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Abstract

ackground: The distribution of adipose tissue, complex factors affecting it and its pathological

consequences are among the hot topics in medical research nowadays. Most of the studies reported in

the literature however describe the association of factors affecting the fat distribution in overweight and

obese individuals. This particular study was however planned to find out the same in subjects having
normal basal metabolic index (BMI). The objectives of the study were to analyze total adipose tissue (TAT),
subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT) in the abdomen volumetrically using CT,
to establish the association of these to the levels of physical activity, presence or absence of hypertension and
to compare these associations in both the genders.

Methods: A prospective study was carried out on seventy five, normal BMI subjects aged between 20-50 years.
CT imaging was used for volumetric measurement of TAT, SAT and VAT. Pearson’s correlation of these were
then found out with age. Kruskal Wallis test was also performed to compare these in hypertensive and non-
hypertensive subjects and in those with different physical activity levels (PAL).

Results: Women showed significantly higher volumes of TAT and SAT. Men showed statistically significant
correlations of TAT and VAT with age. SAT volumes had significant negative association with the PAL in both
genders. Men showed higher responsiveness of fat deposition in all compartments to the presence of
hypertension.

Conclusion: In conclusion, factors such as gender, age, level of physical activity and hypertension affect the site
specific deposition of fat even in those individuals who aren’t over-weight or obese.
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Introduction

Adipose tissue in the abdominal region is divided into
different compartments namely subcutaneous adipose
tissue (SAT) and visceral adipose tissue (VAT) [1]. The
later includes the total amount of fat located inside the
abdominal cavity comprising of both retroperitoneal and
intraperitoneal adipose tissue [2]. There are various
factors which are thought to affect the distribution of fat
deposition in these compartments. Cardiovascular
diseases such as hypertension and metabolic syndrome-
related disorders like Type 2 diabetes, dyslipidemia,
hyperinsulinemia, insulin resistance are reported to be
more strongly associated with VAT than SAT [3].
Similarly, reduction in VAT also results in marked
decrease in obesity- related problems and improvements
in cardiovascular diseases and other risk factors [3-6].

Males are known to have a propensity for more
accumulation of VAT while women tend to have more
total abdominal adipose tissue (TAT) and SAT [7-8].
These differences in the distribution of adipose tissue
have also different implications in both the genders. A
recent study reports the central obesity as an
independent predictor of ischemic stroke in women but
not in men [9]. Similarly, waist circumference, an
indicator of abdominal adiposity showed, in comparison
to BMI, a slightly weaker association with type 2 diabetes
in men. However in women BMI and central obesity had
almost equal association with type 2 diabetes mellitus.®
Physical activity has also been reported to affect the
distribution of fat in both genders differently. Exercise
affects VAT more in men but SAT in women [10].

Multiple imaging modalities like CT, MRI, Ultrasound
and dual-energy X-ray absorptiometry (DXA) have been
used to assess the volume of abdominal adiposity [3, 10-
19].

The current study was designed with an intention to
measure SAT, VAT and TAT volumetrically using CT and
find their association with the physical activity levels and
presence or absence of hypertension. As we also know
from previous studies [7] that the distribution of fat differs
in different ethnicities and to the best of our knowledge
this will be the first study, correlating these factors with
abdominal adipose compartments from our part of the
world.

Recently, abdominal adiposity has been recognized as
a Dbetter indicator of cardiovascular risks and
complications than BMI [20]. However, most of the
previous studies reported factors affecting the amount
and location of fat accumulation in those individuals who
are either obese or fit in the criteria of metabolic
syndrome. This particular study was however planned to
find out the relationship of SAT, VAT and TAT volumes
with these factors in the individuals having normal BMI
with or without hypertension and different levels of
physical activity.

Objectives of the study were to measure volumes of
total adipose tissue (TAT), subcutaneous adipose tissue
(SAT) and visceral adipose tissue (VAT) in the abdomen
by CT, to establish the correlation of these to the levels
of physical activity, presence or absence of hypertension
and to compare these associations in both the genders.

Methods

This prospective study was conducted after approval
from Institutional Ethical Review Board. Informed
consents in Urdu and English were taken from subjects.
It included 75 adult individuals (Male: Female - 43: 32)
with age range of 20-50 years. These patients had BMI
values falling in the range of 18.5-25 and were not over-
weight or obese. In addition, those individuals who were
diabetic, smokers, alcoholics, those suffering from
chronic kidney disease or chronic liver disease, with
history of abdominal tumors/surgery and aged more than
50 year at the time of evaluation were excluded from the
study.

Assignment of Physical Activity Levels

Inquiry based, detailed investigation about physical
activity was carried out and physical activity levels (PAL)
were assigned to the patients according to Table 1 [21,
22]. The number of patients in each category of PAL and
normal and hypertensive categories are given in the
Table 2.

PAL DETAILS
Low Walking <4.7km/h, light household work, office workers
Brisk walking (4.8-6.5km/h), slow cycling, household

Moderately Active chores like vacuuming/ mopping, gardening etc. Those
with occupational demands of walking around.
Highly/ Vigorously Racing, jogging etc. Those who perform high level of

Active physical activity such as agricultural workers, laborers etc.
Table 1: Physical activity levels used to classify the subjects.
Modified from reference no. 21 and 22

Variables Males Females
(n=43) (n=32)

Minimum 20 20

Age Maximum 50 50

Mean 38.7 39.72
Low Activity 10 24
Physical Activity Moderate Activity 13 8
Level

High Activity 20 0

Normal 29 20

Blood pressure Hypertension 14 12

Table 2: Descriptive statistics of age, number of subjects in each
physical activity level (PAL) and those with normal blood pressure
and having hypertension.

Imaging

128-Somatom Definition Edge multi slice CT scanner
was used to scan and post- processing was then done
with slice thickness and gap of 1mm each. Scan area
included from xiphoid process superiorly down to
superior iliac crest. Care was taken to include lateral,
anterior and posterior abdominal walls in the scan.
Volumetric measurements were performed in the
following steps using Volume application of the CT
scanner (Figure 1):

1. Total volume of the all the tissues in the
scanned area was obtained by setting the
image display window between -1024 HU to
+3000 HU. This measurement included all the
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tissues including muscles, bones, air,

subcutaneous, visceral fat etc.

2. Total abdominal fat volume was then measured
by using the Hounsfield Units range between -
150 to -30. This measurement included both
VAT and SAT volumes.

3. The abdominal muscular wall separating the
visceral from the subcutaneous adipose
compartment was then traced manually to
measure VAT and excluding SAT from the
measurement.

4. SAT volume was then calculated by subtracting
VAT from the total abdominal fat volume

. ||
Figure 1 shows volume measurement of adipose tissue in three
steps. Calculation of Total Abdominal volume, Total Adipose tissue
(TAT) and visceral adipose tissue (VAT) in columns A, B and C
respectively.

Statistical Analysis

The collected data were analyzed using the MEDCALC.
Volumes of adipose tissue in different compartments
were compared in men and women using Kruskal-Wallis
test. Pearson’s correlation coefficient (R) and P values
were found out between age and calculated volumes of
TAT, SAT and VAT. Kruskal Wallis test was performed
to compare the adipose tissue in various compartments
in both genders with different PALs and in normal and
hypertensive individuals. P-value of 0.05 or less was
taken as significant.

Results

The distribution of fat in both the genders in each
compartment is shown in the Table 3. Women showed
significantly higher volumes of total fat as well as SAT

compared to men. Men had greater volume of VAT but
the difference wasn't significant.

A statistically significant correlation was noted
between volume of TAT and advancing age in the total
population and in men. The volume of VAT also showed
a significantly greater positive correlation with age in men
but no such trend was seen in the volumes of SAT (Table
4, Figure 2). SAT volumes were noted to be significantly
different in three PALs in the whole population as well as
in men and women. VAT on the other hand showed no
significant difference in these groups (Figure 3). Men
showed higher responsiveness of fat deposition to the
grades of hypertension, volumes of each of the SAT,
VAT and TAT showed significant association with
presence of hypertension. No such relationship was
seen in women. (Table 5, Figure 4)

Figure 2 shows graphical representation of correlation of
abdominal adipose tissue volume in various compartments with
age. First row shows total adipose tissue (TAT), second
subcutaneous adipose tissue (SAT) and the third one displays
visceral adipose tissue (VAT). First column represents trends in
male, second in female and the third in the whole population.
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Figure 3 shows graphical representation of comparison of
abdominal adipose tissue volumes in various compartments in
different physical activity levels (PAL) by Kruskal Wallis test. First
row shows total adipose tissue (TAT), second subcutaneous
adipose tissue (SAT) and the third one displays visceral adipose
tissue (VAT). First column represents trends in male, second in
female and the third in the whole population.
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Fat Compartments Males (n=43) Females (n=32) P value
Minimum Maximum Mean Minimum Maximum Mean

Total Fat 590 21463 6378 1152 15413 8701 0.008*
SAT 89 14315 3424 850 12194 5963 0.0003*
VAT 315 7575 2944 302 5494 2738 0.71
SAT/Total fat ratio 0.082 0.78 0.493 0.301 0.825 0.675 <0.000001*
VAT/Total fat ratio 0.22 0.718 0.5 0.175 0.699 0.325 <0.000001*
Total fat/Total 0.0559 0.657 0.318 0.138 0.634 0.442 0.00046*

abdominal volume ratio

Table 3: SNPs associations with gender and PIE- Scores and eye colour phenotype.

Age
Fat Compartments
R value 95% CI P

Male (n=43) 0.34 0.05t0 0.5 0.02*

Total Fat Female (n= 32) 0.02 -0.33t00.3 0.9
Total (n=75) 0.23 0.001t0 0.43 0.04*

Male (n=43) 0.27 -0.02t0 0.5 0.07

SAT Female (n=32) -0.05 -04100.3 0.7

Total (n=75) 0.15 -0.08 to 0.36 0.19
Male (n=43) 0.41 0.12t0 0.63 0.006*

VAT Female (n=32) 0.2 -0.17t0 0.5 0.3
Total (n=75) 0.33 0.12 t0 0.52 0.003*

Table 4 shows correlation of age with adipose tissue volumes in different compartments in the included subjects.

Fat Compartments Physical Activity Level Hypertensive Status

Male (n=43) 0.05* 0.03*

Total Fat Female (n=32) 0.04* 0.84
Total (n=75) 0.0008* 0.03*

Male (n=43) 0.03* 0.02*

SAT Female (n=32) 0.02* 0.64
Total (n=75) 0.00004* 0.02*

Male (n=43) 0.31 0.03*

VAT Female (n=32) 0.25 0.96
Total (n=75) 0.14 0.13

Table 5 shows comparison of adipose tissue volumes associated with physical activity levels and presence of hypertension in
different abdominal compartments using Kruskal Wallis test.
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Figure 4 shows graphical representation of comparison
of abdominal adipose tissue volumes in various
) compartments in normal and hypertensive subjects by
Kruskal Wallis test. First row shows total adipose tissue
(TAT), second subcutaneous adipose tissue (SAT) and
the third one displays visceral adipose tissue (VAT). First
column represents trends in male, second in female and
the third in the whole population.
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Discussion

Factors such as ethnicities, obesity, diabetes, PAL,
presence of hypertension, age and gender are all known
to be associated with the likelihood of not only deposition
but site -specific deposition of adipose tissue [2, 4-11,
20,23].

Irrespective of ethnicities, women have higher TAT
and SAT deposits but men have tendency to accumulate
VAT [24]. We also found such trend of fat deposition in
female population of our study. Men on the other hand,
although, showed more volumes of VAT compared to
women but this difference wasn’t statistically significant.
The reason might be the fact that out of 32 female
subjects in our study 15(47%) and 8(25%) were above
45 and 50 years of age respectively. Possible
menopause in some of these subjects might have
caused increased deposition in the visceral compartment
too resulting in the loss of statistical difference between
the two genders. A higher propensity of VAT deposition
is seen in the post-menopausal women compared to
those who are still menstruating [25]. The lack of
information about the menopausal status of women is a
major limitation in our study.

Increased amount of fat deposition, especially
visceral, is associated with essential hypertension [23].
Very interesting finding of our study was that the
abdominal adiposity in men showed significant
association with presence of hypertension in both
subcutaneous and visceral compartments but no such
association was seen in the women. This finding of ours
is in accordance with a study conducted by Guo et. al on
168 overweight or obese subjects. They found a positive
association between reduction in visceral fat and
improvements in both systolic and diastolic blood
pressures in men but not in women [20]. We didn't
however specifically recorded the antihypertensive
medication used by these patients. This knowledge
might also be important because of the known side
effects of some of the drugs like beta blockers to affect
the weight gain and fat redistribution. These may even
selectively promote the accumulation of abdominal fat.

A study by Murabito et al., suggested the negative
correlation of both SAT and VAT with PAL [26]. This
correlation was however stronger in women than in men.
In our study, we also noted significant negative
correlation of PAL with TAT and SAT which was stronger
in women than in men. We however found no association
of VAT with activity level in both men and women. The
difference might be due to the fact that the mentioned
article reports the effect of a planned moderate to
vigorous physical activity with accelerometer performed
by the participants over a period of 5-7days. In our
population on the other hand a questionnaire based
grading of physical activity level was performed by
inquiring them about their profession, workout etc.
Secondly only middle aged men and women were
included in their study while our study population
comprised of subjects under 50years of age. In another
study, Fischer K et. al reported significant negative
association of physical activity with VAT volumes in
males and with SAT in females in subjects above 62

years and BMI [11]. This study also differs with ours in
the age of the studied subjects.

This study of ours might serve as a baseline study for
the volumes of fat deposits in various compartments in
normal BMI population of this country. The knowledge is
very crucial because ethnicity, genetic factors, life style,
socioeconomic status, level of awareness about physical
fitness, and even type of cuisine in that specific region
have roles to play in body fat distribution.

In conclusion, factors such as gender, age, level of
physical activity and hypertension affect the site specific
deposition of fat even in those individuals who aren’t
over-weight or obese.
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