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Association of visceral adiposity index with insulin resistance in
adults with diabetes mellitus
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Abstract
Background and objectives: Visceral adiposity is linked to excess morbidity and mortality and
positively correlates with the risk of insulin resistance, type-2 diabetes mellitus, cardiovascular
disease and premature death. The study was conducted to find out the relationship between
visceral adiposity index (VAI) and homeostatic model assessment insulin resistance (HOMA-IR)
in diabetes mellitus (DM).
Materials and methods: This cross sectional study was carried out on adult population with and
without DM. Waist circumference (WC) and body mass index (BMI) were measured. BMI of 252
2
29.9 kg/m and ≥30 kg/m was defined as overweight and obese respectively. HOMA-IR method
was used to calculate insulin resistance (IR). Standard formula using BMI, WC, triglyceride (TG)
and high density lipoprotein cholesterol (HDL-c) was used to calculate VAI. Blood was analyzed
for fasting blood glucose (FBS), TG, HDL-c and insulin level.
Results: A total of 439 individuals were included in the study of which 269 had DM and 170
were healthy volunteers and the mean age was 41.47±6.82 and 36.16±7.44 years respectively.
Compared to healthy controls, a greater number of diabetics had high VAI (86.5% vs. 98.9%)
and high IR (43.5% vs. 85.1%). We found the highest sensitivity and specificity at a cut-off of
2.23 of VAI while at 3.65 had the highest specificity. Insulin resistance was observed
significantly higher in those with diabetes compared to control, both in case of normal and high
VAI at all cut-offs of VAI. Among anthropometric parameters (WC, BMI and VAI), VAI had
positive (r=0.21, p<0.001) correlation with HOMA-IR than WC (r=0.10, p=0.043). Visceral fat was
linearly related with insulin resistance (ß=0.18, p<0.001). Area under the curve (AUC) (0.66)
showed that VAI can discriminate HOMA-IR.
Conclusion: There was a high rate of raised VAI in cases with DM. VAI had positive association
with HOMA-IR in diabetes mellitus. Although weak, there was an acceptable discrimination
between them.
IMC J Med Sci 2020; 14(1): 002. EPub date: 11 February 2020
Introduction
Visceral adiposity has become a major concern in
public health due to its significant role in obesity
associated diseases. Abnormally increased deposition

of visceral adipose tissue surrounding intraabdominal organs is known as visceral obesity [1].
Previous studies have reported that individuals
with high visceral adiposity are at increased risk of
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insulin resistance and metabolic disorders, and are
more likely to develop diabetes [2-4]. Major
metabolic abnormality behind type-2 diabetes
mellitus is insulin resistance and the compensatory
hyperinsulinemia [5].
Adipose tissue is a main source of reactive oxygen
species, which may contribute to obesityassociated insulin resistance and cause type-2
diabetes mellitus as a consequence [6]. It secretes
adipocytokines that impair insulin sensitivity in
tissues such as liver and muscle. Release of
inflammatory cytokines by macrophages in visceral
adipose tissue also impairs insulin sensitivity [7].
The classical parameters for measuring obesity
namely waist circumference (WC) and body mass
index (BMI) alone cannot help to distinguish
between subcutaneous and visceral fat [8]. Magnetic
resonance imaging (MRI) and computed tomography
(CT) are considered as the gold standards for
measuring the body fat distribution [9]. However,
they are expensive and not suitable for daily clinical
practice. Moreover, adipocytokines assessment for
evaluating visceral adipose dysfunction is not
feasible due to the complex function of the ‘adipose
endocrine organ’ [10] and high costs [11]. A novel
and feasible sex-specific index called visceral
adiposity index (VAI) based on WC, BMI, triglyceride
(TG) and high density lipoprotein cholesterol (HDL-c)
has been introduced by Amato et al [12]. As VAI
includes both physical and clinical parameters, it
provides an estimation of both fat distribution and
function. Moreover, it reflects altered production of
adipocytokines, increased lipolysis and plasma free
fatty acids [12].
Bangladesh has the second highest prevalence of
diabetes in South-East Asian region in 2017
(prevalence of diabetes 10%) [13,14]. VAI could be
a simple clinical marker to identify adipose tissue
dysfunction or indirectly the risk of insulin
resistance. Therefore, our study was conducted to
determine VAI and insulin resistance in adult
people with diabetes mellitus and to assess the
association between them.
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selected from outpatient department of BIRDEM
General Hospital over a period of 2 years. DM was
diagnosed according to WHO criteria, 2006 [15].
Diabetes
mellitus
with
cardiovascular
complications, pregnant women, women taking
oral contraceptive pill and patients taking lipid
lowering agents were excluded from the study.
Healthy adult volunteers without DM served as
control group. The study was approved by the
ethical committee of BADAS and written informed
consent was taken from each participant.
Study procedure
Participants were asked to fill up a questionnaire
focusing on socio-demographic attributes and
background characteristics of diabetes including
duration, mode of treatment and presence of any
complications.
A digital scale was used to measure body weight
(BW). Height was measured using a commercial
stadiometer. Body mass index (BMI) was calculated
as body weight in kg divided by square of the
2
height in meter (m ). Waist circumference (WC)
was measured in the standing position at the
midpoint between lower rib margin and the iliac
crest [16]. Based on the International Obesity Task
2
Force, an individual with BMI of 25-29.9 kg/m and
2
≥30 kg/m were defined as overweight and obese
respectively [17]. To determine the extent of
central adiposity, waist circumference cut off
points of ≥90 cm in men and ≥80 cm in women
were taken [18].
Venous blood samples were drawn for biochemical
tests following a 12-hour overnight fast. Collected
blood was allowed to clot, centrifuged, appropriately
0
labeled and stored at -20 C. Serum TG was
measured by glycerol phosphate dehydrogenaseperoxidase (GPO-POD) method and HDL-c was by
precipitating method using the total cholesterol
enzymatic reagent [19]. Blood glucose was
measured by glucose oxidase method. Serum
insulin was measured by ELISA.
Operational definition

Methodology
This cross sectional study was conducted on adult
participants with and without DM. DM cases were

HOMA-IR: Homeostatic model assessment for
insulin resistance (HOMA-IR) is a method to
calculate insulin resistance based on the degree
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of fasting hyperglycemia which is determined by
the combination of ß-cell deficiency and insulin
resistance.
The formula to calculate HOMA-IR is
HOMA-IR = fasting insulin [mIU/L] x fasting glucose
[mmol/L] / 22.5 [20].
HOMA-IR cut-off of 2.6 has been found to indicate
presence of insulin resistance in Bangladeshi
population [21].
VAI: VAI is a simple sex-specific index based on
physical and biochemical measures to reflect
regional fat. BMI, WC, TG (mmol/L) and HDL-c
(mmol/L) levels are used in the formula [12].
Male: VAI = {WC/39.68 + (1.88×BMI)} × (TG/1.03) ×
(1.31/HDL)
Female: VAI = {WC/36.58 + (1.89×BMI)} × (TG/0.81)
× (1.52/HDL)
VAI of 1 is considered normal, i.e., normal adipose
tissue distribution and normal TG and HDL
cholesterol levels [12].

Statistical analysis
Data were expressed as mean±SD or frequency
with percentage; independent student’s t test and
Chi square test were used to compare VAI between
groups with and without insulin resistance. Control
and diabetic populations were classified into
normal and high VAI after considering cut-off at
1.0, 2.23 and 3.65 for VAI. Pearson’s correlation
analysis was done to determine the correlation
between VAI and HOMA-IR. Linear regression
analysis was done using HOMA-IR as dependent
variable and BMI, WC and VAI as independent
variables. A receiver operating characteristic (ROC)
curve analysis was performed for VAI to observe its
ability to discriminate HOMA-IR. Area under the
curve was used to determine highest cut-off of VAI
for our population.
Results
A total of 439 individuals were included in the
study of which 269 had DM and 170 were healthy
volunteers. The mean age of patients with DM and
without DM (control group) was 41.47±6.82 and

Table-1: Clinical and biochemical characteristics of study population (n=439)
Control (n=170)
DM (n=269)
Mean±SD
Mean±SD
Age (years)
36.16±7.44
41.47±6.82
WC (cm)
87.66±10.53
88.28±10.34
2
BMI (kg/m )
25.09±4.27
25.79±3.54
TG (mg/dl)
128.98±78.34
168.98±76.43
HDL-c (mg/dl)
42.76±15.88
34.62±10.54
FBS (mmol/L)
4.34±0.84
9.35±4.19
S. insulin level (µIU/ml)
14.8±12.07
21.0±15.11
VAI
2.83±2.40
3.69±2.12
HOMA-IR
2.73±2.44
8.57±7.46
Note: p value calculated by independent student’s t test.
Variable

Total (n=439)
Mean±SD
39.41±7.52
88.04±10.41
25.52±3.85
153.49±79.52
37.77±13.46
7.41±4.13
18.6±14.32
3.32±2.30
6.35±6.64

p value
0.001
0.543
0.063
0.001
0.001
0.001
0.001
0.001
0.001

Table-2: Frequency of clinical and biochemical characteristics of study population (n=439)
Variable
Central obesity
Overweight
Hypertriglyceridemia
Low HDL-c
High VAI
High IR
Note: p value calculated by Z test.

Control (n=170)
103 (60.6%)
78 (45.9%)
42 (24.7%)
104 (61.2%)
147 (86.5%)
74 (43.5%)

DM (n=269)
158 (58.7%)
161 (59.9%)
133 (49.4%)
223 (82.9%)
266 (98.9%)
229 (85.1%)

p value
0.696
0.004
0.001
0.001
0.001
0.001
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36.16±7.44 years respectively. The clinical and
biochemical profiles of the study population are
shown in Table-1. Except WC and BMI, the average
values of TG, FBS, insulin resistance and VAI were
significantly higher in DM than that of control cases
(Table-1). More participants from control group
had central obesity (60.6% vs 58.7%). A greater
number of participants with DM had high VAI
(86.5% vs 98.9%) and high IR (43.5% vs 85.1%;
Table-2). Out of 439 cases, 136 had normal HOMAIR and 303 cases had raised HOMA-IR. VAI was
found significantly higher in individuals with raised
HOMA-IR compared to those with normal levels
(2.7±2.21 vs. 3.6±2.28, p<0.001) (Table-3).
Table-3: VAI in total population with normal and
high HOMA-IR (n=439)
Normal HOMA- High HOMAp
Variable
-IR (n=136)
IR (n=303)
value
Mean±SD
Mean±SD
VAI
2.7±2.21
3.6±2.28
0.001
Note: p value by independent student’s t-test.
Table-4a: Association between HOMA-IR and VAI in
the study population (n=439) using VAI cut-off of 1
HOMA-IR
(Mean±SD)

Variable
DM
(n=269)

Normal VAI
(n=58)
High VAI
(n=211)

p value

6.96±7.06
9.01±7.53

<0.001

Normal VAI 2.89±2.61
(n=108)
High VAI
2.72±2.0
(n=62)
Note: One-way ANOVA test was done. Significant
difference was seen between Group 1 vs 2 p=0.044,
1 vs 3 p=0.001, 1 vs 4 p=0.003, 2 vs 3 p˂0.001, 2 vs
4 p<0.001. Group 1=DM with normal VAI, 2= DM
with high VAI, 3=Control with normal VAI, and
4=Control with high VAI.
Control
(n=170)

Three cut-off points of VAI (1, 2.23 and 3.65) were
used to show association with HOMA-IR in Table4a, 4b and 4c. VAI 1 was considered normal [12].
We used cut-off of 2.23 to classify individuals with

high VAI, as this level had both the highest
sensitivity and specificity. Cut-off of 3.65 had the
highest specificity. Total population was divided
into four groups (group 1=DM with normal VAI,
2=DM with high VAI, 3=control with normal VAI and
4=control with high VAI). Insulin resistance was
significantly higher in those with diabetes
compared to control, both in case of normal and
high VAI. Though significantly higher HOMA-IR was
seen in diabetic patients with high VAI, this was not
found in the control group. This observation was
seen at all cut-offs of VAI.
Table-4b: Association between HOMA-IR and VAI in
the study population (n=439) using VAI cut-off of 2.23
HOMA-IR
(Mean±SD)

Variable
DM
(n=269)

Normal VAI
(n=72)
High VAI
(n=197)

6.69±6.45

p value
<0.001

9.26±7.7

Normal VAI 2.85±2.71
(n=97)
High VAI
2.8±1.95
(n=73)
Note: One-way ANOVA test was done. Significant
difference was seen between group 1 vs 2 p=0.011,
1 vs 3 p<0.001, 1 vs 4 p=0.001, 2 vs 3 p˂0.001, 2 vs
4 p<0.001.
Control
(n=170)

Table-4c: Association between HOMA-IR and VAI in
the study population (n=439) using VAI cut-off of 3.65
HOMA-IR
(Mean±SD)

Variable
DM
(n=269)

Normal VAI
(n=152)
High VAI
(n=117)

p value

7.5±6.93
9.96±7.92

<0.001

Normal VAI 2.76±2.45
(n=134)
High VAI
3.08±2.24
(n=36)
Note: One-way ANOVA test was done. Significant
difference was seen between group 1 vs 2 p=0.005,
1 vs 3 p<0.001, 1 vs 4 p<0.001, 2 vs 3 p˂0.001, 2 vs
4 p<0.001.
Control
(n=170)
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Table-5: Insulin resistance in total population with normal and high VAI (n=439)
Normal
VAI

Variable

High HOMA-IR
(Insulin resistant)

11 (3.6%)
94 (31.1%)
177 (58.6%)

High
VAI
Using cut-off of 1 VAI
291 (96.4%)
Using cut-off of 2.23 VAI
208 (68.9%)
Using cut-off of 3.65 VAI
125 (41.4%)

Χ

2

p value

9.0

0.003

22.21

<0.001

18.22

<0.001

Note: p value by Chi-square test.
Individuals with a high VAI had high HOMA-IR and
the difference was statistically significant. HOMA-IR
also had significant association with VAI at cut-off
of 2.23. But significant insulin resistance was found
at a 3.65 cut-off in normal VAI (Table-5). Pearson’s
correlation analysis was used to determine the
correlations of anthropometric indices (BMI, WC
and VAI) with HOMA-IR. Among anthropometric
parameters VAI had positive (r=0.21, p<0.001)
correlation with HOMA-IR than WC (r=0.10,
p=0.043) (Table-6).

predict HOMA-IR was 2.23. VAI of 3.65 had the
highest specificity of 80%, but sensitivity of only
40% in predicting insulin resistance (Figure 1).

Table-6: Correlation of anthropometric variables
with HOMA-IR (n=439)
Variable
r-value
WC
0.1
BMI
0.09
VAI
0.21
Note: Pearson’s correlation was done.

p value
0.043
0.069
<0.001

Table-7: Multiple linear regression with HOMA-IR
as dependent variable (n=439)
Variable
ß-value
p value
VAI
0.18
<0.001
Note: Linear regression was done.
Visceral fat was linearly related with insulin
resistance. When VAI increased by 1 unit, HOMA-IR
increased by 0.18 units (ß=0.18, p<0.001) (Table-7).
Area under curve was 0.66 which was an
acceptable discrimination for insulin resistance. At
VAI of 1, sensitivity was 95.7% and specificity was
only 9.6%.The cut-off point at which VAI had both
greatest sensitivity (70%) and specificity (54.4%) to

Fig-1: ROC analysis of VAI to predict HOMA-IR.
Discussion
This study looked at the association between VAI
and insulin resistance in this population. We found
a high rate of raised VAI (98.9%) in people with
diabetes mellitus and an association with insulin
resistance in whole population but not in between
control and DM groups.
In this observational study, we found that
Bangladeshi adults with diabetes mellitus had high
rate of VAI. A cross sectional analysis on Chinese
adults showed similarly high VAI values (90%)
among people with diabetes [22]. High VAI
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observed in people with diabetes may be due to
the fact that hypertriglyceridemia and low HDL-c
(two of the measures included in calculating VAI)
characteristically occur in diabetes [23].
To the best of our knowledge, this is the only study
to show the association of VAI with HOMA-IR in
diabetes mellitus. Patients with diabetes mellitus
who had increased insulin resistance had
significantly higher VAI (Table-3). Chen et al. found
that there was 2.55 fold risk of diabetes mellitus in
the group with highest VAI but they did not
examine association of VAI with IR [24]. Few
studies confirmed the association of VAI with
insulin resistance in young women with polycystic
ovary syndrome (PCOS) [25] and in those with
arterial stiffness [26].
Control and diabetic populations were classified
into normal and high VAI after considering cut-off
at 1.0, 2.23 and 3.65 for VAI. Interestingly, analysis
showed significant association of HOMA-IR with
VAI in diabetic population, but not in control
(Table-4a, b, c). Amato et al. also reported VAI cutoff 2.23 for the age group of 30-41 years [12]. At
3.65 we got 80% specificity, but for young Korean
women with PCOS optimal cut-off was determined
at 1.79 (specificity 84.7%, sensitivity 82.6%) [25].
Possible explanation may be the inclusion of male
participants in our study. Further study is required
to identify age and sex-specific cut-off points in
Bangladeshi population.
We showed insulin resistance was linearly
associated with VAI in univariate and multivariate
analysis (Table-7). Du et al. also found significant
linear association of VAI with HOMA-IR (p=0.034 in
men, p=0.042 in women) [27].
VAI includes measurement of WC and biochemical
metabolic parameters which are markers of central
adiposity. Furthermore, VAI has been shown to
correlate well with visceral fat [24]. Central and
visceral adiposity predispose to insulin resistance.
Moreover,
insulin
resistance
leads
to
hypertriglyceridemia and low HDL-c [23]. This may
explain the association found between VAI and
HOMA-IR.
AUC (0.66) showed that VAI can discriminate
HOMA-IR, also reported 0.62 by Chen and by Du et
al. (0.695 in men and 0.682 in women) [24,27].
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Therefore VAI has been suggested as a useful,
convenient and applicable surrogate marker for
visceral fat distribution and function [26].
In previous studies, visceral adiposity measurement
by MRI and CT was done for confirming the
association of visceral adiposity with insulin
resistance [2,3]. But these gold standards for
visceral adipose tissue measurement are not
suitable for large epidemiological studies due to
their high cost and inconvenience. Simple measures
such as WC and BMI cannot reflect the difference
between subcutaneous and visceral fat [22]. Since
VAI includes anthropometric (BMI and WC) and
metabolic (TG and HDL-c) parameters, it indicates
both fat distribution and function [24]. VAI
correlates with visceral adiposity measured by MRI.
In addition, association of visceral obesity with
atherogenic lipoprotein (high serum triglyceride)
was confirmed by other study [28].
The small number of men and women assessed in
this study may limit the interpretation and
extrapolation in other populations. Also, it was not
possible to use the gold standard euglycaemic
clamp method for measurement of insulin
resistance. For control oral glucose tolerance test
was not done due to technical difficulties. But
participants with DM and prediabetes were
excluded from control group for better outcome.
Conclusion
There was a high rate of raised VAI in type-2
diabetes mellitus. VAI had positive association with
HOMA-IR in diabetes mellitus. Although weak, VAI
could discriminate insulin resistance.
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