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ABSTRACT 

 

Insulin resistance is an early sign of diabetes type 2 that occurs in situations where target organ sensitivity 

decreases against insulin. Excess free radicals can be mutually insulin resistance. The purpose of this study was 

to determine how the effects of insulin can be a determining factor. This study used case control design 

conducted on 22 outpatients at Clinic University of Muhammadiyah Surabaya during June until July 2017. Data 

were collected using questionnaires, nutritional status, fasting blood glucose, fasting insulin, and MDA levels. 

Insulin resistance status using normal HOMA IR method of <2.77. Logistic Regression was used to determine 

the effect of free radical on the occurrence of insulin resistance. The results showed free radical against insulin 

resistance at =0.05 with p=0.018. That result means boosting MDA levels also increases the risk of insulin 

resistance. In addition, the consumption of dietary sources of fat and excessive use of food additives, low fruit 

intake, BMI values are also factors affecting insulin resistance with p=0.027; p=0.036; and p=0.027. Given the 

elevated levels of MDA-free radicals can increase the risk of insulin resistance. Applying a healthy lifestyle by 

consuming fiber-rich foods can prevent the formation of excessive free radicals. 
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INTRODUCTION 

Background 

 

Diabetes mellitus is included in non-communicable diseases that are still a public health problem and are 

very important to be handled immediately. Non-communicable diseases are the biggest cause of death in 

Indonesia, where an estimated 63% of deaths in Indonesia are caused by non-communicable diseases. Although 

still dominated by cardiovascular disease, but diabetes ranks third after cancer as the cause of death from non-

communicable diseases in Indonesia. Epidemiological transitions and nutritional play an important role in 

changing these trends tersebut (Soewondo, Ferrario, & Tahapary, 2013). 

Prevalence of diabetics mellitus tend to increase from year to year. International Diabetes Federation 

(IDF) estimates the number of diabetics in the world about 382 million people in 2013 (Kemenkes RI, 2014). 

Globally, by 2014 about 422 million adults live with diabetes. The number is quite a drastic increase to 108 

million adults in 1980s (WHO, 2016). The number is estimated to increase and reach 592 million people in 2035                          

(Kemenkes RI, 2014). 

Diabetes mellitus is a metabolic disorder disease characterized by elevated blood sugar levels and occurs 

due to destruction of pancreatic β cells so it cannot produce enough insulin or the body cannot use insulin that 

has produced effectively or both of them. The condition in which the body cannot use insulin effectively is 

known as insulin resistance (Kemenkes RI, 2014; Tiwari, Pandey, Abidi, & Rizvi, 2013; WHO, 2016). The case 

of diabetes mellitus is generally dominated by diabetes mellitus type 2 which is motivated by insulin resistance. 

Insulin resistance is an early of diabetes mellitus. At the beginning, insulin resistance has not shown clinical 

signs of diabetes in the form of elevated blood sugar levels. This is because β cells are still able to compensate 

by producing more insulin, then resulting hyperinsulinemia, glucose level still normal or slight increase (Evans, 

Goldfine, Maddux, & Grodsky, 2003; Merentek, 2006). The condition can be an early detection of the 

occurrence of diabetes mellitus even 10 years before diabetes mellitus is characterized by hyperglycemia 

actually occurs (Valko et al., 2007). 

Insulin resistance can be caused by various factors including genetic factors and environmental factors 

that include high caloric food intake, low physical activity, obesity, pregnancy, and  the increase of an abnormal 
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certain hormones (Erejuwa, 2012; Evans et al., 2003). In addition, oxidative stress is also known to play a role 

in the pathogenesis of insulin resistance that triggers the occurrence of diabetes mellitus (Erejuwa, 2012). But it 

is unclear what are the main factors affecting the occurrence of insulin resistance and how its role in                  

influencing it. 

   

Purpose 

 

This study aimed to determine the factors that affect insulin resistance. It also aimed to identify the 

characteristics of respondents, conditions of insulin resistance status, and consumption patterns of respondents. 

 

METHODS 

Participant 

 

This research was a case control study with 22 subjects of adults and the aged between 30-65 years who 

have visited Clinic University of Muhammadiyah Surabaya. The study was conducted in June-July 2017. The 

subjects consisted of 11 cases with the criteria having HOMA-IR of ≥2.77 and / or fasting blood glucose of 

>100 mg / dl, fasting blood insulin of >18 μU / mL obtained based on screening of the latest laboratory 

examination results and a history of the disease of respondents. The samples taken were patients who were 

diagnosed with diabetes according to the results of the blood sugar examination when more than normal. While 

subjects in control cases were 11 people with the criteria having HOMA-IR of <2.77 and/or fasting blood 

glucose of ≤100 mg/dl, fasting blood insulin level of ≤18 μU / mL obtained using simple random sampling 

technique from patient data have normal blood sugar levels. Characteristics of respondents obtained through 

interviews using a questionnaire, including age, gender, education level, income level, and family disease 

history. 

 

Anthropometric and Clinical Measurements 

 

Measurements of weight and height were measured against the applicable standards. Measurement of 

weight was using the bathroom scale with kg unit, while the height measured was using microtoise with cm 

units. Body mass index was calculated from body weight (kg) divided by height (m) squared. 

Blood samples collected were blood samples after fasting at least 8 hours. The blood sample taken was           

7 cc. Fasting plasma glucose levels were measured using hexokinase method. While fasting serum insulin levels 

were measured using Electro Chemiluminiscence Immuno Assay (ECLIA) method. The taking of plasma 

glucose and insulin serum was done at Parahita Laboratory Surabaya. HOMA-IR was used to assess insulin 

resistance (fasting insulin serum (µU/ml) x fasting plasma glucose (mg/dl)/405) (Tang, Li, Song, & Xu, 2015). 

The cutoff point used in determining insulin resistance status in this study was 2.77, so that respondents were 

predicted to have insulin resistance (positive insulin resistance group) if the HOMA-IR value was more than 

2.77 (Kusumo (2005), Marfianti (2009). 

Free radical levels were measured based on MDA levels examined from 1 cc of blood serum using 

tiobarbituric acid (TBA) test by colorimetric method. Readings of spectrophotometric results with wave length              

532 nm (Moselhy, Reid, Yousef, & Boyle, 2013). MDA examination conducted at Nutrition Laboratory of 

Public Health Faculty of Airlangga University. 

 

Dietary Intake 

 

Dietary pattern was measured using semi-quantitative-FFQ. Questions included food consumption habits 

of carbohydrate sources, animal protein sources, vegetable protein sources, vegetables, fruits and food sources 

of fat and food additives. In addition to the frequency of consumption, also obtained the amount of food 

consumed. 

 

Ethical Considerations 

 

The Health Research Ethics Committee of the Faculty of Public Health Airlangga University approved 

the study protocol. All patients provided informed consent. 

 

Statistical Analysis 

 

Bivariate analyzes were used to examine differences in the independent variables between case  and 

control groups. Parameters with normal distribution (tested with Kolmogorov Smirnov test) were compared with 

Student's t-test (age, income level, BMI, fasting blood insulin, HOMA-IR, total food intake, and MDA levels) 
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and expressed as mean ± SD . Parameters with skewed distribution were analyzed with Mann-Whitney test. 

Parameters with nominal scale data were analysed with chi-square (gender, level of education) and fisher exact 

test (family disease history). Bootstrap logistic regression based on 500 samples was used to obtain maximum 

results in searching for factors of independent variables that influence the occurrence of insulin resistance. 

 

RESULTS 

 

Participants were grouped by insulin resistance status. Participants with HOMA-IR values of ≥2.77 were 

grouped in case groups, whereas participants with HOMA-IR values of <2.77 were included in the control 

group. Both groups had different BMI, fasting glucose, fasting insulin, and significant HOMA-IR p-value of < α 

(0.05). Although it has not significantly different respondents, case groups tend to be older, have higher incomes 

and have a history of diabetes in their families. Consumption of food sources of carbohydrates, animal and 

vegetable protein, and food sources of fat was also higher in the group of case groups. It also appeared at higher 

MDA levels. 

 

Table 1.The Difference of Characteristics, Insulin Resistance Status, Dietary Pattern, and MDA Level Between 

Positive Insulin Resistance Group and NegativeInsulin Resistance Group 

 

Variable Case group Control Group P-value 

Age (years) 45.36±9.24 39.27±8.63 0.126 

Sex (male/female) 6 (54.5%) male 

5 (45.5%) female 

6 (54.5%) male 

5 (45.5%) female 

0.671 

Education level 2 (18.1%) Senior high school 

4 (36.4%) Diploma/S1 

5 (45.5%) S2/S3 

2 (18.1%) Senior high school 

4 (36.4%) Diploma/S1 

5 (45.5%) S2/S3 

0.281 

Income level  (Rp) Rp 3.827.272.73 Rp 3.268.181.82 0,.445 

Family history (yes/no) 5 (45.5%) Yes 

6 (54.5%) No 

3 (27.3%) Yes 

8 (72.7%) No 

0.201 

BMI (kg/m
2
) 28.69±3.70 24.31±3.22 0.008 

Fasting glucose (mg/dl) 140. 82±67.07 87.45±9.34 0.014 

Fasting insulin (µU/ml) 13.57±4.39 8.41±2.83 0.004 

HOMA-IR  4.21±1.5 1,78±0,47 0.000 

Carbohydrate-source food 519.10  162.58 329.76  123.82 0.008 

Animal protein-source food 115.4  76.24 83.77  40.11 0.412 

Plant protein-source food 207. 04  167.93 204.91  167.03 0.974 

Vegetables 44.9  29.25 164.68  63.72 0.001 

Fruits 38.10  18.81 83.34  38.21 0.014 

Fat -source food 148.06  49.72 94.15  36.36 0.009 

MDA level (µU/ml) 2.640.39 2.410.22 0.116 

     

 

Incidence of insulin resistance is known to be influenced by several factors, including consumption 

patterns, body mass index (BMI), and MDA-free radical levels. Based on the results of processing and data 

analysis using Logistic Regression Test with bootstrap method (re-sampling method) of 500 samples can be 

obtained equation model to predict the incidence of insulin resistance. 

Dependent variables analyzed to determine the factors that influence the occurrence of insulin resistance 

are insulin resistance status which is divided into two categories: positive insulin resistance and insulin negative 

resistance. While the independent variables analyzed include consumption patterns (total consumption of food 

sources of carbohydrates, animal protein sources, vegetable protein sources, vegetables, fruits, and sources of fat 

and food additives), body mass index (IMT), and MDA-free radical levels. 

Model on logistic regression test was obtained by fit model with significance level of p <α (0.05). Based 

on 'Variable in the Equation and Bootstrap Variable in the Equation' obtained that significant independent 

variables and influenced the occurrence of insulin resistance was the amount of fruit consumption (OR=2.929, 

p=0.036), the amount of food consumption of fat source and food aditives (OR=0.544, p=0.027), body mass 

index (p=0.027), and free radical (p=0.018), and constant (p=0.009). While the variable amount of consumption 

of food sources of carbohydrates, animal and plant protein, and vegetables. 
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DISCUSSION 

 

Insulin resistance is a condition in which the required insulin concentration is greater than normal to 

maintain normal blood sugar levels (Saini, 2010). This happens because the body cells, especially the liver, 

muscle, and fat/adipose tissue has decreased in sensitivity and even insulin resistance (IDF, 2015). Growing age 

increases the risk of insulin resistance when accompanied by weight gain and lack of physical activity. It can 

happen because the weight exceeds normal will cause the accumulation of fat tissue that affects the decrease in 

insulin sensitivity due to decreased mitochondrial function, especially skeletal muscle.  

Men are at higher risk for insulin resistance even though the fat composition in men is lower than 

women. This is due to the lipogenic ability of female adipocytes, especially adipocytes in the perigonadal 

depots, which are higher so it is able to decrease visceral fat accumulation. The increase in lipogenic capacity is 

also known because of the stimulation of insulin signal tissue so that it can increase tissue sensitivity to insulin. 

People with high socioeconomic tend to experience prediabetes. People in postgraduate education stages 

are 1,68 times more to experience insulin resistance (Yang, Hall, Piccolo, Maserejian, & Mckinlay, 2015). Jobs 

will affect the income received by a person. The income can affect the purchasing power of family and revenue. 

Yang et al. (2015) research was suggesting that people with higher income stages are 1.88 times more to 

experince insulin resistance and are in prediabetes. The high prevalence of insulin resistance in upper middle 

socioeconomic groups in developing countries occurs because wealth/prosperity is associated with sedentary 

lifestyles and consuming of excessive fat and calorie foods. 

Groups of people who have a family history of diabetes are at higher risk for experiencing insulin 

resistance that may occur due to genetic mutations (Stern & Mitchell, 1999). However, environmental factors 

also play a role in causing insulin resistance that triggers the development of diabetes mellitus. 

Based on the results of multivariate analysis in this study obtained the results that the consumption of 

foods in high fat and low in fiber, especially fruit, BMI, and free radical levels into factors that affect the 

occurrence of insulin resistance. The results of this study indicated that a person's risk for insulin resistance 

increased to 1.83 times greater in each increase of the number dietary consumption of fat sources and food 

additives as much as 100 grams in one day. 

The group of positive insulin resistance tended to be more and more often consume food sources of fat 

especially fried. Similar results in Japanese populations also showed that high-fat western diet (high intake of 

fried foods, fried foods and fried meat) was positively correlated with HOMA-IR as an indicator of insulin 

resistance (Arisawa et al., 2014). High calorie food intake leaded to interference in the body's metabolism. 

Studies conducted in groups with energy consumption exceeding adequacy in healthy individuals suggested the 

formation of mitochondrial ROS and cytosol, MDA, mitochondrial antioxidant enzymes, and increased levels of 

expression of SOCS-3 (suppresor of cytokine signaling-3) associated with mediated insulin signal transduction 

insulin resistance, hyperinsulinemia, to increased insulin resistance (Lim et al., 2011). 

Consumption of fiber, especially fruit, can reduce the risk of insulin resistance. The results of this study 

indicated that fruit consumption has an effect in reducing the risk of insulin resistance. A person who consumes 

more can prevent insulin resistance 2.9 times more than those who consume less fruit. The adequacy of dietary 

fiber for children, adolescents and adults is 14 grams of dietary fiber per 1000 kcal of energy adequacy 

(Hardinsyah, Riyadi, & Napitupulu, 2012). Fruits contain water-soluble food fiber that plays a role in slowing 

slow glucose absorption thereby lowering blood sugar levels. 

Vegetables and fruits are an important source of antioxidants and play a role in reducing the risk of 

cardiovascular disease including diabetes mellitus type 2. A recent study suggested that people who eat fruits, 

such as apples, grapes and blueberries at least twice a week can lower the risk of type 2 diabetes by 23 percent 

(Sekarsari, 2016). Bananas and potatoes contain potassium capable of maintaining tissue cells in the heart and 

kidneys so that it works better and can prevent the occurrence of insulin resistance that leads to diabetes. 

Vitamin C (ascorbic acid) contained in apples, oranges, tomatoes and strawberries is known to play effectively 

capture O2* (superoxide anions) and 1O2 (singlet oxygen), but it can also break the radical reaction produced by 

per oxidation lipid. Vitamin C as an antioxidant serves to bind O2 so it does not support oxidation reactions or as 

oxygen scavenger (Sayuti & Yenrina, 2015). Vitamin A is found in yellow fruits such as oranges and tomatoes. 

Melons and carrots contain carotenoids (vitamin A precursors). Carotenoids are composed of lycopene, beta 

carotene, zeaxanthin and cryptoxanthin. Carotenoids serve as a damper of oxygen singlets and free radical 

deactivators. Lycopene has twice the antioxidant activity stronger than beta carotene. 

The weight gain leads to body fat build up that affects the structure changes and function of adipose 

tissue. Because adipose tissue is not only as a storage place for triglycerides but also produces some hormones 

called adipokinase. Adipokinase affects the regulation of the action of insulin not only on adipose tissue, but 

also skeletal muscle and liver which are the main organ target insulin. Derived hormones, which include 

cytokines (TNF-α and IL-6), leptin, resistin and adiponectin, further affect the occurrence of insulin sensitivity 

through different mechanisms (Merentek, 2006; Park, 2008). 
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Fatty acids can cause insulin resistance because they interfere glucose oxidation which is stimulated by 

insulin and muscle glycogen synthesis resulting from unstable stimulation of glucose / phosphorylation. This is 

due to a decrease in the ability of insulin to activate the insulin/phosphoinositol 3-kinase subtrate signaling 

pathway (Karakelides, Irving, Short, Brien, & Nair, 2010). Increased levels of MDA is an indication of 

oxidative stress. Increased lipid per oxidation will trigger free radical activity which can lead to insulin 

resistance. Free radical activity that occurs will trigger the activation of stress sensitive pathways that are in line 

with the occurrence of insulin resistance (Kalaivanam, Dharmalingam, & Marcus, 2006). Obesity and increased 

central obesity are known to be a major determinant of elevated plasma MDA levels and are directly related to 

the development of glucolipotoxic states (Moreto, Oliveira, Manda, & Burini, 2014). 

Thus the accumulation of exogenous free radical exposure and adipose tissue buildup may activate the 

inflammatory gene that causes disorders of adipokinase regulation. Increased leptin, resistin, TNF-α and IL-6, 

and decreased adeponectin activate the serine / threonin pathway thus disrupting the tyrosine normal pathway. 

Serine phosphorylation decreases PI-3 kinase signal activity which may decrease insulin sensitivity resulting in 

insulin resistance. These conditions lead to decrease glucose uptaken by cells and  glucose levels elevated in the 

blood, which further develops into diabetes mellitus type 2. 

 

CONCLUSION  

 

Factors that affect the occurrence of insulin resistance are the consumption of fat food sources and food 

additives, fruit consumption, BMI, and MDA levels. Free radicals affect the occurrence of insulin resistance 

where the develpoment of MDA-free radical increases the risk of insulin resistance. Further research is needed 

on a larger scale and observation of the effect of food consumption levels on insulin resistance using 

quantitative methods of measuring nutrient intake, such as food recall or food record. Further studies are also 

needed to determine the factors that affect elevated levels of MDA as a trigger for insulin resistance. 
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