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 The prevalence of diabetes is increasing around the world so much so that more than 15 

million people are with this disease, and this figure is expected to increase to 300 
million people in 2025 due to obesity and the immobility lifestyle. According to the 

latest research, in addition to complications such as heart disease and kidney failure, 

diabetes is likely to reduce mental power and increase the loss of cognitive functioning. 
The aim of present study was to determine the impact of diabetes on cognitive 

functioning. Method: This study was a causal-comparative research. For the purpose of 

the study, a group consisting of 50 individuals including patients with type 2 diabetes 
and a group consisting  of 50 healthy individuals aged between 25 and 65 were selected 

by two-step random cluster method. In this study Wechsler memory scale–revised test 

were used. Descriptive statistics and ANOVA were performed using SPSS-20 software. 
Results: The results of this study showed that there was a significant difference between 

the scores of Wechsler memory of patients with type2 diabetes and control group 

(p<0.05). Conclusion: The results of this study showed that type2 diabetes may cause 
loss of cognitive functioning. 
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INTRODUCTION 

 

 Diabetes type II whose prevalence is more common than type I (90%) includes distinct genetic and 

metabolic defects in insulin function or secretion and is the main factor causing morphological characteristics of 

hyperglycemia. Because of the gradual increase in blood sugar level and it’s less severity, there are more than 

50 percent of patients with type II diabetes are undiagnosed [1,2]. In the onset of the new millennium, it is 

estimated that about 2.8 percent of the world's population (171 million) are diagnosed with type II diabetes, and 

it is estimated that the number will increase to 4.4 percent (366 million) by the end of 2030. Population growth, 

migration from rural areas to urban areas in developing countries, the prevalence of obesity and lack of physical 

activity are all important factors in the outbreak of diabetes. Although the most important issue is the continuing 

increase in world’s population, as the average age is estimated to be over 65 years, after thirty years an increase 

of 134 percent is expected to happen in the population of over 65-year olds. At that point of time, the number of 

old people with diabetes will have increased from 25 million to more than 48 million in developing countries 

[3]. Also, due to the identification of type II diabetes in young children and adolescents of 9 to 19 years old that 

is associated with decreased physical activity and gaining weight, and outbreak of the autoimmune destruction 

of beta cells in every age, and 5 to 10 percent estimation of disease developing in people of more than 30 years, 

age is no more used as a criterion in the new classification system [2, 4]. Many clinical studies have shown that 

type II diabetes can cause brain signals’ malfunctions and changes related to cognitive function, and also it may 

accelerate cognitive memory decline in older adults [5, 6]. For the first time in 1922, Mills and Ruth raised the 

possibility of relation between diabetes and cognitive malfunctioning.  Their observations suggest that the 

diabetic patients had a worse performance compared to healthy subjects in cognitive assessment of memory, 

mathematics and psychomotor speed [7]. Many case studies have assessed the frequency of cognitive function 

disorders using a variety of psychopathology tests. By doing over 20 case studies, Stewart and Liolitsa have 

found that the impairment in the domain of attention/concentration and verbal fluency is stable among diabetic 

patients [5]. Also in a study conducted twice by Doetinchem and his team in a 5-year period, on 2613 patients 
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with type II diabetes and healthy individuals, they observed a decline in cognitive function of patients with type 

II diabetes 6.2 times higher than in non-diabetic patients [8]. In another study in 2011, Umgaki and his 

colleagues evaluated 55 patients with type II diabetes at baseline and three years later. The results show that 

high levels of insulin at baseline is related to decreased cognitive function scores and brief mental examination 

[9]. In other studies it is reported that type II diabetes is associated with accelerated cognitive deterioration and 

increases the risk of dementia and Alzheimer disease, especially in older people [10]. The diabetic patients are at 

higher risk of 2.2 to 3.4 times in developing vascular dementia and 1.2 to 2.3 times in developing Alzheimer 

disease compared with healthy subjects [11,12,13]. Thus the issue of brain’s being affected by diabetes is an 

important issue for general health. Due to the lowered age of diabetes and quiet growth of type II diabetes and 

because it is not often diagnosed at early stages, thus reducing cognitive function could come true years before 

the actual diagnosis of diabetes [10]. The purpose of this study was to evaluate cognitive functions in type II 

diabetic patients and to compare them with healthy subjects in verbal memory functions, visual memory, global 

memory, attention and concentration, delayed recall and a brief examination of mental status. 

 

Method: 

 Participants were 100 persons included50 patients with type II diabetes (25 males and 25 females) and 50 

others, 25 males and 25 females, who were generally healthy and were selected in a two-step random cluster 

method. From 27 Khordad 1391 to 23 Mehr1391, sampling was randomly done according to the login criteria 

from people that already had records in one of 3 clinical centers of ShahidRezai, Ommolbanin and Sadr, located 

in three regions of Esfahan, Iran (poor, middle, and rich). After the patients’ consent was gained, the clinical 

memory test of Wechsler (WCMS) were conducted. The members of healthy group were also chosen from the 

companions and non-diabetic personnel and were tested by the mentioned tests. The Inclusion criteria consisted 

of patients with type II diabetes of at least 5 years of disease, age range of 25 to 65 years, education at least 

reading and writing, and Persian language. Exclusion criteria included lack of coordination, severe physical 

illnesses such as heart disease, severe mental illnesses including psychosis and delirium and variety of severe 

neurological disease and mental retardation which was checked by internists and psychological experts. 

  

Instruments: 

 Wechsler memory scale-revised: The scale was first produced by Wechsler and then was revised. This scale 

consists of a set of subtests, each measures different aspects of memory. The tests consist of 10 subscales. 

General information and orientation is used for general screening. The other eight subtests include short-term 

learning and verbal-visual recalling. After eight short-term memory subtests, the two combined scores provide 

general memory and attention-concentration. In addition, the general memory group is divided to two sub-scores 

of verbal memory and visual memory measurement. Four attempts of delayed recall independently help delayed 

recall combination (long term memory). And considering composition of subtests, five combined scores are 

obtained in each age group. Then combined scores in each age group are converted to normal and standard 

grades and five composite indexes (SD = 15, M = 100) [11]. The age range of WMS-R norms is 16 to 74years. 

The reliability of sub-tests and combinations of scale, using a test- retest method on 50 subjects with an interval 

of six weeks, showed the reliability coefficients of 28.0 to 98.0 for the subtests and compositions respectively. 

 The validity scale of correlation with general intelligence in Wechsler scale is obtained in subtests of mind 

control, visual memory, logical memory I, associate visual pairs I, associate verbal pairs I, visual recreation I, 

visual memory span of figures, logical memory II, associate visual pairs II, associate verbal pairs II, visual 

recreation II, that are 45.0, 34.0, 57.0, 67.0, 60.0, 56.0, 64.0, 55.0, 36.0 and 67.0 respectively [14]. 

 

Results:  

 First of all, data normal distribution was checked through Kolmogorov-Smirnov test. Then the research 

hypotheses were tested using one-way ANOVA test. 

 Mean and standard deviation of scales’ scores and the Wechsler clinical memory subscales.  

 
Scales Patients 

SdM + 

Healthy group 

SdM + 

Verbal memory 92.98 +11.66 100.4+13.15 

Visual memory 49.15+62.93 109.16+11.083 

General memory 91.34+13.53 103.98+10.93 

Attention/concentration 94.86+11.77 106.02+10.93 

Delayed recall 87.58+14. 69 99.66+11.72 

 

 Then the diabetic patient’s scores of cognitive function were compared with the scores of control group, 

using one way ANOVA test. Results are reflected in the table. 
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Table  1: Results  of  one  way  ANOVA test  comparing  verbal  memory scores  of  diabetic  patients  and  those  of the  control  group.  

 Sum of  squares Degree of  freedom Mean –square F Significance 

level 

Between- groups 

Changes 

1376/ 410 1 1376/410 8/908 004 

Within – groups 
Changes 

15142/980 98 154 / 50   

Total 16519/ 390 99    

 

 According to Table (1), considering the average verbal memory, there is a significant difference between 

patients and control group (F=8.908and P=0. 004).The average verbal memory in diabetic patients is 98.92± 

11.66, and the average verbal memory in healthy subjects is 100.4±13.15. The average verbal memory is lower 

in diabetic patients compared to healthy ones. So we can say, there isa significant difference between verbal 

memory scores in type II diabetic patients and those of control group. (p<0.05) 

 Using one way ANOVA test visual memory scores of diabetic patients were compared with those of the 

control group. The results are given in table 2. 

 
Table 2: Results of one way ANOVA test comparing visual memory scores of diabetic patients and those of the control group. 

 Sum of squares Degree  of freedom Mean-square F Significance level 

Between-groups changes 6037.290 1 6037.290 33.283 000 

Within-groups changes 17776.500 98 181.393   

Total 23813.790 99    

 

 According to table (2), considering the average verbal memory, there is a significant difference between 

patients and control group. (F=33.283, P = 0<0.05). The average visual memory in diabetic patients is 93.62 ± 

15.49, and the average visual memory in healthy people is 109.16 ± 11.083. The average visual memory is 

lower in diabetic patients compared to healthy ones. It is worth to mention, there is a significant difference 

between the visual memory scores in type II diabetic patients and those of the control group. (p< 0.05). 

 Using one way ANOVA test, general memory scores of diabetic patients were compared to those of the 

control group. The results are presented in Table 3. 

 
Table 3: Results of one way ANOVA test comparing general memory scores of diabetic patients and those of the control group.  

 Sum of squares Degree  of freedom Mean-square F Significance level 

Between-groups changes 3994.240 1 3994.240 26.398 000 

Within-groups changes 14828.200 98 151.308   

Total 18822.440 99    

 

 According to Table (3), considering the average general memory there is a significant difference between 

patients and control group (F=26.398, P = 0<0.05). The average general memory in diabetic patients is 91.34 ± 

13.53, and the average general memory in healthy ones is 103.98 ± 10.93. The average general memory is lower 

in diabetic patients compared to healthy subjects. So it is worth noting that there is a significant difference 

between the general memory scores in type II diabetic patients and those of the control group (P< 0.05). 

 Using one way ANOVA test, attention/concentration scores of diabetic patients were compared to those of 

the control group. The results are presented in Table 4. 

 
Table 4:  Results of one way ANOVA test comparing attention/concentration scores of diabetic patients and those of the control group.  

 Sum of squares Degree of freedom Mean-square F Significance level 
Between-groups changes 3113.640 1 3113.640 24.127 000 
Within-groups changes 12647.00 98 129.051   

Total 15760.640 99    

 

 According to Table (4), considering the average of attention/concentration there is a significant difference 

between patients and control group. (F=24.127, P = 0<0.05). The average of attention/concentration in diabetic 

patients is 94.86 ± 11.77, and the average of attention/concentration in healthy subjects is 106.02 ± 10.93. The 

average of attention/concentration is lower in diabetic patients compared to healthy ones. So we can say, there is 

a significant difference between the attention/concentration scores in type II diabetic patients and those of 

control group. (p< 0.05) 

 There was a significant difference between the attention/concentration scores in type II diabetic patients and 

those of control group that was shown by one way ANOVA test. (p< 0.05).The results are presented in Table 5. 

 
Table 5: Results of one way ANOVA test to compare delayed recall scores of diabetic patients and those of the control group. 

 Sum of squares Degreeof freedom Mean-square F Significance level 

Between-groups changes 3648.160 1 3648.160 20.647 000 

Within-groups changes 17315.400 98 176.688   

Total 20963.560 99    
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 According to Table (6), considering the average of delayed recall there is a significant difference between 

patients and control group. (F=20.647, P = 0<0.05). The average of delayed recall in diabetic patients is 87.58 ± 

14.69, and the average of delayed recall in healthy individuals is 99.66 ± 11.72. 

 

Discussion and conclusions: 

 Results showed that patients with type II diabetes have significant differences compared with healthy 

individuals.Considering the areas related to verbal memory such as logical memory and verbal pairs association, 

there is a significant difference between the patient group and healthy individuals concerning the average verbal 

memory, as it is shown in table 1.The average verbal memory in diabetic patients is 92.98  11.66 and the 

average verbal memory in healthy people is 100.4  13.15.Thus the verbal memory in diabetic patients is less 

than healthy subjects. These results are consistent with the Framingham Study. In that studies, they found that 

type II diabetes is associated with 1.8 increase in risk of poor performance in verbal memory and visual memory 

[15]. It is also in accordance with the study results of Kanaya and his colleagues in terms of the point that type II 

diabetes causes a further decline in verbal fluency [16]. The results of this study is consistent with the study 

conducted by Grodesiten and his colleagues on type II diabetic nurses and healthy nurses. Their results showed 

that type II diabetes causes poor performance on verbal memory [17]. The result of this study is consistent with 

another study conducted by Rvanitaksi on sweet diabetes and risk of Alzheimer disease and decline in the 

cognitive function [11]. 

 Concerning general memory including sum of verbal and visual memory, the average general memory in 

diabetic patients is 91.34 13.53compared to that of 103.98  10.93 in healthy people as shown in table 3.Thus 

the general memory in diabetic patients is less than healthy subjects. These results are consistent with the study 

carried out by Eldern and his colleague [18]. It is also in accordance with the study results of Doytin Cham in 

terms of type II diabetes and cognitive decline in middle-aged men and women. Their results showed that 

diabetes causes a decline in cognitive function including memory, cognitive processing speed and cognitive 

flexibility [8]. 

 As you may notice in table 4, there is a significant difference between the average scores of patients and the 

control group concerning attention/concentration scores including mental control, figures and visual memory 

span. The average of attention/concentration scores in diabetic patients is 94.86 11.77 compared to that of 

106.02   10.93 in healthy subjects. These results are consistent with the same study conducted by Berg. In their 

studies, they showed that there is a mild reduction concerning information processing, attention/concentration 

and executive functions in type II diabetic patients in comparison to the control group [7]. It is also in 

accordance with the study results of Stewart and Liolitsa. Considering their researches, they found that the 

deficiency is stable in the domain of attention/concentration and verbal fluency among diabetic patients [5]. 

 This finding is also in accordance with the meta-analysis results of Allen’s studies in terms of cognitive 

dysfunction relation to type II diabetes [19]. There is also a significant difference between diabetic patients and 

healthy subjects concerning delayed recall i.e. logical memory, visual pairs association, verbal pairs association 

and visual recreation. 

 The average of delayed recall in diabetic patients is 87.58 14.69, compared to that of 99.66   11.72 in 

healthy individuals. Thus the average of delayed recall in diabetic patients is less than healthy subjects. These 

results are consistent with the study carried out by OKereke and his colleague concerning high level of insulin 

[20]. It is also in accordance with the study results of Arvanitakis in terms of sweet diabetes, risk of Alzheimer's 

disease and cognitive function decline [11]. 

 In order to justify these findings we can note that most brain functions act as an integrated whole and 

operation of one brain region is affected by functions of other brain region [7]. 
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