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Abstract

In Japan, the measurement of abdominal circumference is commonly used in diagnosis of visceral fat
accumulation. It is also recommended that visceral fat at the umbilical level be measured using CT scans. If CT is
used to measure the visceral fat area, we do not have to consider the possibility of measurement error due to
subcutaneous fat. However, it is unknown whether the visceral fat area measurement by CT reflects the visceral fat
volume of the entire abdomen.

We examined the correlation between the visceral fat area at the umbilical level and the visceral fat volume of the
entire abdomen using CT images taken from the diaphragm to the pubic bone.

The results showed that there was a very high correlation between the visceral fat area and the visceral fat volume.
The correlation was not affected by gender differences, old age or whether visceral fat was accumulated or not.

Therefore, we concluded that it is possible to estimate the visceral fat volume of the entire abdomen by measuring
the visceral fat area at the umbilical level.
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1. Introduction

Recently, many developed and civilized countries have addressed the issue of lifestyle-related diseases such as
cardiovascular and cerebrovascular disorders and diabetes, and these diseases have been associated with obesity.
Many researchers have worked toward identifying the risk factors, and the cluster of these risk factors is called the
metabolic syndrome. The major mechanisms of the metabolic syndrome are thought to be insulin resistance
syndrome, visceral fat syndrome and inflammation; other factors include diet, smoking, physical inactivity, aging,
socioeconomic factors, hormonal imbalance, and exposure to environmental pollutants. (DeFronzo & Ferrannini,
1991; Fujioka, Matsuzawa, Tokunaga, & Tarui, 1987; Lemieux et al., 2000) Traditionally, the body mass index
(BMI) has been used as a measure of abdominal obesity; however, in recent years, more and more studies use
measures of visceral fat.

Accumulation of visceral fat has also been associated with diseases other than vascular disorders and diabetes. A
meta-analysis done by Hampel et al. (2005) showed that obese people with BMI of > 25 kg/m?2 are more likely to
develop esophageal adenocarcinoma. Many esophageal adenocarcinomas arise from Barrett’s epithelium, and
Barrett’s epithelium is believed to be associated with the area of visceral fat rather than BMI. Giovannucci et al.
(1995) reported that visceral obesity significantly increases the risk of colon cancer (El-Serag, Kvapil,
Hacken-Bitar, & Kramer, 2005).

Visceral fat is known to cause many diseases, but there are various ways to assess its volume; typical ways of
assessment include assessment of obesity by weight (and BMI), estimation of visceral fat volume by measurement
of waist circumference, and analysis by abdominal CT at the level of the umbilicus.

As the number of obese people in Japan increases, there are more who are concerned about their visceral obesity
and metabolic syndrome, and who work toward or are interested in losing weight.
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The method of visceral fat measurement using CT scan was developed by Tokunaga et al. (1983), and Matuzawa et
al. (2002) proved the usefulness of setting the reference value of visceral fat area to 100 cm2.

Table 1 shows the criteria for the metabolic syndrome and obesity assessment methods presented by various
organizations worldwide. As shown in this table, only in Japan is obesity assessed using CT scans. According to a
study by Mizui et al. (2012), the detection rate of visceral fat accumulation with a visceral fat area of > 100 cm2 by
CT was about twice as high in men than in women. When visceral fat accumulation was diagnosed based on waist
circumference measurement, in men with a waist circumference of > 85 cm and women > 90 c¢m, approximately
2.4 times more women were diagnosed as having visceral fat accumulation with a visceral fat area > 100 cm?2
compared to men. The reason for this was explained that since more Japanese women have subcutaneous obesity
rather than visceral obesity, measurement of only the waist circumference would decrease the sensitivity of
visceral fat assessment. (Eguchi et al., 2007).

Table 1. Diagnostic standard for the metabolic syndrome

National Cholesterol
Education Program . . .
o Intemational Diabetes Federation:
'WHO(1999) Guidelines for Japan (2005)
IDF (2005)
Treatment of
Hyperlipidemia (2001)
Diabetes, impaired fasting
glucose, impaired fluscose . .
o . . Central obesity a requirement, together
tolerance, and insulin Central obesity a requirmnet, . .
» . Three or more of the . with two or more of the following
Definition resistance. . together with two or more of the . .
. . following: . (triglycerides and/or HDL-C are
All the above is required, following: ;
. considered as one component)
together with two or more the
,,,,,,,,,,,,,,,, following:
Waist-hip ratio Abdominal obesity
L Men:> 85cm
. Men: >0.90 ‘Waist circumference: Men: >85 cm
Obesity Women: > 90 cm
‘Women: >0.85 Men:> 102cm ‘Women: >90 cm . )
) Or visceral fatarea> 100 cm
,,,,,,,,,,,,,,,, OrBMI>30kgm' Women:> 8&em
. . > 150 (counted even when under
Triglycerides > 150 (counted even when under
> 150 > 150 treatment)
(mg/dl) treatment)
Men: <35 Men: <40 Men: < 40
HDL-C <40 (counted even when under
‘Women: <39 ‘Women: <50 ‘Women: < 50 (counted even when
(mg/dl) treatment)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, undertreatmenty
Blood pressure >130/85 (counted even whenunder ~ >130/85 (counted even when under
>140/90 >130/85
CmHg) teatmenty treatment)
Urinary Urinary albumin excretion rate > 20 pig/min
_albumin Oralbumincreatinineratio>30mglg
In addition to impaired fasting
Fasting glucose ~ glucose, one of the above 110 >100 > 110 (counted even when under
(mg/dl) abnormalities of glucose Or type 2 diabetes treatment)

tolerance is required.

In 2005, the International Diabetes Federation (IDF) proposed some criteria for the metabolic syndrome which
required assessment of abdominal obesity by measurement of waist circumference; however, the American Heart
Association (AHA) and the National Heart, Lung, and Blood Institute (NHLBI) issued a joint statement that the
diagnostic criteria of the National Cholesterol Education Program (NCEP) was better than the IDF criteria. The
NCEP guidelines do include the diagnostic criteria for abdominal obesity, but the diagnosis of abdominal obesity is
not a requirement. (Expert Panel on Detection, E. 2001) This reason is presumed to be that waist circumference
measurements exceeding the reference values do not always reflect visceral fat accumulation (Alberti, Zimmet, &
Shaw, 2005). In other studies, some researchers have reported that the definition of abdominal circumference in
specific health check-ups, etc. should be reconsidered because the measurement method of abdominal
circumference has problems. (Oka, R., et.al 2008) In addition to this, there are also attempts to measure visceral fat
using MRI in recent years. Tanisawa et al. (2017) measured the visceral fat area in 143 Japanese men (30-79 years
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old) using MRI and examined the relationship between plasma LECT 2 levels, various obesity indices and
cardiorespiratory fitness (CRF). As a result, it was concluded that the visceral fat area was the strongest predictor
of plasma LECT 2 and was a potential biomarker linking visceral fat obesity and dyslipidemia.

In Japan, the Japan Society for the Study of Obesity (JASSO) defines “obesity disease” as BMI > 25 kg/m’,
visceral fat area > 100 cm’, and abdominal circumference > 85 c¢m for men and > 90 cm for women. The gold
standard for assessing visceral fat is the method that uses CT imaging at the umbilical level to calculate the fat area.
However, the definitive method of assessing visceral fat requires the CT scanning of the entire abdominal cavity
and the evaluation of all visceral fat in this region; when obtaining CT images of the entire abdomen solely for
assessing visceral fat, caution is required because CT scanning involves a relatively large amount of X-ray
exposure. On the other hand, a scan taken only at the umbilical level, considering the imaging range, would
involve radiation exposure of about 1/30 compared to the scanning of the entire abdomen; this test may be
beneficial considering the risk of exposure to radiation, but it is unclear whether the visceral fat area at the
umbilical level accurately reflects the total volume of visceral fat in the abdomen.

In this study, we will investigate the correlation between the visceral fat area at the umbilical level and the total
volume of visceral fat in the abdomen using CT images of the entire abdomen that were taken during routine
clinical practice, and discuss the appropriateness of measuring the visceral fat area using CT scanning.

2. Methods
2.1 Selection of Subjects

In this study, we used axial CT images from patients who underwent abdominal CT examination ordered by a
doctor in clinical practice. For the data sampling procedure, we extracted CT images from the diaphragm to the
pubic bone taken by helical scanners, which were obtained during those medical examinations. However, from
these extracted images, we excluded cases of trauma pan scans and cases with obvious malignant tumors
(including metastatic tumors) and cases with surgically treated scars and case of under the age of 18 years. Patients
in this data did not undergo any intervention prior to or following this study.

All subjects in this study required an abdominal CT as judged by the doctor and underwent scanning done by
radiological technologists under optimal imaging conditions. We did not limit the cases to those diagnosed as
having no abnormalities. Therefore, there is a possibility that patients with abdominal disorders were included.
The conditions used for scanning (tube voltage and tube current) were determined appropriately by radiological
technologists. They determined the optimum dose according to patient body size that guaranteed the image quality
necessary for diagnosis in all samples (image noise within = 10 HU).

2.2 Sampling procedure

After obtaining the research permission of the Institutional Review Board of Suzuka Kaisei Hospital, we selected 7
days from the permitted research period. Of all the abdominal CT images taken on these days, we extracted 124
cases using a continuous sampling method. (These were images from the liver to the bladder.) Of these, we
excluded one patient who was under the age of 18 years, 11 cases with surgically treated scars, two post-traumatic
cases, and two cases with obvious malignancies and metastatic tumors. The final sample size was 108.

When collecting samples of CT images, we announced to the patients on bulletin boards and websites that their
anonymized CT images might be used for this study. At the same time, we announced that it was possible for them
to refuse to participate in this study. As a result, the number of subjects who refused to participate in this study was
0.

2.3 Analysis Procedure

Abdominal CT images of the above subjects were reconstructed with a slice thickness of 10 mm. We then selected
images at the umbilical level, defined the region of interest in the abdominal cavity, and selected and calculated the
area of visceral fat. Next, we measured the total volume of visceral fat from the CT slices of the abdomen. Lastly,
we plotted these data with the area of visceral fat at the umbilical level on the x-axis and the volume of visceral fat
of the entire abdomen on the y-axis, and analyzed the correlation between these two in all cases, and by male or
female, presence or absence of visceral fat accumulation (visceral fat area at the umbilical level > 100 cm?2), and
age > 75 years or < 75 years.

2.4 Equipment Used

A CT scanner, Aquilion 64 manufactured by Toshiba Medical Systems Co., Ltd. was used, and analysis of visceral
fat area and visceral fat volume was done with an analysis tool equipped in the instrument. We used Excel 2016
(Microsoft Corporation) for chart creation, and R (64 bit, ver. 2.3 - 0) for statistical analysis.
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3. Results

In this study, the average age of the subjects was 70.3 + 15.2 years with the age range of 20 to 95 years, and the
male-to-female ratio was 59:49 (Table 2). Visceral fat accumulation was present in 40 cases and absent in 68 cases.
Sixty-two cases were under 75 years of age, and 46 cases were 75 years old or older. The average area of visceral
fat on a 10-mm slice at the umbilical level was 88.5 + 49.5 cm2; the average total volume of visceral fat in the
abdomen was 2186.6 + 1255.2 ml. The correlation coefficient between the area of visceral fat at the umbilical level
and the total volume of visceral fat in the abdomen was 0.95 (95% CI: 0.92-0.96) in all subjects. When the visceral
fat area increased by 1 cm2, the visceral fat volume increased by 24.1 ml (Figure 1). Then, we calculated the
correlation coefficients separately in males and females and compared them. The correlation coefficient between
the area of visceral fat at the umbilical level and the total volume of visceral fat in the abdomen was 0.95 (95% CI:
0.93-0.97) in men and 0.93 (95% CI: 0.87-0.96) in women. There were no significant differences between the
sexes in the rate of deviation from the approximate line of best fit (unpaired t-test P=0.24) (Figure 2). Next, we
grouped the subjects into those with and without visceral fat area of > 100 cm?, obtained the correlation coefficient
for each group and compared them. The correlation coefficient between the area and the total volume of visceral
fat was 0.89 (95% CI 0.82-0.93) in cases with visceral fat accumulation, and 0.89 (95% CI 0.80-0.94) in cases
without visceral fat accumulation. There were no significant differences between those with and without visceral
fat accumulation in the rate of deviation from the approximate line of best fit (unpaired t-test P=0.34) (Figure 3).
Lastly, we grouped the subjects into those > 75 years of age and < 75 years of age, and calculated and compared the
correlation coefficients. The correlation coefficient between the area and the total volume of visceral fat was 0.97
(95% CI 0.94-0.98) in patients > 75 years of age and 0.92 (95% CI 0.87-0.96) in patients < 75 years of age. There
were no significant differences between the elderly and non-elderly in the rate of deviation from the approximate
line of best fit (unpaired t-test P=0.41) (Figure 4).

Table 2. Subject features

Age
"""""""""""""""""""""""""""""""""""" Average (y)  703%152
Range (y) 20-95
Sex (n=108)
o o Male 59
Female 49

Area Average (em?) 88.5+49.5
Range (cm?) 5.4-218.0
""""""""" Volume  Average(em®)  2186.6+12552
Range (cm?) 200.9-5617.7
Elderly or Not (threshold 75y) (n=108)
”””””””””””””””””””””””””””””””” <75y e
>75y 46
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Figure 1. Relationship between visceral fat area and visceral fat volume
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Figure 2. Relationship between visceral fat area and visceral fat volume; comparison of the rate of deviation from
the approximate line of visceral fat area measurements (Male/Female)
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Figure 3. Relationship between visceral fat area and visceral fat volume; comparison of the rate of deviation from
the approximate line of visceral fat area measurements (Comparison by presence or absence of visceral fat
accumulation)
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Figure 4. Relationship between visceral fat area and visceral fat volume; comparison of the rate of deviation from
the approximate line of visceral fat area measurements (Comparison by elderly or not [threshold: 75 years old])

4. Discussion

The area of visceral fat at the umbilical level as assessed by CT showed a very high correlation with the total
volume of visceral fat distributed within the abdomen (R = 0.95). This result shows the appropriateness of
estimating the total volume of visceral fat in the abdomen using CT images at the umbilical level. Measuring the
abdominal circumference using a tape measure is a convenient method but it lacks accuracy; CT scanning at the
umbilical level is an effective way to solve this problem. The results of the analysis were not affected by gender
differences or older age. However, differences due to the presence or absence of visceral fat accumulation may not
be proved. This is due to the small sample size of cases with visceral fat accumulation in this study. A replication
study with a larger number of samples is needed to demonstrate this point. However, this study showed that taking
CT images at the umbilical level to analyze the area of visceral fat is very useful in assessing visceral obesity.
Many researchers give negative consideration to the metabolic syndrome criteria proposed by many organizations
that require measurement of abdominal circumference. We believe one of the reasons for this is the fact that
measurement of abdominal circumference using a tape measure cannot accurately show the total volume of
visceral fat within the abdominal cavity. However, analysis of visceral fat area at the umbilical level using CT can
almost exactly show the total volume of visceral fat within the abdominal cavity. Since adipocytokine secretion is
affected depending on the amount of visceral fat, it may be better to take CT images at the umbilical level and
analyze the visceral fat, rather than to estimate the volume of visceral fat based on abdominal circumference
measurement. Therefore, if measurement of abdominal circumference, which is currently a diagnostic criterion for
the metabolic syndrome by various organizations, is replaced with the area of visceral fat as assessed by CT, a
more accurate diagnosis can be provided to people at risk of the metabolic syndrome.
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