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condition of ischemic heart diseases. According to the
criteria of Metabolic syndrome by Adult Treatment
Panel IT1 (ATP III) of National Cholesterol Education
Program (NCEP), that is internationally accepted one,
a person with three and more of the following risk fac-
tors will be diagnosed as Metabolic syndrome: visceral
obesity measured by wais circumference, hyperglyce-
mia, low HDL cholesterol, hypertension, and glucose

intolerance® ¥\, According to the diagnosis criteria of

obesity by the Japanese Society of Obesity, a person
with visceral fat of 100 cm? and more evaluated by the
abdominal CT imaging is diagnosed as visceral fat

obesity. There is no doubt that over-accumulation of

visceral fat is a root cause of metabolic syndrome, but
it has not been clear how the prevalence of metabolic
syndrome among the Japanese population and to what
extent the Metabolic syndrome might be nisky for the
development of cardio-vascular diseases for the Japa-
nese. Thus it is required to establish the criteria of met-
abolic syndrome for the Japanese.

There have been several previous articles about
the measurement of visceral fat by CT scanner®'.
However, this methodology is a relatively new one

and has been conducted within a limited number of

facilities, so that it is hard to say there is enough vol-
ume of evidences for its usefulness and validity.

In our facility, we have started the measurement
of visceral fat by CT scanner as an option of health
check ups for the clients from September 2003. Butnt
is not practical to manually calculate the volume of
visceral fat from the CT imaging film in the mass

screening program such as health check ups where it
is required to treat large volume of data. Thisis a prin-
cipal obstacle for the introduction of CT based check
up system for visceral fat, In order to solve this prob-
lem, we have developed a new software program that
makes it possible to automatically calculate the waist
circumference, visceral fat and subcutaneous fat form
the CT imaging. Using this methodology and labora-
tory data such as bio-chemistry data, we have ana-
lyzed the usability of CT based evaluation of visceral
fat and its appropriate cut-off value for the Japanese
population.

% Outline of the Automated Diagnosis
CT Screening System for Visceral
Obesity

Calculation process of waist circumference

For the imported image, this process distin-
guishes soft tissues from air by threshold treatment,
where the threshold was set for - 400 HU. Then the
body area is detected by labeling process. Figure 1-a
shows the original image and Figure 1-b shows the
processed image. Regarding the margin of body area
as body circumference, the waist circumference is cal-
culated by formula (1)

waist's Circumference = A x  distx2 + disty2 ....... (1)
distx = |Edgex([i] — Edgex[i + 1]|

disty = |Edgex{i] - Edgey{i + 1]|

(A: pixelsize 0<-1<360),

Figure 1-a. Onginal image

Figure 1-b. Processed image

Copyright® 2008 JSHSS. All rights reserved
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Figure 2. Skin area (red) and bone-muscle-soft tissue
(green)

where Edpex is x axis of body area, Edeeyis its y axis

The body surface is set radially around the center of

gravity. The coefficient A is a volume of | pixel.

Detection process of non-adipose tissue
components

The body area detected by the above process
includes skin, adipose tissues, bone, soft tissues etc
In this process the skin area is excluded and bone,
muscle and soft tissue arcas are detected by threshold
treatment, where the threshold is set for -50 HU. Fig-
ure 2 shows the result, in which the red area corre-
spond to skin and the green areas correspond to bone-
muscle-soft tissue areas, The adipose tissue area 1s a
subtraction of the body area in Figure 1-b from the
skin and the green areas of Figure 2. Figure 3 shows
the adipose areas

Process of separating adipose tissues into
subcutaneous and visceral fats

Based on the location information of bone-mus-
cle-soft tissue area that was treated by the detection
process of non-adipose tissue components, total adi-
pose tissue areas are separated into subcutaneous and
visceral fats. Using the detected bone-muscle areas,
the automatically border setting treatment is con-

ducted to detect the visceral fat area

Copyrightt

Figure 3. Adipose tissue area (green)

Imaging of in-border areas: green area is
bone-muscle-soft tissues

Figure 4

Automatic border setting process

In this process, the calculation of the center of
gravity of bone-muscle-soft tissues areas, setting of
margins and borders are done in this order. Here the
borders are set for the points that make the distance
between the center of gravity and margins of bone-
muscle-soft tissues areas. The discontinuous portion
of border is complimented by the quadratic sprain
function. Figure 4 shows the result of this treatment

The green area corresponds to bone-muscle-soft tis-
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Figure 5. Detection of visceral fat areas

sue and the red area is border set by this treatment.

Visceral fat detection process

This process detects the intra-border area that is
automatically set and then determines the intra-border
adipose tissues as the visceral fat areas. Figure 5
shows the result of treatment.

Final image
Figure 6-a shows the original image and Figure 6-b
shows the treated final image. In Figure 6, the red

Figure 6-a. Original image

areas correspond to the visceral fat areas and the blue
areas are subcutaneous fat arcas (fatPointer®?). The
average processing time was about 1.5 seconds by
computer (Pentium*! 4-M 2.0GHz, 512MB DDR-
SDRAM).

< Application of Abdominal CT based
Visceral Fat Measurement for Health
Check up Program in an Occupational
Setting—Cross Analyses with Labo
Data and Blood Pressure

Studied population

In 2004 4,221 males received the CT based vis-
ceral fat measurement in the Hitachi Health Center.
Among them we analyzed the data of 2,685 males who
did not receive any medical treatment at the moment.
The average age of themis 51.1 (Table 1).

Methods

The abdominal CT imaging was done consecutive
to the chest CT imaging that was used for the lung can-
cer screening in our center. The one slice imaging was
done at the umbilical level by normal scan. The used
CT machine was Radix*' turbo (Hitachi Medico;
Tokyo). The Imaging condition was 120kV, 150 mA,
and 2 mm of slicing thickness. After imaging at the
umbilical level, the waist circumference, visceral fat
area, and subcutaneous fat area were automatically
calculated by the software that was developed in this

Figure 6-b. Final processed image (Red: visceral
fat, Blue: subcutaneous fat)

Copyright© 2008 JSHSS. All nights reserved
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Table | Age distribution of ing to the criteria of BMI (less than 25, and more than
studied population equal 25) and visceral fat area (less than 100 cm?, and
Age N % more than equal 100 cm?), we differentiated the per-
-24 10 0.4 sons into four groups as shown in Table 3 (Gl=nor-
25-29 19 0.7 mal, G2=masked obesity, G3=healthy obesity,
30-34 97 16 (G4=obesity). The mean values of clinical data were

35-39 232 8.6 calculated for each of these four groups.

4044 299 1.1

45-49 317 1.8
50~54 697 26.0
55~59 537 200
60-64 293 109
65~69 162 6.0
70~ 2 0.8

study. A person with the visceral fat of more than 100
cm? was evaluated as visceral fat type obesity and
received aresult report with CT imaging that indicated
visceral fat by red color and subcutaneous fat by blue
color.

We have analyzed the actual situation of meta-
bolic syndrome among the studied population in
applying the diagnostic criteria of metabolic syn-
drome to the results of health check ups. We set the
score for each item as following: (Visceral fat 100 cm?
and more: 4 points, Hypertension: 1 point, Dyslipi-
demia: | point, Hyperglycemia: 1 point, normal: 0
point). We diagnosed a person with score more than
6 points as metabolic syndrome (Table 2). The aver-
age value was also calculated for each item. Accord-

Results

Table 3 shows the results of metabolic syndrome
evaluation by the employed criteria. Among 2,685
cases, 587 persons (21.9%) were diagnosed as meta-
bolic syndrome with score of 6 or 7. Among them,
467 cases (79.6%), 434 cases (73.9%), 414 cases
(70.5%) were hypertension, dyslipidemia and hyper-
glycemia, respectively. One hundred forty one cases
(24.0%) showed abnormal values for all of these three
items.

The distnibution of combination of two abnormal-
ities for the 446 cases with score of 6 was as following:
173 cases (29.5%) of hypertension and dyslipidemia,
153 cases (26.1%) of hypertension and hyperglyce-
mia, 120 cases (20.4%) of dyslipidemia and hypergly-
cemia,

Another 1,113 cases (41.5% of total) were evalu-
ated as the high risk group of metabolic syndrome that
showed the score of 4 and 5 with the visceral fat more
than equal 100 cm®. Among them 669 cases (26.0%)
showed at least one abnormality for hypertension (268
cases), dyshipiderma (279 cases), and hyperglycemia
(152 cases). The large differences among score

Table 2 Determination of metabolic syndrome case by score

o Score
Item Critena Trae| False
Abdominal CT | Visceral fat 2 100 cm? 4 0
Blood pressure | SBP 2 130 mmHg And/Or DBP285mmHg | 1 0
Blood lipid TG 2 150 mg/dl And/Or HDL-C <40 mg/dl 1 0
Blood sugar | FBS = 110 mg/dl 1] 0

Evaluation criteria for Metabolic syndrome case: sum of sore is more than equal 7.

Table 3 Classification of obesity type according to BMI and Visceral fat

BMI
25
Visceral | | " | G2: masked obesity | GI: Obesity High
fat G4: Healthy G3: Healthy obesity| Low
Low High

Copynight© 2008 JSHSS. All nghts reserved
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Table 4 Average values of clinical data for each group of Metabolic syndrome

Score 0 1 2 i 4 5 6* 7

Item | N 487 | 3ss | 128 15 | 414 | 699 | 446 | 141
Age (years old) 489 509 53.1 533 499 518 525 52.6
Height (cm) 169.1 | 1686 | 1674 | 168.6 | 169.7 | 1690 | 168.7 | 168.5
Weight (Kg) 62.0 62.4 62.5 65.9 69.7 TL1 72,1 73.6
BMI (index) 2164 | 2191 | 2229 23.14 | 24.19 | 2485 | 2528 | 25.86
Body fat (%) 17.86 | 18.81 | 1939 | 20.70 | 22.69 | 23.39 | 23.84 | 2512
Waist circumference 78.0 79.0 79.8 82.1 87.9 89.6 90.5 91.8

(cm)

Visceral fat (cm?) 58.1 64.8 724 883 1392 | 149.7 | 1572 | 167.6
Subcutaneous fat (cm?)| 85.6 89.3 977 | 1145 | 1384 | 1432 | 1463 | 1537
SBP (mmHg) 1129 | 1224 | 1323 | 1345 | 116.1 123.8 | 129.8 | 136.1
DBP (mmHg) 707 | 774 | 826 | 838 | 735 | 785 | 83.0 | 854
TG (mg/dl) 832 118.2 | 147.0 | 2013 | 98.6 1479 | 190.5 | 2304
HDL-C (mg/dl) 64.3 62.4 60.4 55.8 584 538 52.1 474
T-CHO (mg/dl) 189.0 | 1994 | 2040 | 218.2 | 2000 | 2048 | 207.7 | 2124
LDL-C (mg/dl) 1137 | 1202 | 122.0 | 1322 | 1280 | 1288 | 127.2 | 1290
FBS (mg/dl) 97.8 105.2 | 1139 | 1382 99.8 105.1 | 1146 | 1255
HOMA-IR (Ratio) 1.23 1.42 1.67 2,87 1.87 226 293 3.60
HbAlc (%) 5.10 5.7 5.38 6.17 5.14 5.27 5.51 5.84
UA (mg/dl) 5.83 5.90 6.01 5.96 6.19 6.34 6.32 6.59

*: diagnosed as metabolic syndrome.

groups were observed for fasting blood sugar (FBS),
triglyceride (TG) that showed large intra-individual
fluctuation.

The distribution of the four groups were as fol-
lowing: G1=908 cases, G2=940 cases, G3=77 cases
and G4=760 cases. Table 4 shows the average values
of each clinical item. In the case of setting the obesity
criteria for more than equal 25 of BMI, 1,848 cases
were evaluated as non-obesity. However, among
them 940 cases (G2: 50.9%) showed the visceral fatof
100 cm? and more. Furthermore, 267 cases among
940 G2 cases (28.4%) were metabolic syndrome.

<+ Discussion

According to the WHO criteria for obesity, a per-
son with BMI of 30 and more 1s diagnosed as obesity.
In the case of the Japanese, however, a light obesity
case may have higher possibility to cause lifestyle
related diseases. Thus the Japanese Society of Obe-
sity set the criteria of obesity for BMI of 25 and more.
In the occupational setting, we have experienced
many cases of lifestyle diseases among the persons
with BMI of 25 and less, especially among the male

Table 5 Clinical data of each of four groups defined by
BMI and Visceral fat

Group Gl | G2 | Gy | G4

ltem | N 908 | 940 | 77 | 760
Age (years old) 508 | 529 | 443 | 50.1
Height (cm) 168.7| 169.0| 169.8[ 169.2
Weight (Kg) 612 ] 664 750 | 773
BMI 21.50] 23.23| 25.95| 26.94
Body fat (%) 18.11] 21.76 | 22.44| 25.62
| Waist circumference (cm)| 78.0 | 86.0 | 868 | 94.2
[ Visceral fat (cm?) 61.6 | 137.8] 783 | 166.6
[ Subcutancous fat (cm?) | 84.2 | 120.2] 145.9] 1729
SBP (mmHg) 118.9]| 123.3] 1226/ 126.1
DBP (mmHg) 749 78.1 | 754 | 803
TG (mg/dl) 104.8| 145.8] 119.9] 164.1
HDL-C (mg/dl) 634 | 562 | 579 51.2
T-CHO (mg/dl) 194.8 | 204.1| 200.1| 206.3
LDL-C (mg/dl) 116.8] 126.2| 125.6] 130.8
FBS (mg/dl) 103.1] 106.8| 104.3] 109.5
| HOMA-IR (Ratio) 133 ] 203 | 1.99 | 298
| HbAlc (%) 522 | 532 520 540
[ UA (mg/dl) 584 | 624 | 639 | 643
| Number of case of Met S*|  — 267 ~ 320

*: Met S = Metabolic syndrome.

Copyright© 2008 JSHSS. All rights reserved



Development of the Automated Diagnosis CT Screening System for Visceral Obesity 37

workers. The recent researches have indicated that the
pattern of body fat distribution, such as existence of
visceral fat type obesity, has more important relation-
ship with the occurrence of lifestyle related diseases,
For this reason, the method for measurement of vis-
ceral fat has been attracting much concern.

In this study we have evaluated the visceral fat
volume of 2,685 males. This is the first large enough
study in this matter. In this study, we have categonzed
our cases into the following four groups according to
values of BMI and visceral fat; healthy, masked obese,
healthy obese and obese. The masked obese group
showed many abnormality in the clinical data just like
as obese group. On the contrary, healthy obese group
showed less abnormality compared with masked
obese group. This finding has suggested the impor-
tance of visceral fat accumulation as a nisk factor of
lifestyle related diseases.

Actually, in the most of the health check up
opportunities, obese cases are determined by results of
BMI and waist circumference measurements. The
visceral fat measurement tends to be limited to the
cases with waist circumference more than the pre-set
threshold. Our result has suggested that the case with
visceral fat of 100 cm? and more would more risk of
lifestyle related diseases and that its measurement by
CT scanner might be better method than measurement
of BMI and waist circumference. However, the num-
ber of capable institutions is limited and the cost of CT
based evaluation is also problematic. Considering the
imaging condition, the current method would no prob-
lem for radiation exposure, but further countermea-
sure will be necessary to lower the exposure level.

Another important merit of CT based measure-
ment of visceral fat is that this methodology makes the
health education more impressionable and effective
using the image of examined person. In our health
center, we have experienced many cases who tried
more actively for smoking cessation program after
showed the CT image of their lung with COPD. We
expect similar effect of CT image used health educa-
tion for metabolic syndrome. The CT image of vis-
ceral fat will keep one’s concern for the necessity of
reduction of visceral fat and then motivate client to
change one’s lifestyle healthier. In order to assure this
hypothesis, it will be necessary to conduct the further
studies for this topic. In fact we are now doing the fol-
low up study. We would like to show its result in
nearly future.

% Conclusion

Compared with the traditional methods that return
the only numenic data to the clients, the CT based vis-
ceral fat measurement might be more impressive for
them because of its visual characteristics. The current
research has showed that the CT based visceral fat
measurement might have more apparent relationship
with risk level of lifestyle related diseases and that this
method will be applicable for the prevention and treat-
ment of obesity.

“ Notes

*1 Radix, and *2 fatPointer are the registered
trademarks of Hitachi Medico.
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A study on accuracy improvement of lung cancer screening
in Okayama Prefecture
— Impact of a follow-up survey for diagnostic examination —
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Kenji Nishii, Mieko Masakage, Yoshiaki Moritani
Department of pulmonary medicine, Okayama Health Foundation Hospital

Abstract

To reduce the mormality rate of lung cancer with a mass screening, improvement of accuracy is need-
ed. Regarding an accuracy of lung cancer screening, it is important that how many of those who are
recommended to have further examination actually have it. It is also important to know this percent-
age. In the procedure of lung cancer screening in Okayama Prefecture, we keep track of the information
of further examination under combined effore of city governments or hospitals and gain good results.
In our system, we send an original formar regarding further examination with a stamped, self-addressed
envelope. Collating with Okayama Cancer Registry in end of the year improved the accuracy of these
rates. These efforts contribute us to recognize how many of those who are recommended to have fur-
ther examination actually have it (66.1 % in 2003 10 97.8 % in 20035) . This information helps doctors
checking X-ray films and contribute the improvement of accuracy of lung cancer screening.

Keywords: lung cancer screening system, quality control, a follow-up survey
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