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Abstract: Obesity, especially abdominal obesity, is one of the most important underlying risk 

factors for metabolic syndrome and increases the risk of developing various pathological 

conditions like Type 2 diabetes mellitus, dyslipidaemia, hypertension and non alcoholic fatty 

liver disease. Insulin resistance means that the ability of insulin to stimulate glucose utilization 

is reduced, it is an integral feature of the metabolic syndrome and an important predictor of 

Type 2 Diabetes Mellitus development. It is well known that obesity is associated with diabetes 

mellitus, and the main basis of this link is thought to be the ability of obesity to stimulate insulin 

resistance. In this study, we aimed to evaluate the relationship between insulin resistance and 

obesity, related biochemical parameters, body analysis data. In this retrospective case control 

study, the insulin resistance status of 120 volunteers was determined by calculating the 

Homeostatic Model Assessment-Insulin Resistance formula. Biochemical values and body 

analysis results of individuals with and without insulin resistance were compared. Insulin 

resistance was detected in 56 (%46.7) of the subjects participating in the study. Insulin 

resistance was significantly related with weight, body mass index, body fat mass (p<0.05). 

However, there was no correlation between insulin resistance and body fat percentage, 

abdominal fat percentage and abdominal fat mass (p>0.05). Fasting plasma glucose, insulin, 

triglyceride and alanine aminotransferase levels were found to be higher in individuals with 

insulin resistance (p<0.05). There was no significant relationship between insulin resistance and 

HbA1c percentages, cholesterol, AST and Vitamin B12 levels (p>0.05). In conclusion, 

considering the risks of diseases caused by insulin resistance, findings of this study emphasizes 

the importance of detecting insulin resistance.. Determining the presence of insulin resistance 

can help prevent a variety of diseases by regulating nutrition. 
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1. Introduction 

It is known that in recent years, the worldwide prevalence of obesity and metabolic 

complications have increased significantly. World Health Organization data show that in 2016, 1.9 

billion adults over the age of 18 are overweight; of which 650 million are obese [1]. Obesity, 

especially abdominal obesity, is one of the underlying risk factors for the metabolic syndrome 

(MetS) [2]. Obesity increases the risk of developing various pathological conditions such as 

insulin resistance, type 2 diabetes mellitus (DM), dyslipidaemia, hypertension and non alcoholic 

fatty liver disease (NAFLD). It is also associated with metabolic changes such as increased fat 

mass, hypertension, elevated triglyceride and blood glucose levels and low HDL-cholesterol levels 

[3]. 

Insulin resistance means that the ability of insulin to stimulate glucose utilization is reduced. 

While pancreatic β-cells increase insulin production and secretion as a compensatory mechanism 

(hyperinsulinemia), glucose tolerance remains normal [4]. At the same time, insulin resistance is 

an integral feature of the metabolic syndrome and is an important predictor of DM development 

[5]. It is well known that obesity is associated with DM, and the main basis of this link is the 

ability of obesity to stimulate insulin resistance [6]. 

It is known that insulin resistance is associated with many diseases like MetS, DM, and 

obesity and is an important factor that triggers many other metabolic changes. Within this 

information, we aimed to evaluate the association of insulin resistance with obesity and other 

possible metabolic abnormalities in adult subjects. 

 

2. Material and Method 

Study was planned as a retrospective case control study and 120 volunteers, who were 18 

years old and did not have bariatric surgery, who applied to the Nutrition and Diet Policlinic of 

Samsun Buyuk Anadolu Hospital between 01.11.2016-01.04.2017 were included. At the 

beginning of the study, approval was obtained from Ondokuz Mayıs University Clinical Research 

Ethics Committee with approval number B.30.2.ODM.0.20.02/1432. 

Body analysis data that was evaluated in the study were; weight, body mass index (BMI), 

body fat mass, body fat percentage, abdominal fat mass, abdominal fat percentage. BMI was 

calculated by dividing weight to height’s square. According to World Health Organization (WHO) 

criteria, obesity was defined by BMI ≥30 kg/m2 and excessive weight defined by BMI≤30 kg/m2 

BMI≥25 kg/m2 [7]. Body composition was obtained from bioelectrical impedance analysis 

(TARTI, TANITA BC-418) results. Clinical and metabolic data include fasting blood glucose 

(FBG), HbA1C, insulin, triglyceride, cholesterol, alanine aminotransferase (ALT), aspartate 

aminotransferase (AST) and Vitamin B12. Insulin resistance was defined by having HOMA-IR 

index over 2.5 which was calculated by the formula of fasting insulin (μU/ml) × fasting glucose 

(mg/dL) / 405 [8]. 

The data were analyzed using the 24.0 version of the Statistical Package for Social Sciences 

(SPSS) package program. After determining the number of people who applied to the Nutrition 

and Diet Polyclinic between the given dates, the sample size was calculated as 120 with %95 

power and %5 error margin. The results are presented as the mean; unpaired Student-t test and chi-
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square test were used to compare the continuous and categorical variables in insulin resistant and 

non-insulin subjects. Pearson correlation was used for correlation analysis. A value of p<0.05 was 

considered statistically significant. 

 

3. Results 

Table 1 summarizes the main characteristics of the individuals evaluated in the study. 

 

Table 1. Body analysis data of individuals participating in the study 

82 women (%68.3) and 38 men (%31.7) individuals aged between 18 and 78 years 

(38.7±12.7) were evaluated in the study. Mean BMI values were found in the obese range (32.6 

kg/m2). When assessed in detail, it was determined that 16 individuals (13.3) were normal weight 

(BMI≤24.99 kg/m2), 32 (%26.7) were overweight (BMI 25-29.99 kg/m2) and 72 (%60) were obese 

(BMI≥30 kg/m2). 

The data on the biochemical parameters of the individuals evaluated in the study are 

summarized in Table 2. 

 

Table 2. Conclusions on biochemical parameters of individuals participating in the study 

 

 Unit Reference Range Mean  ± SD 

Fasting Blood Glucose mg/dL 74-109 107.2 ± 22.2 

Insulin μU/mL 2.6-24.9 11.1 ± 7.0 

Tryglycerides mg/dL 0-200 138.4 ± 97.1 

Cholesterol mg/dL 0-200 186.2 ± 58.1 

AST U/L 0-32 21.5 ± 13.1 

ALT U/L 0-33 25.2 ± 18.3 

Vitamin B12 pg/mL 191-663 368.4 ± 190.7 

 Minimum Maximum Mean ± SD 

Age 18 78 38.7 ± 12.7 

Weight (kg) 43.3 159.6 87.4 ± 19.4 

Height (m) 1.4 1.8 1.64 ± .09 

BMI (kg/m2) 17.6 63.9 32.6 ± 7.7 

Body Fat Percentage(%) 13.7 59.5 35.2 ± 9.4 

Body Fat Mass (kg) 7.1 91.8 31.8 ± 13.5 

Abdominal Fat Percentage (%) 6.7 61.3 33.4 ±8.6 

Abdominal Fat Mass (kg) 1.5 34.1 15.9 ± 6.1 
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Insulin resistance was detected in 56 (%46.7) of the subjects participating in the study. Thirty-

five of these individuals were female (%62.5) and 21 were male (%37.5). When evaluated in detail, it 

is seen that all of the biochemical findings are among the reference values.  

In Table 3, evaluation of body-analysis data of individuals with and without insulin resistance 

is given. 

 

 

Table 3. Evaluation of individual’s insulin resistance status and body analysis values 

 Insulin Resistance (+) 

Group (HOMA-

IR>2.5, n=56) 

Non-Insulin 

Resistance Group 

(HOMA-IR<2.5, 

n=56) 

p-value 

Age 37.8 ± 14.6 39.5 ± 10.7 .380 

Weight (kg) 93.5 ± 6.7 82.0 ± 9.9 .003* 

Height (m) 1.6 ± 0.1 1.6 ± 0.0 .458 

BMI (kg/m2) 34.4 ± 7.0 31.0 ± 8.0 .002* 

Body Fat Percentage(%) 36.3 ± 8.2 34.3 ± 10.4 ,263 

Body Fat Mass (kg) 34.4 ± 12.9 29.4 ± 13.7 .017* 

Abdominal Fat Percentage (%) 34.6 ± 6.7 32.3 ± 9.9  .144 

Abdominal Fat Mass (kg) 17.1 ± 5.6 14.9 ± 6.4 .055 

*p <0.05 

Body weight and body fat mass averages were found significantly higher in those with insulin 

resistance. Individuals with insulin resistance were found to have a higher BMI (p<0.05). No 

significant correlation was found between insulin resistance and body fat percentage, abdominal fat 

mass and abdominal fat percentage (p>0.05). 

Table 4 provides an assessment of the biochemical characteristics of individuals with and 

without insulin resistance. 

 

Table 4. Evaluation of individual’s insulin resistance status and biochemical properties 

 

 Unit Insulin 

Resistance (+) 

(n=56) 

Insulin 

Resistance (–) 

(n=64) 

p-value 

Fasting Blood Glucose mg/dL 113.1 102.1 .039* 

HbA1c % 6.0 5.7 .259 

İnsulin μU/mL 16.6 6.2 .001* 

Triglycerides mg/dL 163.5 116.5 .039* 

Cholesterol mg/dL 191.5 181.6 .367 
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AST U/L 23.6 19.6 .584 

ALT U/L 30.7 20.4 .026* 

Vitamin B12 pg/mL 377.8 360.1 .837 

*p <0.05 

When biochemical findings were examined, fasting plasma glucose, HbA1c, insulin, 

triglyceride and ALT were significantly higher in insulin resistance group (p<0.05). There was no 

significant difference between the two groups in terms of cholesterol, AST, B12 vitamin (p>0.05). 

 

4. Discussion  

It is emphasized that patients diagnosed with insulin resistance have a higher propensity risk of 

development of MetS, DM and cardiovascular diseases. In the light of this information, considering 

the health effects of insulin resistance, the aim of this study was to evaluate the relationship between 

insulin resistance and obesity, related biochemical parameters and body analysis data. 

The main cause of insulin resistance, which plays an important role in the pathogenesis of DM, is 

obesity [9]. World Health Organization data reveals that %66.8 of Turkey's population is overweight 

or obese[1]. The prevalence of insulin resistance in Turkey was reported to be %26.2 [10]. Bilge et al 

found that the incidence of insulin resistance in the obese population was significantly higher than in 

the non-obese population, which is consistent with our results [11]. A study on women with polycystic 

ovarian syndrome suggests that BMI is higher in women with insulin resistance [12]. The relationship 

between adiposity and insulin resistance is also shown in a study by Carmina et al. [13]. In a study 

with adolescents and adults, the HOMA-IR score correlated positively with BMI, total fat mass, and 

abdominal fat mass [14]. While %60 of the participants in our study were obese, insulin resistance was 

detected in %56.9 of these individuals. Insulin resistance was associated with BMI, body fat mass and 

abdominal fat mass (p<0.05). 

Intracellular lipid metabolism in pancreatic beta cells is involved in regulation of insulin secretion. 

Changes in intracellular lipid homeostasis may account for insulin resistance-related conditions [15]. 

In a study where participants were divided into seven groups according to their triglyceride, HDL-

cholesterol, LDL-cholesterol levels, the HOMA-IR value was found to be higher in groups with high 

triglyceride levels. [16]. In a study of healthy adults, it has been shown that insulin resistance is 

associated with hypertriglyceridemia [17]. However, the results of studies on triglyceride levels and 

insulin resistance are contradictory. Our study results show that triglyceride levels are associated with 

insulin resistance (p<0.05). 

ALT level; independent of the direct criteria of adiposity, insulin sensitivity and secretion, may be 

effective in predicting future diabetes (prediabetes) [18]. In a study by Maximos et al., NAFLD 

patients with elevated ALT levels have been shown to have elevated serum insulin levels [19]. 

Moreover, in another study with young adults, ALT levels were associated with insulin resistance 

[20]. The results obtained according to our study showed that ALT is associated with insulin resistance 

(p<0.05) and is consistent with the literature. 

The results of studies investigating vitamin B12 and insulin resistance vary. In a study of 

adolescents showing prediabetic and insulin resistance characteristics, it was reported that one third of 

participants had low or borderline B12 Vitamin levels [21]. In a study conducted in women with 

polycystic over syndrome, low B12 Vitamin levels have been shown to be associated with insulin 
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resistance [22]. In a study conducted by Baltaci et al., It was demonstrated that B12 Vitamin levels 

were not associated with insulin resistance [23]. The results of our study showed that vitamin B12 

levels were not associated with insulin resistance (p>0.05) 

 

 

5.  Conclusions 

Lifestyle changes (such as healthy diet, weight loss, exercise) are the main treatment modality for 

treating both insulin resistance and obesity. Medical treatment options may be considered when 

lifestyle modification is not available. The fact that insulin resistance is seen at all ages in our study is 

an important result when considering the risks of disease and emphasizes the importance of detecting 

insulin resistance. Determining the presence of insulin resistance can help prevent a variety of diseases 

by regulating nutrition. In connection with the subject, studies conducted to establish relationships 

with wider populations and change patient groups can be suggested. 
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