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ABSTRACT

“VISCERAL TO SUBCUTANEOUS FAT RATIO DETERMINED USING
COMPUTED TOMOGRAPHY AS A PREDICTOR OF MULTIPLE
METABOLIC RISK FACTORS IN SUBJECTS WITH NORMAL WAIST
CIRCUMFERENCE”

Abstract:

Prevalence of obesity is rising in both developing and developed countries. The
distribution of fat is important in determining metabolic risk. Abdominal fat is stored
in superficial and visceral fat compartments. Of these fat compartments, it is increased
visceral fat that increases risk of metabolic complications. Multidetector CT can be
used to estimate visceral and subcutaneous fat and calculate visceral to subcutaneous
fat ratio (visceral fat volume/subcutaneous fat volume). The aim of the study is to see
if visceral subcutaneous fat ratio can be used to predict multiple deranged metabolic
risk factors in persons with normal waist circumference. A prospective observational
study was done with a sample size of 80 cases with hypertension, diabetes,
hyperlipidemia and 80 controls with normal metabolic parameters and normal waist
circumference from subjects who presented for abdominal CT. Visceral and
subcutaneous fat volumes are determined at L4-L5 level with a slice thickness of 5 mm.
Visceral to subcutaneous fat ratios were calculated. Relevant blood investigations were
obtained. Volume of visceral and subcutaneous fat and visceral to subcutaneous fat
ratio is significantly higher in those patients with metabolic risk factors as compared to
those without risk factors. Volume of subcutaneous fat and visceral subcutaneous fat
ratio is significantly higher in women as compared to men. There is no statistically
significant difference in visceral fat volume between men and women.Cut-offs of 7.3
cm? for visceral fat volume ,16.4 cm? for subcutaneous fat and 0.55 for VSR can identify
subjects who may develop diabetes, hypertension and dyslipidaemia. Multidetector CT
can be used to accurately estimate abdominal fat compartments and detect
metabolically obese normal weight individuals in patients with normal waist

circumference.



INTRODUCTION

Obesity is defined as an excess of body fat. The high prevalence of obesity has public
health significance because of its association with multiple disease conditions and

mortality.
Epidemiology of Obesity

Obesity is a public health problem with complex multifactorial etiology. According to
the WHO Global Health Observatory data (2016) there are 1.9 billion people who are
overweight, of which 650 million are obese. This represents a threefold increase in

prevalence of obesity between 1975 and 2016. [!]

This increase in obesity has been across all age groups and both sexes and has occurred
irrespective of geographical locality, ethnicity and socioeconomic status. Among
women, the prevalence of obesity increased from 6% to15% and the prevalence of
overweight individuals increased from 23% to 39%. In men, the rates of obesity

increased from 3% to 11% and the overweight rates increased from 20% to 39% from

1975 to 2016.

The 2015 Global Burden of Disease Study has shown a prevalence of overweight
slightly lower in women than in men among adults aged between 20 and 44 years.
However in the age group between 45-49 years the prevalence of overweight is greater
in women as compared to men. Obesity prevalence was generally higher in women than
in men across all groups with maximum differences between men and women seen

between the age of 50 to 65 years. [

Early in the 20" century ,obesity was largely confined to populations from the
developed world. However over the past 20 years, there is evidence of a nutritional
transition®! happening across both developed and developing nations. This has been
accompanied by a demographic transition in which there is a shift from a pattern of
high fertility and high mortality to one of low fertility and low mortality. An
epidemiological transition has been noted in the pattern of disease affecting the
population with a shift from high prevalence of infectious diseases associated with
poor nutrition and poor environmental conditions to high prevalence of life style

diseases like cardiovascular disease, diabetes and hypertension. The nutritional
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transition refers to a change in dietary patterns and activity levels with an increased
consumption of fat, sugar, processed foods instead of starchy low fat, high fiber diets
and a change from an active labour intensive lifestyle to a more sedentary lifestyle

caused by a shift in technology.(Figure 1)

Demographic Transition Epidemiological Nutrition Transition
Transition
High High prevalence High prevalence
fertility/mortality infectious disease undernutrition
Redyced mortality, Rec_edmg pestllence_, poor Receding famine
changing age structure environmental conditions
Focus on family planning, Focus on famine
infectious disease control alleviation/prevention
Diet-related
Reduced fertility, Chronic diseases non-clc?mrri:n?cable
ageing predominate diseases predominate

N TN /

Focus on healthy ageing Focus on medical intervention, policy
spatial redistribution initiatives, behavioural change

Figure 1 : Stages of health, nutritional and demographic change
Epidemiology of obesity in India

The prevalence of obesity is rising in India. According to the National Family Health
Survey -4 (NFHS-4 Survey), 21% of women and 19% of men between the ages of 15
to 49 are overweight or obese. [*! Prevalence of obesity has increased to 24% in women
and 22.9% in men as per the NFHS-5°. Among women the highest prevalence of
obesity was seen in Kerala (54.8%), Goa (53.7%) and Punjab(53.6%).The least
prevalence of obesity among women was noted in the states of Jharkhand (20.5%) and
Chhattisgarh (23.7%).The NFHS-4 survey data showed that there was wide variation
in the prevalence of obesity among men across India with maximum prevalence of
obesity seen in Sikkim with 64.8% and Kerala with 59% and the lower prevalence noted

in states of Chhattisgarh and Madhya Pradesh at around 25%. Overall the data shows a



rising trend in the prevalence of obesity across most states although the rate of rise of

prevalence varies widely between the states. [*!

The NFHS-4 data revealed majority of overweight and obese persons live in urban
areas with the most differences noted in prevalence between rural and urban areas
among males noted in Orissa and Arunachal Pradesh and lowest difference in Delhi,
Meghalaya and West Bengal .In women, the highest rural-urban divide was apparent in

Arunachal Pradesh, and Mizoram and lowest was in Haryana, Punjab and Uttaranchal.
(4]

Markers used for measurement of obesity

The most commonly used marker used to measure obesity is body mass index which is
defined as weight in kilogram divided by height in meter squared. Multiple studies have
demonstrated a link between BMI and increased risk of developing
diabetes!®), hypertension!”!, dyslipidaemia® ,cardiovascular disease!®!,gallstones!'”! and

cancers“ 1].

The WHO constituted an Expert Consultation Group in 1993 to classify BMI in well-
defined categories. The committee published their findings in 1995.They classified

BMI into four categories — underweight , normal, overweight and obese.

In 1997, an International Obesity Task Force described BMI in terms of pre-obesity,
class I obesity, class II obesity and class III obesity.!'2l A BMI of 25 to 29.9 is referred
as “pre-obesity,” a BMI of 30 to 34.9 is class I obesity, 34.9 to 39.9 is class II obesity,
and a BMI of 40 or greater is class III obesity — Table 1.

Table 1 — WHO Body Mass Index classification

Class BMI
Overweight Pre-obesity 25-29.9
Obesity Class 1 30-34.9

Class 11 34.9-39.9

Class 111 40 or greater




There is substantial variation in body fat and fat free lean body mass between ethnic
groups. A study by Dudeja et al [ of 123 healthy Asian Indians showed a low
sensitivity and negative predictive value of the conventional cut-off of BMI (25 kg/m?)
in the identification of overweight individuals and misclassified overweight and obese

individuals as normal in approximately 25% of men and approximately 70% of women.
Asian Pacific BMI cut-offs!'4!

WHO introduced lower cut-offs for the Asia-Pacific region - underweight (<18.5
kg/m?), normal weight (18.5-22.9 kg/m?), overweight (23-24.9 kg/m?), and obese (>25
kg/m?).

Limitations of BMI

BMI has limitations as an index of obesity in that it cannot distinguish between fat and
lean body mass. Therefore a person with high muscle mass and low-fat mass will be

classified as having high BMI. [

Raised BMI is associated with better survival and fewer cardiovascular events in

patients with established cardiovascular disease — the so called obesity paradox. [1®]

BMI has limitations in explaining the metabolically obese normal weight (MONW)
persons and metabolically healthy obese (MHO) individuals. Ruderman first introduced
the concept of metabolically obese normal weight individuals as individuals in the
healthy range of standard body weight tables who have metabolic abnormalities
commonly associated with obesity like hyperinsulinemia, increased adipocyte size and
hypertriglyceridemia, which could be corrected with caloric restriction. [!”!8) Goday et
all’®! defines MONW as persons of normal BMI (18.5-24.99 kg/m?) with at least three
impaired metabolic parameters as defined by National Cholesterol Education Adult
Treatment Panel III guidelines which consists of waist circumference, high
triglycerides or receiving treatment, low HDL cholesterol, hypertension or previous
diagnosis or receiving treatment and high fasting glucose or receiving treatment for
diabetes. MONW individuals weigh within the normal BMI range yet have metabolic
complications. The prevalence of MONW subjects ranges between 5 and
45%,depending on the criteria used, age, BMI and ethnicity. °) MONW subjects

showed insulin resistance, higher risks for type 2 diabetes mellitus and hypertension,



atherogenic lipid profile and increased risk of cardiovascular diseases. Individuals have
BMI of more than 30 kg/m? but do not have diabetes or dyslipidaemia was postulated
that these differences occurred because of the presence of excess visceral adipose tissue.
Limitations such as these led to the possibility that it is not adiposity but its distribution

can also play a role in determining metabolic risk.

Metabolically healthy obese (MHO) individuals are defined as those with BMI more
than or equal to 30 kg/m? and triglycerides less than or equal to 150 mg/dl, HDL more
than 40 mg/dl in men and more than 50 mg/dl in women, systolic blood pressure less
than or equal to 130 mm Hg, diastolic blood pressure less than or equal to 85 mm Hg,
fasting blood glucose less than or equal to 100 mg/dl and no treatment of dyslipidaemia,
hypertension or diabetes and no evidence of cardiovascular disease. ?!! MHO patients
are having higher levels of subcutaneous fat, lower levels of visceral and liver fat, lower
levels of inflammatory markers, greater insulin sensitivity and greater cardiorespiratory
fitness and physical activity as compared to metabolically unhealthy obesity. It is
estimated that MHO has an age and gender dependent prevalence of between

approximately 10% to 30%."]

Another limitation of body mass index is it does not account for variation in body fat

distribution since it assumes that adipose tissue is distributed evenly over the body.

Evolution of methods of visceral fat estimation

22231 described “android” (male) and “gynoid” (feminine) patterns of

Jean Vague!
obesity in which fat accumulation in a visceral and upper thoracic distribution is android
pattern whereas fat accumulation in lower part of the body (hips and thighs) is gynoid
pattern. Ahmed Kissebah and colleagues®*! followed up on these findings with
classification as upper versus lower body fat distribution as shown by high or low waist

hip circumference ratio respectively.

Krotkiewski et al’®! in a landmark paper proposed that regional differences in fat
distribution, body shape and fat cell number and size are factors that are related to the
risk of metabolic complications. They reported that men and women with a male
abdominal type of obesity are more susceptible to the adverse effect of obesity on lipid

and carbohydrate metabolism.



Waist hip ratio was found to correlate with increased risk of cardiovascular disease,
type 2 diabetes and death. Waist hip ratio is limited in its utility for follow up studies
as both its numerator and denominator changes with treatment. Waist circumference is
an alternative to the waist hip ratio for assessing fat distribution. Waist circumference
is more strongly associated with visceral fat compartment which is the more
metabolically active compartment. [*°) The NIH was the first to use the threshold values

for waist circumference (>88 cm in women and >102 ¢cm in men) for defining obesity.
(27]

Development of cross sectional imaging provided medical professionals with a new
tool to assess visceral obesity. Tokunaga et all?®! of the University of Osaka, Japan was
the first group to develop techniques to use CT to measure visceral and subcutaneous
fat compartments. This was a major advance over clinical methods which did not
differentiate between visceral and subcutaneous abdominal fat and enabled study of the

specific relationships between body fat compartments and various health outcomes.

L Sjostrom et al'*”! of the University of Gothenburg developed methods to determine
total visceral adipose tissue using CT and compared it to fat determination using total
body water and total body potassium. They determined that fat estimation using CT
was as accurate as that using total body water and total body potassium and more

reproducible.

The techniques for fat estimation using CT also evolved over time with initial studies
utilizing segmentation of the body into multiple fat volumes and multiple scan
approaches. There was significant radiation exposure in these approaches and would
enable only a limited number of scans for fat estimation in large population based
studies. As such the techniques had to be modified in order to reduce radiation
exposure. Fujioka et al*® showed that visceral and subcutaneous fat estimation at the
level of L4-L5 showed significant correlation with entire abdominal fat volume. This
enabled subsequent studies to utilize a single slice scan taken at the level of L3-L4 or
at the level of umbilicus to estimate visceral and subcutaneous fat volume. Lee et al®!]
in their 2004 paper showed that while there were differences in the volume of fat at
different levels of the abdomen and there were interindividual variations, the ability of
single images obtained at L4-L5 level, 5 cm above this level and at L3-L4 levels to

measure visceral and subcutaneous fat compartments are comparable.



Fujioka et al®® was first to establish that higher visceral fat volume and visceral
subcutaneous fat ratio measured using CT was correlated with higher levels of fasting
blood glucose, fasting serum triglyceride levels and serum cholesterol levels. They
determined that a visceral subcutaneous fat ratio of 0.4 can be used to identify

individuals at increased risk of metabolic risk factors.

Further studies proved that visceral adiposity was associated with increased risk of
hyperlipidaemia, cardiometabolic risk factors, diabetes, proinflammatory
prothrombotic profile, hypertension.*>*7IRaji et all*®! showed that Asian Indians had
fasting hyperinsulinemia, higher glucose and insulin levels during oral glucose
tolerance test, lower HDL, higher LDL and higher PAI-1 (Plasminogen activator
inhibitor-1) levels. CT scan done at L2-L.3 and L3-L4 levels revealed greater values of
total abdominal fat and visceral fat in Asian Indians as compared to Caucasians. It was
postulated the raised visceral fat in Asian Indians may be responsible for these

abnormalities.



AIMS OF THE STUDY

The aim of the present study is to see if VSR can be used to predict multiple metabolic

risk factors in persons with normal waist circumference in Indian population.



REVIEW OF LITERATURE

Kaess et al® studied the relationship between visceral subcutaneous fat ratio and
metabolic risk factors in 3223 individuals ( 1,543 women) who were enrolled within
the Framingham Heart Study (the Framingham Offspring and Third Generation
cohort).Visceral fat, subcutaneous fat and VSR were quantified using CT. Mean age
was 51.8 years in women and 49.5 years in men. Mean VSR was 0.39 in women and
0.84 in men. In women, higher VSR was correlated with increased risk of diabetes,
hypertension and dyslipidaemia (all with p<0.0003). The positive correlation was seen
in both pre and post-menopausal women. Men with high VSR showed positive
correlation with all metabolic risk factors except diabetes but the risk was less that of
women. When adjusted for visceral fat tissue, association of VSR with metabolic risk
factors remained significant for lower HDL cholesterol, higher Triglycerides, higher

prevalence of hypertension, diabetes and metabolic syndrome in women.

Oh et al*’! conducted a cross-sectional study of 535 patients (296 men,239 women) to
see if VSR can be used to predict the presence of two or more metabolic risk factors in
persons with normal waist circumference. The mean age of men and women was
52.149.9 and 50.6£9.7 years, respectively. In men, VSR was significantly raised in
patients with metabolic risk factors as compared to those who had normal metabolic
parameters except for the group with low HDL cholesterol which did not show any
statistically significant difference. Visceral fat and subcutaneous fat volume however
did not show any statistically significant differences between those with and without
risk factors. In women, statistically significant higher VSR and visceral fat volume was
found in those with risk factors as compared to those without risk factors. There was
no statistically significant difference in subcutaneous fat volume between the two
groups. The study concluded that VSR has diagnostic value in predicting the presence
of multiple metabolic risk factors in patients with normal waist circumference with

higher accuracy in women over men.

Fujioka et alB% studied the correlation between visceral fat accumulation and glucose
and lipid levels in 46 patients (15 males,31 females). The fasting plasma glucose level,
area under the plasma glucose concentration curve after oral glucose loading (plasma

glucose area), fasting serum triglyceride level, and serum total cholesterol level were
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statistically significant higher values in patients with Visceral subcutaneous fat ratio
>0.4 as compared to those with a lower V/S ratio. The correlation of higher VSR with

metabolic risk factors were seen in both men and women when analysed separately.

Ryo et all*!l showed that visceral fat estimated at the level of L4 using CT correlated
with total abdominal fat volume. They showed that a single slice can be used to estimate
visceral and subcutaneous fat volumes and a VFA more than 100 cm? is the cut-off to

determine risk of obesity related disorders.

Maurovich-Horvat et al*?! evaluated 100 Caucasian patients (in the age range: 37-83
years ; of which 49% were women) of the Framingham Heart Study offspring cohort
who underwent MDCT. Subcutaneous and visceral adipose tissue volumes (SFV and
VFV in cm®) and areas (SFA and VFA in cm?) and waist circumference (WC) and
sagittal diameter (SD) were measured by two experienced radiologists and another
radiologist one week later to look for interobserver variability. The study showed that
inter-reader reproducibility was excellent for VFV and SFV. The mean absolute and
relative intra-observer differences were small and nonsignificant for both
measurements (SFV: —0.6+6.1 cm®, P=0.29; VFV: 0.7+6.0 cm?®; P=0.26). The mean
SFV/VFV ratio was significantly different between participants <60 vs > 60 years
(1.971.0 vs 1.570.7; P<0.001) and between men and women (1.270.5 vs 2.270.9;
P<0.001).This study showed that MDCT volumetric quantification of abdominal
visceral and subcutaneous fat was reproducible. Volumetric based adipose tissue
compartment ratios showed expected age and sex related differences in abdominal fat

tissue distribution.

Pickhardt et al*3! studied 474 patients (217 men, 257 women) with a mean age of 58.3
years (range, 35-92 years) to see if visceral adiposity and hepatic steatosis correlates
with metabolic syndrome. The area under the receiver operating characteristic curve
(AUC) for visceral fat area was 0.830 (95% CI, 0.784-0.867) in men and 0.887 (0.848—
0.918) in women ( p = 0.162). The AUC for subcutaneous fat area was 0.865 (0.823—
0.899) in men and 0.762 (0.711-0.806) in women (p = 0.024). The AUC for visceral
fat percentage was 0.527 (0.472—0.581) in men and 0.820 (0.774—0.859) in women ( p
< 0.001). The AUC for liver attenuation was 0.706 (0.653-0.754). Thresholds of
subcutaneous fat area greater than 204 cm? in men, visceral fat area greater than 70 cm?

in women, and liver attenuation less than 50 HU yielded a sensitivity and specificity of
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80.3% and 83.7%; 83.7% and 80.0%; and 22.0% and 96.7%, respectively. The study
showed that visceral fat was the best predictor of metabolic risk in women and
subcutaneous fat was the best predictor in men. The percentage of visceral fat was a
poor predictor for metabolic syndrome in men. Decreased liver attenuation was

insensitive but was highly specific for metabolic syndrome.

Katsuyama et all*!l studied 29 patients in which visceral fat area (VFA) and
subcutaneous fat area (SFA) was measured using CT and brachial ankle pulse wave
velocity was measured as a marker of atherosclerosis. Although VFA was positively
correlated with waist circumference, body mass index and systolic blood pressure, it
was not correlated with lipid markers like high LDL and triglycerides, low HDL and
blood glucose parameters like fasting blood glucose and HbA1c.VSR ratio was not
correlated with BMI or WC(waist circumference) but showed significant positive
correlation with serum triglycerides and brachial ankle pulse wave velocity in obese

subjects.

Gomez-Ambrosi et al'*S! did a cross-sectional study of 6123 Caucasian subjects (4208
females/1915 males) aged between 18 and 80 years in which they assessed the degree
of misclassification of obese patients with BMI as compared to direct body fat (BF%)
estimation using air displacement plethysmography. They compared cardiovascular
and metabolic risk in patients classified as obese and non-obese based on BMI with
similar BF% in a subset of 3051 subjects (2213 females/838 males). This subset
included a reference group of subjects who were classified as lean using both BMI and
BF% (560 women,96 men) and compared it to a group classified as non-obese using
BMI (<30 kg/m? ) and obese by BF% (1208 women,371 men) and a group classified
as obese both by BMI and BF% (445 women,371 men). Overweight was defined as
BF% between 20.1-24.9% for men and 30.1-34.9% for women and obesity was defined
as BF% greater than or equal to 25% for men and 35% for women. The study found
that 29% patients who were classified as lean using BMI criteria had BF% in the obese
range. The misclassification was higher for women (30% classified as obese by BF%
classified as lean by BMI) than for men (25% classified as obese by BF% classified as
lean by BMI).The BMI cutoff of 30% had good specificity (89% in men,98% in
women) but poor sensitivity (77% in men,65% in women).The level of cardiometabolic

risk factors are higher in lean and overweight BMI-classified subjects with BF% within
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the obesity range (men 4.3£9.2, women 4.9£19.5 mg I'") as well as in obese BMI-
classified individuals (men 4.2+5.5, women 5.1+13.2 mg 1) as compared with lean
volunteers with normal body fat % (men 0.9+0.5, women 2.1£2.6 mg 1'); p value <
0.01 for both males and females. The study showed that BMI misses patients with raised

cardiometabolic risk and elevated body fat%.

Yoo et all!l did a retrospective, cross-sectional, observational study of 369 patients (
192 females,177 males) to determine the threshold of visceral fat which would predict
metabolic syndrome in the patients. The mean age of women in the study was 51.2+14.8
years and the mean age of men was 52.84+15.6 years. Visceral adipose tissue was found
to significantly higher in those patients with metabolic syndrome as compared to those
without risk factors. There was no statistical difference in subcutaneous fat volume
between those with and without metabolic syndrome. Visceral subcutaneous fat ratio
adjusted for age was significantly higher in those with metabolic syndrome as compared
to those with no metabolic syndrome in men (p=0.027 for men). However the
relationship between increased VSR and metabolic syndrome was not statistically
significant in women. VSR and VAT was seen to have statistically significant
predictive value in determining patients at increased risk of metabolic syndrome. The
study determined that the cut-off value of Visceral adipose tissue to predict metabolic
syndrome was 132 cm? for individuals under 50 years living in the UAE.VSR cut-offs
in patients less than 50 was 0.293(p<0.01) for women and 0.424(p<0.01) for men.
Above 50, the VSR threshold values were higher at 0.647(p=0.422) for women and
0.693(p=0.165) in men. Sensitivity of VSR was 37.2%.

Fukuda et all*’l conducted an observational study in which 682 patients aged > 20
years with diabetes were enrolled with a mean age of 64 */-13 years of which 41% were
women. Visceral fat area and subcutaneous fat area was determined by dual
bioelectrical impedance analyser. They were followed up with a median follow up of
2.5 years with the study end point being the first occurrence or recurrence of
cardiovascular disease (CVD). 21 patients reached the end point in the study including
4 events of cerebrovascular accident, 14 events of coronary artery disease and three
events of peripheral arterial disease. The study determined that high values of VSR (
AUC 0.66 (95% CI: 0.57-0.76)) was associated with increased risk of CVD and is an

independent predictor of incident or recurrent CVD in diabetic patients in Japanese
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population V/S ratio. Visceral fat area(VFA), subcutaneous fat area (SFA) and body

mass index (BMI) were found to be not predictive of incident or recu