal  1. Sleep disturbances) 

Serum Vitamin B12     0. Normal  1. Abnormal   2. ND 

Comorbidities      1. Absent   2. Diabetes  3. Hypertension   

4. Dyslipidemia  5. CAD   6. Stroke  

7. POVD      8. Others 

 

MCI status at baseline             0- normal 

1- MCI amnestic  

2- MCI dysexecutive 

3- MCI multidomain  

4- MCI behavioral (anxiety/depressioN) 

5- early dementia 

 

MCI status on final follow up 0- normal 

1- MCI amnestic  

2- MCI dysexecutive 

3- MCI multidomain  

4- MCI behavioral (anxiety/depressioN) 

5- early AD 

6- Moderate AD  

7- Advanced AD  

8- FTD  

9- DLBD  

10- VaD 

11- Mixed dementia  

12- CBD 

13- PSP  

14- IPD 

 

MCI Final follow up status     0- Converted to normal  

1- MCI stable/improving 

2- MCI progressor (single to multidomain)  

3- Dementia convertor 

 

MCI final status    1. Non converter 2. Convertor 

Flup available     0. No    1. Yes 

FAZEKA score                                   0.Nil                           1.Mild            

                                                           2.Moderate                  3 .Severe 

Atrophy     0. Nil    1. Focal  2. Diffuse 

Microbleed      0. Absent   1. Sup  2. Deep 

ERIKA score     0. Normal   1. Mild   
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2. Moderate   3. Severe 

Quantitative MRI Variables  

GM 

WM 

CSF 

TIV 

Left Hippocampus 

Right Hippocampus 

Left Amygdala  

Right Amygdala  

Cerebral microbleed number 

 

 

 

-NEUROPSYCHOLOGY BATTERY (BASELINE (N=95) AND FOLLOW 

UP-TWO VISIT-N=68 ,THREE -N=37 ) 

-OUTCOME MEASURES -BASELINE AND FOLLOW UP VISITS (FOUR 

TIME POINTS) 


