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ABSTRACT 

Background: Dysfunction of body tissues due to excessive food consumption is often referred to 

obesity. Excess storage of visceral fat can develop insulin resistance. Insulin resistance is associated 

with cardiovascular diseases. Anthropometric measurements can illustrate the early risk of insulin 

resistance. The aim of this study is to identify the association between anthropometric indicators and 

insulin resistance. 

Materials and Methods: The participants in this study were 163 female students aged 19-24 years 

who live in Semarang. This is a cross sectional study with a purposive sampling method using the 

"google form". Anthropometric data that were collected in this study include weight, height, waist 

cirrcumference, hip, sagittal abdominal diameter. Biochemical data that were collected include blood 

sugar and insulin levels. The data were analyzed using Pearson Correlation test and Multiple Linear 

Regression test. 

Results: Anthropometric indicators with high risk were 72.4% for Waist to Height Ratio  (WHtR); 

22.1% for Waist Hip Ratio (WHR); 35.6% for Body Mass Index (BMI); 12.2% for Sagittal 

Abdominal Diameter (SAD) and 55.2% for waist cirrcumference. Meanwhile, subjects with high 

Fasting Blood Glucose levels was 16.6%, subjects had the Conicity Index (C-Index) at risk was 74.8% 

and based on the Relative Fat Mass (RFM) it was 23.9% of the participants were at risk of obesity 

and high Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) levels were 74.2%. 

Anthropometric indicators of obesity, including Conicity Index, Relative Fat Mass, WHtR, WHR, 

BMI, SAD, and waist and hip ratio were all positively associated with insulin resistance. Therefore, 

multivariate analysis showed that an increase in body mass index is an indicator that is most 

associated with the insulin resistance (p<0,001). 

Conclusion: Body Mass Index is the anthropometric indicator that is most associated with insulin 

resistance. 

 

Keyword: waist-to-height ratio, waist hip ratio, body mass index, sagittal abdominal diameter, 

conicity index; relative fat mass; insulin resistance 

 

BACKGROUND 

Obesity prevalence continues to increase both in Indonesia and globally. Obesity occurs 

because of an energy imbalance caused by eating food that exceeds the body's function requirements. 

Physiologically, obesity is defined as a state of abnormal or excess fat accumulation in the tissue.1 

Based on Basic Health Survey (Riskesdas), the prevalence of obesity increased at  >18 years of age 

from 14.8% in 2013 to 21.8% in 2018. Meanwhile, the prevalence of abdominal obesity at >15 years 

of age has increased by 26.6% in 2013 and 31% in 2018. The indicator used for abdominal obesity is 

the abdominal circumference with measurements of more than 80 cm for women and more than 90 

cm for men 2,3 Meanwhile, the prevalence of obesity in Semarang on people >15 years old was 2.66% 

in 2018.

https://ejournal.undip.ac.id/index.php/jgi
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Obesity is one of the factors that is closely related to the development of insulin resistance 

and type 2 diabetes mellitus.5 A study in Semarang stated that the storage of visceral or abdominal 

fat is an implication of insulin resistance, cardiovascular, and other metabolic conditions associated 

with diabetes mellitus. Excess visceral fat is associated with an impaired insulin sensitivity.6 A 

woman tends to be more at risk of fat accumulation in the abdominal and subcutaneous areas 

associated with insulin sensitivity.7 

Insulin resistance is a risk factor for metabolic disorders such as impaired glucose tolerance, 

Non-Insulin Independent Diabetes Mellitus (NIDDM), hypertension, and dyslipidemia. 

Insulin resistance is when cells in your muscles, fat, and liver don’t respond well to insulin and can’t 

use glucose from your blood for energy. To make up for it, your pancreas makes more insulin. Over 

time, your blood sugar levels go up. Insulin resistance syndrome includes a group of problems 

like obesity, high blood pressure, high cholesterol, and type 2 diabetes.8 Insulin resistance is a 

condition when a person experiences weight gain, especially in the subcutaneous fat tissue and there 

is accumulation of fat in the stomach, liver, muscles, and further conditions in the brain, arteries and 

intestines. Most of the fat is stored in the stomach between the organs. This visceral fat develops, 

contrary to subcutaneous fat, into an active endocrine organ. The adipocytes secrete an abundance of 

adipokines, which alter the metabolism. Insulin resistance may causes hypertension and increased 

insulin levels, which can lead to cardiovascular diseases and type 2 diabetes mellitus.8 Homeostasis 

Model Assessment of Insulin Resistance (HOMA-IR) is an efficient instrument used by most of the 

population to identify insulin resistance already in the pre-diabetes stage.9 Research in 2014 stated 

that Asian-Indian individuals have higher insulin resistance compared to Europe which leads to type 

2 diabetes mellitus. Insulin resistance reflects an obesity trend. The study also explained that 

hyperglycemia in Southeast Asian and Indian individuals showed a response 2-3 times higher than 

those in Europe.10   

Obesity in a person can be measured using several indicators or parameters, including Waist 

to Height Ratio (WHtR), Waist to Hip Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal 

Diameter (SAG), and Waist circumference (WC). Waist to Height Ratio (WHtR) or the ratio of waist 

to body height is measured as one of the indicators of abdominal obesity and is considered to be more 

accurate than BMI.11,12 WHtR was first used in the 1990s to detects abdominal obesity and the risk 

of obesity-related disease. Recent meta-analysis revealed that WHtR is a better indicator to detect 

hyperinsulinemia, diabetes, hypertension, dyslipidemia, metabolic syndrome, and other health 

problems. In addition, WHtR is rated as a sensitive, inexpensive and easy-to-use method for insulin 

resistance screening. Research conducted in Brazil explained that there is a strong relationship 

between WHtR and HOMA-IR.13   

Body Mass Index (BMI) is an indicator for determining obesity by dividing body weight in 

kilograms by height (squared in meters). The World Health Organization (WHO) defines obesity as 

a person who has a BMI >30 kg/m2 and a BMI of 25-30 kg/m2 for overweight. The American Diabetes 

Association (ADA) recommends that diabetes assessment should be considered for all Asian-

American adults with a BMI score of 23 kg/m2.5 The use of BMI has a weakness, as it cannot assess 

the distribution of fat in the body so that it is less sensitive to determine abdominal obesity. The results 

of a study in Japan indicated that the BMI cut-off point to predict insulin resistance in all populations 

was 23.5 kg/m2. Meanwhile the cut-off point for non-diabetic people is 22.7 kg/m2 and for diabetic 

people is 23.6 kg/m2. This shows that a BMI >23 kg/m2 is a risk factor for insulin resistance and 

diabetes mellitus.5 

Sagittal Abdominal Diameter (SAD) is a measurement of the diameter of the abdomen in the 

sagittal or median plane, also known as the height of the abdomen. SAD is used to measure visceral 

fat by the subject lying in a supine position so that the subcutaneous fat is pointed to the side and the 

harder, stiffer visceral fat remains in place so that it can be measured using a caliper. SAD 

measurement is considered valid and is not influenced by body size. The US study explained that 

there was no significant difference between SAD, waist circumference, and BMI. However, SAD is 

the best anthropometric measurement of glucose metabolism compared to other anthropometric 

measurements when using Oral Glucose Tolerance Test (OGTT), Fasting Blood Glucose (FGB), 

https://www.webmd.com/diabetes/diabetes-types-insulin
https://www.webmd.com/diet/features/good-fat-bad-fat
https://www.webmd.com/digestive-disorders/picture-of-the-liver
https://www.webmd.com/heart/anatomy-picture-of-blood
https://www.webmd.com/digestive-disorders/picture-of-the-pancreas
https://www.webmd.com/diabetes/guide/normal-blood-sugar-levels-chart-adults
https://www.webmd.com/diet/obesity/features/am-i-obese
https://www.webmd.com/hypertension-high-blood-pressure/default.htm
https://www.webmd.com/cholesterol-management/guide/understanding-numbers
https://www.webmd.com/diabetes/type-2-diabetes
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HbA1c, and HOMA-IR. Fasting Blood Glucose (FGB), HbA1c, and HOMA-IR. SAD is also the best 

anthropometric measurement for all sex, BMI, race and age.14 

The waist-to-hip ratio is calculated by dividing the circumference of the waist divided by the 

circumference of the hip. Waist circumference measurement can be used to assess metabolic disorders 

and diagnose insulin resistance. This measurement is more sensitive to assess body fat distribution, 

particularly on the abdominal wall and can be used to identify the type of fat distribution. A person 

with a history of insulin resistance may has difficulty losing weight on a diet with a normal 

carbohydrate percentage. WHO defines a value of >0.90 in men and >0.85 in women as an indicator 

of the metabolic syndrome.8,15 

Waist circumference can be used to measure subcutaneous and intra-abdominal fat tissue, 

additionally, waist circumference has a better correlation with visceral fat mass and is easy to 

interpret. Visceral fat tissue is closely associated with metabolic complications such as insulin 

resistance syndrome. Waist circumference has a stronger correlation with total body fat tissue as 

assessed by BMI compared to waist-to-hip ratio.16 

Apart from these indicators, the Conicity Index (C-Index) was also found as an 

anthropometric indicator related to detect the obesity and the distribution of body fat. The C-Index is 

determined based on the measurements of body weight, height, waist circumference which are 

indicators of abdominal obesity. Several studies have shown the relationship between the C-Index 

and increased body fat in adolescent group. In addition, the C-Index is also associated with an 

increased risk of metabolic diseases, such as hypertension, dyslipidemia, and diabetes mellitus. 

However, the correlation between C-Index and insulin resistance in female students has not been 

widely investigated, especially in Indonesia.17 

Another estimator which is also a simple anthropometric indicator that can be used to predict 

body fat percentage and has not been widely studied is Relative Fat Mass (RFM).18 The relative fat 

mass equation was derived based on data from the National Health and Nutrition Examination Survey 

(NHANES) 1999-2004 (n = 12,581) and validated against the data from the 2005-2006 NHANES 

data (n = 3,456).19 The RFM formula is obtained after analysis on 365 anthropometric indexes. The 

results showed that RFM predicted total body fat percentage correctly, measured by dual energy X-

ray absorptiometry (DXA), among women and men. RFM shows a higher accuracy than BMI and 

has fewer false-negative cases of body fat-induced obesity among women and men.20 Woolcott and 

Bergman (2020) determined the RFM cut off point for as 40% and 30% for women and men, 

respectively, diagnose obesity and a higher risk of death. RFM was more accurate than BMI to 

estimate whole-body fat percentage among women and men and improved body fat-defned obesity 

misclassifcation among American adult individuals of Mexican, European or African ethnicity. Tus, 

accurate estimation of body fat percentage is highly relevant from a clinical and public health 

perspective, an aspect that has been endorsed by the American Heart Association Obesity 

Committee.21   

Based on these explanations, this study aims to analyze the association between Waist Height 

to Ratio (WHtR), Waist Hip Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter 

(SAG), Waist circumference (WC), Conicity Index (C-Index) and Relative Fat Mass (RFM) with 

Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) in female students. 

 

MATERIALS AND METHODS 

This is a cross sectional study with a total of 163 participants. The participants were female 

students aged 19-24 years who live in Semarang between May-July 2020. The data collection was 

carried out in collaboration with the Cito Banyumanik Laboratory, Semarang, Central Java. This 

study has received an Ethical Clearance from the Medical / Health Research Bioethics Commission, 

Faculty of Medicine, Sultan Agung Islamic University Semarang No. 296/IX/2020/Komisi Bioetik. 

The target population in this study were all students in Central Java and the reachable 

population was students in Semarang. The determination of the sample size is based on the sample 

size calculation formula for the ratio scale in the cross-sectional study plus 10% of the total sample 

to anticipate drop outs. The total number of subjects was 163 students who were willing to have their 
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blood tested. Samples were selected based on inclusion criteria, namely willingness to be research 

subjects, female students in the city of Semarang, aged 19-24, did not consume alcohol, never smoke 

and were not pregnant. The subject search process starts from the researcher providing information 

about the research and the subject opportunities needed through flyers or announcements that can be 

shared via social media, then people who are interested in being the subject are asked to fill out a 

google form, which will later be selected according to the inclusion criteria. The sampling technique 

used was a purposive sampling using "google form" because this research was taken while Indonesia, 

especially Semarang city, was still under the Large-Scale Social Restrictions due to the COVID-19 

pandemic.16   

The independent variables in this study were Waist Circumference, Hip Circumference, 

Waist-to-Height Ratio (WHtR), Waist Hip Ratio (WHR), Body Mass Index (BMI), Sagital 

Abdominal Diameter (SAD), and waist circumference with cut-off points adjusted for Asian 

participants, namely the cut-off point for the waist circumference of women is > 80 cm.6 Cut off point 

for ≥0,50 WHtR,21 ≥0,85 for WHR,16 >19,3 cm for SAD,6 and nutritional status using BMI with the 

normal cut-off point (18,5 – 22,9 kg/m2) and obesity (≥25,0 kg/m2) .22  

The WHtR measurement required body height to be measured using a microtoise with an 

accuracy of 0.1 cm and a waist circumference measured using a Medline with the accuracy of 0,1 cm. 

WHR measurement used waist circumference and hip circumference using a Medline. Measurement 

of body weight using digital scales with an accuracy of 0.1 kg. While the measurement of SAD uses 

an abdominal caliper with an accuracy of 1 mm, the participants had to be in a sleeping position on a 

straight surface with their legs forming an angle of 90o, the feet were above the base. The hands were 

crossed over the chest and measured in a straight line of the hipbone (iliac crest). The subject inhaled 

and exhaled slowly and held their breath for a moment while they were measured by lowering the 

caliper arm on the surface of the abdomen just above the navel.14 

Relative Fat Mass (RFM) was calculated using the equation for RFM = 64 - (20 x Height in 

meters / waist in meters) + (12 x S),20 where S = 0 (men), S = 1 (women).  Woolcott and Bergman 

(2020) determined the RFM cut off point for as 40% and 30% for women and men, respectively, 

diagnose obesity and a higher risk of death.21  While the Conicity Index (C-Index) was calculated by 

the equation of waist circumference in meters / (0.109 x (weight in Kg / height in meters) x 0.5). 23,24 

Meanwhile, the dependent variable was insulin resistance measured using fasting insulin and fasting 

blood glucose levels which was converted into HOMA-IR models. HOMA-IR calculated by 

multiplying fasting insulin (mol / L) by fasting blood glucose level (mmol / L) which is then divided 

by 22.5. The Cut off the normal value of HOMA-IR in adolescent was <1.65.6 

Statistical analysis was performed using SPSS software version 22 to describe the 

characteristics of the subject and the variables investigated. A correlation test using Pearson 

Correlation was performed to see the association of each anthropometric indicator with insulin 

resistance. After the multiple linear regression test conditions are met, then multivariate analysis can 

be performed using followed by Linear Regression test to determine which anthropometric indicators 

are the most associated with insulin resistance. 

 

RESULTS 

Tables 1 and 2 presented the characteristics of the participants and the frequency distribution 

of studies conducted on female students in Semarang to determine the anthropometric indicators that 

correlated with insulin resistance. 
Table 1. Subjects Characteristics 

Variable Minimun Maximum Mean Mean + SD 

Waist Circumference (cm) 58,00 112,10 79,44 10,78 

Hip Circumference (cm) 80,60 138,45 98,96 9,30 

Waist Height Ratio (WHtR) 0,37 0,71 0,51 0,07 

Waist Hip Ratio (WHR) 0,67 0,96 0,80 0,06 

Conicity-Index (C index) 0,99 1,78 1,19 0,95 

Relative Fatt Mass (RFM) 22,02 47,81 35,89 5,52 

Body Mass Index (kg/m2) 15,81 39,30 24,04 4,72 

Sagital Abdominal Diameter (cm) 11,35 25,50 16,79 2,42 
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Variable Minimun Maximum Mean Mean + SD 

Fasting Blood Glucose Levels (mg/dL) 66,00 110,00 92,00 7,59 

Insulin Levels (µg/mL) 0,84 173,00 12,28 13,87 

HOMA-IR (ratio) 0,17 8,34 2,58 1,41 

 

The mean value of the BMI was 24.04 kg/m2, and there was a participant who had a BMI of  

39.3 kg/m2. The average waist circumference of the subjects was 79.44 cm, and it was lower than the 

average hip circumference, which reached 98.96 cm. Meanwhile, the mean fasting blood glucose 

level was 92 mg/dL, the mean insulin level was 12.28 µg/mL and the mean HOMA-IR level was 

2.58. 
Table 2. Subject Characteristics based on Anthropometric Indicators Waist Circumference WHtR, 

WHR, IMT, SAD, Fasting Blood Glucose Levels, Insulin Resistance 
variables n % 

C-Index   

         Normal (>1,14) 41 25,2 

         At Risk (< 1,14) 122 74,8 

Relative Fat Mass (RFM)   

        Non Obese <40% 124 76,1 

        Obese (Risk)>40% 39 23,9 

WHtR 

        Normal (<0,50) 

        Risk (≥0,50) 

 

45 

118 

 

27,6 

72,4 

WHR 

        Normal (<0,85) 

       Central Obesity (≥0,85) 

 

127 

36 

 

77,9 

22,1 

Body Mass Index  

        Underweight (< 18,5 kg/m2) 

        Normal (18,5 – 22,9 kg/m2) 

 

6 

71 

 

3,7 

43,6 

        Overweight (23-24,9 kg/m2) 28 17,2 

        Obese (≥25,0 kg/m2) 58          35,6 

Sagital Abdominal Diameter  

        Normal (≤19,3 cm) 

        Risk (>19,3cm) 

 

143 

20 

 

87,7 

12,3 

Waist Circumference 

        Normal (<80 cm) 

        Obese (≤80 cm) 

 

73 

90 

 

44,8 

55,2 

Fasting Blood Glucose Level(FGB)  

        Normal (<110 mg/dL) 

        High (≥110 mg/dL) 

 

136 

27 

 

83,4 

16,6 

HOMA-IR 

        Normal (<1,65) 

        Resistance (≥1,65) 

 

42 

121 

 

25,8 

74,2 

 

An overview of the frequency distribution based on the anthropometric profile is shown in 

Table 2. The characteristics of the participants based on the C-Index, RFM, WHtR, WHR, BMI, SAD 

and The waist circumference displayed that most of the participants, according to the C-Index value, 

were 74.8% at-risk subjects, while based on the Relative Fat Mass (RFM), 23.9% of subjects were 

classified as obese. Furthermore, about 72.4% had a WHtR > 0.50 (at risk), whereas based on the 

WHR value, 22.1% of subjects had abdominal obesity (> 0.85). Subjects with a BMI >25 kg/m2 or 

categorized as obese were accounted for 35.6% of the total participants. However, based on the waist 

circumference, more participants were found to be obese compared to calculation based on BMI, 

which was about 55.2%. Meanwhile, only 16.6% of subjects had fasting blood glucose levels above 

normal, it was significantly different from the HOMA-IR value which showed that most subjects had 

a risk of insulin resistance as much as 74.2%. 

The results of statistical analysis in this study are shown in Table 3 and Table 4. Bivariate 

analysis using the Pearson Correlation test obtained significant results on all anthropometric 

indicators to insulin resistance with a significance of p <0.001. It shows that the higher Relative Fat 

Mass, waist circumference, hip circumference, WHtR, WHR, BMI, and SAD, will increase the score 
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of insulin resistance. However, the C-Index value in this study is not significantly associated with a 

significance of p <0.001. 
Table 3. Correlation Anthropometric Indicators with Insulin Resistance 

Variable 
HOMA-IR 

ra p 

C-Index 0,155   0,048 

RFM 0,455 <0,001 

WHtR 0,471 <0,001 

WHR 0,270 <0,001 

BMI 0,548 <0,001 

SAD 0,485 <0,001 

Waist circumference 0,485 <0,001 

Hip Circumference 0,476 <0,001 

   aPearson Correlation Test 

Furthermore, a multivariate analysis was carried out using the Linear Regression test to 

analyze the most associated anthropometric indicators with insulin resistance. Multivariate analysis 

was carried out based on the bivariate analysis with independent variabels that have p-value <0.25 

and normally distributed. The results showed that the body mass index (BMI) is the anthropometric 

indicator that was most closely associated to insulin resistance in the participants, whereas about 29,6 

% of the increase in insulin resistance was simultaneously influenced by the high BMI value of the 

participants while the rest was influenced by unobserved variables. The HOMA-IR constant was -

1,359 + 0,164 BMI, which states that each additional 1 kg/m2 increase in BMI value will increase 

0,164 HOMA-IR. 

 
Table 3. The Most Associated Anthropometry Indicators of Obesity with Insulin Resistance in Students 

Variables 
HOMA-IR 

SCa p p-Anovac Adjusted R Square 

Constant -1,359    

0,296d Body Mass Index 0,164 <0,001b <0,001c 

aUnstandardized Coefficient, bSignificance, cSignificance Test F (ANOVA), dCoefficient of determination 
 

DISCUSSION 

This study was conducted on female students in Semarang, 35.6% of the participants were 

categorized as obese based on BMI, and 55.2% of participants had abdominal obesity based on waist 

circumference measurements. Based on the Basic Health Survey (Riskesdas) in 2013, the prevalence 

of obesity in adults aged ≥18 years reached 14.8% and increased to 21.8% in 2018. Meanwhile, 

abdominal obesity at ≥15 years of age in 2013 and 2018 reached 26.6% and 31%, respectively.3  

Obesity in female students is one of the risk factors of insulin resistance. Insulin resistance is 

a condition that arises due to weight gain, causing an accumulation of fat in the stomach, liver, 

muscles and at an advanced stage in the brain, arteries and intestines. Most of the fat is stored in the 

abdomen and between the organs. This visceral fat develops, contrary to subcutaneous fat, into an 

active endocrine organ. The adipocytes secrete an abundance of adipokines, which alter the 

metabolism. The major problem that induces insulin resistance is a rise in blood pressure and insulin 

levels which can lead to cardiovascular diseases and type 2 diabetes mellitus.8 Furthermore, insulin 

resistance can go through various mechanisms that can contribute to the accumulation of 

macrophages in the walls of blood vessels, thereby increasing atherosclerosiss 

Insulin resistance can be assessed using the HOMA-IR model from fasting insulin and fasting 

blood glucose levels. The results of HOMA-IR in this study indicated that 74.2% of subjects showed 

insulin resistance with a mean value of HOMA-IR >1,65. In line with the previous study from Dieny 

et al in female students, the prevalence of participants with high levels of HOMA-IR was 83.3%.6 

Bivariate analysis showed that all tested anthropometric indicators related to the levels of HOMA-

IR. Followed by the multivariate test, it was found that the BMI had a strong correlation with HOMA-

IR levels. 
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A research conducted on the Japanese population indicated that a person who has a BMI ≥23 

has a risk of insulin resistance and diabetes mellitus. American Diabetes Association suggests that 

for diagnosing Diabetes Mellitus in an individual, BMI ≥23 kg/m2 should be considered. Moreover, 

a study from Japan, non-diabetic people without hypertension, hyperglycemia, or dyslipidemia 

indicated that there is a risk of insulin resistance in Japanese people who have a BMI ≥23 without 

any cardiometabolic risk factors.5 In this study, the average BMI of the participants was 24 kg/m2 and 

BMI is one of the indicators most closely associated with insulin resistance. 

Another indicator in this study that has a positive correlation with insulin resistance are the 

Waist to Hip Ratio (WHR) and Waist to Height Ratio (WHtR). These two indicators measure the 

waist circumference which can explain abdominal obesity in a person. Abdominal Obesity caused an 

increase in corticosteroid and adrenal hormones produced by the adrenal glands and can affect the 

level of glucose in the blood. Overweight people will have an increased lipids levels in their bodies. 

One type of lipid tissue is a fatty acid. Peripheral tissues that are exposed to the increase in free fatty 

acids will induce insulin resistance. Mechanically, the activation of the threonine kinase pathway by 

free fatty acids metabolism will reduce insulin receptors. Long-term exposure to fatty acids in the 

pancreas will damage the beta cells, this condition called lipotoxicity. It has an impact on fasting 

blood glucose which causes WHR and WHtR values as central parameters of obesity associated with 

insulin resistance and type 2 diabetes.725  

 Another study reported that anthropometric measurements such as waist circumference, BMI, 

WHR and WHtR are easy and inexpensive methods in clinical and epidemiological fields.29 

Meanwhile, other studies suggest that WHtR can be a screening tool for markers of insulin resistance 

in children and adolescents by considering the ratio, costs and benefits.30,31 Besides, a study conducted 

in Peru on women over 18 years of age with normal BMI reported that waist circumference and WHtR 

were associated with a high ratio of triglyceride levels and HDL cholesterol. Whereas triglycerides 

and HDL cholesterol are components of metabolic syndrome. Insulin resistance plays an important 

role in the pathophysiology of metabolic syndrome.26 

Abdominal obesity and diabetes are closely related. However, there are different conclusions 

regarding the better abdominal obesity index that can predict insulin secretion. A study from China 

by Liu et al. on obese patients reported that anthropometric measurement of WHR was found to be 

the most relevant index of obesity at each phase of insulin secretion among obese patients and could 

be a good predictor of β-cell insulin secretion function.27 In line with a study by Zapata et al. on 

female subject of normal weight without type 2 diabetes mellitus, stated that WHR can be an 

anthropometric indicator for early detection of insulin resistance, including the healthy subjects.28 In 

China, a study by Song et al. on children and adolescents participants was using the Mendelian 

Randomization (MR) method which has been widely used for cardiometabolic observation studies. 

MR method is a controlled trial where the genotype is randomly distributed at conception, is less 

likely to be influenced by reverse causation and confounding factors. Single Nucleotide 

Polymorphisms (SNP) associated with BMI and WHR were selected from the Genome-Wide 

Association Studies (GWAS). They found that a genetic predisposition to a higher BMI or WHR was 

associated with altered cardiometabolic traits. When compared with general obesity, abdominal 

obesity might have stronger effects on glycemic traits and blood lipids.29 

Abdominal obesity is usually assessed by waist circumference, but recent studies have 

reported that it can be assessed using the Sagittal Abdominal Diameter (SAD), also known as 

abdominal height. A study by Moller et al. stated that SAD was significantly correlated with several 

markers of cardiometabolic risk factors other than waist circumference and BMI.30 While a cohort 

study in Sweden stated that SAD >25 cm in patients with type 2 DM could be used as an independent 

risk assessment to identify high risk of cardiovascular disease if confirmed in a larger study.31 

Accumulation of certain fat depots is related to poor metabolic outcomes. Visceral adipose tissue can 

locally affect the heart and coronary arteries vasocrine or paracrine secretion of proinflammatory 

cytokines. A study by Vasques et al. on female aged >20 years stated that the amount of stored fat is 

associated with cardiometabolic risk factors in various kinds of adiposity and tolerance levels. SAD 

measurements correlated with epicardial adipose tissue (EAT). Furthermore, SAD is strongly 
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associated with atherogenic lipoprotein subfraction insulin resistance and cardiovascular risk. The 

metabolic characteristics of EAT may explain the association with cardiometabolic risk parameters. 

Adiponectin expression was significantly higher in subcutaneous fat, which may explain the poor 

insulin sensitivity associated with fat tissue accumulation.32 

One of the anthropometric indicators, Conicity Index (C-Index) is an assessment of the 

distribution of fat mass at risk of metabolic disease. It can describe the condition of total body fat. 

The higher the C-index value, the higher a person's risk for metabolic disease.33 If the C-index value 

is more than 1.14, it is considered as being at risk for metabolic disease.18 The results of other studies 

suggest that the C-index can detect levels of C-reactive protein (CRP) and fibrinogen which are 

associated with an increased risk of cardiovascular diseases compared to anthropometric indicators 

of BMI, WC, and WHR.34 Cardiovascular disease is a complication that causes a lower quality of life 

and increased morbidity also mortality.35 Moreover, the C-index is also positively associated with 

insulin resistance, HT, and dyslipidemia.36 Nevertheless, according to the present study, C-index is 

not associated with HOMA-IR (p = 0,048. These results are consistent with a prospective study in 

China which showed that the predictive power of diabetes from the C-index was still below the Body 

Roundness Index, waist circumference, and abdominal volume index (AVI).37 

 This variation in results may be due to differences in body fat composition and distribution 

between ethnic groups. Obesity is considered a major cause of IR in general population. An increased 

adipose tissue induces a change in the release of free fatty acids and the secretion of adipokines and 

proinflammatory cytokines, which are involved in the modulation of insulin sensitivity.38 A woman 

with a Relative Fat Mass (RFM) >35 is considered at risk of obesity and associated mortality. RFM 

is more specific than BMI because it considers the differences of gender in body adiposity.21 In our 

study, high RFM was significantly associated with an increase in HOMA-IR levels with a 23.9% 

percentage at risk of obesity. This finding is in line with a study by Karava et al. which showed that 

RFM level is a risk factor for IR even in normal-weight children and patients with glucose and insulin 

metabolism disorders.38 RFM measurements have been reported in other studies to estimate body fat 

percentage such as the use of dual-energy X-ray absorptiometry (DXA).39 Another study suggests 

that using RFM in conjunction with BMI to provide additional information when assessing obesity 

in women can improve diagnostic accuracy.40 Anthropometric measurements using RFM can 

represent obesity diagnostically and thus provide better predictability for a wide range of dyslipidemia 

(high LDL, low HDL, and high triglycerides) and metabolic syndrome, which are independent risk 

factors for coronary heart disease, peripheral artery disease, stroke, and death.41 

Although BMI is widely used to determine weight categories, anthropometric parameters of 

central obesity are reported to be a better screening tool to identify prediabetes in Asian multiethnic 

populations.42  

Likewise with the results of this study. The potential mechanism of central obesity in 

promoting the development of prediabetes is through the role of visceral fat which has more metabolic 

activity than subcutaneous fat, namely by secreting nonesterified free fatty acids and proinflammatory 

adipokines such as tumor necrosis factor (TNF)-α and interleukin (IL)-6 which can be causes insulin 

resistance and pancreatic beta cell damage, resulting in impaired glucose tolerance and eventually 

developing diabetes.43,44  

Women are known to have a higher optimal cut-off BMI than men. This is due to differences 

in fat storage patterns between sexes, where women have a tendency to store fat in the subcutaneous 

area, especially in the gluteofemoral location so that it is better for large and long-term storage than 

men who have a tendency to store fat in the visceral area.45  

Research shows that visceral fat is more closely associated with cardiometabolic risk in women 

than men. This suggests that although women have less visceral fat overall than men, the 

accumulation of visceral fat in women carries a greater risk of developing cardiometabolic 

disorders.46  

 However, in this study, women actually had an optimal cut-off value of anthropometric 

parameters markers of central obesity which was higher than men. This is probably because the 

majority of the male sample in this study were active smokers. Nicotine (the main bioactive 
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component of cigarette smoke) can activate the sympathetic nervous system leading to increased 

lipolysis in white adipose tissue thereby increasing the release of free fatty acids that contribute to 

insulin resistance and weight loss.47  

Insulin resistance happens to cause a decline of tissue sensitivity to insulin which main 

function is to stimulate glucose uptake. If obesity resulted in insulin resistance, increased blood 

glucose and hyperinsulinemia, it will end with the development of type 2 diabetes mellitus and 

metabolic syndrome.48 Thereby, anthropometric measurements can be used for screening to control 

obesity in early life, especially in abdominal obesity, to prevent cardiometabolic dysfunction later in 

life. However, no single anthropometric indicator is consistently superior in predicting markers of 

cardiometabolic risk.30 

 

CONCLUSION 

Insulin resistance can be identified significantly using anthropometric indicators namely 

Conicity-Index, Relative Fat Mass, waist circumference, hip circumference, WHtR, WHR, BMI, and 

SAD. However, results indicated that BMI is the anthropometric indicator that was most associated 

with the HOMA-IR among other indicators. Therefore, it can be used as a fast and efficient 

anthropometric measurement in identifying the occurrence of insulin resistance in  

female students. 

 

ACKNOWLEDGEMENT 

This research was funded by the “Hibah Penelitian Dasar Unggulan Perguruan Tinggi 

(PDUPT) 2020, The Ministry of Research, Technology and Higher Education, Indonesia”, with 

Agreement number 257-40/UN7.6.1/PP/2020. 

 

REFERENCES 

1.  Mahbuba S, Mohsin F, Rahat F, et al. Descriptive Epidemiology of Metabolic Syndrome among 

Obese Adolescent Population. Diabetes Metab Syndr. 2018;12(3):369–74.  

2.  National Institute of Health Research and Development. RISKESDAS. Jakarta: Indonesian 

Ministry of Health; 2013.  

3.  National Institute of Health Research and Development. Main Outcome of RISKESDAS 2018. 

Jakarta: Indonesian Ministry of Health; 2018.  

4.  Indonesian Ministry of Health. Profile of Central Java 2018. Indonesia: Central Java Health 

Office;  

5.  Okura T, Nakamura R, Fujioka Y, et al. Body mass index ≥23 is a risk factor for insulin resistance 

and diabetes in Japanese people: A brief report. PLoS One. 2018;13(7).  

6.  Dienny FF, Setyaningsih RF, Fitranti DY, et al. Abdominal Diameter Profiles have Relationship 

with Insulin Resistance in Obese Female Adolescents. EJGM. 2020;17(5):1–5.  

7.  Karimah M. Rasio Lingkar Pinggal-panggul Memiliki Hubungan Paling Kuat dengan Kadar 

Glukosa Darah. J Berk Epidemiol. 2018;6(3):219–26.  

8.  Govers E, Slof E, Verkoelen H, Hoor-Aukema N Ten. Guideline for the Management of Insulin 

Resistance. Int J Endocrinol Metab Disord. 2015;1(4).  

9.  Horakova D, Stepanek L, Janout V, et al. Optimal Homeostasis Model Assessment of Insulin 

Resistance (HOMA-IR) Cut Offs: A Cross-Sectional Study in the Czech Population. Medicina 

(B Aires). 2019;55(158):2–8.  

10.  Abdullah N, Attia J, Oldmeadow C, et al. The Architecture of Risk for Type 2 Diabetes: 

Understanding Asia in the Context of Global Findings. Int J Endocrinol. 2014;  

11.  Saraswati AT, Sulchan M. Kejadian Sindrom Metabolik pada Remaja Putri Stunted Obesity di 

Pedesaan Jepara. JNC. 2016;5(3).  

12.  Yang H, Xin Z, Feng J-P, et al. Waist-to-Height Ratio is Better than Body Mass Index and Waist 

Circumference as a Screening Criterion for Metabolic Syndrome in Han Chinese Adults. 

Medicine (Baltimore). 2017;96(39):1–8.  

13.  Jamar G, Almeida FR, Gagliardi A, et al. Evaluation of waist-to-height ratio as a predictor of 



Fillah Fithra Dieny, Sophia Rose , A Fahmy Arif Tsani 

 

Copyright © 2022; Jurnal Gizi Indonesia (The Indonesian Journal of Nutrition), Volume 11 (1), 2022  

e-ISSN : 2338-3119, p-ISSN: 1858-4942 

 75 

insulin resistance in non-diabetic obese individuals. A cross-sectional study. Sao Paulo Med J. 

2017;135(5):462–8.  

14.  Firouzi SA, Tucker LA, LeCheminant JD, et al. Sagittal Abdominal Diameter, Waist 

Circumference, and BMI as Predictors of Multiple Measures of Glucose Metabolism: An 

NHANES Investigation of US Adults. J Diabetes Res. 2018;2018:1–14.  

15.  Moore LM, Fals AM, Jennelle PJ, et al. Analysis of Pediatric Waist to Hip Ratio Relationship to 

Metabolic Syndrome Markers. J Pediatr Heal Care. 2015;29(4):319–24.  

16.  Rokhmah FD, Handayani D, Al-Rasyid H. Correlation between waist circumference (WC) and 

waist-hip ratio (WHR) with plasma glucose levels using oral glucose tolerance test method. J 

Gizi Klin Indones. 2015;12(1):28–35.  

17.  Pelegrini A, Silva DA, Silva JM, et al. Anthropometric indicators of obesity in the prediction of 

high body fat in adolescents. Rev Paul Pediatr. 2015;33(1):56–62.  

18.  Christakoudi S, Tsilidis KK, Muller DC, et al. A Body Shape Index (ABSI) achieves better 

mortality risk stratification than alternative indices of abdominal obesity-results from a large 

European. Nat Res. 2020;10.  

19.  Woolcott O, Bergman RN. Relative Fat Mass as an estimator of whole-body fat percentage 

among children and adolescents- A cross-sectional study using NHANES. Nat Res. 2019;8.  

20.  Woolcott O, Bergman RN. Relative fat mass (RFM) as a new as a new estimator of whole-body 

fat percentage-a cross sectional study in American adult individuals. Nat Res. 2018;8.  

21.  Woolcott O, Bergman RN. Defining cutoffs to diagnose obesity using the relative fat mass 

(RFM)- association with mortality in NHANES 1999-2014. Int J Obes. 2020;  

22.  Susetyowati. Nutrition in Adolescent. In: Hardinsyah, Supariasa DN, editors. Ilmu Gizi :Teori 

dan Aplikasi. 1st Ed. Jakarta: Penerbit Buku Kedokteran; 2016. p. 160–8.  

23.  Valdez R. A simple model-based index of abdominal adiposity. J Clin Epidemiol. 

1991;44(9):955–6.  

24.  Mondal H, Mondal S, Baidya H. Conicity index and a body shape index as predictor variable for 

cardiorespiratory fitness in healthy young adults. CHRISMED J Heal Res. 2018;  

25.  Karimah M. Waist-Hip Circumference Ratio as Strongest Factor Correlation with Blood Glucose 

Level. J Berk Epidemiol. 2018;6(3):219–26.  

26.  Urrunaga-pastor D, Fuente-carmelino LD La, Toro-huamanchumo CJ. Association between 

waist circumference and waist-to-height ratio with insulin resistance biomarkers in normal-

weight adults working in a private educational institution. Diabetes Metab Syndr Clin Res Rev. 

2019;13:2041–7.  

27.  Liu M, Liu Q, Wen J, Wang M, Wu L, Qu M, et al. Waist-to-hip ratio is the most relevant obesity 

index at each phase of insulin secretion among obese patients Meng-Meng. Diabetes Its 

Complicat [Internet]. 2018;32(7):670–6. Available from: 

https://doi.org/10.1016/j.jdiacomp.2018.04.006 

28.  Benites-zapata VA, Toro-huamanchumo CJ, Urrunaga-pastor D, Guarnizo-poma M, Lazaro-

alcantara H, Paico-palacios S. Diabetes & Metabolic Syndrome : Clinical Research & Reviews 

High waist-to-hip ratio levels are associated with insulin resistance markers in normal-weight 

women. Diabetes Metab Syndr Clin Res Rev [Internet]. 2019;13(1):636–42. Available from: 

https://doi.org/10.1016/j.dsx.2018.11.043 

29.  Song Q, Huang T, Song J, Meng X, Li C, Wang Y, et al. Causal associations of body Mass index 

and waist-to-hip ratio with cardiometabolic traits among chinese children: a mendelian 

randomization study. Nutr Metab Cardiovasc Dis. 2020;30(9):1554–63.  

30.  Møller G, Ritz C, Kjølbæk L, Vuholm S, Korndal SK, Larsen TM, et al. Sagittal abdominal 

diameter and waist circumference appear to be equally good as identifiers of cardiometabolic 

risk. Nutr Metab Cardiovasc Dis [Internet]. 2020;31(2):518–27. Available from: 

https://doi.org/10.1016/j.numecd.2020.09.032 

31.  Rådholm K, Tengblad A, Dahlén E, Länne T, Engvall J, Nystrom FH, et al. The impact of using 

sagittal abdominal diameter to predict major cardiovascular events in European patients with 

type 2 diabetes. Nutr Metab Cardiovasc Dis [Internet]. 2017;27(5):418–22. Available from: 



Body Mass Index is The Most Associated Anthropometry Indicators of Obesity with Insulin Resistance in Female 

College Students 

Copyright © 2022; Jurnal Gizi Indonesia (The Indonesian Journal of Nutrition), Volume 11 (1), 2022  

e-ISSN : 2338-3119, p-ISSN: 1858-4942 

 76 

http://dx.doi.org/10.1016/j.numecd.2017.02.001 

32.  Vasques ACJ, Souza JRM, Yamanaka A, Oliveira M da S De, Novaes FS, Pareja JC, et al. 

Sagittal abdominal diameter as a marker for epicardial adipose tissue in premenopausal women. 

Metabolism [Internet]. 2013;62(7):1032–6. Available from: 

http://dx.doi.org/10.1016/j.metabol.2013.01.022 

33.  Zhang Y, Zeng Q, Li X, Zhu P, Huang F. Application of conicity index adjusted total body fat 

in young adults-a novel method to assess metabolic diseases risk. Sci Rep [Internet]. 

2018;8:10093. Available from: http://dx.doi.org/10.1038/s41598-018-28463-1 

34.  Andrade MD, Freitas MCP De, Sakumoto AM, Pappiani C, Andrade SC De, Vieira VL, et al. 

Association of the conicity index with diabetes and hypertension in Brazilian women. Arch 

Endocrinol Metab. 2016;60(5):436–42.  

35.  Filomena A, Santos C, Mendonça S. Cardiovascular risk and use of conicity index in patients 

submitted to autologous hematopoietic stem cell transplantation. Einstein. 2018;16(2):1–5.  

36.  Nkwana MR, Monyeki KD, Lebelo SL. Body Roundness Index , A Body Shape Index , Conicity 

Index , and Their Association with Nutritional Status and Cardiovascular Risk Factors in South 

African Rural Young Adults. Environ Res Public Heal. 2021;18(1):281.  

37.  Wang Z, He S, Chen X. Capacity of different anthropometric measures to predict diabetes in a 

Chinese population in southwest China : a 15-year prospective study. Anthr Meas diabetes. 

2019;36(10):1261–7.  

38.  Karava V, Dotis J, Kondou A, Christoforidis A, Liakopoulos V, Tsioni K, et al. Association 

between relative fat mass , uric acid , and insulin resistance in children with chronic kidney 

disease. Peadiatric Nephrol. 2021;36(2):425–34.  

39.  Guzman-Leon AE, Velarde AG, Vidal-Salas M, Urqiojo-Ruiz LG, Caraveo-Gutierrez LA, 

Valencia ME. External validation of the relative fat mass ( RFM ) index in adults from north-

west Mexico using different reference methods. PLoS One. 2019;14(12):1–15.  

40.  Paek JK, Kim J, Kim K, Lee SY. Usefulness of relative fat mass in estimating body adiposity in 

Korean adult population. Endocr J. 2011;66(8):723–9.  

41.  Kobo O, Leiba R, Avizohar O, Karban A. Relative fat mass is a better predictor of dyslipidemia 

and metabolic syndrome than body mass index. Cardiovasc Endocrinol Metab. 2019;8(3):77–81.  

42.  Alperet DJ, Lim W, Heng DM, Ma S, Dam RM Van. Optimal Anthropometric Measures and 

Thresholds to Identify Undiagnosed Type 2 Diabetes in Three Major Asian Ethnic Groups. 

Obesity. 2016;24(10):2185–93.  

43.  Lee JJ, Pedley A, Hoofman U, Massaro JM, Levy D, Long MT. Visceral and intrahepatic fat are 

associated with cardiometabolic risk factors above other ectopic fat depots: The Framingham 

Heart Study. Am J Med. 2018;131(6):684–92.  

44.  Siddiqui S. Obesity and diabetes : interrelationship. Adv Obes Weight Manag Control. 

2018;8(2):155–8.  

45.  Tramunt B, Smati S, Grandgeorge N, Lenfant F, Arnal J. Sex differences in metabolic regulation 

and diabetes susceptibility. Diabetologia. 2020;63:453–61.  

46.  Schorr M, Dichtel LE, Gerweck A V, Valera RD, Torriani M, Miller KK, et al. Sex differences 

in body composition and association with cardiometabolic risk. Biol Sex Differ. 2018;9(1):28.  

47.  Yu X, Song P, Zou M. Obesity paradox and smoking gun. Lipolysis Obes Parad. 

2018;122(12):1642–4.  

48.  Yamamoto JM, Padro-nunez S, Guarnizo-poma M, Lazaro-alcantara H, Paico-palacios S, 

Pantoja-torres B, et al. Association between serum transaminase levels and insulin resistance in 

euthyroid and non-diabetic adults. Diabetes Metab Syndr Clin Res Rev. 2020;14:17–21.  

 


