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introDuction

Abdominal obesity and the consequent Insulin resistance 
are said be important contributing factors for diabetes, 
dyslipidemia and cardiovascular disease (CVD).[1‑3] Several 
studies have shown higher risk of  diabetes in association 
with abdominal obesity.[4] There is sparse data regarding 
these issues from India although 30 to 65% of  adults in 
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A B S T R A C T

Objectives: To measure Visceral Fat (VF) and Subcutaneous Fat (SCF) by ultrasound, in obese and non‑obese diabetics and 
obese and non‑obese non diabetics, in a South Indian (Asian Indian) Population and correlate them with Body Mass Index (BMI), 
Waist Circumference (WC), components of metabolic syndrome and Insulin Resistance (IR) Research Design and Methods: This 
was a prospective observational study, 80 diabetics (40 obese and 40 non obese) and 80 non diabetics (40 obese and 40 non 
obese) a total of 160 subjects were enrolled, out of whom 153 completed the study. The subjects were evaluated with respect to 
BMI, WC, Blood Pressure (BP); Fasting Blood Sugar (FBS) Fasting Insulin levels (FIL), HbA1C and Lipid profile.The SCF and 
VF were measured by Ultrasonography.The results were statistically analyzed. Results: WC correlated significantly with VF in 
all the groups. Diabetics had more VF compared to non‑diabetics. Insulin resistance was significant in all the groups; however 
diabetics had greater levels of IR, BMI, WC, VF and SCF had no correlation with IR and had no significant correlation with metabolic 
parameters. Conclusions: In this study population, WC was found to be a useful surrogate measure of VF conforming to its well 
established applicability in other populations. Contrary to other studies elsewhere, SCF and VF were found to be poor indicators 
of Insulin Resistance. BMI, WC, VF and SCF were not useful in the prediction of metabolic syndrome. Ultrasound was found to be 
an easier and economic method of measuring abdominal adiposity and actual measurement of abdominal fat was more informative 
than anthropometric measurements.
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India can be categorized as overweight or obese, which is 
an alarming figure for a developing country.[5]

Waist Circumference (WC) is a simple measurement 
for Visceral fat (VF), but may not represent only VF, 
as subcutaneous fat (SCF) also contributes to it.[4] WC 
has been shown to correlate with visceral fat and with 
hyperglycemia, hypertension and dyslipidemia.[6]Asian 
Indians, have a higher risk for obesity related complications 
at a lower level of  BMI vis‑à‑vis their Caucasian counterparts 
owing to higher visceral fat.[7] The cut off  points for 
Asian Indians are different when compared to western 
population as modified and recommended by World health 
organization (WHO). The Body Mass Index (BMI) of  23 
to 24.9kg/mt2 for overweight and >25kg/mt2 for obesity.[5]

Measurement of  visceral fat may have more significance 
than measuring WC. Computerized Tomography (CT) 
is the gold standard for the measurement of  visceral fat 
volume, but is expensive, involves radiation and may not be 
universally available. Magnetic Resonance Imaging (MRI) 
is also a good method, but is much more expensive, over 
estimates fat deposits and may not be again universally 
available, both these methods cannot be used routinely.[8‑10] 
Ultrasonography is relatively inexpensive, readily available 
equally reliable and involves no radiation and is a method 
with established validity.[11‑19]

Studies have shown that the Visceral fat volume measured 
by CT, is very well correlated with the visceral fat measured 
by ultrasound (r ‑0.710, P < 0.001),[2] (r ‑0.860, P < 0.001), 
with a sensitivity of  69.2%, specificity of  82.8% and a 
diagnostic concordance of  74%.[18]

This study was carried out at Mysore, a city in South India. 
We have measured the SCF and VF in diabetics (obese and 
non‑obese) as well as non‑diabetics (obese and non‑obese) 
using Ultrasonography. We correlated WC and BMI with SCF 
and VF and each with BP, Triglycerides (TG)  high density 
lipoprotein (HDL), total cholesterol (TC), LDL (components 
of  metabolic syndrome) and Insulin resistance (IR).

Objectives
To correlate sonographically measured SCF and VF 
with BMI and WC, Blood pressure, Total Cholesterol, 
Triglycerides, HDL, LDL,(components of  metabolic 
syndrome) and Insulin resistance, in diabetics (obese and 
non‑obese) and non‑diabetics (obese and non‑obese).

materialS anD methoDS

This was a prospective, cross sectional, comparative, 
observational study carried out from March 2010 to Feb 

2011. Ethical clearance was obtained from the Institutional 
ethical committee.One hundred and sixtysubjects were 
recruited in four groups of  40 each,
• Group A – Obese Diabetics
• Group B – Non obese Diabetics
• Group C – Obese non diabetics
• Group D – Non obese non diabetics.

Subjects of  both sexes aged 18 years and above were 
recruited.

Exclusion criteria
1.Type1diabetes. 2. Type 2 Diabetics on glitazones and/
or Insulin. 3. Presence of  any acute illness. 4. Pregnancy. 
5. Subjects on anti‑obesity medication. 6. Co morbid 
conditions like  Chronic obstructive pulmonary 
disease (COPD), HIV and TB. 7. Subjects coming under 
the category of  Overweight (a BMI of  23‑24.9kg/mt2).

Written Informed consent was obtained from all 
the participants. Height (cm) and weight (kgs), were 
recorded. Waist circumference was measured (cm) 
midway between the lower border of  the ribs and the 
iliac crest with subject in standing position, Blood 
pressure was recorded in the sitting position, in the 
right arm, with a standard mercury sphygmomanometer 
after five minute rest. Average of  three readings was 
taken. Asian Indian BMI criteria for categorizing as 
obese and non‑obese were followed. Fasting Blood 
Sugar (GOD‑PAP method), HbA1C (HPLC method), 
serum cholesterol (CHOD‑PAP method), serum 
triglycerides (Enzymatic method), HDL (3rd generation 
direct assay) LDL (3rd generation direct assay), Serum 
Insulin fasting assay (CLIA method) were done for 
each subject at a NABL accredited standard laboratory. 
Insulin Resistance was calculated by the HOMA‑IR 
assessment formula of  FBS (m moles) multiplied by 
Fasting Insulin (m IU) divided by 22.5.

Sonographic measurements
The measurement of  subcutaneous fat (SCF), pre‑peritoneal 
fat (PPF) and Visceral fat (VF) were done by the same 
Ultrasonologist for all subjects using a GE P5 Logic 
system with multiple frequency (2‑5 Mg HZ) convex 
probe for measuring VF and linear probe (8‑12 Mg HZ) 
for measuring abdominal wall fat. Criteria, as defined by 
Stolk et al.,[13] was used for the measurement, the details 
are as given below.

Visceral fat thickness (defined as the distance between the 
anterior border of  lumbar vertebra and posterior surface 
of  Rectus abdominus muscle) was measured midway 
between xiphisternum and umbilicus, approximately 5 cm 
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from umbilicus at three positions along the horizontal 
line [Figure 1]. All measurements were done at the end of  
quiet expiration, applying minimal pressure, not displacing 
or deforming the abdominal contents.[13]

Longitudinal scans were obtained using a linear probe 
along the mid line (linea alba) and fat skin barrier. The 
thickness of  the subcutaneous fat was defined as the 
distance between the anterior surface of  the linea alba 
and the fat skin barrier. Pre peritoneal fat was measured as 
extending from the anterior surface of  the left lobe of  the 
liver to the posterior surface of  the linea Alba [Figure 2].

Statistical analysis
The group comparisons for various parameters like VF, 
SCF, etc., were done through one way ANOVA, where as 
Pearson’s product moment correlations was employed to 
find out the relationship between physical and ultrasound 
parameters across all the groups for blood pressure, TC, 
TGL, HDL etc., Confidence limits at 95% interval were 
calculated for mean intra‑abdominal fat values for all the 4 
groups. The significance levels fixed for 0.05 levels for all 
the statistical tests applied. The statistical calculations were 
done using PASW (version 18.0, previously named SPSS).

reSultS

Out of  a total of  160 recruited, 153 completed the study. 
Number of  males were 93 (60.78%) and 60 (39.22%) were 
females. The mean age of  males was 43.40 ± 12.23 years 
and females were 44.29 ± 11.61 years [Table 1]. There were 
42 subjects in Group‑A, 36 in Group B, 38 in Group C 
and 37 in Group D, [Table 1].

Table 2, depicts anthropological, clinical and Biochemical 
measurements in all the four groups. As it can be seen, the 
highest VF was seen in Group‑A followed by Group‑C, 

B and D. Comparison of  VF between the groups were 
statistically significant (P‑0.000). The highest IR was also 
in Group‑A followed by Groups B, C and D in that order. 
Diabetic group as expected had higher IR compared to non 
diabetics. Even here also, comparisons between the four 
groups were highly significant (P‑0.006) SCF was highest in 
Group C followed by Group A, B and D. showing that obese 
non diabetics had both higher SCF and VF. Both BMI and 
WC were highest in Group A followed by Group C, B and D. 
In so far as metabolic parameters were concerned, not much 
significance could be given to the values in diabetics either 
obese or non obese considering that all of  them were on 
anti hypertensive and lipid lowering medications. The values 
in non diabetics for Systolic blood pressure (SBP), Diastolic 
blood pressure (DBP), TC, HDL and TG revealed no 
significant difference in comparison with diabetics. LDL was 
the lone parameter not significantly higher in these groups.

BMI and WC are the two anthropometric measurements 
routinely utilized to grade obesity. We aimed to know 
whether these anthropometric measurements would 
correlate with SCF or VF. BMI correlated significantly 
with SCF and VF in groups A, C and D. WC correlated 
with SCF in groups A and D, whereas it correlated 
significantly with VF in all the four groups (P‑0.003, 
P‑ 0.000) [Table 3].

Table 1: Age‑sex cross tabulation
Age Sex Total %

Male % Female %
<30 20 21.5 09 15.0 29 18.9
31‑40 18 19.4 14 23.4 32 20.9
41‑50 23 24.7 20 33.3 43 28.2
51‑60 23 24.7 13 21.6 36 23.5
>60 09 9.7 04 6.7 13 8.5
Total 93 60 153 100
Mean 43.4±12.23 44.29±11.61

Figure 1: Measurement of Visceral Fat (VF) by Ultrasound Figure 2: Measurement of Subcutaneous Fat (SCF) by Ultrasound
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The VF/SCF ratio considered to be a significant 
parameter for visceral adiposity was compared between 
diabetics (both obese and non obese) with non diabetics 
(both obese and non obese) Diabetics had a significantly 
higher ratio signifying higher VF in them ( P‑0.000) as 
shown in Table 4.

Blood pressure, HDL, TG and WC are part of  metabolic 
syndrome. We tried to correlate BMI, WC, SCF and VF 
with the metabolic parameters to know whether any 
consistent relationship existed. BMI correlated only with 
DBP in group D, WC correlated with DBP in groups B 
and D and with TG in groups B and C. SCF correlated 
with SBP in group A, with TC in group D and with 
LDL in group D, whereas VF correlated only with TG 
in group D. None of  these correlated with IR in any of  
the groups. There was no consistency in any of  these 
correlations [Table 5].

Insulin Resistance (IR) was the most important parameter 
of  the investigations done and we wanted to know whether 
increase in VF would increase IR or not. IR was significant 
when compared between the groups, ( P‑0.006) as shown 
in Table 2, but surprisingly did not correlate with either 
VF or SCF or with BMI or WC [Table 5].

DiScuSSion

This study is to our knowledge, one of  the very few, that 
has undertaken a comprehensive comparison across four 
groups: Obese and non obese non diabetics and obese 
and non obesediabetics, in an Asian Indian population, 
the age of  the participants in both the gender were well 
matched  [Table 1]. Waist circumference (WC) is considered 
as the best predictor of  VF than BMI in normal subjects,[1]

whereas BMI correlated better with SCF than VF.[20] In 
Diabetic subjects, WC predicted VF better than BMI and 
SCF.[7] Asian Indians have a higher truncal fat with a lower 

BMI compared to other ethnic groups.[1,21] Ultrasound 
measurement of  VF correlated better with components 
of  metabolic syndrome (Met‑S) than measured WC.[22]

Increased VF would play a major role in the development 
of  T2 DM, CVD and Met‑S[23] There is no consensus 
regarding the cut off  points of  VF above which the risk of  
these would increase. Studies have postulated VF 6.9cm in 
women,[24] 7 to 9 cm in men and 7 to 8 cm in non diabetics 
and 4.67 cm in men an 3.55 cm in women diabetics,[25,26] 

>5.8cm in men and >4.7cm in women diabetics,[20] A VF/
SCF ratio of  2.7 ± 1.i[24] and >2.5 would likely to increase 
the risk.[27]

This study showed a uniformly high VF (9.16 ± 1.93, 
7.03 ± 1.88, 8.08 ± 2.08 and 5.86 ± 1.65cm) in all the 

Table 2: Clinical, biochemical and fat measurements in the study groups
Parameters Group ‑ A Group‑B Group‑C Group‑D P value
Number 42 36 38 37
BMI (kg/m2) 30.18±5.18 21.39±1.52 30.62±4.01 20.92±5.83
WC (cm) 101.77±10.90 84.838.05 96.71±9.34 79.61±6.88
SCF (cm) 2.79±0.72b 2.21±0.68a 3.15±0.56b 2.18±0.82a 0.000
VF (cm) 9.16±1.93c 7.03±1.88ab 8.08±2.08bc 5.86±1.65a 0.000
SBP (mmHg) 128.21±23.22 128.07±16.28 125.11±11.30 120.44±11.54
DBP (mm/Hg)  82.37±7.08 79.62±8.88 80.85±7.33 78.74±7.10
TC (mg%) 185.09±33.36 175.56±19.91 185.85±28.07 177.69±21.20
TG (mg%) 161.68±83.22 146.17±62.80 152.27±56.93 126.44±53.86
HDL (mg%) 44.24±6.65 42.82±8.34 42.92±5.16 43.22±4.76
LDL (mg%) 97.27±50.98 105.73±19.66 123.00±32.77 117.29±32.99
IR 9.47±17.59 4.81±4.95ab 3.88±5.49a 1.60±2.25a 0.006

BMI: Body mass index, WC: Waist circumference, SCF: Subcutaneous fat, VF: Visceral fat,  TC: Total cholesterol, TG: Triglycerides, HDL: High density lipoprotein, LDL: Low 
density lipoprotein, IR: Insulin resistance, SBP: Systolic blood pressure, DBP: Diastolic blood pressure

t‑test for equality of means
t df Sig. 

(2‑tailed)
Mean 

difference
VF/SCF 
ratio

Equal variances 
assumed

3.966 150 0.000 0.6827

SCF: Subcutaneous fat, VF: Visceral fat

Table 4: Comparison of VF/SCF ratio amongst diabetics 
and non diabetics

Diab N Mean Std. deviation Std. error mean
VF/SCF Diab 78 3.4581 1.18091 0.13371
Ratio Non‑diab 74 2.7754 0.91713 0.10661

Table 3: Pearson’s correlation of BMI and WC with SCF 
and VF
Group BMI WC

SCF VF SCF VF
r P r P r P r P

A 0.550 0.000 0.390 0.011 0.616 0.000 0.454 0.003
B 0.100 0.562 0.195 0.255 0.281 0.097 0.567 0.000
C 0.543 0.001 0.419 0.010 0.120 0.519 0.681 0.000
D 0.380 0.020 0.552 0.000 0.495 0.004 0.603 0.000

BMI: Body mass index, WC: Waist circumference, SCF: Subcutaneous fat, 
VF: Visceral fat
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groups, despite lower BMI in non obese diabetics and non 
diabetics. SCF was high along with a high VF in obese 
non diabetics. WC consistently correlated with VF in all 
the groups where as BMI did not [Tables 2 and 3]. Hence 
WC can be considered as a surrogate marker of  VF. The 
high VF would probably show increased risk among these 
subjects to CVD, T2DM and Met S.

VF has been a significant part of  the definition of  metabolic 
syndrome which also includes BP, Tg, HDL and blood 
sugar. Strong association of  VF was seen with T2DM,[4,7,27] 
with Tg, TC and decreased HDL.[1,27] Mesenteric fat had a 
significant correlation with SBP, Tg and HDL.[14]

In this study, we have not defined Met‑S in our subjects 
and those in group 4 did not have all the components. 
Since, we measured BP and components of  Met‑S in all 
the subjects, correlation was done between WC, BMI, SCF 
and VF and components of  Met‑S. None of  them had any 
consistent correlation with the components of  Met S. The 
inconsistent correlation in obese and non obese diabetics is 
probably due to the fact that they were on treatment at the 
time of  recruitment. Obese and non obese non diabetics 
were not on any treatment and still there was no consistent 
correlation which probably would mean that VF alone may 
not be responsible for the changes in the components of  
Met Syndrome.

Obesity in general and visceral obesity in particular, is 
considered as the most important factor for the causation 
of  Insulin Resistance (IR). Asian Indians have more IR 
independent of  generalized or truncal obesity.[28] VF 
predicted IR[21,29] and it was the conduit by which obesity 
lead to IR.[30,31] VF has been implicated in hepatic IR by 
producing more free fatty acids and lipolysis. Secretion 
of  several inflammatory adipocytokines by VF has also 
been said to lead to IR.[27] On the other side, IR was also 
associated with SCF mass.[32‑34] Hence clear proof  of  the 
association of  VF with IR is lacking.[32] It could be that VF 
and SCF and their joint interaction may lead to IR.[31] Asian 
Indians probably have a metabolic defect which causes 
IR, independent of  generalized or truncal obesity[28] and 
there could be contribution of  genes and environmental 
factors.[35,36]

It is to be noted here that presently, there is no consensus 
regarding the cut off  values for IR. The values suggested 
are 1.35 to 1.96 for normal individuals and 2.42 for 
diabetics[37] and 1.78 for normal and 3.88 diabetic 
individuals[38] by homeostasis model assessment of  
insulin resistance (HOMA IR) method. The present 
study showed significantly higher values than the 
values mentioned above in diabetics and obese non 
diabetics. Between group comparisons of  IR was 
significant (0.006) [Table 2]. Contrary to the expectations, 
WC, BMI, SCF and VF did not correlate with IR at 
all [Table 5] there by opening new avenues for research 
regarding the causation of  IR.

This study has brought out the following (a) Presence 
of  increased visceral adiposity even in those with lower 
BMI. (b) A higher VF in diabetics (c) Usefulness of  WC 
as a possible marker for VF (d) lack of  usefulness of  
abdominal adiposity as a predictor of  Met S, (e) The lack 
of  interrelationship of  VF and SCF with IR. Further 
research is needed to confirm or refute the interesting and 
unexpected results of  the present study.

We agree that the study has a few limitations. (i) the study 
was slightly underpowered.The numbers studied could 
have been larger for more meaningful results. (ii) It would 
have been ideal if  we had diabetics not on ANY form 
of  treatment. Though we excluded those diabetics prior 
and on Insulin and glitazone therapy, it was difficult to 
get diabetics not on any treatment. All the recruits in the 
Diabetes group were already on other medications.
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Table 5: Pearson’s correlation of BMI, WC, SCF and VF with components metabolic syndrome
Parameters SBP DBP HDL TC TG LDL IR
BMI NS 0.047 (D) NS NS NS NS NS
WC NS 0.002 (B)

0.032 (D)
NS NS 0.047 (B)

0.042 (C)
NS NS

SCF 0.008 (A) NS NS 0.046 (D) NS 0.048 (D) NS
VF NS NS NS NS 0.004 (D) NS NS

NS: Non significant, BMI: Body mass index, WC: Waist circumference, SCF: Subcutaneous fat, VF: Visceral fat,  TC: Total cholesterol, TG: Triglycerides, HDL: High density 
lipoprotein, LDL: Low density lipoprotein, IR: Insulin resistance, SBP: Systolic blood pressure, DBP: Diastolic blood pressure
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concluSionS

In this study of  South Indian Population, WC was found 
to be a useful surrogate measure of  VF. SCF and VF were 
found to be poor indicators of  Insulin Resistance. BMI, 
WC, VF and SCF did not correlate consistently with the 
components of  metabolic syndrome, suggesting a need 
for reassessment of  their role. Further research, looking 
at other pathogenic mechanisms, for IR in Asian Indians 
is needed. Actual measurement of  abdominal fat was 
found to be superior in comparison with anthropometric 
measurements for evaluation of  IR.
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