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Background: Visceral adipose tissue (VAT) assessment is limited in clinical practice due to 
expensive, time consuming and limited availability of MRI and DXA machines. We explored 
the utility of a recently developed Metabolic Score for Visceral Fat (METS-VF) to assess 
VAT in south Asian individuals with morbid obesity.
Patients and Methods: Individuals with BMI ≥35 kg/m2 aged between 30 and 60 years 
were randomly selected from a database of individuals with morbid obesity, attending 
a multi-disciplinary bariatric clinic in a tertiary care teaching hospital in southern India. 
Body composition was assessed by using a Hologic Discovery A dual-energy X-ray absorp
tiometry (DXA) machine. METS-VF was used to estimate VAT by using a previously 
published algorithm.
Results: The mean age and body mass index of the study subjects (N=350) were 38.2 years 
and 40.1 kg/m2. The MET-VF score performed satisfactorily (AUC of 0.78 (95% CI 0.72–
0.85)) for predicting an increased visceral adipose tissue (VAT area ≥ 163 cm2) as detected by 
DXA. A METS-VF value of 7.3 was found to have a good sensitivity and reasonable 
specificity in predicting elevated VAT in this population.
Conclusion: This is the first study to validate the utility of METS-VF as a surrogate 
measure of visceral adiposity in south Indian individuals with morbid obesity. Given the 
simplicity, easy availability, reliability and inexpensive nature of this obesity indicator, it 
may find its widespread use in lower middle-income countries.
Keywords: metabolic obesity, morbid obesity, visceral adipose tissue

Introduction
The global prevalence of obesity has increased rapidly over the last two decades and 
has now reached pandemic proportions. A recent study by the Global Burden Of 
Disease - Obesity Collaborators, has described the problem of obesity in relation to 
high body-mass index (BMI), in 195 countries between 1990 and 2015.1 Their findings 
reveal that an elevated BMI accounted for about 4.0 million deaths worldwide in 2015 
and more than two thirds of these deaths were due to cardiovascular disease.1 

Moreover, it has also been noted that the prevalence of individuals with morbid obesity 
is increasing more markedly than individuals in other weight groups.2 Lower middle 
income countries (LMIC’s) like India show similar trends and in some states up to one- 
third of the general population have either overweight or obesity.1,3

However, not all individuals with obesity develop a similar course of metabolic 
complications.4 This is also true for individuals with morbid obesity and may partly 
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be due to the inability of BMI to identify individuals with 
high metabolic risk.5 The measures of central obesity like 
waist circumference, waist-hip ratio and waist height ratio 
may be relatively better but unable to precisely estimate 
visceral adipose tissue.6 Moreover, it can be difficult to 
accurately measure waist circumference in individuals 
with morbid obesity.7 Moreover, these obesity indicators 
are unable to differentiate between the presence of the so- 
called “good subcutaneous fat” versus metabolically toxic 
visceral or ectopic fat, at the site of measurement.8 The 
gold standard to assess visceral adipose tissue (VAT) is an 
Magnetic Resonance Imaging (MRI) scan which is not 
only expensive, has limited availability and has size lim
itations but it also requires considerable expertise and time 
to interpret. The next best option of VAT estimation is 
a Dual energy X-RAY absorptiometry (DXA) Scan, 
which has a much lower radiation exposure but it is 
again limited by its availability, cost and lack of ethnicity 
specific normative data for comparison.5 This calls for 
development of novel tools to accurately estimate visceral 
adipose tissue which are cost effective, easily available, 
simple, safe, reliable and ethnically validated. Some tools 
developed in the past including VAT=TAAT-SAAT model 
and apVAT – anthropometrically predicted visceral adi
pose tissue, have attempted to estimate VAT but have not 
been extensively validated in the south Asian 
population.9–11

To address this research gap we explored the utility of 
a recently developed Metabolic Score for Visceral Fat 
(METS-VF) which uses easily available clinical para
meters against VAT as assessed by a DXA scan in south 
Asian individuals with morbid obesity.12 The complexities 
of assessing VAT despite its importance in predicting 
metabolic complications are akin to measurement of 
GFR (glomerular filtration rate) in patients with chronic 
kidney disease, which in actual is a laborious process but 
can be estimated by validated algorithms to measure eGFR 
as is commonly used in clinical practice.

Patients and Methods
This was a cross-sectional study conducted over a period 
of one year. Study subjects were recruited from a database 
of individuals with morbid obesity attending a multi- 
disciplinary bariatric clinic in a tertiary care teaching hos
pital in Southern India. Individuals with morbid obesity 
(BMI ≥ 35 kg/m2) aged between 30 and 60 years were 
selected by simple random sampling from the database. 
Patients with endocrinopathies, syndromic causes of 

obesity, on medications that increase weight (example 
glucocorticoids) and who declined consent were not 
included in the study. This study was approved by the 
Institutional Review Board – Independent Ethics commit
tee of Christian Medical College, Vellore, India, vide IRB 
Min No 10,146 dated 22.06.2016. All participants pro
vided informed consent, and that this study complied 
with the Declaration of Helsinki.

Demographic details and a detailed history to assess 
comorbidities associated with obesity were assessed using 
a pre-structured detailed questionnaire. Anthropometric 
measurements including height (in centimeters), weight (in 
Kilograms), waist circumference (in centimeters), hip cir
cumference (in centimeters), waist hip ratio (WHR) and 
waist height ratio (WHtR) were obtained using predefined 
standardized techniques. Body composition including body 
fat percentage, Fat height index (Fat/height2) and VAT (visc
eral fat area in cm2) was estimated using a whole-body dual- 
energy X-ray absorptiometry (DXA) scan using a Hologic 
DXA QDR 4500 Discovery A machine with a coefficient of 
variation (CV) of 2%. All participants also underwent the 
following biochemical tests: fasting plasma glucose, 2 hour 
post prandial plasma glucose (enzymatic method), hemoglo
bin A1c (high-performance liquid chromatography) and 
fasting lipid profile (enzymatic colorimetric assay-oxidase 
peroxidase method). METS-VF was used to estimate VAT 
by combining the non-insulin-based METS-IR index, waist- 
height ratio (WHtr), age and sex by using the previously 
published algorithm. METS-IR was calculated using fasting 
serum triglyceride, high density lipoprotein cholesterol and 
fasting glucose.12

Diabetes was defined according to the criteria pro
posed by the American Diabetes Association, which states 
that individuals with a fasting plasma glucose value 
≥126 mg/dl and/or 2-h plasma glucose value of 
≥200 mg/dl and/or HbA1c >6.5% have diabetes. Patients 
taking anti-diabetic medications were also considered as 
having diabetes. Patients with a fasting plasma glucose 
value between 100 mg/dl and 125 mg/dl with a 2 hour 
plasma glucose < 140 mg/dl (impaired fasting glucose) 
and/or a 2 hour plasma glucose between 140 mg/dl and 
200 mg/dl with a fasting plasma glucose less than 100 mg/ 
dl (impaired glucose tolerance) were diagnosed to have 
pre-diabetes.13 Hypertension was defined in individuals 
with a systolic BP of ≥140 mmHg and/or diastolic BP ≥ 
90 mmHg and/or currently taking BP lowering medica
tions. Patients with pre-hypertension were defined if they 
had a systolic BP between 120 and 139 mmHg and/or 
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diastolic BP between 80 and 89 mmHg and were not 
taking blood pressure lowering medications.14 

Dyslipidemia was defined as in individuals who were 
taking lipid-lowering medications and/or had a high total 
cholesterol (>200 mg/dl) and/or high LDL cholesterol 
(>100 mg/dl) and/or low HDL cholesterol (<40 mg/dl in 
men and <50 mg/dl in women) and/or high triglycerides 
(>200 mg/dl).15

Based on the presence of co-morbidities an Edmonton 
Obesity Staging System score was also calculated for each 
of the participants. The EOSS system consists of 5 scores 
based on the physical, psychological and functional disability 
of each patient.4,16 The EOSS level is categorized reckoning 
the highest-stage risk factor present in each individual. Stage 
0: no obesity-related risk factors; Stage 1: mild risk factors 
(example in the metabolic category having prediabetes, pre
hypertension); Stage 2: Moderate symptoms often needing 
medical treatment (example in the metabolic category having 
diabetes, hypertension); Stage 3: functional symptoms and 
organ damage affecting the living standard (example in the 
metabolic category having early stages of diabetic nephropa
thy); Stage 4: severe disabilities from obesity (example in the 
metabolic category having end stage nephropathy).

Data analysis was done using SPSS 17.0 version. 
Descriptive statistics including continuous demographic 
variables and anthropometric indicators were reported 
using mean ± standard deviation (SD). Categorical demo
graphic variables, presence of comorbidities and EOSS sta
ging were reported using frequency and percentage. The 
correlation between 2 continuous variables (METS-VF and 
VAT area) was performed using Pearson correlation coeffi
cient. The METS-VF was plotted as a continuous variable 
against increased visceral adipose tissue estimated by DXA. 
A VAT area≥163 cm2 was considered as increased, based on 
a previously published study.17 The sensitivity, the specifi
city, and the area under the curve for METS-VF predicting 
the presence or absence of increased visceral adipose tissue 
were calculated. Receiver operating characteristics (ROC) 
curves were constructed using different cut-offs of METS- 
VF, to derive the cut-offs which could best predict increased 
VAT area estimated by DXA (≥163 cm2).

Results
A total of 350 individuals were recruited for this study. 
Their mean (± SD) age was 38.2 (± 13.2) years. 
Seventy percent of the recruited participants were women 
(Women, N=249. Men, N=101). The mean (± SD) body 
mass index of the study subjects was 40.1 (± 6.2) kg/m2.

191/350 (55%) had hyperglycemia (Type 2 Diabetes 
Mellitus (122/350) and Pre- Diabetes (69/350)), 233/350 
(67%) had elevated blood pressure (hypertension91/350) 
and pre-hypertension (142/350), 221/350 (63.1%) had dys
lipidemia, 148/350 (42.2%) had osteoarthritis and 253/350 
(72%) had suspected OSA. 68% of individuals had an 
EOSS stage 2 and 3. 37.5% (131/350) of the subjects 
had a high visceral adipose tissue area based on the defini
tion defined before. Their demographic details, anthropo
metric measurements and comorbidities between subjects 
with a high and low VAT are summarized in Table 1.

The distribution of their EOSS staging is shown in 
Figure 1. There was a strong correlation between METS- 
VF and the VAT area as measured by DXA (r = +0.517 
[95% CI: 0.31–0.67]; p value <0.001). Since METS-VF 
predicts visceral fat as a logarithm of fat mass. We trans
formed METS-VF values to fat grams, which provided 
similar values (r=+0.533 [95% CI: 0.38–0.72]; p value 
<0.001) A graph showing the correlation between visceral 
fat area and METS-VF is shown in Figure 2.

The METS-VF along with other anthropometric para
meters was plotted as a continuous variable against 
increased visceral adipose tissue (>163 cm2) estimated 
by DXA for a ROC analysis. METS-VF had the best 
diagnostic accuracy of predicting VAT scores as compared 
to other anthropometric parameters (Figure 3). The area 
under curve for the ability of METS-VF to predict VAT 
was 0.782 (95% CI: 0.72–0.85; p value <0.001). A METS- 
VF value of 7.3 was found to have a sensitivity of 86.2% 
(95% CI: 80.69–90.63%) and a specificity of 59.8% (95% 
CI −51.47–67.85%) to predict increased VAT. The positive 
predictive value was 74.79% (95% CI:70.73–78.45%) and 
the negative predictive value was found to be75.86% (95% 
CI: 68.5–81.96%)

Discussion
In this study, 350 individuals with morbid obesity were 
recruited from a bariatric clinic database in a tertiary care 
center in southern India. The mean age and body mass 
index of the study subjects was 38.2 years and 40.1 kg/m2. 
Majority of the patients (68%) were categorized to have 
EOSS stage 2 and 3. The MET-VF score performed satis
factorily (AUC of 0.782 (95% CI 0.72–0.85)) for predict
ing an increased visceral adipose tissue (VAT area ≥ 
163 cm2) as detected by DXA. A METS-VF value of 7.3 
was found to have a good sensitivity and reasonable spe
cificity in predicting elevated VAT in this south Indian 
population.
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In comparison to data from other bariatric centers across 
the world, our clinic represents a relatively young population 
(mean age of 38.2 years). The mean age of patients in an Irish 

bariatric clinic cohort was 54 years and in an obesity clinic 
population from New Zealand was 46 years. Similar to our 
study, the mean age in a bariatric center from Saudi Arabia 

Table 1 Baseline Characteristics of the Study Subjects Between Subjects with High vs Low Visceral Adipose Tissue Area

Parameter Studied 
N= 350

Individuals with High VAT 
N= 131

Individuals with Low VAT 
N=219

P value

Age in years, Mean(SD) 39.2 ± 11.6 36.7 ± 13.2 0.07

Gender(M:F) 38:93(~1:2) 63:156(~1:2) 0.95

Height in cm, Mean(SD) 160.1(9.2) 161.6(9.5) 0.14

Weight in kg, Mean(SD) 106.6(17.9) 99.5(18.3) 0.005

Body Mass Index in kg/m2, Mean(SD) 41.5(5.7) 38.1(6.2) 0.001

Waist circumference in cm, Mean(SD) 126.0(12.7) 119.1(13.9) 0.001

Waist height ratio, Mean(SD) 0.75(0.06) 0.69(0.08) <0.001

Hip circumference in cm, Mean(SD) 122.4(8.6) 120.1(11.9) 0.06

Waist hip ratio, Mean(SD) 0.98(0.09) 0.97(0.08) 0.28

Type 2 diabetes, n(%) 59(45.1%) 63(28.7%) <0.001

Hypertension, n(%) 47(35.8%) 44(21.0%) 0.002

Dyslipidemia, n(%) 73(55.7%) 75(34.2%) <0.001

Figure 1 EOSS Staging (Edmonton obesity staging system) of the study subjects.
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was 37.2 years.18–20 This age difference could be explained 
by the mean population age and the increased life expectancy 
in these countries. However, the mean body mass index at 
our center (40.1 kg/m2) was also relatively lower compared 
to other centers (47.1 kg/m2(Irish) and 47.4 kg/m2(New 
Zealand)) but similar to a center in Saudi Arabia (39.6 kg/ 
m2). The other socio-demographic indicators are comparable 
to other clinic database.18–20

Despite a younger age and lower body mass index, the 
proportion of individuals with metabolic complications in 
our population (type 2 diabetes mellitus – 34.8%; hyper
tension – 26%; dyslipidemia – 42%) were much higher 
than what is reported in bariatric centers representing 
a European population (type 2 diabetes −25%, hyperten
sion 22.4% and dyslipidemia – 21%).18 The EOSS staging 
in our study subjects was comparable to other study 

Figure 2 Correlation between METS-VF and VAT area.

Figure 3 ROC analysis to test the accuracy of different clinical indicators to predict visceral adiposity in individuals with morbid obesity.
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populations in similar settings (Figure 1). Two-third of our 
study subjects were in stage 2 and stage 3(68%), which is 
comparable to other obesity cohorts as in Germany (70% 
in stage 2), Brazil (86.5% in stage 2), Canada (84% in 
stage 3).21–23

These ethnicity specific differences, are probably sec
ondary to the previously reported higher propensity of the 
South Asian population to develop metabolic complica
tions at a lower degree of obesity.5–8 Several hypotheses 
that may explain this include a lower birth weight, lower 
capacity of subcutaneous fat resulting in fat overflow to 
ectopic sites, higher visceral adiposity and underlying 
genetic predisposition in the South Asian individuals.24– 

28 This further emphasizes the need to assess visceral 
adipose tissue in a clinical context before suggesting life 
changing management decisions in patients with morbid 
obesity.

Though visceral adipose tissue assessment is possible 
by different methods including magnetic resonance ima
ging and computed tomography scans, these have their 
own limitations as listed before. In a quest to have an 
easy to access, simple, accurate measure of VAT that can 
be derived using common clinically available parameters, 
METS-VF was recently developed using a mathematical 
model.12 This model used non-linear fits of individual 
crude and log-transformed variables aiming to maximize 
the explained variance of its individual components. The 
main predictors of VAT including insulin resistance, 
anthropometric measure of body-fat distribution -waist 
height ratio (WHtr), age, and sex were used.29,30 

Furthermore, since it uses simple and commonly available 
clinical parameters, it can be of much use in cost 
restrained settings. There are other tools that have been 
developed to estimate VAT. These include the VAT=TAAT- 
SAAT model and apVAT – anthropometrically predicted 
visceral adipose tissue.10,11 Though these have shown 
good sensitivity and specificity in selected populations, 
there is paucity of literature regarding validation in south 
Asian populations.9

In the present study, we found that METS-VF corre
lates well with VAT values as estimated by DXA. 
Moreover, it has a good area under the curve and can 
reliably predict VAT area in individuals with morbid obe
sity with a good sensitivity and an optimal specificity. This 
is the first study to show its utility in Indian patients with 
morbid obesity, who have a unique phenotype and are 
prone to metabolic complications at a lower grade of 
obesity. The main limitations of this study include its 

cross-sectional design and a hospital-based study popula
tion, which limits its generalizability to the general popu
lation. In addition, the components of METS-VF including 
waist-height ratio and METS-IR are indirect measures of 
the morphologic phenotype and insulin resistance. We also 
acknowledge that further longitudinal studies are needed 
to study the utility of this surrogate to predict response to 
various therapeutic options.

To conclude, this study suggests that the unique South 
Asian phenotype of relatively high body fat percentage is 
not only seen in apparently lean individuals but also in 
people with morbid obesity.31,32 Individuals with morbid 
obesity in this study are younger, have a relatively lower 
BMI and more metabolic complications when compared to 
similar bariatric centers in other ethnicities. This is the first 
study to validate the utility of METS-VF as a surrogate 
measure of truncal fat and estimated visceral adiposity in 
south Indian patients with morbid obesity. Given the sim
plicity, easy availability, and reliability of this obesity 
indicator, it may find widespread use in lower middle- 
income countries.
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