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Table 1. Anthropometric Variables in the Study

Subjects

Variables Female (n=261) Male (n=84)
Age (yr) 40.1+15.0 36.8+16.6
Weight (kg) 68.5+11.9 81.3+18.0
BMI (kg/m®) 279+ 4.4 287+ 4.1
WC (a)(cm) 93.6+11.9 96.7+13.5
WCI1 (cm) 849+ 8.6 92.8+10.2
WC2 (cm) 89.4+10.4 93.6+ 9.8
WC3 (cm) 88.9+10.0 93.8+10.2
HC (a)(cm) 100.8+ 7.5 102.8+ 9.1
HC (cm) 99.5+ 7.5 100.2+ 7.5
WHR (a) 0.93+0.06 0.95+0.05
WHR1 0.85+0.06 0.92+0.05
WHR2 0.90+0.07 0.92+0.04
WHR3 0.89+0.07 0.93+0.05

WC(a): Waist circumference measured by Inbody 3.0
HC(a): Hip circumference measured by Inbody 3.0
WHR(a): WHR measured by Inbody 3.0

WC1: Waist circumference measured by nonelastic
tape at the midpoint between lower border of the rib
cage and the iliac crest

WC2: Waist circumference measured by nonelastic
tape at the umbilical level

WC3: Waist circumference measured by nonelastic
tape at the iliac crest

HC: Hip circumference measured by nonelastic tape
at the widest area of buttock

WHR1:WC1/HC; WHR2:WC2/HC; WHR3:WC3/
HC

A 5 SNE Aoz 3 BRuke] Holdf wke)
s ASA9] W7k
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= (sensitivity), 5] (specificity),
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T ZAA A G2 S >90 em, AR} 75 >80
emZ 313'%, WHRe 2|3t Holze waje] 3¢
>0.90, dx}e] 7% >0.852'" 3Tk BA Z2IH
& SAS 8.02% ARESIPL™ pEro] 0.05 HWY uf
frojsivtar A3

= (negative
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Table 2. Mean Differences of the Values
between Automatic Measurement and
Manual Measurements of the Waist
Circumference, Hip Circumference and
WHR

Mean+S.D. (Range)
7.81+5.72 (-8.2~24.2)
4.20+6.51 (-16.3~20.0)
4.68+5.99 (-9.7~18.9)
1.60+6.20 (-9.4~13.1)
0.67+0.60 (-0.07~0.27)
WHR(a)-WHR2 0.31£0.63 (-0.14~0.23)
WHR (a)-WHR3 0.36+0.60 (-0.15~0.26)

All differences are statistically significant in p-value
<0.05 by paired-t test
WC(a): Waist circumference measured by Inbody 3.0

WC(a)-WCl1(cm)
WC(a)-WC2(cm)
WC(a)-WC3(cm)
HC(a)-HC(cm)
WHR(a)-WHR1

HC(a): Hip circumference measured by Inbody 3.0
WHR(a): WHR measured by Inbody 3.0

WCI1: Waist circumference measured by nonelastic
tape at the midpoint between lower border of the rib
cage and the iliac crest

WC2: Waist circumference measured by nonelastic
tape at the umbilical level

WC3: Waist circumference measured by nonelastic
tape at the iliac crest

HC: Hip circumference measured by nonelastic tape at
the widest area of buttock

WHR1:WC1/HC; WHR2:WC2/HC; WHR3:WC3/
HC

2
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(Table 1).
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WHR(a): WHR measured by Inbody 3.0

The differences between automatic measurement and manual measurements of waist
circumference among the subjects at BMIz3Okg/m2 were statistically significantly greater
than those among the subjects at any other BMI categories.

WC(a): Waist circumference measured by Inbody 3.0

HC(a): Hip circumference measured by Inbody 3.0

WCI: Waist circumference measured by nonelastic tape at the midpoint between
lower border of the rib cage and the iliac crest

WC2: Waist circumference measured by nonelastic tape at the umbilical level
WC3: Waist circumference measured by nonelastic tape at the iliac crest

HC: Hip circumference measured by nonelastic tape at the widest area of buttock
WHR1:WC1/HC; WHR2:WC2/HC; WHR3:WC3/HC

Fig. 1. Mean differences of the values between automatic measurement and manual measurements of

the waist circumference and hip circumference according to body mass index of the syudy

subjects
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Table 3. Accuracy of Assessment of Abdominal Obesity* by Automatic Measurements
of Waist Circumference and WHR by Inbody 3.0 Compared to the Abdominal
Obesity by Manual Measurements at each site as Golden Standards

(%)

Sensitivity Specificity =~ False (+)

Positive Negative
False (-) %

predictive value predictive value

Abdominal obesity assessed by waist circumference at each site as golden standards

WC1 97.42 88.43 11.57 2.58 74.92 98.98

wC2 96.25 92.62 7.38 3.75 84.82 98.30

WC3 97.04 93.39 6.61 2.96 86.47 98.94
Abdominal obesity assessed by WHR at each site as golden standards

WHR1 98.97 82.90 17.10 1.03 61.74 99.65

WHR2 96.40 89.06 10.94 3.60 77.49 98.45

WHR3 96.83 89.50 10.50 3.17 78.46 98.62

* Abdominal obesity: >90 cm in men, >80cm in women by waist circumference,

>0.90 in men, >0.85 in women by WHR
WC(a): Waist circumference measured by Inbody 3.0
HC(a): Hip circumference measured by Inbody 3.0

WHR(a): WHR measured by Inbody 3.0

WC1: Waist circumference measured by nonelastic tape at the midpoint between

lower border of the rib cage and the iliac crest

WC2: Waist circumference measured by nonelastic tape at the umbilical level

WC3: Waist circumference measured by nonelastic tape at the iliac crest

HC: Hip circumference measured by nonelastic tape at the widest area of buttock
WHR1: WCI/HC WHR2: WC2/HC WHR3: WC3/HC

(Table 3).
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ABSTRACT

Background: Assessment of waist circumference
is being emphasized for the evaluation of fat
distribution. InBody 3.0, a body composition
analyzer device, automatically measures waist
circumference, hip circumference, and waist-hip ratio
(WHR), thus its results are widely utilized due to its
convenience. The purpose of this study was to assess
the accuracy of the waist circumference, hip
circumference, and WHR measurements obtained
through InBody 3.0.

Method: The participants involved 345 patients
who visited the obesity clinic in a hospital and had
been evaluated by InBody 3.0. Waist circumference
(midpoint between the lower border of the rib cage
and the iliac crest; umbilical level; top of the iliac
crest) and hip circumference (the widest area of the
buttock) were measured manually by a single trained
personnel. The waist, hip circumferences, and WHR
obtained by InBody 3.0 were compared with the
waist, hip circumferences, and WHR obtained by
manual unelastic tape measurement.

Results: The waist circumference obtained by
inbody 3.0 was significantly greater than the
manually measured values at three different levels by
7.81+5.72 cm, 4.20+£6.51 cm, 4.68+5.99 cm; waist
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to hip ratio was also shown to be greater by 0.067+
0.060, 0.031+0.063, 0.036+0.060 at each levels of
waist measurement and this difference increased in
proportion to BMI of the subjects (p<0.05). The false
positive rate for assessment of abdominal obesity by
the InBody 3.0 was 7~17% presuming that the
abdominal obesity according to manual measurement
of waist circumference and WHR were golden
standards.
Conclusion: Despite the convenience of the
automatic measurement of waist circumference and
WHR obtained by InBody 3.0, it had a tendency to
overestimate the values. The importance of manual
tape measurement in order to accurately evaluate fat
abdominal

distribution  and obesity must be

emphasized.

Key Words: Waist circumference, Waist to hip
ratio, Accuracy, Body composition

analyzer
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