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ABSTRACT 
Introduction: Cognitive impairment is a common complication of Type 2 Diabetes 
Mellitus (T2DM) in which the underlying mechanism are insulin resistance and 
associated central obesity. Homeostatic model assessment of insulin resistance (HOMA-
IR) and waist-hip ratio (WHR) have been used as markers for insulin resistance and 
central obesity, respectively, but their direct association with cognition remains unclear. 
This study was conducted to determine the relationship between HOMA-IR and WHR 
with cognitive function in T2DM patients. 
Method: This was a correlative analytic study with a cross sectional design involving 
T2DM pateints. The HOMA-IR was assessed based on blood laboratory results, the 
WHR was measured by dividing circumference of the waist by the circumference of the 
hips and cognitive function was assessed using the Montreal Cognitive Assessment 
Indonesian Version (MoCA-INA). 
Results: : There were 56 patients included in the study. There was no significant 
relationship between HOMA-IR and cognitive function in T2DM patients (p=0.276; 
r=0.148). There was also no significant relationship between WHR and cognitive 
function (p = 0.499; r = 0.092). 
Conclusion: The HOMA-IR and WHR were not correlated with cognitive function in 
T2DM.  
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INTRODUCTION 
Type 2 diabetes mellitus is a group of metabolic diseases characterized by relative insulin deficiency and 
insulin resistance, and obesity and physical inactivity are the main risk factors for this disease. The prevalence 
of type 2 diabetes is increasing in developing and developed countries due to changes in socioeconomic factors 
and increasing unhealthy living habits. The International Diabetes Federation (IDF) in 2017 estimated that as 
many as 451 million people in the world suffer from DM. By 2045, this number is expected to increase to 693 
million if effective prevention measures are not taken.[1] 

One of the chronic complications of type 2 DM can involve the brain and nervous system. Type 2 DM 
is associated with decreased cognitive function, and patients often complain of worsening memory and 
attention and more brain imaging abnormalities than non-diabetic patients. Decreased cognitive function in 
type 2 DM patients can be in the form of mild cognitive impairment, Alzheimer's disease, vascular dementia, 
and various other forms of dementia as assessed by neuropsychological tests.[2] 

Various mechanisms are thought to play a role in cognitive function decline in type 2 DM patients, 
namely atherosclerosis, microvascular dysfunction, oxidative stress, and especially insulin resistance. 
Research on Alzheimer's dementia shows that this failure is related to several mechanisms, namely insulin 
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resistance, insulin growth factor (IGF) signaling, the inflammatory response, oxidative stress, the glycogen 
synthase kinase 3 (GSK3) signaling mechanism, the formation of amyloid beta (A) and neurofibrillary tangles, 
and regulation of acetylcholinesterase activation.[3] 

In previous studies, it was stated that there are several factors that affect the decline in cognitive function 
in DM, such as plaque in atherosclerosis, microvascular disease, or secondary factors such as age or aging, 
genetic factors and co-morbidities, and the duration of diabetes, blood glucose levels, and obesity, and poor 
glycemic control, all of which can negatively affect cognitive function in DM patients. Several previous studies 
have also investigated the role of insulin resistance in the development of cognitive impairment in type 2 DM 
patients.[4-7] The HbA1c level is a standardized glycemic control marker that can describe the state of 
glycemic control in the previous 9-12 weeks. This examination has been widely used and is trusted for 
assessing poor glycemic control, which is characterized by HbA1c levels > 6.5%.[8] Homeostatic model 
assessment of insulin resistance (HOMA-IR) is a simple and affordable method of assessing insulin 
resistance.[9] A low HOMA-IR indicates high insulin sensitivity, while a high HOMA-IR indicates high 
insulin resistance.[10,11] Apart from HOMA-IR, there are other parameters that can also describe insulin 
resistance, namely the waist-hip ratio (WHR).[12] One study showed that higher WHR  could increase the risk 
of cognitive impairment among elderly with BMI >25.3 kg/m2.[13]  We aimed to determine the association 
between these markers of insulin resistance with cognitive impairment in type 2 DM patients. 
 
METHOD 
This study was an analytic-correlative with a cross-sectional design, with primary data sources taken 
consecutively from all type 2 DM patients in the neurology polyclinic, the endocrine polyclinic, and the 
integrated inpatient unit at Haji Adam Malik General Hospital Medan from May to November 2022. The 
number of subjects required after calculation was 56 patients.  

The inclusion criteria were type 2 DM patients, aged 40-60 years, had minimal education of 12 years, 
had HbA1C level of less than 8%, duration of DM less than 10 years, and was able to read, write in and speak 
Bahasa Indonesia fluently. The exclusion criteria were patients with central nervous system (CNS) lesions 
such as stroke, tumor, infection; patients with aphasia and/or major psychiatric disorders. All subjects gave 
consent to participate in this research by signing the research informed consent sheet. HOMA-IR was 
calculated multiplying fasting plasma insulin (FPI) by fasting plasma glucose (FPG), then dividing by the 
constant 22.5, i.e. HOMA-IR = (FPI×FPG)/22.5.[9,10] Waist-to-hip ratio was measured measured by dividing 
circumference of the waist by the circumference of the hips.[13] 

Cognitive function was assessed by Indonesian version of the Montreal Cognitive Assessment (MoCA-
Ina). The MoCA-INA has been developed and validated in Indonesia and has been found to be useful as a brief 
cognitive tool in various clinical settings. The MoCA-Ina test consists of 30 questions and assesses 8 cognitive 
domains, namely visuospatial/executive, naming, memory, delayed memory, attention, language, abstraction, 
and orientation. The MoCA-Ina test scores range from 0 to 30, with higher scores indicating better cognitive 
function and lower scores indicating worse cognitive function. A score of 26 or above was considered 
normal.[14-15]  This study was approved by the Clinical Research Ethics Committee of Faculty of Medicine, 
Universitas Sumatera Utara. 

Data from this study were analyzed statistically using the SPSS for Windows computer program 
(Statistics Products and Science Services) version 22.0. Univariate analysis was used to describe the 
demographic data. Numerical variables were presented by displaying the number and frequency, mean and 
standard deviation, where appropriate. Bivariate analysis was used to determine the relationship between 
waist-hip ratio and HOMA-IR with cognitive function by using the Pearson or Spearmen correlation tests 
based on the normality distribution of the data. 
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RESULT 
From May 2022 to November 2022, type 2 diabetes mellitus patients visited the neurology polyclinic, the 
endocrine polyclinic, and the inpatient room at H. Adam Malik General Hospital Medan. All subjects met the 
inclusion and exclusion criteria. Based on the characteristics of the 56 research subjects, it was found that the 
lowest age of the research subjects was 41 years and the highest was at the age of 60, with an age range of 40–
50 years for 14 subjects (25%), an age range of 50–60 years for 39 subjects (69,6%), and an age range of 60–
70 years for 3 subjects (5.4%). The sex of the research subjects consisted of 30 male subjects (53.6%) and 26 
female subjects (46.4%). The highest educational level of research subjects was high school, with 35 subjects 
(62.5%); the most common occupations were housewives with 21 subjects (37.5%). The most ethnic groups 
sequentially are Batak with 37 people (66.1%), Javanese with 9 people (16.1%), Karo with 8 people (14.3%), 
and Malay with 2 people (3.6%). Descriptive data shows that the longest time to suffer from type 2 DM is 2 
years, and the highest is 10 years. The mean HOMA-IR was 1.7±0.89. The average waist-hip ratio is 0.9 ±0.03. 
The MoCA-INA average is 24±2.1. The demographic characteristics of the research subjects are detailed in 
Table 1. 
 
Table 1. Demographic Characteristics of Research Subjects 

Characteristics Average n (56) Percentage (%) 

Age, average (years) 41-60**   
• 40 - <50 years  14    25 
• 50 - <60 years  39 69.6 
• 60 - <70 years   3  5.4 

Gender    
• Male  30 53.6 
• Female  26 46.4 

Education    
• Senior High School  35 62.5 
• Diploma   2  3.6 
• Bachelor  19 33.9 

Ethnic    
• Batak  37 66.1 
• Javanese   9 16.1 
• Karo   8 14.3 
• Malay   2  3.6 

Occupation    
• Housewives  21 37.5 
• Entrepreneur  18 32.1 
• Private Employee   8 14.3 
• Civil Servant   6 10.7 
• Retired   3  5.4 

Diabetic Drugs    
• Oral  42 75 
• Insulin  14 25 

Duration Of Diabetes 2-10**   
Moca-INA score 24±2.1*   
HOMA IR 1.7±0.9*   
WHR 0.9±0.03*   
 

Table 2 shows the relationship between HOMA-IR and cognitive function as assessed by the MoCA-
Ina score in type 2 DM patients. Using the Pearson correlation test, there was no significant relationship 
between HOMA-IR and cognitive function of type 2 DM patients (r=0.148, p=0.276) 
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Table 2. Relationship between HOMA-IR and cognitive function in type 2 DM patients 

Noted: Pearson’s Correlation Test 
 

Table 3 shows the relationship between waist-hip ratio and cognitive function in type 2 DM patients as 
measured by the MoCA-Ina. The Pearson correlation test showed that there was no significant relationship 
between WHR and cognitive function with a value (r=0.092, p=0.499). 
 
Table 3. The relationship between WHR and cognitive function in type 2 DM patients 

Noted: Pearson’s Correlation Test 
 
DISCUSSION 

Based on the characteristics of the 56 research subjects, the lowest age was 41 years and the highest was 
60 years, with the highest age range in the 50–60 years range for 39 subjects (69.6%). The highest age group 
was also found to be almost the same as the results of the data from Riskesdas 2018, namely the age group of 
55–64 years (6.29%).[16] The results of this study are relevant to previous research conducted by Tambunan 
et al. in 2021, which stated the average age of type DM patients was largest age group at 51–60 years 
(60%).[17] Trisnawati et al. explained in a 2013 study that there was a relationship between age and fasting 
blood sugar levels, with age 45 years being the most risk factor for increasing blood sugar levels. This is 
because aging can reduce insulin sensitivity, which can affect blood glucose levels, and thus increase the 
incidence of type 2 diabetes.[18] 

There were 30 male subjects (53.6%) in the study compared to 26 female subjects (46.4%). According 
to a 2019 study by Sastrawan et al., the proportion of men and women with type 2 diabetes at H. Adam Malik 
General Hospital Medan was the same.[5] This research is in line with research by Lalithambika et al. in 2019 
which showed that out of 70 research subjects, 57 (81.4%) were male.[19] 

The characteristics of the education level of the research subjects that were most common in this study 
were high school students with 35 subjects (62.5%). The results of this study are in line with previous research 
conducted by Sastrawan et al. in 2019, where the education level of the most patients was high school (30%).[5] 
The occupational status of the most subjects was housewife, with 21 subjects (37.5%). This study is consistent 
with a 2017 study by Purwoningsih and Purnama, which found that housewives held 36% of all jobs.[20] 
According to Riskesdas 2013, it was found that the highest proportion of DM sufferers was in the non-working 
group.[16] 

The largest ethnic group in this study is the Batak ethnic group, with 37 people (66.1%). This is 
consistent with Tambunan et al.'s research from 2021, in which the Batak tribe has the most subjects with 38 
persons (77%).[17] According to the 2019 Literature Review, 56.6% of the Batak tribe suffers from type 2 
diabetes.[5] A family history of diabetes mellitus and the habit of consuming alcohol made the majority of 
Batak people suffering from type 2 DM more likely to prefer to eat and have bad eating habits such as 
consuming foods high in carbohydrates and fats and consuming less fiber, which can cause prolonged 
hyperglycemia, obesity, and eventually diabetes mellitus.[20,21] 

In this study, based on statistical analysis of the Pearson correlation test on 56 subjects with type 2 DM, 
it was found that there was no significant relationship between HOMA-IR and the cognitive function of 
patients with type 2 DM, with a value of p = 0.27 (p > 0.05) and a value of r = 0.148. This research is in line 
with Kong et al.'s 2018 study, which reported that there was no significant relationship between HOMA-IR 
and cognitive function.[22] In Zhao et al.'s 2019 study, it was concluded that there was no significant 

 MoCA-Ina Score 
HOMA-IR r=0,148 

p=0,276 
n=56 

 MoCA-Ina Score 
WHR r=0,092 

p=0,499 
n=56 
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relationship between the MoCA score and the HOMA IR (p > 0.05).[23]  Muthiah et al.'s 2019 study said that 
type 2 DM subjects with regular therapy and good glycemic control of HbA1c values showed no decline in 
cognitive function.[24] 

According to Preetam et al.'s 2022 study, older people with longer DM duration and higher HbA1c 
levels had higher cognitive impairment with a correlation of MoCA scores (p 0.001).[25] This difference might 
be due to differences in the population, where in several previous studies the results of a correlation between 
HOMA-IR and cognitive function were carried out without age restrictions, in other words, on subjects with 
an older age, while in this study the age was limited to between 40 and 60 years. Increasing age can cause a 
decrease in cognitive function. Brain degeneration causes a decrease in gray matter volume in the prefrontal 
cortex and white matter volume in the frontal lobe and corpus callosum, which has an impact on cognition.[26] 
The age factor has been widely studied and is a risk factor for dementia, where the risk of developing dementia 
increases significantly with increasing age, namely 2-fold every 5 years in individuals over 65 years, and 50% 
of individuals over 85 years experience dementia.[27] 

Furthermore, in this study, there were limitations on HbA1c values, whereas most studies with related 
results only evaluated patients with type 2 DM without any restrictions on HbA1c values. Uncontrolled type 
2 DM is associated with a decrease in executive function, and this is largely due to the presence of 
hyperglycemia.[28] Hyperglycemia can cause impaired cognitive function through mechanisms such as the 
formation of glycation end products, inflammation, and microvascular disease.[29,30] Long-term 
hyperglycemia can cause thickening of the basement membrane of the cerebral vascular muscles, reduce 
cerebral blood circulation, and directly damage neurons. Studies have confirmed that reduced cerebral blood 
flow hinders the brain's ability to perceive, process, and integrate information and ultimately leads to learning 
disorders and memory impairment.[2] 

In this study, based on statistical analysis of the Pearson correlation test on 56 subjects with type 2 DM, 
it was found that there was no significant relationship between WHR and cognitive function with a value of p 
= 0.499 (p > 0.05) and a value of r = 0.092. This research is in line with Ma et al.'s 2020 study, where no 
correlation was found between WHR and cognitive function.[31] Singh-Manoux et al.'s 2018 study also stated 
that there was no relationship between increased RLPP and the risk of mild cognitive impairment or 
dementia.[32] This is in contrast to the findings of Yerrapragada et al. in 2019, who found that RLPP was 
significantly associated with impaired cognitive function in type 2 diabetes patients.[33] In subjects aged 60 
years, a high waist-hip ratio was also associated with decreased cognitive function. Increased RLPP increases 
the risk of cognitive function decline in elderly patients with type 2 DM.[34,35] 

Berbegal et al. in 2022 found that there was a relationship between waist-to-hip ratio and the memory 
function domain, short-term memory (p = 0.04) and working memory (p = 0.03).Visceral fat is a risk factor 
for insulin resistance, which can cause dysfunction in the hippocampus, which is an area of the brain that 
regulates memory processes.[36] Obesity is a state of chronic inflammation that is associated with brain aging. 
Inflammation is also implicated in the development of type 2 diabetes and insulin resistance, which affects the 
transport of insulin and glucose across the blood-brain barrier. Obesity also affects cholesterol metabolism, 
which has an impact on insulin resistance, which has implications for glucose hypometabolism that precedes 
the occurrence of dementia.[37] Central obesity is also associated with cerebral atrophy and white matter, 
where inflammatory factors are thought to be associated with changes in cognitive function.[38,39]  

This research has limitations, namely that it is a cross-sectional study where the examination of cognitive 
function is only carried out once, so it cannot assess cognitive changes as in a prospective cohort study. In 
addition, we suggest that education is needed to prevent cognitive function decline by controlling type 2 DM 
disease, namely by taking regular medication in order to achieve good glycemic control. Second, further 
research can be longitudinal in nature such as a prospective cohort so that the assessment of cognitive function 
can be carried out more than once so that the factors that influence cognitive function in type 2 DM patients 
can be studied further. 
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CONCLUSION 
This study found no significant relationship between HOMA-IR and WHR and cognitive function in type 2 
DM patients. The findings of this study emphasize the fact that there are many factors that contribute to 
cognitive impairment in DM patients, other than insulin resistance that were studied. 
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