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Abstract
Introduction: Visceral abdominal Fat, not Subcutaneous Abdominal Fat better
correlates with insulin resistance. Hence the present study was undertaken to
study the association of sonographically assessed visceral and subcutaneous abdominal
fat with insulin resistance in patients with pre-diabetes.
Material and Methods: It was a hospital based cross sectional study done in
prediabetes subjects. All the subjects were called fasting overnight and were given
a structured questionnaire designed by investigator. Fasting and postprandial
blood sugar, lipid profile, HB1Ac and fasting insulin levels was done in every
subject. Ultrasound assessment of subcutaneous and visceral abdominal fat,
fatty liver and fatty pancreas was done.
Results: Seventy Five patients (males 35 and females 40) were studied. Twenty
nine patients had fatty liver and 40 patients had fatty pancreas. Among all
sonographic parameters visceral abdominal fat thickness ( VAF) showed a
significant positive correlation with insulin resistance (p< 0.05). Subcutaneous
abdominal fat thickness (SAF) had a positive though statistically non significant
correlation with insulin resistance. Visceral abdominal fat thickness correlated
best with fatty pancreas and had a significant positive correlation with insulin
resistance.
Conclusion: Fatty pancreas and visceral abdominal fat prove to be two important
indices which mark the risk of insulin resistance thus may be considered an
important predictor for screening of metabolic syndrome.

Introduction

T

he prevalence of diabetes in adults
aged 20–79 years was estimated
to be 8.8% in 2015 and predicted to
rise to 10.4% in 2040. 1 Of 371 million
diabetic people worldwide 63 million
are Indian. 2Prediabetes is a continuum
between normal health and diabetes.
This is characterized by increased
fasting plasma glucose, as well as
impaired glucose tolerance. 3 Diabetes
mellitus (DM), prediabetes and
insulin resistance (IR) are important
causes of morbidity and mortality,
particularly due to their cardiovascular
complications. 4
Abdominal (Central) obesity is a
significant health problem associated
with glucose intolerance, insulin
resistance, metabolic perturbations,

hyperinsulinemia, and progression
to type 2 diabetes mellitus. 3 Insulin
resistance is associated with increasing
BMI and metabolic syndrome.
However, normal-weight individuals
may also be insulin resistant,
suggesting that overall adiposity is
not the sole determinant of insulin
resistance. 5 Measurement of intraabdominal visceral fat accumulation is
an important step for the assessment of
atherosclerosis risk. 6 The distribution
of abdominal fat as visceral and
subcutaneous fat is a dimension of
obesity that is not properly assessed
by anthropometric measurements.

CT or MRI imaging techniques are
gold standard for assessment of
abdominal fat distribution. However
their disadvantages are exposure to
high levels of radiation, high costs and
technical difficulties. Ultrasonography
has been proven to be a useful
alternative to computed tomography
in measuring intra-abdominal fat and
predicting visceral obesity. 7
There is scarce data regarding
abdominal fat distribution (visceral
and subcutaneous) and its association
with insulin resistance in prediabetes
population. Henceforth this study was
undertaken to study the association
of sono-graphically assessed visceral
and subcutaneous abdominal fat with
insulin resistance in patients with
prediabetes.

Material and Methods
The present study was conducted
on patients coming in opd and indoor
of department of medicine, Era’s
Lucknow medical College, Lucknow.
It was a crossectional study and data
was collected for 1 year between June
2016 to June 2017. Ethical approval
was obtained from ethical committee
of Era’ Lucknow Medical College.
Written and informed consent was
taken for participating in the study
from the subjects. Subjects included
were prediabetes patients diagnosed
according to the ADA criteria.8 Diabetes
mellitus, ascites, patients admitted in
ICU or terminally ill were excluded
from the study. Subjects were taken
by random sampling. All the subjects
were called fasting overnight and
were given a structured questionnaire
d e s i g n e d b y i n ve s t i g a t o r . F a s t i n g
and postprandial blood sugar, lipid
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Table 1: Baseline characteristics of study
subjects
Baseline
characteristics

Mean ± SD

Range
(Min-Max)

Age (Year)

40.77±6.97

28-52

BMI (kg/m2)

24.24±2.60

18-29

Waist circumference
(cm)

90.46 ±6.10

76-90

SBP(mmHg)

120.64±3.86

114-128

DBP (mmHg)

77.15±3.94

66-84

99±10.35

68-120

175.49±15.32

141-199

Fasting plasma glucose
(mg/dl)
2 h plasma glucose
(mg/dl)

5.58±0.14

5.0-6.0

Total cholesterol (mg/
dl)

HbA1c (%)

180.36±14.09

155-225

Serum triglyceride
(mg/dl)

117.1±24.78

75-168

HDL-C (mg/dl)

45.44±9.04

32-70

LDL-C (mg/dl)

119.59±16.79

98-158

Fasting insulin (mU/L)

10.2±8.1

4.5-25.56

HOMA-IR

3.56±0.58

1.2-3.8

profile, HB1Ac, fasting insulin levels
and ultrasound abdomen was done in
every subject. Fasting insulin level was
done by chemiluminescence magnetic
immune assay and insulin resistance
was measured by homeostasis model
assessment (HOMA‑IR) method and
was calculated by the formula: Fasting
serum insulin (mU/ml) × fasting
serum glucose (μmol/L)/22.5. 9 Low
HOMA-IR values <3 indicated mild
insulin resistance, whereas >5 indicated
severe insulin resistance and values
between 3-5 indicated moderate insulin
resistance.

Ultrasonography assessment of
abdominal adiposity
1.5 MHz convex and 11 MHz linear
probe was used for measurement of
subcutaneous fat thickness, visceral fat
thickness and grades of fatty liver and
fatty pancreas. Visceral abdominal fat
thickness was defined as the distance
between the anterior wall of the aorta
and the posterior surface of the rectus
abdominal muscle. Subcutaneous
abdominal fat thickness was measured
b y placement of a 7.5-MHz probe
perpendicular to the skin on the
epigastrium. The thickness of the
subcutaneous fat was defined as the
distance between the anterior surface
of linea alba and the fat–skin barrier.
Fatty liver and fatty pancreas grading
was done according to the standard
criteria accepted by the American
Gastroenterology Association. Fatty
liver (in the absence of alcohol intake)
Grade 1 (mild steatosis): slightly
i n c r e a s e d l i ve r e c h o g e n i c i t y w i t h
normal vessels and absent posterior
attenuation. Grade 2 (moderate

steatosis): moderately increased liver
echogenicity with partial dimming of
vessels and early posterior attenuation.
Grade 3 (severe steatosis): diffusely
i n c r e a s e d l i ve r e c h o g e n i c i t y w i t h
absence of visible vessels and heavy
posterior attenuation. Fatty pancreas
grade A and B: Non-fatty pancreas,
pancreatic echogenicity is equal to
renal cortical echogenicity. C: Mild
fatty pancreas, pancreatic echogenicity
is definitely lower than retroperitoneal
fat. D: Moderate fatty pancreas,
pancreatic echogenicity is slightly
lower than retroperitoneal fat. E: Severe
fatty pancreas, pancreatic echogenicity
is equal to retroperitoneal fat. 7

Statistical analysis
Statistical analysis was done using
SPSS (Statistical Package for Social
Sciences) Version 20 statistical analysis
software. Baseline demographic and
lipid profile were described in mean
±SD for continuous variables and n
(%) for categorical variables. Student’s
t test for continuous variables and the
χ 2 test for categorical variables were
used for analyzing the significance of
differences between groups by gender
difference. Pearson correlation was
performed to assess correlation of
insulin resistance with subcutaneous
fat and visceral fat. P values <0.05 were
considered significant.

Results
Total 75 patients were enrolled for
the study. Out of 75 patients 35 were
males and 40 were females. Baseline
characteristics of all subjects are
expressed as Mean ± Standard Deviation
and Range (Minimum and Maximum) in
Table 1. Mean Fasting Insulin and mean
HOMA-IR were 10.2±8.1 (4.5-25.56)
and 3.56±0.58 (1.2-3.8) respectively.
Among 75 cases 20(28.57%) had
mild insulin resistance (<3) and 55
(73.33%) had moderate (3-5) insulin
resistance. Mean visceral abdominal
fat (VAF) was141.63±23.7 (cm 2), range
(88-165) (cm 2), and mean subcutaneous
abdominal fat (SAF) was217.21±51.89
(cm 2), range (123-310) (cm 2) in all the
subjects. Gender specific biochemical
and anthropometric measures of all
the75 patients enrolled for study were
studied (Table 2). Among 75 patients,
2 9 ( 3 8 . 7 % ) p a t i e n t s s h o we d f a t t y
liver, and 40 (53.3%) patients showed
fatty pancreas. The mean visceral
abdominal fat was more in fatty liver
group (141.63±23.7 cm 2) than non fatty
liver group (121.67±24.25 cm 2) but the
difference was not significant and there
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was no significant difference in mean
subcutaneous abdominal fat in both
these groups. Mean visceral abdominal
fat was more in fatty pancreas group
(140.51±21.09 cm 2 ) than in non fatty
pancreas group (129.06±22.09 cm 2 )
and this difference was statistically
significant (p<0.05) however there
was no significant difference in mean
subcutaneous abdominal fat in both
these groups. Insulin resistance had
positive correlation with visceral fat
which was statistically significant (p=.
035). Correlation of Insulin resistance
with subcutaneous fat was weakly
positive but statistically insignificant
(p=.098) (Table 3). On bivariate analysis
of other risk factors with insulin
resistance HDL-C had a statistically
significant negative correlation
with insulin resistance (R=-0.258,
P=0.026) and serum triglycerides had
a s t a t i s t i c a l l y s i g n i f i c a n t p o s i t i ve
correlation with insulin resistance (R=
0.261, P=0.024). Rest all the parameters
were statistically insignificant (Table 4).

Discussion
The global prevalence of prediabetes
is estimated to be 7.3% in 2017 and will
further rise to 8.3% in 2045. 10 Insulin
resistance is associated with increasing
BMI and central obesity. Although
insulin resistance is correlated with
BMI, it is more strongly associated with
abdominal obesity, a key component
of the metabolic syndrome. 11 A recent
s t u d y o b s e r ve d t h a t a s s o c i a t i o n
o f v i s c e r a l f a t wa s s t r o n g e r w i t h
insulin resistance but association for
subcutaneous fat and the ratio of VAF/
SAF was less strong. 12
The Framingham Heart Study (FHS)
examined the association between
abdominal fat distribution assessed
b y C T a n d va ri ou s me t a b o l i c r i sk
factors. In a large community-based
primarily white population, both SAF
and VAF were significantly associated
with fasting plasma glucose and
insulin resistance. The associations
were stronger with VAF than with
SAF. VAF but not SAF contributed
significantly to risk factor variation
after adjustment for BMI and waist
circumference. 13 It is recognized that
overaccumulated visceral fat tends
to act as a malfunctional adiposity
that induces excess storage of ectopic
f a t ( m u s c l e , e p i c a r d i a l , a n d l i ve r
fats). Consequently, abnormal free
fatty acid metabolism may trigger
dysfunctional release of adipokines.
Accumulation of those ectopic fats
influences the metabolic profile and
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Table 2:Biochemical and anthropometric comparison between male
and female subjects
Biochemical and anthropometric
measures
Waist circumference (cm)

Male
(N=35)

Female
(N=40)

P

92.6±6.7

88.61±5.8

0.0072

BMI

24.49±2.25

24.03±2.88

0.508

SBP(mmHg)

120.57±3.95

120.70±3.95

0.826

DBP (mmHg)

77.37±4.03

76.95±3.92

0.852

Fasting plasma glucose(mg/dl)

97.09±8.4

100.68±11.64

0.028

174.17±17.10

176±13.68

0.096

5.97±0.12

5.98±0.14

0.115

Total cholesterol (mg/dl)

181.97±15.63

178.95±12.62

0.140

Serum triglyceride (mg/dl)

115.94±23.43

118.15±26.15

0.397

2 h plasma glucose (mg/dl)
HbA1c (%)

HDL-C (mg/dl)

45.80±8.66

45.13±9.45

0.447

LDL-C (mg/dl)

119.77±16.64

119.43±17.12

0.516

Insulin (mU/L)

10.5±7.6

10.35±7.5

0.158

HOMA-IR

3.20±0.71

3.15±0.60

0.118

Table 4: Bivariate analysis of baseline
parameters with Insulin resistance
Baseline parameters

HOMA IR

Waist circumference
(cm)

R= 0.078
P=0.506

SBP (mmHg)

R=0.217
P=0.062

DBP (mmHg)

R=0.173
P=0.139

Fasting plasma glucose
(mg/dl)

R= -0.089
P=0.446

2 h plasma glucose
(mg/dl)

R=0.192
P=0.099

HbA1c (%)

R= 0.021
P=0.897

Total cholesterol (mg/dl)

R=0.028
P=0.810

Serum triglyceride
(mg/dl)

R= 0.261
P=0.024

HDL-C (mg/dl)

R=-0.258
P=0.026

LDL-C (mg/dl)

R=0.018
P=0.878

e ve n t u a l l y i n c r e a s e s t h e r i s k s f o r
developing metabolic syndrome,
whereas subcutaneous fat has been
recognized as a “healthy adiposity,”
which may not adversely impact the
development of metabolic syndrome. 14
In particular, prospective studies have
provided evidence that VAF is an
independent predictor of pre-diabetes
and diabetes. 15,16
Our results are consistent with
previous work in finding an association
between SAF and VAF and indices of
glucose metabolism, and in finding an
association for VAF than for SAF—with
the benefit that our study is based
on a highly feasible one-dimensional
a s s e s s m e n t o f VA F a n d S A F w i t h
ultrasonography rather than on methods
requiring expensive equipment and
offline interpretation of results, such as
the two- or three-dimensional imaging
with CT or MRI. 12 As we know that

Table 3: Correlation of insulin resistance with visceral abdominal fat
and subcutaneous abdominal fat
Insulin
resistance
HOMA IR
(Insulin
Resistance)

Pearson
Correlation

1

P value
N

Visceral
Pearson
Abdominal fat Correlation
P value
Subcutaneous Pearson
abdominal fat Correlation
P value
N

0.201

0.035

.098

75

75

75

0.029

1

-.030
.800

75

75

75

0.201

0.076

1

.098

0.205

75

75

75

metabolic syndrome.

diabetes has an inexorable decline in
beta cell function so we focused on
prediabetic state which is potentially
reversible state of diabetes. The
Asian Indian population has a unique
phenotype. They are thin outside fat
inside (TOFI) meaning that the persons
with normal BMI and apparently not
so obese may be having metabolically
abnormal fat deposition in their visceral
compartment. Our study showed that
visceral fat has statistically significant
correlation with insulin resistance
w h e r e a s wa i s t c i r c u m f e r e n c e h a s
positive but statistically insignificant
correlation with insulin resistance in
prediabetes. Therefore visceral fat
may be significant predictor of insulin
resistance and metabolic syndrome in
this population. To substantiate this
statement further studies with larger
population are needed.
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