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Abstract 
Aim: The occurrence of diabetes mellitus (DM) is in increasing trend worldwide predominantly in South East Asian countries 

comprising India. Also, there is strong evidences that, DM upsurges the risk of cognitive impairment and dementia. Hence our 

main aim behind this study was to divulge the relationship between DM and mild cognitive impairment (MCI). 

Materials and Methods: A retrospective cohort study was conducted by reviewing and analyzing the medical records of DM 

who had been consulted at the neurology out-patient department during a period of 2015 - 2016.  

The cognitive impairment in DM patients were assessed by using Addenbrooke’s Cognitive Examination (ACE) and Montreal 

Cognitive Assessment (MoCA). 

Statistical Analysis: The data was analyzed using Statistical Package for Social Sciences (SPSS) version 19 software. If the p-

value < 0.05 was regarded as statistically significant. 

Results: The prevalence of cognitive impairment in DM patient is seemingly high with both scores i.e. 96.31% with MoCA and 

99.85% with ACE-R. The variables like sex and age groups were not statistically significant with MoCA scores. The MoCA 

score & ACE-R score showed a negative association with education levels. The MoCA scores of different items i.e. visuo-

excutive, naming, attention, language, abstraction and orientation were highly statistically significant at 0.01% level, between the 

DM patients who had cognitive impairment and DM patients with normal score, except memory which score zero in all patients. 

Conclusion: The prevalence of cognitive impairment in DM patients is very high. The, elder age, low education attainment, and 

unskilled occupation were also the potential identified risk factors for cognitive impairment. 
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Introduction 
The prevalence of diabetes mellitus (DM) is 

increasing worldwide; currently it is assuming 

pandemic status. According to the International 

Diabetes Federation (IDF) Atlas guideline report (8th 

edition), currently there are 425 million people have 

diabetes in the world and 82 million people in the South 

East Asia region; by 2045 this will rise to 151 million. 

There were over 72,946,400 cases of diabetes in India 

in 2017.1 

In India’s utmost population is representing the 

rural area, there were several studies done for the 

prevalence of DM but most of them were conducted in 

urban setting. However, the enormous majority of 

India’s population (70%) lives in rural areas.2 Screening 

for DM is seldom done in rural areas, resulting in a 

much greater burden of undiagnosed DM in rural areas. 

The published literatures claimed that, in Eastern Utter 

Pradesh the DM moved from 37th to 15th position in a 

ranking of leading causes of death and disability in the 

duration of 1990 to 2016.3 Therefore the present study 

was undertaken to find out the prevalence and 

complications of DM in rural area of Eastern Utter 

Pradesh, India. DM has overwhelming effects on older 

adults; adults with DM might have increased risk for 

developing micro and macro vascular complications 

(e.g., retinopathy, neuropathy, and cardiovascular 

disease).4 As literatures supported, DM is the most 

complex disease and many organ systems are 

unfavorably affected by DM, including the brain, which 

undergoes changes that may increase the risk of 

cognitive decline (as in memory, attention, 

coordination, and psychomotor speed).5 

Several research studies have emphasized that DM 

is associated with higher risk of cognitive dysfunction, 

dementia, and depression in the elderly patients.6 The 

root pathogenesis of cognitive impairment and 

depression in DM is multifactorial and unidentified. 

However, it is associated with the decline of cognitive 

functions and it might be a one of the risk factor for the 

development of mild cognitive impairment (MCI). MCI 

is likely to be a possible impermanent stage between 

normal cognitive function and Alzheimer’s disease 

(AD) which is characterized by subjective memory 

complaints, objective memory impairment, normal 

cognitive functioning, intact daily living activities, and 

absence of dementia. However, when it comes to the 

conversion rate from MCI to dementia was reported to 

be 11.65% per year.7 AD is the most communal type of 

dementia in the midst of the elderly patients accounting 

for the almost 50-60% of elderly patient with dementia. 

In sustenance with this, recent studies also showed that 

DM is robust risk factor in development of AD.8 Hence, 

the high risk of MCI and dementia in DM patients need 
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to be observing predictors of cognitive impairment. In 

India as per routine practice evaluation of cognitive 

functioning was not been given considerable 

importance. However, with consideration to increasing 

life expectancy and increase in DM in India, it's 

pertinent to evaluate cognitive impairment in DM 

patient by using a simple screening test.9 

As per Singh P S et al, the prevalence of DM in the 

rural population was found to be very high (8.03%). 

The same study also find that the female (9.91%) were 

more prone to the DM as compared to males (6.79%).10 

However, Kodl et al showed that the patients with 

DM have been associated with decreased in 

psychomotor speed, frontal lobe/executive function, 

verbal memory, processing speed, complex motor 

functioning, working memory, immediate recall, 

delayed recall, verbal fluency, visual retention, and 

attention.11 

Though the Indian guidelines are not available for 

management of cognitive impairments due to DM. In 

this study, the prevalence of disease complications 

(cognitive impairment) education, elder age, 

occupation, gender etc. These factors are the 

preliminary step to help for deciding for the 

management of cognitive impairment in DM. Even 

though much research has been done, but still the 

patho-physiology underlying this complication is not 

well understood, and the most suitable methods to make 

out, treat, and avert cognitive dysfunction in DM have 

not yet been defined. This study was undertaken with 

the objectives to assess cognitive impairment in DM 

patients using Addenbrooke’s Cognitive Examination 

(ACE-R) and Montreal Cognitive Assessment (MoCA).  

 

Materials and Methods 
It is a retrospective cohort study, conducted by 

reviewing and analyzing medical records of DM 

patients who had been consulted at the neurology out-

patient department, screened, and underwent the 

following assessment tests during a period of one year 

from 2015 to 2016.  

The MoCA is a cognitive screening instrument 

developed to detect MCI. It is a simple ten minute 

paper and pencil test to assess the various cognitive 

domains; it has seven sub scores; memory (5 points for 

delayed recall), language (3 points), visuospatial/ 

executive functions (5 points), abstraction (2 points), 

attention (6 points), naming (3 points) and orientation 

(6 points). Its validity has been established to detect 

MCI in patients with AD and other pathologies in 

cognitively impaired patients who scored in the normal 

range on the Mini-Mental State Examination 

(MMSE).8,9 

The total possible score for MoCA screening 

instrument is 30 points with a score of 26 or more 

considered as a normal. Depending on the education 

level of the patients, the MoCA scale scores are 

adjusted accordingly.8 The MoCA has a score ≤25 was 

found to be the optimal cut-off point for a diagnosis of 

cognitive impairment.8 The patients were further 

divided into two groups, one subset had score between 

18 and 25 (mild cognitive impairment) and the other 

subset which has score below 18 (mild dementia). 

ACE and its subsequent iterations, ACE-R and 

ACE-III have proved easy to use, acceptable to patients, 

and have shown excellent diagnostic utility in 

identifying dementia and cognitive impairment in a 

variety of clinical situations.11 

The ACE-R takes between 12 and 20 min (average 

16) to administer and score in a clinical setting. It 

comprises 5 sub-scores, each one representing one 

cognitive domain: attention/orientation (18 points), 

memory (26 points), fluency (14 points), language (26 

points) and visuospatial (16 points). ACE-R maximum 

score is 100, collectively by the addition of the all 

domains.13 

It is scored out of 100, with a higher score denoting 

better cognitive function.8  

 

Data Analysis 

Descriptive values are expressed as means ± SD or 

percentages. The data was analyzed using Statistical 

Package for Social Sciences (SPSS) version 19 

software. The qualitative data were expressed as 

frequencies and percentages, while the quantitative data 

were summarized as means and standard deviation. The 

statistical significance was tested using Chi-square test 

and p-value <0.05 was regarded as statistically 

significant. 

 

Results 
Study population characteristics 

In present study a medical records of total 678 DM 

patients were studied, out of that 229 (33.78%) were 

females and 449 (66.22%) were males with a mean age 

of 57.45±8.26 years (range 45 and 90 years). The mean 

values of MoCA score for the study population was 

17.21±4.74 and the mean value for ACE-R score was 

52.68±9.69. However, 25 (3.68%) DM patients scored 

above the cut off 26 with MoCA while one DM patient 

scored above the cut-off of 83 in Addenbrooke’s scores. 

Hence, this study showed, the prevalence of cognitive 

impairment in DM patients is outwardly high with both 

scores i.e. 96.31% with MoCA and 99.85% with 

Addenbrooke’s respectively. 

Further analysis of variables was done with MoCA 

scores. A comparison of age with the MoCA showed 

that in the age group of 45-60 years, 36 (5.31%) 

diabetic patients had MoCA score above 26 and one 

diabetic patient had Addenbrooke’s scores above 83. 

However, the diabetic patients age over 60 had only 12 

(1.77%) diabetic patient had MoCA score greater than 

26 and none of the diabetics patient had Addenbrooke’s 

score above 83, showing that though cognitive 

impairment is higher in the older group but is not 

statistically significant (Table 1). 
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Although, in present study, total number of males 

449 (66.22%) more than females 229 (33.77%) the 

result showed that, the incidence of dementia was found 

to be slightly more in females 182 (26.84%) than 

compared to males 172 (25.31%). Hence, the parameter 

gender was not statistically significant but odds ratio 

(OR) showed that MCI & dementia (combined) is 0.362 

in males where in females it was 1.0 (Table 1). 

Interestingly, as per MoCA score, the dementia was 

most commonly occurred in housewives (27.1%) and 

mild cognitive impairment commonly found in service 

personnel (20.2%). However, ACE-R score showed that 

housewives (32.74%) were more susceptible to MCI, 

followed by service personnel’s (30.97%). 

The MoCA score & ACE-R score showed a 

negative association with education levels. As the years 

of education increased there was significant increase in 

both the MoCA score and ACE-R score. The mean 

MoCA score in 180 illiterate populations was 

12.73±2.83, till schooling (and HSC) was 19.36±4.01 

and increased significantly in post graduates to a score 

of 22.13±3.67. The mean ACE-R score in illiterate 

population was 43.89±6.61, till schooling (and HSC) 

56.40±7.72 and increased significantly in post 

graduates to a score of 61.58±7.70 (Table 1). 

In this study, the alcohol consumption did not 

affect any significant influence on the dementia as most 

of the dementia patients were from the non-alcoholic 

group. This showed the MoCA scores of different items 

between the DM patients who had cognitive 

impairment and normal patients (Table 2). Except 

memory all other tests like visuo-excutive, naming, 

attention, language, abstraction, and orientation are 

statistically significant at 0.01% level i.e., P<0.001 

suggesting the scores decreased in both MCI and 

dementia patients. In memory all values were zero (0) 

except one patient where the maximum score was 2. 

This was not necessary statistically significant but then 

all patients scored zero on memory. The table results 

also depicted that the median score is lowest in patients 

with mild dementia that in patients with cognitive 

impairment. 

 

Discussion 
Dementia is one of the utmost and overwhelming 

diseases of late life; nearly 4.6 million new cases of 

dementia were identified worldwide every year. The 

numbers of people who are affected are persistently 

increasing and have been predicted to double every 20 

years, 42 million by 2020 and 81 million by 204014.  In 

this study, we studied factors associated with dementia 

and memory cognition in elderly diabetic patients using 

MoCA and ACE-R. We compared the parameters likes’ 

age, gender, educational attainment, and alcohol 

addiction. This study demonstrated that, elder age, low 

education attainment; unskilled occupation and 

presence of DM complications were the measurable 

risk factors in development of cognitive impairment. 

In this study, the prevalence of cognitive 

impairment in DM patients is seemingly high with both 

scores i.e. 96.31% with MoCA and 99.85% with ACE-

R respectively. Cognitive impairment is high in older 

population, as almost all in this groups have cognitive 

impairment. Similar high prevalence was noted by 

earlier studies of  S. C. Tiwari et al15 Moreover 

cognitive impairment and dementia was found to be 

high in patient of having age group 45 to 60 years 

(28.32% and 34.81% respectively) than in age group of 

>60 years (13.13% and 16.67% respectively). This may 

be because of DM which contributes to higher CI in this 

young adult population may be due duration of diabetes 

or the more number of study participant were from 

young adult group i.e. 45 to 60 years (68.29%). 

Various studies stated in relation to cognitive 

impairment and DM is inconclusive because of 

inconsistent reports. The variation in findings may be 

due to differences in the study design, sources of study 

subjects, and variations in criteria for the diagnosis of 

DM or cognitive impairment. Likewise, it may also be 

due to differences in the duration or severity of DM 

among study subjects.16 Hassing et al showed that, the 

association between DM and cognitive impairment and 

older adults with DM experience global cognitive have 

more decline in rate compared to those who without 

DM.17 Literature claimed that the average prevalence of 

MCI in DM ranging from 20% to 38%. Whereas in 

present study we found that MCI was seen in a 

relatively high proportion 299 (43.21%). The incidence 

is very high as compared to other studies in literature. 

The reason for higher incidence could also be because 

this study was done in DM patients who attending 

neurology Out Patient Department (OPD). 

Most of the studies showed that, females were 

more susceptible to occurrence of dementia. This study 

also showed the same pattern i.e. higher number of 

females (26.84%) than males (25.36%). However, 

males (37.7%) were more susceptible to MCI than 

female (6.3%). while in case of occupation, we found 

that, housewives (27.1%) were more susceptible to 

dementia and service personnel’s (20.2%) were more 

susceptible to MCI. As the dementia is more severe 

form of cognitive impairment, leads to AD. With our 

result it was seen that the more education leads to less 

complications in cognitive impairment due to the DM.18  

However, this data was not statistically significant 

when compared the susceptibility of gender with the 

occurrence of the cognitive impairment. 

In the present study, MCI detected with both tests 

was inversely associated with years of education, as 

expected and shown in many previous studies, 

cognitive tests scores herein were superior in those 

individuals that were more educated.19  

Low education attainment was also be one of the 

contributing factors and was associated with increased 

prevalence of cognitive impairment.20,21 Moreover, 

illiterates are usually more tangled in unhealthy 
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lifestyle practices like smoking and excessive use of 

alcoholic drinks. Besides, they may be involved in 

unhealthy feeding habits and may not have access to 

adequate medical care.22 

Cognitive impairment was found to be is higher 

and significant in housewives, as compared to service, 

farmer, and business class. This is alike to several other 

studies. Unskilled occupation like farmworker farming 

or other physical works was associated with higher 

prevalence of cognitive impairment. This is because 

those involved in uneducated occupation are mainly 

illiterates. They did not have the privilege of formal 

education or could not deal with the rigors of formal 

education and of skilled occupation. All domains of 

MoCA have shown significant difference between 

patients with and without cognitive impairment 

excluding memory which scored zero in both. This 

showed that there was severe cognitive impairment 

regarding all domains.23 

Alcohol consumption is one promising menace 

cause for dementia. Alcoholism is allied with extensive 

cognitive problems, including alcoholic dementia. 

Because alcohol's effects on cognition, brain disorders, 

and brain chemistry contribute to some features with 

AD's effects on these three areas, it is likely that alcohol 

use might also increase the risk of developing AD.23 

Olivia Lerche et al pointed that, alcohol consumption is 

accompanying with an increased risk of adverse brain 

consequences and steeper decline in cognitive 

abilities.24 The Experts personnel’s from the University 

of Oxford and University College London studied 550 

people over a 30-year period, constantly assessing their 

alcohol consumption and cognition. They find that, 

usage of alcohol was lead to the reduced right 

hippocampal volume - oart of the brain a form of brain 

damage that affects memory and spatial navigation.25 

Interestingly, in present study; we did not find any 

significant effect of alcohol addiction on the dementia 

in DM patient. 

Various short screening tests, such as MoCA, 

Mini-Cog, or MMSE, ACE are useful to assess overall 

cognition; MoCA is available in the public domain. The 

Mini-Cog is a short screening tool that is found to be 

useful in a busy clinical practice to screen for cognitive 

dysfunction including executive dysfunction.26 

Based on the current evidences we can conclude 

that, the occurrence of accelerated cognitive dementia is 

might associated with DM or old age or both DM and 

old age. It is a complex mechanism and should more 

research is needed to clarify the neurobiological 

mechanism involved in cognitive impairment and DM. 

 

Table 1: The various socio-demographic variables with their MoCA score and Addenbrooke’s score 

Socio-Demographic 

Variables 

MoCA Score ACE-R score 

<18 

(Dementia) 

N (%) 

18-25 

(MCI.) 

N (%) 

≥26 

N (%) 

less than 83 

MCI 

N (%) 

More  

than 83 

N (%) 

Age group 

45-60 236 (34.81) 192 (28.32) 36 (5.31) 463 (68.29) 1(0.14 ) 

>60 113 (16.67) 89 (13.13) 12 (1.77) 214 (31.56) 0 

Sex 

Female 182(26.84) 43(6.3) 4(0.5) 229(33.78) 0(0) 

Male 172(25.36) 256(37.7) 21(3.09) 448(66.07) 1(0.147) 

Occupation 

Business 62(9.1) 86(12.6) 4(0.5) 152(22.41) 0(0) 

Farmer 53(7.8) 40(5.89) 0(0) 93(13.71) 0(0) 

Housewife 184(27.1) 36(5.3) 2(0.2) 222(32.74) 0 

Service 55(8.1) 137(20.2) 19(2.8) 210(30.97) 1(0.14) 

Education 

Illiterate 171(25.2) 9(1.3) 0(0) 180(26.54) 0(0) 

Primary 96(14.1) 50(7.3) 0(0) 146(21.53) 0(0) 

SSC 26(3.8) 63(9.2) 2(0.2) 91(13.42) 0(0) 

HSC 28(4.1) 71(10.4) 8(1.17) 107(15.78) 0(0) 

Degree 23(3.3) 69(10.17) 7(1.03) 98(14.45) 1(0.14) 

Post Graduate & above 10(1.4) 37(5.45) 8(1.17) 55 (8.11) 0(0) 

Alcohol Addiction 

Yes 124 (18.28) 158 (23.3) 8(1.17) 290 (42.77) 0 (0) 

No 230(33.9) 141(20.7) 17 (2.5) 387(57.07) 1(0.14) 
Footnote: Data are presented as frequency and percent (%), as appropriate. MoCA: Montreal Cognitive Assessment; ACE: 

Addenbrooke’s Cognitive Examination, SSC: Secondary School Certificate; HSC: Higher secondary school. 
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Table 2: Comparison of different items in MoCA score in diabetic patients 

MoCA domain 

[Median score 

(range)] 

<18 

(Dementia) 

18- 25 

(MCI) 

≥26 

 

P-value Significant 

at 5% level 

N 354 299 25   

Visuo-excutive/5 1(0-4) 3(0-5) 5(3-5) <0.001*** Yes 

Naming/3  2(0-3) 3(0-3) 3(2-3) <0.001*** Yes 

Memory/5  0(0-0) 0(0-2) 0(0-0) 0.531ns No 

Attention/6 3(0-5) 5(3-6) 6(4-6) <0.001*** Yes 

Language/3  3(0-3) 3(2-6) 3(3-3) <0.001*** Yes 

Abstraction/2  0(0-2) 1(0-3) 1(1-2) <0.001*** Yes 

Orientation/6 4(0-6) 6(2-6) 6(6-6) <0.001*** Yes 
Footnote: MoCA: Montreal Cognitive Assessment; MCI: Mild cognitive impairment. A p value of < 0.05 was considered as 

statistically significant. 

 

Conclusion 
A clinician needs to recognize different domains of 

cognition affecting the patients with DM to understand 

which self-care behavior will be affected in that 

individual. Traditional DM management strategies 

stress the role of the patients an important member of 

the DM management team and focus on the self-care 

education needed to care for DM and related 

syndromes. Thus, the presence of cognitive dysfunction 

(also commonly referred to as MCI) is an important 

condition to recognize as it interferes with patients’ 

participation in their DM management. Hence, the 

identification of DM -related dementia or elder age 

related dementia may be necessary for considering an 

appropriate therapy and prevention in clinical practice. 

 

Limitations 

It is a simple retrospective cohort study and not has 

a sufficient control treatment group like non-diabetic 

patients. It was also noticed that the sample of cognitive 

impairment subjects is small to foresee robust 

association.  
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