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Introduction. The prevalence of obesity is increasing worldwide in high, low, and middle-
income countries such as Indonesia. Obesity rate is higher in females in Indonesia. Obesity has
important contribution in the occurrence of insulin resistance (IR) and type 2 diabetes mellitus.
Several anthropometric measurements such as waist circumference (WC), body mass index (BMI),
body mass (BM), total body fat percentage (Fat%) and visceral fat (VF) are related to IR. This study aimed
to investigate which of those measurements could be used as a better predictor of IR in non-menopausal
Indonesian adult females.

Methods. Total of 80 non-menopausal Indonesian adult females ranging from 21 to 40 years
were recruited in this study. Insulin resistance was measured by using Homeostatic Model
Assessment for Insulin Resistance (HOMA-IR) equation. Subjects with HOMA-IR index >75™
percentile with cut-off 2.74 were defined as IR. Waist circumference, BMI and BM were measured,
while TF and VF were measured by bioelectrical impedance analysis (BIA).

Results. HOMA-IR had significant correlation with WC (r = 0.563, p <0.001), BMI (r = 0.537,
p <0.001), BM (r = 0.515, p<0.001), VF (r = 0.515, p <0.001), Fat% (r = 0.490, p <0.001). The
area under curve of VF (0.809), BMI (0.807), WC (0.805), and BM (0.799) are slightly larger than

and Fat% (0.766).

Conclusion. Insulin resistance had strong correlation with all anthropometric measurements,

but the correlation was less significant with Fat%.
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INTRODUCTION

Obesity can be defined simply as excess of
human body weight for height and further associated
with excess of body fat percentage and distribution
[1]. It is estimated that about 2 billion people are
suffering from overweight and about one third of
the overweight subjects are obese in the world
nowadays [2]. The prevalence of obesity and
central obesity in Indonesian adult people are
reported to be 23.1% and 28% respectively. The
prevalence of both conditions is higher in females
than in males [3]. The condition of overweight and
obesity is not only a matter of appearance but also
a matter of health in the perspective of young adult
women [4]. Obesity has strong relationship with
the development of insulin resistance, metabolic
syndrome, diabetes mellitus (DM), cardiovascular
complications [5].

Insulin resistance (IR) is defined as insulin
action defect which results in the production of more
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insulin in order to keep the blood glucose levels
within normal range. The gold standard in assessing
the insulin resistance is by using euglycemic
hyperinsulinemic clamp technique. This technique
has some difficulties to perform, so that other more
simple IR measurements are developed, such as
homeostasis model assessment of IR (HOMA-IR),
which is commonly used as an alternative method
for evaluating IR [6]. This model was developed
by Matthew et al. and had strong correlation with
the results of the clamp gold standard technique in
evaluating IR and more convenient to perform [7].
Several anthropometric measurements such
as body mass (BM), body mass index (BMI), waist
circumference (WC) are commonly used to evaluate
obesity. Total body fat percentage (Fat%) and
visceral fat (VF) level measured by bioelectrical
impedance technique are some of recently parameters
used to measure obesity. The parameters above are
shown to have strong correlation with IR in middle
age and elderly people [8, 9]. The study about the
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relationship of anthropometric parameters with IR
which focused on the non-menopausal female adult
is still rare. This study aimed to evaluate the
association of BM, BMI, WC, Fat%, VF with IR
and stratifying their diagnostic value in prediting
IR among non-menopausal Indonesia.

MATERIALS AND METHODS

Study design and participants

This research was an analytical study with
cross-sectional design performed from October 2018
to March 2019. All voluntary subjects were non-
diabetic non-menopausal adult females with age
ranged from 18 to 40 years old, who were willing
to take part in the study and gave written informed
consent. This research only focused on female
adults because male adults had different body fat
distribution compared to female and had to be
observed separately in the other study for its bias
potential. This study was only limited to non-
menopausal subjects because low estrogen level in
menopausal might alter the insulin resistance.
Total of 80 participants were recruited to join this
research. All subjects had an overnight fasting for
at least 8 hours and fasting blood samples were
collected. Anthropometric data of all participants
were also measured. All research subjects were
Asian with mostly Indonesian mongoloid race. We
excluded subjects who used medications including
corticosteroids, suffered diabetes mellitus or taking
anti diabetic agents, used hormonal contraception
medication. This research was part of study approved
by Komite Etik Penelitian Kesehatan (Health Research
Ethical Committee), Faculty of Medicine, Hasanuddin
University, Makassar, Indonesia with Recommedation
Number 729/H4.8.4.5.31/PP36-KOMETIK/2018, and
complied with the Helsinki Declaration.

Anthropometric measurements
and laboratory tests

Anthropometric data were measured by a
single examiner. Height and BM of the subjects
were measured, then BMI was calculated with
equation of weight (kg) divided by height squared
(m%). WC was measured by measuring tape at
midway level between lower border of 12" rib and
iliac crist. The Fat% and VF were calculated by
using Tanita-BC541 (Tokyo, Japan) bioelectrical
impedance analysis (BIA) device. Blood samples
were collected after at least 8 hour overnight fasting

periode. Glucose levels were measured using Abx
Pentra 400 (Horiba, USA) while the insulin levels
were measured by using Elecsys 2010 (Roche,
Indianapolis, IN, USA).

Insulin resistance was measured by using
calculated model of the homeostatis model asessment
of insulin resistance (HOMA-IR) index = (Insulin
[uIU/mL] x Fasting Plasma Glucose [mg/dL]/405
[7]. HOMA-IR value above 75 percentile was used
as cut-off in defining the insulin resistance state in
non-menopausal female adult. In this study, the
cut-off value used for defining IR was 2.74. All of
HOMA-IR values below the cuf-off point were
defined as non-IR/ insulin sensitive.

Statistical analysis

The data distribution normality was measured
using Kolmogorov-Smirnov test. All data which were
distributed normally expressed as mean + standard
deviation (SD) while those which were not distributed
normally expressed as median (minimum-maximum).
Only Fat% percentage was distributed normally
while other parameters including age, BM, BMI,
WC, VF, fasting plasma glucose (FPG), insulin,
and HOMA-IR were not distributed normally.
The correlation between HOMA-IR and all other
parameters were analyzed using Spearman Test for
non-parametric correlation. The receiver operating
characteristic (ROC) curves were used to evaluate
the significance of BM, BMI, WC, Fat% and VF as
IR predictors. The area under the ROC curve (AUC)
and the optimal cut-off point in predicting IR of
BM, BMI, WC, Fat% and VF were determined by
the largest sum of sensitivity and specificity. All
statistical tests were performed using the Statistical
Package for the Social Sciences, Version 21.0
(SPSS Inc, Chicago, IL, USA). Statistical analysis
was considered significant if p < 0.05.

RESULTS

The characteristic of all subjects, IR and
non-IR subjects are shown in Table 1. There is no
significant difference of age between IR and non-
IR Groups. Obese parameters including BM, BMI,
WC, Fat%, and VF are significantly higher in IR
group compared to those in non-IR group. FPG,
insulin levels, and HOMA-IR index are significantly
higher in IR group.

All obesity indices including BM, BMI,
WC, Fat%, and VF show significant correlation
with IR (HOMA-IR) (Table 2).
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Table 1
Characteristics of all, IR and non-IR subjects
Variable All (n = 80) Non-IR (n = 60) IR (n=20) p
Age, yr 32(21-40) 32(21-40) 32(27-39) 0.385"
BM, kg 57.60(40-92.50) 55.80(40-75.80) 67.75(51.60-92.50) <0.001"
BMI, kg/m* 23.50(17.80-38.50) 23.15(17.80-32.70) 28.35(21.30-38.50) <0.001
WC, cm 80(65-105) 79(65-101) 90(72-105) <0.001"
Fat% 32.96+4.53 31.89+3.89 36.18+4.87 0.0017
VF 6(2-27) 5(2-17) 10.5(3-27) <0.001"
FPG, mg/dL 88.70(63.90-125) 86.60(63.90-105) 93.90(76.70-125) <0.001"
Insulin, pIU/mL 9.1(2.74-42.46) 7.67(2.74-12.07) 13.92(11.96-42.46) <0.001"
HOMA-IR 1.95(0.60-12.61) 1.60(0.60-2.70) 3.41(2.75-12.61) <0.001"

Data are expressed as mean + standard deviation for normally distributed variables and median (minimum-maximum) for non-normally
distributed variables. Subjects are divided into 2 groups, Non-IR and IR based on HOMA-IR >75 percentile value (cut-off 2.74).
P value is used to measure the difference between non-IR and IR groups. IR = insulin resistance, BM = body mass, BMI = body mass
index, WC = waist circumference, Fat% = total body fat percentage, VF = visceral fat, FPG = fasting plasma glucose, HOMA-IR =
homeostatic model assessment for insulin resistance

" Mann Whitney Test; “T Test

Table 2

Correlation of IR (HOMA-IR) with obesity indices

Correlation coefficient’

Variable p
BM 0.515 <0.001
BMI 0.537 <0.001
WC 0.563 <0.001
FAT% 0.490 <0.001
VF 0.515 <0.001

IR = insulin resistance, BM = body mass, BMI = body mass index, WC = waist circumference, Fat% = total body fat percentage,

VF = visceral fat

"Spearman Correlation Test

ROC curve shows (figure not shown) the AUC
of all obesity indices including BM, BMI, WC,
Fat%, and VF have strong prediction value of IR.
VF has slightly a better prediction value than other
indices. VF and BMI have the highest sensitivity by
using cut-off 6.5 and 24.95 respectively whereas

BM and Fat% have the highest specificity by using
cut-off 62 and 34.35 respectively (Table 3).

Logistic regression shows every 1 point of the
increase of BM, BMI, WC, Fat%, and VF increases
1.144, 1.456, 1.164, 1.291, 1.400 occurance rate of
IR respectively (Table 4).

Table 3
The AUC, sensitivity, and specificity of obesity indices by the most optimal cut-off point in predicting IR
Variables AUC (95% CI) Sensitivity Specificity Cut-off Point

BM 0.799 (0.690-0.908) 0.750 0.767 62
BMI 0.807 (0.685-0.928) 0.800 0.750 24.95
WC 0.805 (0.687-0.923) 0.750 0.723 83.5
Fat% 0.766 (0.623-0.909) 0.750 0.767 34.35
VF 0.809 (0.686-0.933) 0.800 0.733 6.5

AUC = area under the ROC curve, IR = insulin resistance, BM = body mass, BMI = body mass index, WC = waist circumference,

Fat% = total body fat percentage, VF = visceral fat

Table 4
Logistic regression analysis of obesity indices for determining IR
. 95% CI
Variables P OR Lower Upper
BM <0.001 1.144 1.064 1.230
BMI <0.001 1.456 1.206 1.757
WC <0.001 1.164 1.075 1.260
Fat% 0.001 1.291 1.113 1.496
VF <0.001 1.400 1.176 1.666

IR = insulin resistance, BM = body mass, BMI = body mass index, WC = waist circumference, Fat% = total body fat percentage,

VF = visceral fat
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DISCUSSION

In this research, we found the cut-off value of
HOMA-IR in defining IR among non-menopausal
Indonesian female adults (age 21 to 40 years old)
was 2.74. This cut-off was slightly higher than the
cut-off 2.3 (>75" percentile) reported by Cheng
et al. who performed research among middle-aged
and elderly Taiwanese with the mean subjects age
of 64.41 + 8.46 years [9]. This difference might be
due to the difference of population age and ethnicity.
Different cut-off value was also reported from Spanish
population. The threshold value of HOMA-IR was
2.05 which used the account of metabolic syndrome
components in defining IR [10]. This difference
might due to the different ways used to define IR
because there still no universal agreement in defining
IR and difference of ethnicity. Our previous study
also reported different cut-off (3.75) in defining IR
in healthy young male adults [11]. The male had
higher cut-off than in female population. The cut-
off was even higher while defining type 2 diabetes
mellitus (T2DM). In Czech population, the cut-off
of HOMA-IR used for diagnosing T2DM was 3.63
[12]. In Korean population, HOMA-IR cut-off
value for identifying dysglycemia was 1.6 in male
and female, and increased to 2.87 in men and 2.36
in women when used to diagnose T2DM [13].

Our findings showed that all obesity indices
analyzed in this study including BM, BMI, WC, Fat%,
and VF, all had significant correlation with HOMA-
IR. AUC analysis showed that VF had the largest
area than other obecity indices (BMI, WC, BM,
and Fat%) with the best cut-off 6.5 (0.8 sensitivity
and 0.733 specivicity) in non-menopausal population.
We proposed this cut-off as simple IR predictor in
non-menopausal Indonesian female adult population.
Another interesting results were also found in this
study. The BMI cut-off value of 24.95 kg/m* in
defining IR was so closely met to World Health
Organization obesity criteria for Asian population
(using 25 kg/m’) in defining obesity. It means that
the obese non-menopausal female adults (based on
BMI) in our population can also be predicted to
suffer from IR. The WC cut-off value of 83.5 cm
in defining IR was also near to the criteria of Asian
adult women (WC > 80 cm) in defining abdominal
obesity. It means that centrally obese women have
a greater chance to have IR.

Our study method which used cross-sectional
method could not explain the causality and
pathophysiology why VF had the best predictor value
compared to other obesity indices. Further studies
are needed to explain it. BMI and WC are traditional
obesity indices used worldwide, while VF and Fat%
measured by BIA method are used frequently these
recent years as newer obesity indices. There was a
good agreement between fat measured by BIA
method and by referenced magnetic resonance
imaging (MRI) [14]. The correlation between body
fat mass measured by BIA method and the volume
of adipose tissue measured by MRI was 0.81 for
male and 0.75 for female hence BIA could be used
as alternative method in measuring body fat [15].
In this study, VF, BMI, WC, and BM had slighly
larger AUC than and Fat% showing in diagnosing
IR. Some explainations might describe that. Visceral
fat has greater lipolytic potential compared to other
fat including subcutaneous fat. The lipolytic feature
then will increase the production of free fatty acid.
The free fatty acid deliverence to hepar will induce
the occurance of hepatic insulin resistance. WC can
also be used to reflect the visceral fat amount [16].
One possible reason why Fat% had slighly weaker
predicting value compared to other parameters might
be explained by the fact that it did not only measure
white adipose tissue which was composed by mostly
visceral adipose tissue, but also measured brown
adipose which was likely not related to IR [17].

This was one of the few studies reporting the
cut-off value of HOMA-IR in defining IR focusing
in non-menopausal female adults in South East
Asia region especially in Indonesian population.

There are several limitations of our study. First,
HOMA-IR is only reflecting hepatic IR in basal
condition and does not fully describe other peripheral
organs (fat and muscle) IR as the euglycemic reference
method does. Second, the cross-sectional design
could not explain the causality relationship among
obesity indices with IR. Third, this study was from
a single center and did not represent all Indonesian
multi ethnics population. Further larger multi center
studies with multi ethnics population should be
performed to generalize this cut-off value.

In conclusion, we summarized that all obesity
indices including BM, BMI, WC, Fat%, and VF had
significant correlation with HOMA-IR and could be
used to define IR. Among all, VF, BMI, WC, and
BM had slightly better IR predictor value compared
to Fat% in non-menopausal female adults population.

Introducere. Prevalenta obezitdtii este in crestere inclusiv in Indonezia. Obezitatea
are o importantd deosebita pentru dezvoltarea rezistentei la insulina (IR) si a diabetului
zaharat de tip 2. IR este asociatd cu modificarea anumitor indici antopometrici.
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indicele de masa corporala (BMI), circumferinta abdominala (WC), procentul de
grasime (Fat%) si grasimea viscerala (VF). Studiul investigheaza care dintre acesti
indici se asociaza cu IR in populatia feminind indoneziand adulta aflata la premenopauza.

Materiale si metode. Pentru acest studiu au fost recrutate 80 de femei
premenopauza din Indonezia cu varste intre 21 si 40 ani. IR a fost mdsuratd prin
HOMA-IR. Pacientii peste percentila 75 cu valoarea prag de 2,74 au fost considerati
cu IR. Au fost masurate BMI, WC, %Fat, VF.

Rezultate. HOMA-IR s-a corelat cu WC (r = 0,563, p < 0,001), BMI (r = 0,537,
p <0001), BM (r=20,515 p <0,001), VF (r = 0,515, p < 0,001), Fat% (r = 0,490,
p < 0,001). Aria de sub curba pentru VF (0,809), BMI (0,807), WC (0,805) si BM
(0,799) au fost usor mai mari decdt cea pentru %Fat (0,766).

Concluzii. IR s-a corelat cu toti indicii antropometrici insa mai putin cu %Fat.
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