Check for
updates

Korean Journal of Sport Science 2024, 35(1), 053-060

>
https://doi.org/10.24985/kjss.2024.35.1.53 K S PO

Original Article

Establishment of Obesity Diagnosis Criteria Using Body Volume
Index of 3D BodyScanner

Hyo-Jun Yun', Jiwun Yoon' and Minsoo Jeon®*

'Korea National Sport University
’Dankook University

Article Info

Received 2023.11.16.
Revised 2024.03. 20.
Accepted 2024.03.28.

Correspondence*
Minsoo Jeon
minsoo1144@dankook.ac.kr

Key Words

Obesity, BVI (Body Volume
Index), 3D BodyScanner,
Optimal Cut-Point

PURPOSE This study sought to establish obesity diagnosis criteria by using the Body
Volume Index (BVI) by body part extracted through 3D BodyScanner. METHODS
The body fat percentage was measured using Dual Energy X-ray Absorptiometer
(DEXA) for 225 participants (male = 119, female = 106), and BVI for eight body parts
was measured using 3D BodyScanner. Independent t-test and Receiver Operating
Characteristic (ROC) analysis were conducted. ROC analysis calculated the Area Under
the Curve (AUCQ), and the optimal cut-point by Youden's J index. Sensitivity, Specificity,
Accuracy, Balanced Classification Rate (BCR), and F1-score (harmonic mean of recall
and precision) values were calculated to verify the validity of the optimal cut-point.
RESULTS A statistically significant difference was observed in BVI by body part
according to whether obesity was present for both men and women, and the obese
group higher than the normal group. The optimal cut-point for each body part to
diagnose obesity was 7.96 for shoulder, 9.79 for chest, 7.15 for upper abdominal, 7.71
for lower abdominal, 14.89 for total abdominal, 9.79 for thigh, 5.70 for calf, and 74.96
for total body volume in men. In case of women, this was 6.04 for shoulder, 9.82 for
chest, 4.96 for upper abdominal, 6.23 for lower abdominal, 11.63 for total abdominal,
8.88 for thigh, 4.05 for calf, and 58.15 for total body volume, and the accuracy was
0.6~0.9. CONCLUSIONS BVl is a useful indicator for diagnosing obesity. However, this
can be applicable only to Asian adults since there may be differences depending on
race or age.
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3DFE Q] AAo|W| A& FEoto] AT AA Hopd &, g
], A& 5 =43 HBennett et al., 2022). o]= ¢ ¥ % =90t
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= o] ti(Heymsfield et al., 2018; Jeon et al., 2022). ©]&
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oI.
™o o

niH:r-{Ea

BodyScanners £ 3
At 71 AAsh= Aol

A

I

AT

o] AFofA AE Afo]2E XA317] G*Power 3 T2 WS &g
St tHErdfelder et al., 2007). +AIZH o2 a3=27] (B9 Al 15

Korean Journal of Sport Science 2024, 35(1), 053-060

LF()E HE &8, 544 458(1-9)S 44 ES=0.5, =0.05,
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AALES ZH317] Yo DEXA 4] (Model Lunar Prodigy, GE
Healthcare)E AH83F31 2™, DEXAE 53 dold AAIES
American council on exercise?] 7]&(male: 25% and higher -
obese, female: 32% and higher — obese)ol| WZ v]Tt} ZAo
2 BRI AAYES 2AR HT RS £7% A7 94=
H|TE 535, A4} 669 olH, oJ == v|gt 58, 4} 487 oltt.
AAFELE BVIE £7%517] 98 3D BodyScanner & H](Model
PFS-304, PMTinnovation)& AH&-3t9l o™, 32215 £0]7]

Table 1. Characteristic subjects (Mean £ SD)
hight (cm) weight (kg) BMI(kg/m?)

gender age (yr)

male e 0.187 1753470 77.06129  25.043.5
(n=119)
fomale 1105 1634564 6074108 227440
(n=106)
total

+ + + +
(s 04101 1697590 6934145 239439

Fig. 1. 3D BodyScanner measurement
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9151 e o] Bojoh Am Ho|x, oL AXE HED)T
AR Z Bo| 25 2ot 4 A REF0] I Eojof Fo g 4
2E 283519tk 3D BodyScannersS £33 A HE AlA|RE
BVIE 87FA]o]tH(shoulder body volume, chest body volume,
upper abdominal body volume, lower abdominal body
volume, total abdominal body volume, thigh body volume,
calf body volume, total body volume). =& &%  HE7}o|A|
S 9 AR O] tof WS-E Wl FH] o] tisto] FE5] &
e AR 5 o] SAstlom AA BE B9 BVIS ©9l= /4

H|qto] Hof k2 A4 F-9E BVIE H|wol] 9o S=HEE A5
AABtY o 83137]E cohen's d2 AMESFY ) ESH vg Ak
718 23517 Y8 ROC(Receiver Operating Characteristic)
BAS AASHETE ROCEAL AUC(Area Under the Curve)
£ AFEot9l o, Youden's J X&) 93t optimal cut-pointE
A&ttt AUCE ROC FAolA F4 ofgiel 3= HEE 9
njstH, 19] 7W7&E 4t |88 S 7= A 9u|gth
AUCY] H7}71&2 0.9-1=excellent, 0.8-0.9=very good, 0.7-
0.8=good, 0.6-0.7=sufficient, 0.5-0.6=bad, 0.5<not useful°]
HSimundi¢, 2009). 3t cut-pointo]l BFFEE Ql5t7] 95
Sensitivity, Specificity, Accuracy, BCR(Balanced Classification

ey TPEIN el
TP+ FN+ FP+ TN Obe Nor
BCR = +/Sensitivity < Specificity
Fl— score — 2 X Precision X Recall Obe | TP FP
Precision + Recall Cla
Nor | FN | TN
Sensitiwity = _mw
/ TP+ FN Cla: classification
e TN ) .
Specificity = FPE TN Obe: Obesity
Nor: Normal

Fig. 2. Validity index calculation formula

Table 2. Verification of volume differences by body part according to obesity

Rate), F1-score(harmonic mean of recall and precision) &<
Ar&3I ). Specificity, Accuracy, BCR, F1-score AF&3-4]-2 o}
< (Figure 2)%} Ztt.

Fl-scorex= Preceision®} Recall®] ¥uFAQl Ho] ofd %
Sl IS UEtfE FO 2 Precision TP/(TP+FP)E A&},
Recall2 Sensitivity?} 22 W (TP/(TP+FN)) o2 AFEEch &
£ 242 Bxcel Ver 20137} IBM SPSS Ver 25.0& &-&351910H,
RE SAY Foes 058 At

Nk
H|ho] o] w2 AVA| -9 BVI ¥l

Hgho] Bof| W2 AA|EYH BVI B|ug Ay}, 8712 RE body
volumeollAl BAIHL2 F2Jgt 2to] 7} Lreltom, H|gto] AR
TE} body volume©] B &2 A 2F YET),

A
=

ulgt A 7]

ox

(ROC £4)

=

)Y
M

H|gE A 7] 43S 918 ROCEAS AAlstglon, ROCEA
9] AUCY] Z3}+= thd (Table 2)9F 2t A= total abdominal
body volume®llA 7H =2 AUCH (0.940)°] Yeltor, ofz}=
lower abdominal body volume®l|A] 7} &2 AUCZE (0.878)°]
e 9hH ) J7ke} of 2} 5 thigh body volume©l Al 7H &
2 AUCEH (&3 = 0.651, %I} = 0.612)°] YEFZETE.

Hgk Ak 7]& AHE 98l Youden's ] X4l 2J3F Otimal
Cut-PointE 4t&%t 23 thF (Table 3)3 2t} 9249 3¢
shoulder= 7.96, chest=9.79, upper abdominali= 7.15, lower
abdominal& 7.71, total abdominal+ 14.89, thigh+ 9.79, calf
+ 5.70, total body volume® 74.96°.%2 et ofx}o] F9-
shoulder: 6.04, chest:= 9.82, upper abdominal= 4.96, lower
abdominal+= 6.23, total abdominal+= 11.63, thigh+ 8.88, calf
+ 4.05, total body volume+ 58.15% WERGTE

Obesity(¢) normal(¢)

Obesity(¢) normal(?)

gender Variable (MiSD)  (M£SD) t )4 d gender Variable (MiSD)  (M£SD) t )4 d
A 9.2+1.62  7.6£1.44 5737 <0.001 1.051 A 7.3+146  57£1.11 6463 <0.001 1.218
B 11.0£1.28  9.0+1.24  8.629 <0.001 1.590 B 11.242.05 8.7+1.41 7.074 <0.001 1.397
C 8.2+1.19  6.0+0.98 11.305 <0.001 2.040 C 6.2+1.44 44+0.89 7.881 <0.001 1.472

ale D 8.8£1.02  6.840.94 11.263 <0.001 2.048 fomale D 74+143 56086 8.092 <0.001 1.492
E 17.0+2.17 12.7€1.86 11.587 <0.001 2.146 E 13.6+2.85 10.0£1.71 8.109 <0.001 1.498
F 10.7£2.04 9.842.29 2352  .019 0412 F 9.241.92  8.5+£2.04 1985 0.05 0.354
G 5.7+1.02  4.9+0.80 5.178 <0.001 0.885 G 44+0.76  4.0£0.79 2.828 <0.001 0.517
H  86.2+10.88 71.4£9.53 7.885 <0.001 1.458 H  68.7+10.32 57.6£8.00 6.106 <0.001 1.188

A: shoulder, B: chest, C: upper abdominal, D: lower abdominal, E: total abdominal, F: thigh, G: calf, H: total body
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Table 3. AUC of body volume by body part for obesity classification

. 95% C1 . 95% CI
gender Variable AUC SE )4 gender Variable AUC SE )4
Lo Up Lo Up
A 0.760 0.043 <001  0.675 0.844 A 0.824 0.040 <001  0.746  0.903
B 0.875 0.031 <001 0813  0.937 B 0.859 0.036 <001  0.789  0.930
C 0.937 0.021 <001  0.895  0.978 C 0.870 0.033 <001  0.805  0.935
e D 0.934 0.023 <001 0889  0.979 fomale D 0.878 0.032 <001 0815  0.940
E 0.940 0.021 <001  0.899  0.981 E 0.877 0.032 <001 0814  0.940
F 0.651 0.050  0.005 0552 0.750 F 0.612 0.055  0.048 0503  0.720
G 0.745 0.046 <001  0.656  0.834 G 0.645 0.054  0.010 0.538  0.752
H 0.849 0.034 <001 0.782 00916 H 0.809 0.042 <001 0.726  0.892
A shoulder, B: chest, C: upper abdominal, D: lower abdominal, E: total abdominal, F: thigh, G: calf, H: total body
Table 4. Optimal cut-point and validity by Youden's J index
gender Variable  Youden’s J Cut-Point(¢) Sensitivity Specificity BCR Accuracy Fl1-score
A 0.402 7.96 0.811 0.591 0.692 0.689 0.699
B 0.652 9.79 0.849 0.803 0.826 0.824 0.811
C 0.743 7.15 0.849 0.894 0.871 0.874 0.857
D 0.766 7.71 0.887 0.879 0.883 0.882 0.870
male E 0.743 14.89 0.849 0.894 0.871 0.874 0.857
F 0.274 9.79 0.698 0.576 0.634 0.630 0.627
G 0.392 5.70 0.528 0.864 0.675 0.714 0.622
H 0.546 74.96 0.849 0.697 0.769 0.765 0.763
A 0.542 6.04 0.897 0.646 0.761 0.783 0.819
B 0.588 9.82 0.776 0.813 0.794 0.792 0.804
C 0.578 4.96 0.828 0.750 0.788 0.792 0.814
female D 0.595 6.23 0.845 0.750 0.796 0.802 0.824
E 0.613 11.63 0.759 0.854 0.805 0.802 0.808
F 0.239 8.88 0.552 0.688 0.616 0.613 0.610
G 0.242 4.05 0.638 0.604 0.621 0.623 0.649
H 0.539 58.15 0914 0.625 0.756 0.783 0.822

A shoulder, B: chest, C: upper abdominal, D: lower abdominal, E: total abdominal, F: thigh, G: calf, H: total body

&9
Hgho] Fof| w2 AIAEQE BVIE Hlwg A¥et ROCEA Y

AUCHS FH o2 B I+ total abdominal body volume
oA effect size®} AUCHC] 7Hg &A YETt o= ¥xte] 4
L HYHE Adsl=d| 9lo] total abdominal body volumeZ} 7}
A Wy Qe A=t dFdETh oA+ total abdominal body
volume©l| 4] effect size7} 7V A Uehd ¥HH AUCE-S lower
abdominalol A 7} =4 Yebgtt. 234 total abdominal
body volume®} lower abdominal®] effect size®} AUC#EC] &
2ol 7k ERLEA] oFot F BiQl M H|ThS Xdhol=d] glo] HE

o] & At wtErh 635582 WA 2R BMI, WC, waist-to-
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height ratio (WHtR) and waist-to-hip ratio (WHR)S} A48 ¢
A3 AGE TA ) B2¥, WHR, WC, WHR. BMI=C.&2 #H3 4
o] =& 7o & yepkon(Pischon et al., 2008), B2 Aol A
HThS Aghol Slo] BMIE T BR37 Z|4=7F ai&olzty B
5kl ith(Ashwell et al., 2012; Browning et al., 2010; Lee et
al., 2008; Savva et al., 2013). o] AFoAE i L5F EREIH
W7} oh 2 o] H]3 effect size@F AUCZEO] &4 UEh} ER
9] AHo] o2 99| A HHT} HghE Mol 383t HQlo]
2t wE

59 HlEke Adsly] 98] BMI, WC, WHR, WHtRO] tigt
Optimal Cut-Pointg 4AH&E3 A5 @ol XY= o] HTHOh,
2011; Park et al., 2018:; Seo et al., 2009; Shao et al., 2010). §+
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91-S Ao & §F BMI, WC, WtHR Optimal Cut-Point®] 917+
T Eo|xE AWEd, oF 0.6~0.8 S 7IA L JoH(Park
et al., 2018; Seo et al., 2009), & ofA|o}A|Ql F=Q1-S A}
Kl Oq:rL—J e} Sol e H3 HeE UERlth (Shao et

., 2010). ©] @0l A AAFELE body volume Optimal Cut-
Pomt«] N B0l 9] 9= 9F 0.6~0.92 Ve APdA+
9] v]:3t 23E YERET 55], 23 body volume Optimal
Cut-Point9] Accuracy= 0.8 o4O 2 &2 HIr- = et vt
©H, thigh. calf9] Zq51'5“ °F 0.6 A=ZS YR} v nF ¥ A5t

T YER o= AARS F vk Fdsly] st R e BY
o} At I Ol ‘21 ZAog woto] =W WiHR} WC7F BMIE
o 52 ERASEE HRltE ApAATe kel YX|gck(Park

et al., 2018:; Seo et al., 2008).
u|ukSe xlu}om 1qoﬂ BMI, WC, WHR, WHtRoll tigt Optimal

Cut-PointE 4H&3F A0l Hlsf BVIS #H A4EL £
A Qkokth ol BMI, WC, WHR, WHtRE 4%, B5A, s&9&
g, JFolEH TS 7HA I A& ¥ 5= Q= B, BVIE 58 &
| =3 7}s5kl7] wiZoltt. ol2igt SHolA BVIZF &
A S 5 Aok 2y 2 Ber)ey U
ZHEgE AelE Bofl AAE9E BVIE A=l |
1 3D BodyScanner& 53t QA& A7t &yt
3] o] A1 i (Medina-Inojosa et al., 2016, 2017; Silver &
Wilson, 2020). ©2kA] o] A39] A= 3D BodyScanners &3l
Qo7 BVIY #to & vy Ast7] $13 Optimal Cut-PointE
AbEsl Tk HollA 9u)7t Q& Aot

T2 o] AollA AAISE AA|E-E Cut-Point= I8HEHE =
S Zoltt. o] Cut-Point= AFH Aol wpetA Zpol7} et
g & Q7] wi&olth. opAlorl *1%“’10“ Hlsf| 54 BMI®F WC
o B33 =2 AALES Hol 17|(Hyun et al., 2008; Li et
al., 2008) W&ol 1&l ‘I}E}*‘] H|THE Xdels 7]&o] tam,
0|2} H|S=3t o] G2 Ao Cut-Point= EefAof 517] wj&o]tt,
o] A= AR =S Hd & o137 wiol 0}/‘10}74]94 gl
of g =lo] Cut-Points & = Q& Zo|H. 2T AFofA=
ot o R A7t 2= ofoF & Aolt}.

o
Sl_

_EL_P*F

[kis
o 270
Hof| A
H]j’_
9o

o MU ox mu -~
o, I of

L 4 o o
T i

s
5l
o]

a8

o] Aol A= 87H2] BVIOIA] H|gto] AT} 2 o= 1}
Bt o™, Optimal Cut-Point®] A& %=+ 0.6~0.92 YeFGT. 41
A FE-H BVI Optimal Cut-Points= FAHe] 49 shoulder= 7.96,
chest= 9.79, upper abdominali= 7.15, lower abdominal+=
7.71, total abdominal® 14.89, thigh®= 9.79, calf+= 5.70, total
body volume= 74.960]H, o{Z}9] 7% shoulder+= 6.04, chest
+= 9.82, upper abdominali= 4.96, lower abdominal+= 6.23,
total abdominal® 11.63, thigh+ 8.88, calf+ 4.05, total body
volumet= 58.150]t}. o] &gt A3t QIFolyt Aol wat &fol7t
e &= 917 fiioll /4 obxJorRle] g ste] H-8o] 755ttt
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