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INTRODUCTION 

Diabetes mellitus is a chronic metabolic disorder 

characterized by hyperglycemia, polyuria, hyperlipidemia 

etc. requiring life long care. It is very fast gaining the status 

of potential epidemic in India with more than 62 million 

diabetic individuals currently diagnosed with the disease.1 

Also DM is the most challenging public health problem of 

21st century with a worldwide prevalence of 387 million 

(8.3%) and predicted to be 592 million by 2035.2 The 

chronic hyperglycemia of DM is due to various reasons 

such as environmental, genetic etc. Type 1 DM is due to 

autoimmune destruction of the β-cells of the pancreas with 

consequent insulin deficiency whereas Type 2 is due to 

insulin resistance leading to reduced insulin sensitivity and 

therefore relative insulin insufficiency. 

DM is a major cause of morbidity and mortality and is a 

major risk factor for early onset of coronary artery disease. 

Complications of DM are divided into macrovascular and 

microvascular. Macrovascular complications include 

coronary artery disease, peripheral arterial disease, and 
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stroke whereas microvascular complications include 

diabetic nephropathy, neuropathy, and retinopathy.3  

The word cognition comes from the Latin verb cognosco 

meaning 'I know, perceive' 'to conceptualize' or 'to 

recognize'. Cognition can be defined as all mental 

activities that are involved in acquisition, processing, 

storage and retrieval of information. In simple terms it is 

the thinking process of the brain and includes attention, 

learning, memory, verbal ability or language, visuospatial 

function, and a group of abilities, known as executive 

function i.e. reasoning, abstraction and mental flexibility.4  

Cognitive decline is a less addressed complication of DM. 

Previous studies have shown a link between diabetes and 

mild cognitive impairment in persons with earlier onset 

and greater severity of diabetes.5,6 Considering the above 

fact, relationship between DM and cognitive function is 

complex. Thus this study was planned to access the impact 

of Diabetes on cognitive function, so that if any association 

between diabetes and cognition was found further studies 

can be carried out to see the impact of diabetes control on 

cognitive function. 

METHODS 

The study was observational and non-interventional. The 

study protocol was approved by Institutional Ethics 

Committee. 

Study subjects 

The study was conducted at New Civil Hospital Surat 

during the period of June 2015 to December 2015. The 

study was approved by the Institutional Ethics Committee. 

Informed consent was obtained from the participants. 

Participants were divided into controls and cases. Controls 

(n=30) consisted of age matched healthy non diabetic 

individuals of both gender. Cases (n=30) consisted of 

diabetic patients of both gender who were recently started 

on insulin (i.e. within 7 days). Patients were enrolled from 

OPD’s and IPD’s of medicine department based on 

inclusion and exclusion criteria. DM was diagnosed by 

patients symptoms of diabetes plus random blood glucose 

concentration 11.1mmol/L (200mg/dL) or fasting plasma 

glucose 7.0mmol/L (126mg/dL) or 2-hr plasma glucose 

11.1 mmol/L (200mg/dL). 

Inclusion criteria 

Patients of Diabetes Mellitus who just started Insulin (i.e. 

within 7 days). 

Exclusion criteria 

• Patients not giving consent for enrollment in study. 

• Patients taking drugs that are known to affect 

cognition such as Anticonvulsunts, Tricyclic 

Antidepressants, Anticholinergics, Barbiturates, 

Benzodiazepines, Opiates 

• Progressive neurological disorder,  

• Head injury,  

• Mental retardation,  

• Drug and alcohol abuse,  

• Severe Psychiatric problem. 

A training session on cognitive function and how to fill up 

the Addenbrook’s Cognitive Examination III form was 

conducted by department of psychiatry to the attending 

doctors. Cognitive function testing was done by 

Addenbrooke’s Cognitive Examination III. The 

Addenbrooke's Cognitive Examination-III (ACE-III) is a 

brief cognitive test that assesses five cognitive domains: 

attention, memory, verbal fluency, language and 

visuospatial abilities. 

After the taking the consent and basic details, participant 

is informed about the test and that he will be asked 

questions according to the Addenbrooke’s scoring guide 

and cognitive function will be assessed. The participant is 

asked questions from Addenbrook’s Cognitive 

Examination score sheet and scoring done accordingly as 

per the scoring guidelines. The Subjects were given 

participant information number which contained details of 

the subject, which were kept confidential. 

Statistical analysis 

The data were analysed using Microsoft Excel 

Professional Plus 2010. Data were expressed as mean ± 

standard deviation. Student’s t-test was used to assess 

statistical differences between the groups. P <0.05 was 

considered statistically significant. 

RESULTS 

Thirty healthy non-diabetics were taken as control. (mean 

age was 53.10±8.36; 17 males, 13 females). Thirty 

confirmed cases of DM who were recently started on 

insulin were enrolled in the study.48.97±8.77 (mean age 

48.97±8.77, 19 males and 11 females) (Table 1).  

Table 1: General characteristics of the                              

study population. 

Variable Control Case 

Age 53.10±8.36 48.97± 8.77 

Gender   

Male 17 19 

Female 13 11 

FBS (mg/dL) 105.39±11.18  170.10±71.83  

PPBS (mg/dL) 130.71±10.87  238.65±87.46  

#p<0.05 vs. control group 

Fasting blood sugar (FBS) and postprandial blood sugar 

(PPBS) were 105.39±11.18mg/dL and 

130.71±10.87mg/dL in the control group, respectively. 
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FBS and PPBS were 170.10±71.83mg/dL and 

238.65±87.46mg/dL in the before treatment group 

respectively (Table 1). 

Table 2 shows the effect of DM on various domains of 

cognitive function. Attention: Before treatment with 

insulin i.e. in case group attention was significantly 

reduced to 14.35±2.23 compared to 15.74±1.36 in control 

group (p<0.05). 

Table 2: Effect of diabetes on various domains of 

cognitive function. 

Variable Control  Case 

Attention 15.74±1.36 14.35±2.23 

Memory 17.84±3.35 13.68±4.61 

Fluency 6.10±1.58 5.77±2.28 

Language 23.39±1.68 22.55±2.35 

Visiospatial ability 13.87±1.40 12.90±2.51 

Total Score 73.06±7.31 65.39±11.92 

Memory 

In case group memory was significantly reduced to 

13.68±4.61 as compared to 17.84±3.35 in control group 

(p<0.05). 

Fluency 

In case group fluency was reduced to 5.77±2.28 as 

compared to 6.10±1.58 in control group, but the change 

was not significant (p>0.05). 

Language 

In case group language was reduced to 22.55±2.35 as 

compared to 23.39±1.68 in control group, but the change 

was not significant (p>0.05). 

*p<0.05 

Figure 1: Effect of diabetes on cognitive function. 

Total score of ACE III was significantly reduced in 

case group compared to control group.  

Visiospatial ability 

In case group visiospatial ability was significantly reduced 

to 12.90±2.51 as compared to 13.87±1.40 in control group 

(p<0.05). 

Total score 

In case group visiospatial ability was significantly reduced 

to 65.39±11.92 as compared to 73.06±7.31 in control 

group (p<0.05). 

DISCUSSION 

Diabetes Mellitus is a major endocrine metabolic disorder 

affecting a vast population worldwide. It is responsible for 

significant mortality and morbidity due to its 

complications. Most of the vital organs are affected by DM 

including the brain.7 Cognitive dysfunction is a less 

addressed complication of DM. Diabetic patients have a 

greater rate of decline in cognitive function and exhibit 

approximately a 1.5-fold greater risk of accelerated 

cognitive decline and a 1.6-fold greater risk for the 

development of future dementia.8 Also cognitive 

impairment in DM patients may complicate adherence to 

medical regimens. 

By keeping this in mind, this study was conducted to 

determine effect of DM on cognitive function. In this study 

cognitive function testing of controls and patients of 

diabetes mellitus (both type 1 and type 2) was done by 

Addenbrooke’s Cognitive Examination III (ACE-III). Five 

domains of cognitive function were assessed by ACE III. 

Attention, memory, verbal fluency, language and 

visiospatial ability. At last total scoring of these five 

domains was done. 

In this study, there was significant decrease in Attention, 

memory and visiospatial ability as compared to controls 

(normal healthy volunteers). Verbal fluency and language 

was also decreased but the change was not significant. 

Considering all this five domain total score of ACE III 

showed significant decrease as compared to control, 

suggesting some role of diabetes in decline of cognitive 

function. 

Studies have shown mild to moderate decline in cognitive 

function in type 1 DM characterized by a slowing of 

mental speed and a decreased mental flexibility, whereas 

learning and memory are spared.9 In type 2 DM common 

cognitive deficits are decreases in processing speed and 

memory.10 However, one study did not find any 

differences in cognitive performance between type 1 and 2 

DM, while vascular brain lesions were more prominent in 

the type 2 DM group. The pattern of cognitive decline in 

type 1 DM is generally similar to that found in type 1 DM. 

The marked difference is that type 2 DM is associated with 

decreased memory and learning performance.11 
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Duration of diabetes, and coexistent microvascular and 

macrovascular complications are considered to be the 

main risk factors of cognitive impairment in diabetes.12 

Hyperglycemia, vascular disease, hypoglycemia, and 

insulin resistance are the important pathophysiological 

aspects considered responsible for cognitive dysfunction 

in DM, but still mechanisms are unclear and further studies 

are needed to understand the mechanism responsible dor 

cognitive decline so that strategies can be developed for its 

prevention and treatment.13  

An Australian study showed that people with chronically 

elevated fasting blood sugar showed marked hippocampal 

atrophy after 4 years.14 Hyperglycemia has also been 

proposed to cause end organ damage through increases in 

reactive oxygen species, in particular superoxide, which 

could then lead to increased polyol pathway activation, 

increased formation of AGEs, activation of protein kinase 

C, and increased glucose shunting in the hexosamine 

pathway.15  

Identification of the mechanisms through which DM may 

impair cognitive function will stimulate new research into 

ways to prevent and treat all the hyperglycemia-associated 

complications of diabetes. We can generate a hypothesis 

that early control of Diabetes with oral hypoglycemic 

agents or insulin can serve an important role in preventing 

this complication. 

CONCLUSION 

Cognitive function is significantly declined in DM. 

Cognitive dysfunction can be listed as one of the many 

complications of diabetes, along with retinopathy, 

neuropathy, nephropathy, and cardiovascular disease. In 

addition, understanding the natural history and 

identification of the mechanisms of cognitive decline in 

patients with DM will stimulate research to develop new 

and better ways to prevent and treat cognitive decline 

associated with DM. 
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