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ABS TRACT  
 

BACKGROUND 

Diabetes mellitus (DM) affects nearly 20% individuals above 65 years of age. With 

increasing life expectancy around the world, the absolute number of patients with 

type 2 diabetes mellitus has seen an exponential increase. Not surprisingly, the 

macrovascular complications associated with diabetes attracted the attention of 

clinicians and researchers. However, the cognitive dysfunctions associated with 

diabetes are studied less. Now, emerging evidence indicates that type 2 diabetes 

mellitus adversely affects cognitive functions. The studies of cognitive dysfunctions 

in type 2 diabetes have shown mixed results, with some studies showing a global 

decline while others reporting more circumscribed deficits in cognitive functions. 

Against this backdrop, current study set out to determine the effect of type 2 DM on 

a set of cognitive functions namely attention, sequencing, visuomotor coordination, 

psychomotor speed and motor persistence. These cognitive functions were chosen 

because of the possibility that they are more vulnerable to the effects of type 2 DM on 

brain and are affected earlier. 

 

METHODS 

30 patients with type 2 DM were matched against 30 nondiabetic controls. The 

sample was matched for age, gender, education and socio-economic status. The tools 

used were Trail Making Test – Part B (TMT-B) and Digit Symbol Substitution Test 

(DSST). Data was analysed using Student’s t- test, Chi-square test, ANOVA and Mann 

Whitney U test. 

 

RESULTS 

The mean time taken measured in seconds by patients with type 2 diabetes on TMT-

B was 264.16 while controls took 144.66 seconds. In DSST, Diabetics took mean time 

of 531.83 seconds while the control group took mean time of 285.83 seconds to 

perform the test. The difference between the two groups was very highly significant 

(p value 0.001). The mean number of errors made by the cases group in TMT-B was 

6.86 while those made by the control group was 1.70. In DSST, the mean number of 

errors was 8.26 for diabetics and 2.40 for controls. Again, the difference in 

performance between the two groups was very highly significant (p value 0.001). In 

patients with diabetes, the duration of illness resulted in very highly significant 

difference in the time taken for completion and number of errors made in both TMT-

B and DSST with people with greater than 10 years of type 2 DM performing poorly 

than those with less than 5 years of illness (p value 0.001). 

 

CONCLUSIONS 

Diabetics had significant cognitive dysfunctions in cognitive domains of attention, 

sequencing, visual search, visuomotor coordination, motor persistence and response 

speed with respect to normoglycaemic controls. Furthermore, these deficits 

increased with longer duration of diabetes and advancing age. 
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BACK GRO UND  
 

 

 

The word diabetes is derived from the Greek diabaine meaning 

“to pass through” reflecting the copious amount of urine and 

mellitus is derived from the Latin meaning “sweetened with 

honey” reflecting the presence of sugar in the urine.1 

Past 30 years have witnessed an exponential increase in 

the absolute number of diabetic patients as the life expectancy 

of humans has increased around the world. Now diabetes 

mellitus affect nearly 20% of individuals above 65 years of 

age.2 India is rapidly becoming the “diabetes capital” of the 

world with over 300 million diabetic patients.3 What is more 

worrying is the realization that life style changes are beginning 

to transform type 2 DM from a largely adult disorder into one 

that is affecting teenagers and children.4,5 

Research on the negative health outcomes associated with 

diabetes has traditionally focused on the impact of metabolic 

dysregulation on cardiovascular disease and little 

consideration was given to the possibility that metabolic 

dysregulation might also influence brain function. However, 

things changed when researchers were forced to turn their 

attention to identify factors leading to the causation of 

Vascular Dementia, the second most common cause of 

Dementia. Not surprisingly, type 2 diabetes emerged as an 

aetiology for vascular dementia along with hypertension, 

stroke and atherosclerosis.6,7 Since then, evidence began to 

emerge showing the positive association between diabetes 

and cognitive impairment. Many overlapping mechanisms for 

this association have been proposed. Chronic hyperglycaemia 

and the production of advanced glycated end products may 

damage vascular tissue and endothelium, deoxy- ribonucleic 

acid (DNA) and mitochondria in the brain and increase free 

radicals, inflammatory responses and amyloid deposition.8,9 

However, type 2 DM is a complex disorder and evaluation 

of cognitive dysfunctions associated with it is challenging 

because of the co-occurrence of confounding variables. Firstly, 

in addition to intrinsic abnormalities such as hyperglycaemia, 

patients with type 2 DM frequently develop multisystem 

complication such as retinopathy, nephropathy and 

neuropathy, all of which interfere with an individual’s 

performance on psychometric testing. 

Secondly, patients with type 2 DM treated with insulin or 

sulfonylureas may also develop recurrent episodes of 

hypoglycaemia that are arguably associated with modest 

permanent cognitive dysfunctions. Finally, disorders such as 

hypertension, ischemic heart disease, cardiovascular disease, 

hyperlipidaemia and depression can cause cognitive 

dysfunctions themselves and are often co-morbid with type 2 

DM. Thus, the cognitive impairment observed in type 2 DM 

may result from the interactions between abnormalities 

intrinsic to diabetes, diabetes specific complications and other 

diabetes related disorders. The above caveats and the 

observations from few studies which did not find any 

association between diabetes and cognitive functions, made it 

abundantly clear that impact of type 2 diabetes on cognitive 

functions is complex. Soon it became obvious that type 2 

diabetes mellitus did not affect all subset of cognitive functions 

uniformly. Some cognitive functions are relatively spared 

while others are significantly affected. Certain set of cognitive 

functions are affected early while others are adversely 

impacted only later. For example, the use of MMSE for 

cognitive function assessment has shown conflicting 

results.10,11,12 On the other hand, studies which used measures 

of attention, psychomotor speed and visuomotor functions 

were more consistent in showing cognitive impaire-

ments.13,14,15,16,17 

The current study is done in this context. This study 

attempts to find out cognitive dysfunctions intrinsic to 

diabetes. It focuses on attention, sequencing, visuomotor 

coordination, psychomotor speed and motor persistence; 

those set of cognitive functions which are more vulnerable to 

the adverse effects of type diabetes on the brain and may be 

affected earlier. 

 We wanted to determine and compare the psychomotor 

speed and visuomotor coordination functions in type 2 

diabetes mellitus patients and in non-diabetics matched for 

age, education and socio-economic status. 

 

 
 

ME TH OD S  
 

 

The data for this research paper is derived from a study on 

Cognitive Dysfunctions in type 2 diabetes mellitus and 

followed a cross sectional comparative design. It was done at 

Fr. Muller Medical College, a tertiary care teaching hospital 

located in the coastal city of Mangalore. Institutional ethical 

committee approval was obtained. Convenience sampling was 

used to select 30 patients who were diagnosed as having type 

2 diabetes and they formed cases group. 30 non-diabetic 

controls were selected from relatives of the patients admitted 

under various specialties. Both cases and controls were 

matched for age, gender, education and socio-economic status. 

Subjects fulfilling the inclusion and exclusion criteria were 

identified. An informed consent was obtained from those who 

were willing to participate in the study. The purpose of the 

study was explained to the participants. A specially designed 

sociodemographic and clinical data proforma was used to 

collect data of the study subjects. Psychomotor speed and 

visuomotor coordination of study subjects were assessed 

using Trail Making Test – Part B and Digit Symbol Substitution 

Test. Investigations like hemogram, random blood sugar, 

fasting blood sugar, post prandial blood sugar, glycosylated 

haemoglobin, lipid profile, liver function tests, renal function 

tests and ECG which were available were recorded. 

Inclusion criteria for cases were as follows. Patients with 

type 2 diabetes as diagnosed by the Department of Internal 

Medicine based on blood sugar estimations as per World 

Health Organisation recommendation of Fasting Blood Sugar ≥ 

126 mg/dl and 2-hour post prandial blood sugar ≥ 200 mg/dl. 

The age of the subjects should be between 30-65 years and 

must have passed 8th standard. 

 Exclusion criteria for the cases took into consideration, the 

effect of age and medical comorbidities on cognitive function. 

Hence, type 2 diabetics more than 65 years of age and those 

with comorbid hypertension, history of neurodegenerative 

diseases like dementia and organic mental disorders were 

excluded. Those patients with history of substance abuse, with 

past or current history of psychiatric disorders were also 

excluded. 

Subjects aged 30-65 years with minimum 8th standard 

education without past or current diagnosis of type 2 DM 

formed the control group. Patients with chronic diseases 

which may cause cognitive impairment such as hypertension, 

neurodegenerative diseases like dementia and organic mental 
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disorders, those with history of substance abuse, with past or 

current history of psychiatric disorders were excluded. The 

cognitive functions which were the focus of this study namely 

psychomotor speed and visuomotor coordination was 

assessed using Trail Making Test-Part B and Digit Symbol 

Substitution Test. A brief description of these two tests is 

provided in the following sections. 

 

Trial Making Test Part B (TMT-B)18,19,20 

TMT, originally constructed as “Partington’s Pathways” or 

“Divided Attention Test” is a timed test of speed for attention, 

sequencing, mental flexibility, visual search and motor 

function. TMT is available in various formats namely TMT- 

Part A and TMT Part B, Oral Trail Making test and Colour Trails 

test. TMT- Part A requires connection, by making pencil lines 

between 25 encircled numbers randomly arranged, in a 

proper order while Part B has 25 encircled numbers and 

letters in alternating order. Scoring is expressed in terms of 

time in seconds required to complete the test. If an error is 

made, the examiner will point it out to the patient for 

correction and have them return to and continue from the 

correct location while the clock remains running. Errors are 

recorded and the subject continues with the test. Scores are 

strongly influenced by age, education and intelligence of the 

subjects. Interpretations of scores are based on normative 

data. TMT Part-B is associated with the processes of 

distinguishing between numbers and letters, integration of 

two independent series, ability to learn an organizing principle 

and apply it systematically, reveal retention and integration, 

verbal problem solving and planning. 

 

Digit Symbol Substitution Test 21 

It is a test of visuomotor co-ordination, motor persistence, 

sustained attention and response speed. Rapid information 

processing is required in order to substitute the symbols 

accurately and quickly. The test consists of a sheet in which 

number 1-9 are randomly arranged in 4 rows of 25 squares 

each. The subjects substitute each number with a symbol using 

a number symbol key given at the top of the page. The time 

taken to complete the test in seconds forms the score and 

errors made are noted down.  

The data was analysed for statistical significance by using 

chi- square test for categorical variables, ANOVA, Student’s t-

test and Mann – Whitney U test for continuous numerical 

variables. Carl Pearson’s coefficient of correlation was used to 

find out the correlation between the variables. 

 

 
 

 

RES ULT S  
 

 

 

There is no significant difference between the age of control 

group and cases. Significant difference between the mean BMI 

value of the controls and cases (p=0.012 < 0.05) was observed 

which indicated that diabetics were significantly overweight 

with respect to their nondiabetic counterparts. The mean 

random blood sugar value in the cases was more than twice 

the mean value in the control group which was very highly 

significant (p=0.001 < 0.01). 

On the measures of psychomotor speed and visuomotor 

functions there were significant differences between the two 

groups. The diabetic patients not only took more time to 

complete both TMT-B and DSST, they made more errors as 

well compared to their nondiabetic counterparts. The data is 

given in tables. Not surprisingly, the number of errors had an 

adverse impact on the total time taken to complete the test. 

TMTT also had a statistically significant negative 

association with HbA1c (p=0.047 < 0.05). Results indicated 

that longer the duration of diabetes, greater was the 

impairment in the psychomotor functions. There was a very 

highly significant positive correlation of TMTT with DSSTT 

(p=0.000 < 0.001). TMTE was very highly significantly positive 

correlation with DSSTE (p=0.000 < 0.001). 

 
 Group N Mean Std. Deviation Z* 

RBS 
Control 30 112.2000 9.21543 5.4121 

p=0.001 vhs Cases 30 278.1667 89.91724 

Table 1. Random Blood Sugar 

* Mann – Whitney U test 

 
 Group Mean Std. Deviation Z* 

TMTT † 

 
Control 144.6667 27.41549 Z = 4.562 

p=0.001 vhs Case 264.1667 75.12155 

DSSTT ‡ 
 

Control 
Case 

285.1667 
531.8333 

59.22609 
86.17828 

Z = 5.92 
p=0.001 vhs 

Table 2. Time Taken in Seconds on TMT-B and DSST 

* Mann-Whitney U Test, † Trail Making Test Time, ‡ Digit Symbol Substitution Test 
Time 

 
 Group Mean Std. Deviation t 

TMTE * 

 
Control 1.7000 0.91539 16.65100 

p=0.001 vhs Case 6.8667 1.43198 

DSSTE † 
Control 2.4000 1.16264 12.93100 

p=0.001 vhs Case 8.2667 2.19613 

Table 3. No. of Errors in TMT-B and DSST 

*Trail Making Test Errors, †Digit Symbol Substitution Test Errors 

 

 
Duration 
in Years 

Mean 
Score 

Std. 
Deviation 

F p 

TMTT 

<5 150.6579 28.71507 

141.382 0.001 vhs 5-10 265.0000 52.83622 

>10 343.8889 19.49003 

DSSTT 

<5 321.8421 91.17418 

58.002 0.001 vhs 5-10 520.0000 61.13510 

>10 613.3333 81.20191 

TMTE 
<5 2.7895 2.33837 

26.797 0.001 vhs 5-10 6.5385 1.33012 

>10 7.3333 1.80278 

DSSE 
<5 3.7105 2.94919 

18.895 0.001 vhs 5-10 7.7692 2.00640 

>10 8.6667 2.44949 

Table 4. Duration of diabetes Vs Cognitive Tests (Cases) 

 

 
 

 

DI SCU S SI ON  
 

 

Screening for cognitive dysfunctions in general population 

became popular and efficient with the advent of screening 

instruments such as Mini Mental State Examination (MMSE). 

These instruments were easy to use, were inexpensive and 

could be taught to primary care physicians and volunteers. 

Moreover, translation of MMSE in various languages is widely 

available around the world. 

Unfortunately, the very advantages of screening 

instruments; the brevity and ease of use begin to work against 

them when more nuanced look at cognitive functions are 

required. Here it may be worthwhile to ponder what the term 

cognitive function stands for in its truest sense. It refers to the 

highest levels of various mental processes such as perception, 

memory, abstract thinking and reasoning and problem solving 

as well as the more integrative and control process related to 

executive functions such as planning, choosing strategies and 

the enactment of these strategies. 
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Evidently, MMSE and similar screening instruments are 

biased toward verbal items and does not adequately measure 

other cognitive functions such as ability to attend to relevant 

input, ability to solve abstract problems, psychomotor speed 

and visuospatial ability, cognitive functions that may be the 

ones, first to be affected by diabetes.13,22,23 

What are the implications of this when we study cognitive 

dysfunctions in a disease like type 2 diabetes mellitus? It 

means that cognitive impairments likely to occur in diabetes 

may go undetected especially when they are subtle. Domain-

specific tests which probe the blind areas of screening 

cognitive instruments are necessary to fill this void. Current 

study employed two domain specific tests, TMT-B and DSST to 

comprehensively assess cognitive function, a notable strength 

of the study. Cognitive tests were administered to the subjects 

within 2 hours after the last meal ingestion. This precaution 

was taken because type 2 DM patients are prone to develop 

discrete episodes of hypoglycaemia, as an adverse effect of 

medications prescribed to achieve normoglycemia. Since 

hypoglycaemia is known to affect cognitive functions 

adversely, cognitive testing during such hypoglycaemic 

episodes might lead to erroneous interpretation of results. 

On TMT–B, diabetic group took nearly twice the time 

consumed by the control group to complete the test. Diabetic 

group also made more number of errors – four times as the 

control group. These findings are in agreement with results 

from earlier studies.10,13,15,16 TMT-B may be more sensitive to 

cognitive decline than MMSE, which was primarily designed to 

screen for dementia than measure cognitive function. The use 

of TMT–B, may help to detect the presence of preclinical 

cognitive decline and circumvent the ceiling effects of MMSE, a 

methodological strong point of this study. 

DSST, a timed test of attention, psychomotor performance 

and perceptual organization was adversely affected by 

diabetes and difference between the control group and 

patients with diabetes was very highly significant. The study 

by Ryan et al,13 found that in middle-aged diabetics, learning 

and verbal memory were unaffected while psychomotor 

slowing was marked as reflected by impaired performance on 

DSST. It has been employed in a number of studies and in each 

of these studies, diabetics took significantly longer time and 

made more number of errors while completing the 

test.10,14,15,17,24 

One compelling explanation for the impairments noted in 

TMT-B and DSST is due to the psychomotor slowing seen in 

type 2 diabetic patients which may involve the polyol pathway. 

Glucose is ordinarily converted to fructose by sorbitol 

dehydrogenase. The intra-cellular accumulation of sorbitol 

and fructose leads to a depletion of myoinositol which in turn 

is associated with a reduction in Na+/K+ ATPase activity in 

plasma membranes. This affects intracellular metabolism and 

leads to a subsequent reduction in peripheral nerve 

conduction efficiency leading to peripheral neuropathy and 

the resultant psychomotor slowness.23 

There was statistically significant difference (p= 

0.012<0.05) between the body mass index of diabetics and 

non-diabetics in the current study. This was in agreement with 

results from other studies.10,25,26,27 However, there was an 

essential difference. The mean BMI (23.41) of diabetics in the 

current study was still with in normal limits (BMI: 18-24) 

unlike in the above cited studies in which BMI of diabetic 

patients was in the range of obesity. This assumes importance 

because Elias et al,28 from the Framingham investigation of 

obesity and cognitive function, identified obesity as a risk 

factor for cognitive dysfunction independently of diabetes, 

total cholesterol, alcohol consumption, cigarette smoking, 

hypertension and stroke. The fact that, in the current study, 

diabetic subjects were not obese eliminated a potential 

confounding factor and gave further credence to the 

hypothesis at the beginning of the study, i.e., cognitive deficits 

observed are due to the intrinsic effect of diabetes. 

Another significant finding noted is that duration of 

diabetes was a very highly significant predictor of cognitive 

decline, in both the tests employed. In TMT-B, the time taken 

to complete the test increased by more than two-fold in 

subjects with duration of diabetes greater than 10 years with 

respect to those having diabetes for less than 5 years and a 

similar trend was noticed in DSST as well. Longer the duration 

of type 2 DM, greater was the number of errors made, in TMT-

B as well as DSST which was statistically very highly 

significant. Similar conclusions were drawn by earlier 

studies.15,16,29 

Glycosylated Hb level was inversely correlated with 

performance in TMT-B. Possible explanations for this include 

the hyperinsulinaemic state induced by the chronic use of 

insulin and the hypoglycaemic episodes which are more likely 

to occur with insulin use than OHA use. Other reasons for this 

association might be the fact that, patients taking insulin 

would have had longer duration of diabetes, more severe 

illness and are more aged. 

However, there are certain limitations to this study. 

Current study had a cross-sectional design. Performance at a 

single point may bear little relation to subsequent changes in 

performance over time and hence the ability to infer change 

from a single observation is limited. A causal relationship 

cannot be established from a cross-sectional study because a 

cross-sectional relationship may be a result of associations 

with a third variable in common with both the risk factor and 

cognitive function rather than a true cause and effect. 

Since cognition is a measure of change in an individual over 

time, longitudinal studies are more reliable. Depression, a 

common comorbidity of type 2 DM can confound the results. 

In this study depression was ruled out basing on careful 

clinical examination but no objective or subjective rating 

scales were used. 

 
 

 

 

CONC LU S ION S  
 

 

 

The impact of type 2 diabetes mellitus on the genesis and 

pattern of cognitive deficits is complex. It appears from this 

study that cognitive functions of attention, sequencing, 

visuomotor coordination, psychomotor speed and motor 

persistence are affected adversely by type 2 diabetes mellitus 

and this is correlated with advancing age and longer duration 

of poorly controlled diabetes. Confirmation of findings from 

this study with longitudinal studies is required because 

prospective studies can link risk factors with direct measures 

of change in cognitive function over time. They can greatly 

reduce bias, will allow more definitive conclusions to be drawn 

regarding cause and effect, and will markedly increase study 

power. Finally, changes in cognitive ability in old age are 

brought about both by processes of ‘normal’ ageing and by a 
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steadily accumulating burden of pathologies. The main task of 

cognitive gerontology is to compare the relative contributions 

of these two factors and their interactions. The study of 

various subsets of cognitive functions in type 2 diabetes 

mellitus provides us with great insights into these complex 

interactions. 
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