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Background:  Insulin resistance may occur in various organs, 
including adipose tissue, which causes increased lipolysis 
and blood free fatty acids (FFA). Insulin resistance in adipose 
tissue is commonly assessed using the Adipose Tissue Insulin 
Resistance (Adipo-IR) index, calculated using fasting insulin 
and FFA levels. This study aimed to evaluate which obesity 
index has the best predictive value to determine Adipo-IR.

Methods: This cross-sectional study is conducted on 80 non-
diabetic adult subjects. Measurements and assessments of the 
relationship between obesity indices and Adipo-IR values 
were performed.

Results: Waist circumference (r = 0.275, p = 0.013), BMI (r = 
0.318, p = 0.004), visceral fat (r = 0.334, p = 0.002), and body 
fat percentage (r = 0.246, p = 0.028) were all significantly 
correlated with Adipo-IR. The area under the curve (AUC) 
showed that visceral fat had the most significant predictive 
value of insulin resistance in adipose tissue compared to 
BMI, waist circumference, and body fat (AUC = 0.690 vs 
0.663 vs 0.620 vs 0.570). Subjects with visceral fat values ​​in 
the fourth quartile had a 6-fold risk of experiencing insulin 
resistance in adipose tissue compared to subjects in quartile 1 
(OR = 6, p = 0.014, 95% CI 1.324-27.191).

Conclusions: The Adipo-IR index increases with the value 
of the obesity index. Visceral fat has the highest predictive 
value in determining the occurrence of adipose tissue insulin 
resistance.
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Introduction
Insulin resistance is marked by a decreased response of different 
tissues sensitive to insulin activity, resulting in increased insulin 
production to compensate for the reduced effectiveness of 
insulin action [1]. Insulin works by increasing the glucose entry 
from the blood into peripheral tissues (liver, muscle, adipose 
tissue) and inhibiting the process of gluconeogenesis in the liver 
[2]. Increased adipose tissue lipolysis due to insulin resistance 
results in a rise in the generation of free fatty acids (FFA), which 
are subsequently released into the bloodstream [1,2].
The prevalence of obesity, a worldwide issue, is rising annually. 
The hallmark of obesity is the increased buildup of fat in the 
body, which can be caused by either hyperplasia or hypertrophy 
of adipocyte cells [3]. White adipose tissue is a fat tissue mainly 
found in visceral and subcutaneous tissues, is endocrine active, 
and has an essential role in insulin resistance development [4]. 
In obesity, increased formation of FFA and dietary fat trigger 
lipotoxicity, which can cause worsening insulin resistance, 
mainly in the skeletal muscle and liver [3-5]. Adipose tissue 
produces a variety of adipocyte-related cytokines, such as 
interleukin (IL)-6 and tumor necrosis factor (TNF)-α, which can 
also reduce insulin sensitivity and induce lipolysis [6].
There is a relationship between various obesity indices, both 
traditional waist circumference (WC), body mass index (BMI), 
and non-traditional ones such as visceral fat (VF) and body 
fat percentage (BF), with the presence of insulin resistance, 
especially in the liver and muscle [7-9]. The adipose tissue 
insulin resistance (Adipo-IR) index measures adipose tissue 
insulin resistance, calculated by multiplying fasting insulin by 
FFA levels. [10]. This study intends to establish which obesity 
indicator has the most predictive value to detect adipose tissue 
insulin resistance and to investigate the association between 
multiple obesity indices, particularly WC, BMI, VF, and BF, 
with the Adipo-IR index.

Methods
Study Population
This was cross-sectional study was conducted on 80 non-
diabetic adult subjects who voluntarily participated by agreeing 
to the informed consent. Sampling and laboratory examinations 
were performed at Hasanuddin University Hospital from 
August to September 2024. The study population was clinical 
clerkship students, medical faculty residents, and students of the 
Hasanuddin University Biomedical Sciences master’s program 
who were willing to participate. Adult participants who were 
at least eighteen years old met the inclusion criteria. Subjects 
with fasting blood glucose levels (FBG) ≥126 mg/dL and or oral 
glucose tolerance test (OGTT) ≥200 mg/dL, having a history 
of diabetes mellitus (DM), taking lipid-lowering drugs, and 
experiencing inflammation or infection, were excluded. This 
study received an ethical approval recommendation from the 
Hasanuddin University Research Ethics Committee with No: 
649/UN4.6.4.5.31/PP36/2024.

Obesity Index Measurement and Laboratory Procedure
Obesity indices measured include WC, BMI, VF, and BF. After 
measuring height and body weight (BW), BMI was calculated 
using the formula BMI = BW/Height². The measurement of waist 
circumference was taken halfway between the lower border of 
the 12th rib and the iliac crest. BF and VF measurements were 
performed using the bioelectrical impedance analysis (BIA) 
method. BW (coefficient variation (CV) = 0.09%), BF (CV 
= 1.04%), and VF (CV = 0%) measurements were performed 
using the Tanita BC-541 (Japan) device. The study subjects 
were fasted for 8-10 hours at night, and then blood samples 
were taken at 8 am the next day, followed by an OGTT test. 
FBG and OGTT examinations were carried out, according to 
standard protocols. A 5cc fasting blood sample was taken, then 
the serum was separated. Glucose examination was carried out 
immediately after sampling, and then the remaining fasting 
serum sample was stored in aliquot form at -20 °C for further 
examination of insulin and FFA. Glucose examination was 
performed using the enzymatic-colorimetry method using the 
Abx Pentra 400 (Horiba, United States), while insulin was 
examined using the electrochemiluminescence immunoassay 
(ECLIA) method with the Cobas e411 (Roche, Germany). 
Using a kit from MyBioSource (United States), the enzyme-
linked immunosorbent assay (ELISA) method was used to 
measure the serum FFA levels. The formula = (FBG (mg/dL) 
x Insulin (mIU/L)/405) was used to measure the homeostatic 
model assessment of insulin resistance index (HOMA-IR). FFA 
(mmol/L) x Insulin (mIU/L) was the formula used to calculate 
the Adipo-IR index. Adipo-IR values ≥75th percentile are used 
to establish the occurrence of adipose tissue insulin resistance. 
Subjects with Adipo-IR values below the 75th percentile were 
classified as not experiencing insulin resistance in adipose tissue. 
The 75th percentile value of Adipo-IR in this study was 5.84.

Statistical Analysis
The numerical data normality was evaluated by the Kolmogorov-
Smirnov test. The variables of age, WC, and BF were normally 
distributed, while other parameters, including systolic, diastolic 
blood pressure, FBG, insulin, FFA, HOMA-IR, Adipo-IR index, 
VF, and BMI, were not normally distributed. The Spearman 
Correlation test was used to assess the association between the 
Adipo-IR index and the other parameters. Analysis with the 
receiver operating characteristic (ROC) curve was conducted 
to analyze the role of various obesity indices as adipose tissue 
insulin resistance predictors, followed by an assessment of the 
area under the curve (AUC) and determination of the best cut-
off value (which had the highest combination of sensitivity and 
specificity) in predicting insulin resistance in adipose tissue. The 
Odds ratio (OR) value of the increasing risk of insulin resistance 
in adipose tissue along, with increasing quartiles of VF values, 
was performed with the Fisher-Exact or Chi-Square test.
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Results
A total of 80 volunteers, consisting of 38 (47.5%) men and 42 
(52.5%) women, were willing to join the research. The research 

subjects’ basic characteristics are shown in Table 1. The average 
age of the research subjects was 31.69±4.09 years, ranging 
between 21 to 40 years.

The correlation between the Adipo-IR index and other 
parameters is shown in Table 2. From weakest to strongest, the 
Adipo-IR index correlates with BF (r = 0.246), WC (r = 0.275), 

BMI (r = 0.318), and VF (r = 0.334). It also exhibits a substantial 
association with HOMA-IR (r = 0.522).

The ROC curve below displays the ability of various obesity 
parameters to determine the occurrence of insulin resistance in 
adipose tissue (Figure 1).

Variables Adipo-IR Index
r p*

Age  0.206 0.067
Systole  0.154 0.171
Diastole  0.013 0.911
FBG  0.13 0.251
Insulin  0.521 <0.001
FFA  0.904 <0.001
HOMA-IR  0.522 <0.001
BMI  0.318 0.004
WC  0.275 0.013
BF  0.246 0.028

Table 1: Basic Characteristics of Study Subjects.

Table 2: Correlation Between Various Variables with Adipo-IR Index.

Variables Mean±SD Median (Min-Max)
Age (years) 31.69±4.09 31 (21-40)
Systole (mmHg) 116.20±8.52 120 (90-130)
Diastole (mmHg) 76.11±7.48 80 (60-100)
FBG (mg/dL) 97.23±10.83 95.50 (69-123)
Insulin (mIU/L) 15.41±14.08 11.52 (4.31-70.64)
FFA (mmol/L) 0.28±0.36 0.15 (0.01-2.15)
HOMA-IR (unit) 3.82±3.97 2.59 (0.98-25.47)
Adipo-IR (unit) 4.13±5.63 1.99 (0.05-24.34)
BMI (kg/m2) 25.62±4.79 25.05 (15.30-45)
WC (cm) 89.52±11.01 90 (61-133)
BF (%) 29.25±6.50 29.05 (12-43.80)

*Spearman Correlation Test
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The AUC value shows that VF (AUC = 0.690, cut off = 8.5) 
and BMI (AUC = 0.663, cut off = 26.95 cm) have the strongest 

predictive ability in determining the occurrence of insulin 
resistance in adipose tissue (Table 3).

VF, the obesity index, which has the best predictor value for 
assessing adipose tissue insulin resistance, will then be divided 
into 4 quartiles. The risk (OR) of adipose tissue insulin resistance 
in each quartile is assessed by comparing it with the risk in 

quartile 1. Those in the highest quartile had 6 times higher risk 
to having adipose tissue insulin resistance compared to the in the 
lowest quartile (Table 4).

Figure 1: ROC Curve of Obesity Indices as Adipose Tissue Insulin Resistance Predictors.

Table 3: AUC Values and Best Cut-off Values of Obesity Indices in Determining the Occurrence of Insulin Resistance in Adipose 
Tissue.

Variables AUC p 95% CI Cut-off Sensitivity Specificity
BMI 0.663 0.03 0.513-0.813 26.95 0.55 0.783
WC 0.62 0.108 0.467-0.774 91.5 0.65 0.617
BF 0.57 0.351 0.422-0.718 28.3 0.65 0.483
VF 0.69 0.011 0.547-0.833 8.5 0.7 0.6
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Table 3: AUC Values and Best Cut-off Values of Obesity Indices in Determining the Occurrence of Insulin Resistance in Adipose 
Tissue.

“VF Quartiles” Adipo IR State Non_Adipo IR State p
OR (CI 95%)n (%) n (%)

4 (>11) 9 (47) 10 (52.6) 0.014¹ 6.00 (1.324-27.191)
3 (8.1-11) 5 (26.3) 14 (73.7) 0.433² 2.38 (0.488-11.628)
2 (5.1-8) 3 (15.8) 16 (84.2) 0.570² 1.25 (0.222-7.051)
1 (<5) 3 (13) 20 (87) Baseline
Total 20 (25) 60 (75)

¹ Chi-Square Test
² Fisher-Exact Test

Discussion
In this investigation, a significant association was found between 
the Adipo-IR index and the obesity index, with the strongest 
correlation found in VF (r = 0.334) followed by BMI (r = 0.318), 
WC (r = 0.275), then BF (r = 0.246). Kim et al performed 
research on 205 adolescents and young adults (normoglycemia, 
pre-diabetes, and diabetes subjects) in the United States and 
described similar results with the findings that the Adipo-IR 
index correlated with visceral adipose tissue (r = 0.557) as 
measured by computed tomography (CT), BMI (r = 0.559) and 
BF (r = 0.529) [11]. Semnani-Azad et al performed a study on 
468 non-diabetic adult subjects with a mean age of 50 years and 
revealed that the Adipo-IR index had correlation with WC (r = 
0.520) and BMI (r = 0.560) [12]. Zhang et al in Beijing, China, 
conducted a study on 312 people with and without metabolic 
syndrome and found the Adipo-IR index associated with WC (r 
= 0.480) and BMI (r = 0.430) [13]. Several studies mentioned 
above showed similar results to the report of this study, although 
there are variations in the order of obesity indices and the 
strength of their correlations that can be caused by differences 
in race, average age, and clinical conditions of the subjects 
when compared to this study. In contrast, Kitaoka et al in Japan 
reported no correlation between the Adipo-IR index and BMI (r 
= -0.007, p>0.05) and WC (r = -0.062, p>0.05) in young female 
subjects (average age 20.7 years) [14]. This may be because the 
study population was women with an average BMI (20.3 kg/m2) 
and WC (71.2 cm) within the normal range.
In this study, it was found that compared to other obesity indices, 
VF had the strongest correlation with the Adipo-IR index. 
There are several things that can explain this. VF is ectopic fat 
classified as white adipose tissue, composed of larger adipocytes 
with fewer mitochondria than brown adipose tissue. VF is 
spread in the mesentery, omentum, and retroperitoneal space and 
is active both as an endocrine and metabolic organ that has a 
significant role in the occurrence of insulin resistance. Adipose 
tissue insulin resistance, especially in VF, causes suppression of 
insulin’s ability to prevent lipolysis, contributing to the increased 
release of FFA into the blood [15-20]. In this study, it was found 
that VF had a stronger association with Adipo-IR than WC. 
This may be because WC measurements not only assess VF but 

also subcutaneous fat (SF). SF is reported to have a role quite 
different from VF, having protective properties against insulin 
resistance. Subjects with a low VF/SF ratio have better insulin 
sensitivity than subjects with a high VF/SF ratio [21]. WC 
measurements not only measure VF, which is associated with the 
insulin resistance state but also measure SF, which is protective 
against the occurrence of insulin resistance so that cumulatively, 
the correlation of WC (accumulation of VF and SF) with Adipo-
IR is lower than the correlation of Adipo-IR with VF alone.
In this study, it was found that VF had the best predictive ability 
in assessing the occurrence of insulin resistance in adipose tissue 
(AUC = 0.690, cut off = 8.5) followed by BMI (AUC = 0.663, 
cut off = 26.95 kg/m2). Jiang et al, in Zhejiang, China, conducted 
a study on 499 subjects aged over 50 years and found that BMI 
(AUC = 0.770, cut off = 22.04 kg/m2 in men; AUC = 0.780, cut 
off = 21.77 kg/m2 in women) and WC (AUC = 0.790, cut off = 
83.5 cm in men; AUC = 0.770, cut off = 84.75 cm in women) 
can be used as predictors of insulin resistance in peripheral tissue 
(Adipo-IR values ​​above the 66.7th percentile are used to define 
insulin resistance in adipose tissue; cut off values ​​1.87 in men 
and 3.87 in women) [22]. The difference in AUC and cut-off 
values ​​reported by Jiang et al with our study is due to differences 
in population characteristics and the Adipo-IR index percentile 
(cut-off) values ​​in defining adipose tissue insulin resistance. 
However, the BMI cut-off value reported by this study (26.95 
kg/m2) in predicting insulin resistance in adipose tissue is closer 
to the cut-off value used to define obesity in Southeast Asian 
countries, including Indonesia (range 25-30 kg/m2) [23]. This 
study also found that subjects with VF values ​​in quartile 4 (>11) 
had a 6-fold increased risk of suffering from insulin resistance in 
adipose tissue compared to subjects with VF values ​​in quartile 1 
(<5). Increased VF mass can trigger the release of various pro-
inflammatory adipokines, including leptin, IL-6, and TNF-α, 
that can trigger systemic insulin resistance in adipose tissue 
[24]. Increased lipid accumulation, especially in visceral tissue, 
will trigger lipotoxicity, metabolic disorders, and resistance 
in adipose tissue, thus triggering lipolysis, characterized by 
increased FFA release in the blood [25].
The cross-sectional study design of this research is one of its 
limitations, as it is unable to elucidate the causal relationship 
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between the variables under investigation: therefore, future 
longitudinal studies are needed to establish the causality. The 
research subjects came from a single population, so further 
research is needed to involve multicenter studies with different 
age groups and ethnicities to generalize the findings of this study. 
To validate the findings of this study, more research may be done 
utilizing the gold standard technique for evaluating VF and BF, 
which is magnetic resonance imaging (MRI) or CT, since the 
VF measurement agreement between BIA and CT methods is 
moderate (r = 0.387 to 0.626) [26].

Conclusion 
The Adipo-IR index increases with the value of the obesity index. 
Visceral fat has the highest predictive value in determining 
adipose tissue insulin resistance; therefore, it can be used as a 
routine screening protocol for assessing insulin resistance.
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