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Objectives The waist circumference has been known as an obesity index reflecting the
visceral fat, This study was conducted to investigate the obesity index of what can be pre-
dicted visceral fat obesity.

Methods 121 test subjects who have BMI=30 or BMI 27 ~ 29 9 with having more than
one high blood pressure, diabetes, and hyperlipidemia were gathered in the Gachon
University Korean medical hospital, The relationship between obesity index, the abdominal
fat area, and the metabolic syndrome component analyzed using Pearson correlation
analysis, The obesity indices, that are largely used in clinics such as waist circumference
(WC), HC (hip circumference), body mass index (BMI), waist-hip ratio (WHR) and
waist-height ratio (WHtR). Total fat area (TFA), visceral fat area (VFA), subcutaneous area
(SFA) and visceral fat/subcutaneous fat ratio (VSR) that was measured from CT,

Results 1. Total fat area (TFA) was positively correlated WC, BMI, HC. 2. The subcutaneous
fat area (SFA) was positively correlated HC, WC, BMI. 3. The visceral fat area (VFA) did not
show a strong correlation with obesity indicators,

Conclusions It was found indices of obesity and visceral fat area is a high correlation,
BMI, WC was the obesity index showed a high correlation as the SFA, TFA, (J Korean Med
Rehab 2016;26(1):103-111)
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Table I. General Characteristics of All Subjects (N=121)

Variable Mean+SD (Min, Max)
Age 42,9919.97 (18.00, 60.00)
Weight, kg 83.23+12.55 (58.00, 125.40)
Height, cm 159.3315.96 (144.40,182.2)
BMI, kg/m’ 32.73+4.17 (27.00, 49.5)
WC, cm 104.77%£9.93 (88.70, 145.50)
HC, cm 111,78+8.37 (94,70, 143.30)
WHR 0.94+0.04 (0.81, 1.04)
WHtR 0.70%0.34 (0.53, 3.33)
TFA, cm’ 523.361+146.94 (89.72, 1074.62)
VFA, cm’ 149.05+54.61 (45.88, 343.52)
SFA, cm’ 374.87%121.19 (83.00, 868.12)
VSR 0.42+0.19 (0.13, 1.04)
SBP, mmHg 125.64110.44 (97.00, 143.00)
DBP, mmHg 80.8+8.14 (61.00, 100.00)
Glucose 95.651+14.84 (1.20, 138.00)
HDL-C, mg/dL 166.65+215.49 (31.00, 825.00)
TG, mg/dL 141.361100.95 (33.00, 769.00)

WC: Waist Circumference, HC: Hip Circumference, WHR:
Waist-to-Hip Ratio, WHtR: Waist-to-Height Ratio, TFA: Total
Fat Area, VFA: Visceral Fat Area, SFA: Subcutaneous Fat Area,
VSR; VFA/SFA ratio, SBP: Systolic Blood Pressure, DBP:
Diastolic Blood Pressure, HDL-C: HDL, Cholesterol, TG:
Triglyceride.

4379(35.5%), S0th= 3678(29.8%)0It}. HdE AT
83.23%12.55 kg, Wt 2V 159.3345.96 cm, Bt
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523.36:146.94 cm’, Bt WWAAMEEAE 149.05£54.61
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Table II, Comparison Analysis by Ages

Variable

Weight, kg
Height, cm
BMI, kg/m’
WC, cm
HC, cm
WHR

WHtR

TFA, cm’
VFA, cm’
SFA, cm’
VSR

SBP, mmHg
DBP, mmHg
Glucose
HDL-C, mg/dL
TG, mg/dL

20s(—), N=15

92.01%+15.44"
161,72%4.46
35.10+5.24
110.38+12.13"
116,91£10.75"
0.94+0.03
0.861+0.69
587.071+250.44
134.27£76.01
492.62+166.19"
0.27%0.15°
124.13+8.81
80.00+8.41
96,0013 44
97.53+179.17
136.33£83.78

30s, N=27

87.03+11.7"
161.18+6.62
33.58+4.81
106,82+10,43%
114.17+7.85°
0.94%0.05
0.66+0.07
526.35+143.55
134.23+45.80
372494125 43"
0.3740.14™
124.56+10.06
81.04%7.11
94.65+11.72
216.41+220.64
136.96%+136.85

40s, N=43

81.63+12.22™
158.86+5.11
32.27£4.02
103.85+10.01"
110,73 +7.89"™
0.9440.04
0.65%0.06
513.34+135.74
150.93+53.65
362.41+106.01"
0.44+0.18%
127.05+9.76
81.02%8.07
96.19+12.25
205.31+239.78
147.05£109.33

50s(+), N=36

78.65+9.74°
157.50%6.42
31,6312.68
101.98+7.25"
109.12%6.99°
0.94+0.04
0.72%+0.42
506.56+96.77
164,08+48.99
342.48+83.18"
0.49+0,22°
125.39+12.2
80.69%9.09
95.59£19.92
111.94+179.84
139.94+61.72

p-value

0.001**
0.032
0.028
0.025*
0.006**
0.936
0.218
0.323
0.117
0.000**
0.001**
0.709
0.977
0.981
0.081
0.973

WC: Waist Circumference, HC: Hip Circumference, WHR: Waist-to-Hip Ratio, WHtR: Waist-to-Height Ratio, TFA: Total Fat Area,
VFA: Visceral Fat Area, SFA: Subcutaneous Fat Area, VSR: VFA/SFA ratio, SBP: Systolic Blood Pressure, DBP: Diastolic Blood
Pressure, HDL-C: HDL. Cholesterol, TG: Triglyceride.
*p<0.,05, *p<0.01.

Table III, Correlation Analysis on Overall Sample (N=121)

BMI
BMI 1.00
wWC 0.83**
HC 0.87*
WHR 0.27%
WHtR 0.13
TFA 0,82
VFA 0.46%
SFA 0.74**
VSR —0.12
SBP 0.16
DBP 0.13
Glucose —0.04
HDL-C —0.05
TG —0.06

WC HC
1.00
0.88* 1,00
0.60™  0.16
0.17*  0.16
0.85"  0.82%
0.38™  0.31*
0.78%  0,79*
—0,22% —0,28%
0.04  0.06
0.09  0.11
0.02 001
—0.11 —0.04
—0.06 —0.11

1.00
0.08
0.38*
0.24*
0.29*
0.00
—0.02
0.01
0.03
—0.17
0.05

WHR  WHtR  TFA

1.00
0.13 1.00
0.01  0.46*
0.15  0.83*
—0.07 —0.20*
0.12  0.11
0.12  0.17*
0.04 0.03
—0.08 —0.09
0.01 —0.05

VFA

SFA

1.00
0.23*
0.65*
0.12
0.07
0.06

—0.15
0.07

1.00
—0.48*
0.04
0.15
0.03
—0.05
—0.07

VSR

1.00
0.11
—0.02
0.07
—0.09
0.21

SBP DBP Glucose HDL-C TG
1.00

0.51" 1,00

—0.07 —0.14 1.00

0.26* —0.13  0.04 1.00

0.07 0.17*  0.02 —0.12 1.00

WC: Waist Circumference,

HC: Hip Circumference, WHR: Waist-to-Hip Ratio, WHtR: Waist-to-Height Ratio, TFA: Total Fat Area,

VFA: Visceral Fat Area, SFA: Subcutaneous Fat Area, VSR: VFA/SFA ratio, SBP: Systolic Blood Pressure, DBP: Diastolic Blood
Pressure, HDL-C: HDL, Cholesterol, TG: Triglyceride.
*<0.05, *p<0.01,

VERHIL, WHRS glucose, TFAS] o & Zbz}
& JTIAE eI TFAS WC, HC, BMI, WHR
o] IS UERI O, SFAE WC,
2 o] JHIAE Ve
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Table IV, Correlation Analysis on 20s(—) (N=15)

BMI
BMI 1.00
WwC 0.90**
HC 0,94
WHR 0.31**
WHR 0.15
TFA 0.88*
VFA 0.53*
SFA 0.93**
VSR —0.01
SBP 0.22*
DBP 0.35*
Glucose —0.02
HDL-C —0.27*
TG 0.28*

WC

1.00
0,94+
0.59
0.33"
0.94*
0.33"
0.96*
—0.20*
0.18*
0.46*
—0.02
—0.16
0.33"

HC

1.00
0.29*
0.26*
0.91%
0.37*
0.95*

~0.13
0.23*
0.49*
0.20*

—0.18*
0.46™

WHR

1,00
0.35*
0.52"
0.03
0.45"

—0.20*

—0.01
0.13

—0.53

—0.01

—0.17

WHIR

1.00
0.29*
0.14
0.28*
0.02
0.51%
0.37"
0.16
—0.12
0.22¢

TFA

1.00
0.23*
0.89"

p— O. 34**
0.31°*
0.39
0.00

~0.07
0.23*

VFA SFA VSR SBP DBP  Glucose HDL-C TG
1.00
0.42* 1.00
0.83* —0.09 1.00
—0.28* 0.21*  —0.49** 1.00
—0.10 0.36** —0,29* 0.22* 1.00
—0.17 0.01 —0.12 0.20* 0,43 1.00
—0.10 —0.15 —0.03 —0.29* —0.57* —0.01 1.00
0.00 0.33* —0.10 0.16 0.58* 0,82 —0,30* 1.00

WC: Waist Circumference, HC: Hip

Table V, Correlation Analysis on 30s (N=27)

Circumference, WHR: Waist-to-Hip Ratio, WHtR: Waist-to-Height Ratio, TFA: Total Fat Area,
VFA: Visceral Fat Area, SFA: Subcutaneous Fat Area, VSR: VFA/SFA ratio, SBP: Systolic Blood Pressure, DBP: Diastolic Blood
Pressure, HDL-C: HDL. Cholesterol, TG: Triglyceride.
*p<0.05, *p<0.01.

BMI

BMI 1.00
wWC 0.83**
HC 0.89*
WHR 0,32**
WHIR 0.87**
TFA 0,89
VFA 0.64*
SFA 0,65
VSR —0.12
SBP 0.30*
DBP 0.06
Glucose —0,24*
HDL-C 0.40**
TG —0.25*

WwC

1,00
0.84"
0.70"*
0.94"
0,84**
0.65*
0.56"

—0.01
0.18*
0.06

—0.25*
0.24*

—0.15*

HC

1.00
0.20*
0.85*
0.85*
0.557
0.63*

—0.15
0.28*
0.09

—0.41%
0.32%

—0.25°

WHR WHtR  TFA

1.00
0.57*
0.39*
0.42*
0.18*
0.17
—0.07
0.01
0.07
—0.01
0.08

1.00
0.54**
—0.20*
0.18*
0.11
—0.28*
0.32%*
—0.36"

1.00
0.64*
0.68"

—0.15
0.19*
0.06

—0,24*
0.30"

—0.18*

VFA SFA VSR SBP DBP Glucose HDL-C TG
1.00

0,42%* 1.00

0.53*  —0.47** 1.00

0.24* 0.22* 0.01 1.00

0.18* 0.14 0.04 0.18* 1.00

0.04 —0.12 0,22 —0.,31* —0,23* 1.00

0.05 0.44™ —0,32* 0,45 —0,27* —0.17 1.00

0.19*  —0.21" 0.59* 0.02 0.15 0.08 —0.25* 1.00

WC: Waist Circumference, HC: Hip Circumference, WHR: Waist-to-Hip Ratio, WHtR: Waist-to-Height Ratio, TFA: Total Fat Area,

VFA: Visceral Fat Area, SFA: Subcutaneous Fat Area, VSR: VFA/SFA ratio, SBP: Systolic Blood Pressure, DBP:

Pressure, HDL-C: HDL. Cholesterol, TG: Triglyceride.
*p<0.05, *p<0.01.

N
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o

A

Fol JHEAE vEhlen, WCE WHRR,

HC, TFA, WHR, VFA, SFA 5¢] 02 =2 oko] A3}
IAE e HCE WHIR, TFA, SFA, VFA 5¢] &=

=

AL,

Fo] HJuEAE vERlal, WHRE WHtRY
WHR-Z TFA, SFA, VFA®] S

Diastolic Blood

2 Ee o JHHAE JERH TFAE BMI, HC,
WC, WHR| =02 & ko] S vehyon,

VFAE WC, BMI, HC, WHRR 52| 08 =& ko] 4
TEAIE el oW, SFAE BMI, WHIR, HC, WC S¢]
TAR 2 o JHAE YERH
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A A o 2o
BMIE= HC, WC, WHIR, TFA, SFA, VFA &
o] ¢£o7 ol FHAHAE JERILeH, WCE
WHtR, HC, SFA, TFA, WHR 5¢| o2 =& ko] 4
APAS JERYE HCE WHIR, TFA, SFA 59] 02
=2 oo AHEAE JEblaL, WHRS WHIR, TFA,

o
A

SFAGS] AR =& ko] AAIAIE, WHIRS TFA,
SFAS] 07 =& ko] HJHAAE YePIL:. TFAS

WC, WHR, HC, BMI, WHR®] 402 =& ofo] 23y}
A et om, VFAE BMIS} 2 ko] AalE
Bl o, SFAE WC, HC, WHIR, BMI, WHRS 9] <=A]
2 =L o JHIAE YERLh

5) 50cH O|&of|A{e] abzhzkA|

sor) ool 7 A|ERbe] AEA A thew)

ZCH(Table VII), BMIE= HC, TFA, WC, SFAS] <=0 &2 7}
Z]l- %7 OO]:7 OO}:; %“4 %"\% )\O}T&%ﬁ]—é— q—ﬂ-}/y\g]l]y WC—C

HC, TFA, SFA 5¢] 08 =2 ofo] AAAAS Vel
T}, HCE TFA, SFAS] £0& =2 oko] AAFAE U}
ERYTH TFAE WC, HC, BMIQ] 08 =2 ofFo] A3k

Table VI, Correlation Analysis on 40s (N=43)

WAE el o, SFAS HC, WC, BMI®] =08 77}
F, & =9 =2 REAE vt

o

TZA»»»

Hain|uke] HrpA] £ ke
HAe)SU (WO 7% WgAMEs g deEe] w1
olellr ZAsE] 47] wiel] taETTet Adw
Agte] 7R diZake 71 o AFE LA 9
o aeg Al WAAEES vhedshs HH AL
A g2t Brle of@e Zwo| glojA, MapdzARY 1)
g FAL AN AFE GEEAS B8 WA
A 2AFAY WA/ Bs A AFuE 3]
Aap7)w= g,

HAZol= Hgsdes Agor WA a4
(WHR)7}F sl2iEdlol] ws) g, H8d dse] 947
o [ A uﬂE} 2 Ravs g 5 71+4
e, ALFATE Hste]l drESr 9%
o|Z3l7] $Jgk AA AF ek ATE o] Fol AT 9,19.
o, G A7) ol eS| £-83 dlEA %
2 3 AguE A & Jrks B g

4

Fﬁ

N\

BMI WwC HC WHR  WHtR TFA
BMI 1.00
WC 0.83** 1.00
HC 0.89** 0.89™* 1.00
WHR 0,32 0.68* 0.27* 1.00
WHItR 0.81* 0,94** 0.80* 0,70 1,00
TFA 0.79** 0,84 0.80** 0,50 0,81 1,00
VFA 0.61* 0.47*  0.44*  0.26*  0.48* 0.69**
SFA 0.71* 0.85=  0.80™  0.50** 0,79 0.93*
VSR 0.01 —0.26* —0.27* —0.13 —0.20* —0.15
SBP 0.10 —0.02 —0.02 —0.02 0.03 0.07
DBP 0.12 0.14 0.08 0.18* 0.12 0.27*
Glucose —0.02 0.00 0.12 —0.18* —0.01 0.06
HDL-C —0.31% —0.,33* —0.27* —0.28* —0.,24* —0,38"
TG 0.08 0.01 —0.05 0.09 —0.01 —0.01

VFA SFA VSR SBP

DBP Glucose HDL TG

1.00
0.38*  1.00
0.58** —0.49*  1.00

0.27 —0.05 0.25*  1.00
0.26* 0.22* 0.03 0.69*  1.00
—0.12 0.14 —0.20* —0.13 —0.19* 1.00
—0.22* —0.37% 0,04 0.33* —0.08 0.12 1.00

0.01  —0.02 0.09 0.03 0.14 —0.22* —0.06 1.00

WC: Waist Circumference, HC: Hip Circumference, WHR: Waist-to-Hip Ratio, WHtR: Waist-to-Height Ratio, TFA: Total Fat Area,
VFA: Visceral Fat Area, SFA: Subcutaneous Fat Area, VSR: VFA/SFA ratio, SBP: Systolic Blood Pressure, DBP: Diastolic Blood

Pressure, HDL-C: HDL. Cholesterol, TG: Triglyceride.
*<0.05, *p<0,01,
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Table VII, Correlation Analysis on 50s(+) (N=36)

BMI WG HC WHR  WHtR  TFA VF SFA VSR SBP  DBP Glucose HDL-C TG
BMI 1.00
WC 0,68  1.00
HC —0.73*  0.84"  1.00
WHR 0.04 0.44* —0.12 1,00
WHR  —0.15 —021 —0.11 —0.22* 1,00
TFA 0.72* 081 081" 014 —0.39*  1.00
VFA 0.43*  0.42*  031* 025 —0.26* 0.51* 1,00
SFA —0.59"  0.69* 0.77* 0,01 —0.30* 0.86* 0,01 1,00
VSR 0.03 —0.04 —0.16 0.15 —0.02 —0.09 0.74* —0.54**  1.00
SBP 0.22*  0.03 0.03 0.02 0.04 0.02 0.06 —0.01 013  1.00
DBP 0.13 —0.15 —001 —0.24* 0,07 —003 —0.11 0.03 —0.04  0.60* 1,00
Glucose 0,10 0.23*  0.05 0.32*  0.04 0.21*  0.32* 005 024" —0.01 —0.23* 1.00
HDL 0.00 —0.12 0.04 —0.24* —0.,07 0.00 —0.20* 012 —0.16 0.21* 0.00 010 1,00
TG —0.26* —0.42* —046* 0,01 —001 —0724 009 —0.33 0.26* 0.19 0,12 001 002 1,00

WC; Waist Circumference, HC; Hip Circumference, WHR; Waist-to-Hip Ratio, WHtR; Waist-to-Height Ratio, TFA; Total Fat Area,
VFA; Visceral Fat Area, SFA; Subcutaneous Fat Area, VSR; VFA/SFA ratio, SBP; Systolic Blood Pressure, DBP; Diastolic Blood
Pressure, HDL-C; HDL-C. Cholesterol, TG; Triglyceride.

*p<0.05, *p<0.01.
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