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Purpose: An increase in the prevalence of obesity has been observed in children
and adolescents. As remarkable changes in body composition occur with growth
during the adolescent period, it is important that changes in body composition be
monitored. The purpose of this study was to propose reference percentile values
for body composition indices including body mass index (BMI) in children and
adolescents in Korea. Materials and Methods: This study was performed using
data from the Fourth and Fifth Korea National Health and Nutrition Examination
Surveys. Body composition data were obtained using dual-energy X-ray absorpti-
ometry. The percentile curves of body composition indices were constructed by
the LMS method. Results: A total of 2123 children and adolescents between the
ages of 10 and 19 years were included in this study. We obtained the percentile
curves for BMI and body composition indices. Conclusion: The reference values
for body composition from this study could help with assessing body composition
in Korean adolescents.

Key Words: Body mass index, percent body fat, fat mass index, fat-free mass in-
dex, adolescent

INTRODUCTION

The prevalence of childhood obesity has increased worldwide, including Asia, due
to changes in lifestyle and diet patterns.* Childhood obesity has been shown to be
associated with the risk of adult obesity and the other diseases associated with
metabolic dysregulation, such as cardiovascular disease or type 2 diabetes.!>*’
Body mass index (BMI) has been widely used as a marker of adiposity;® however,
BMI is limited in differentiating body fat from lean mass.”"' Thus, the body com-
positions of children with the same BMI values could differ by age, race, gender,
and pubertal stage during the adolescent period.>!>13

It is important to discriminate normal from abnormal development based on ref-
erence values rather than absolute values of body composition indices because
body composition changes rapidly with rapid growth during the adolescent period.
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The purpose of this study was to propose reference percen-
tile values for body composition indices in children and ad-
olescents in Korea.

MATERIALS AND METHODS

Study population

This study was performed using data from the Fourth and
Fifth Korea National Health and Nutrition Examination Sur-
veys (KNHANES) conducted by the Korea Centers for Dis-
ease Control and Prevention. KNHANES has been conducted
periodically and includes a representative sample of the non-
institutionalized civilian population of South Korea selected
using a stratified, multi-stage, probability sampling method
(rolling survey sampling). Data were collected through a
health and nutrition interview and a health examination.
Among the total of 4904 participants in KNHANES, 2123
children and adolescents (1113 males and 1010 females)
who had results for anthropometric data and body composi-
tion analysis and who were between the ages of 10 and 19
years were included.

Measurement of anthropometrics and body
composition

Participants’ weight and height were measured in light cloth-
ing and without shoes. Weight was measured with a digital
scale (GL-6000-20, CASKOREA, Seoul, Korea) to the
nearest 0.1 kg, and height was measured to the nearest 0.1
cm with a stadiometer (SECA 225, SECA Deutschland,
Hamburg, Germany). Body composition data [fat mass, fat-
free mass, and percentage of body fat (PBF)] were mea-
sured in grams using dual-energy X-ray absorptiometry
(DXA) using a Hologic Discovery DXA scanner (Discov-
ery QDR 4500 W, Hologic, Inc., Denver, CO, USA). BMI,

Table 1. General Characteristics of the Study Population
Male (n=1113) Female (n=1010)

Age (yrs) 14.2+2.8 14.3+2.9
Body weight (kg) 56.9£15.5 50.4+11.1
Height (cm) 163.8+13.0 157.2+8.1
BMI (kg/m’) 20.9+3.8 20.2+3.5
FMI (kg/n’) 5.042.5 6.542.2
FFMI (kg/m”) 15.7+2.3 13.6£1.6
PBF (%) 23.348.1 31.6+5.8
BMI, body mass index; FMI, fat mass index; FFMI, fat free mass index;
PBF, percent bodly fat.

Values are presented as mean+SD.

fat mass index (FMI), and fat-free mass index (FFMI) were
calculated as body weight (kg), fat mass (kg), and fat-free
mass (kg), respectively, divided by the square of the height
in meters (kg/m?).

Data analysis

The mean and standard deviation of anthropometric and
body composition values were calculated. We calculated
age- and gender-specific percentiles using the Lambda-Mu-
Sigma (LMS) method (LMS Chartmaker Pro, version 2.5,
Medical Research Council, Cambridge, UK) to estimate the
skewness (L), median (M), and coefficient of variation (S).
For statistical analysis, we used SPSS software, version
17.0, for Windows (SPSS Inc., Chicago, IL, USA).

Ethics statement

The study protocol was approved by the Institutional Re-
view Board of the Korea Centers for Disease Control and
Prevention (approval number; 2008-04EXP-01-C, 2009-
01CON-03-2C, 2010-02CON-21-C, and 2011-02CON-
06-C). Written consent was obtained from the subjects prior
to participation.

RESULTS

A total of 2123 children and adolescents were eligible and
constituted the study population. The characteristics of each
group in the study population according to gender and age
are shown in Table 1. The sample size and the smoothed es-
timates of body composition indices, including BMI, PBE,
FMI, and FFMI of each group, according to gender and
age, are shown in Table 2. The children and adolescents
were evenly distributed in each age and gender groups (Ta-
ble 2). The smoothed estimates for the 3rd, 5th, 10th, 25th,
50th, 75th, 85th, 90th, 95th, and 97th percentiles of values
for BMI, PBF, FMI, and FFMI for children and adolescents
in each age group for both genders are presented as values
(Table 2) and percentile curves (Figs. 1-4).

The PBF and FMI values for females were higher, al-
though BMI and FFMI were lower, than those for males (Ta-
ble 2). The pattern of changes in BMI and FFMI were simi-
lar in both genders, increasing gradually with age, whereas
changes in FMI and PBF differed by gender (Figs. 1-4). Both
PBF and FMI showed a tendency to decrease in males and
increase in females with age (Table 2, Figs. 2 and 3).

In both genders, a tendency was noted toward greater in-
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Table 2-1. LMS Parameters for Z-Scores and Percentiles for Body Composition Indices among Adolescents Aged 10-19 Years:
LMS Parameters for Z-Scores and Percentiles for Body Mass Index (BMI)

BMI percentile (kg/m’)
Gender/
. Mean+SD L M S 3rd Sth 10th ~ 25th ~ 50th ~ 75th ~ 85th  90th  95th  97th
Males
10 118 18934 -085 1845 0.7 1380 1426 1503 1649 1845 2090 2247 23.66 2567 27.14
11 128 198437 -0.86 19.06 0.17 1428 1475 1554 17.04 19.06 21.58 2320 2443 2649 28.01
12 132 20.143.8 -0.85 1957 0.7 1468 1516 1597 1751 1957 22.14 2378 2504 27.13 28.67
13 110 20.6£3.6 -0.83 2007 017 1507 1557 1640 1797 2007 2268 2434 2560 2771 2925
14 141 214441 -0.80 2053 017 1545 1595 1680 1840 2053 23.14 2481 26.07 2815 29.68
15 105 21.0433  -074 2084 017 1572 1623 17.09 1871 20.84 2344 2508 2631 2833 29.79
16 93 21.8+41 -0.68 21.15 0.6 1600 1652 1739 19.02 21.15 2372 2533 2652 2847 29.87
17 108 222434  -063 2145 016 1629 1682 17.69 1933 2145 2398 2554 2669 2857 29.92
18 86 21.6£34 -0.61 21.67 0.6 1656 17.09 17.96 1957 21.67 2414 2567 2679 28.60 29.88
19 92 226437 -0.62 2201 015 1694 1747 1833 1994 2201 2445 2595 2705 2883 30.08
Females
10 108 17.7424  -094 1748 015 13.65 1404 1468 1589 1748 1940 20.62 21.53 23.03 2411
11 110 189433 -093 1827 0.5 1421 1462 1530 1658 187 2033 21.63 2260 2421 2538
12 96 194435 -093 1903 015 1477 1520 1591 1726 19.03 2120 2256 2359 2529 2652
13 124 20431 -094 1975 015 1536 1580 1654 17.92 1975 2199 2340 2446 2622 2749
14 107 208434  -1.00 2020 015 1578 1623 1697 1836 2020 2246 23.89 2497 2675 28.06
15 88 20.5+3.0 -1.12 2046 0.5 1611 1655 1727 1864 2046 2271 2415 2525 2707 2842
16 96 21.5#32 -1.31 2067 0.4 1642 1684 1754 1888 20.67 2292 2438 2549 2739 2881
17 99 212435 -1.54 2068 0.14 1657 1697 17.64 1893 20.68 2291 2439 2554 2752 29.04
18 67 212436 -1.78 2060 0.14 1664 17.02 1766 1890 20.60 22.82 2431 2550 2759 29.23
19 115 213£35 203 2054 014 1672 1708 17.69 1888 2054 2274 2426 2549 2770 29.50

The LMS parameters are the skewness (L), median (M), and coefficient of variation (S).

Table 2-2. LMS Parameters for Z-Scores and Percentiles for Body Composition Indices among Adolescents Aged 10-19 Years:
parameters for Z-Scores and Percentiles for Percent Body Fat (PBF)

PBF percentile (%)
Gender/
s n  MeantSD L M S 3rd 5th 10th  25th  50th  75th  85th  90th  95th  97th
Males
10 118 282480 044 2800 029 1487 1627 1855 2276 28.00 3386 3726 39.67 4340 4592
11 128 28.1+£83 037 2688 031 1403 1536 1756 21.66 2688 32.82 3633 3883 4274 4540
12 132 267484 030 2518 032 1297 1420 1626 20.15 2518 31.04 3454 3707 4105 4379
13 110 237477 024 2296 033 1174 1285 1471 1827 2296 2851 31.88 3433 3822 4092
14 141 219477 018 2092 033 1072 1171 1338 1661 2092 1611 2930 31.63 3538 37.99
15 105 200£68 0.2 1969 033 1023 11.14 1267 1566 19.69 2461 2767 2992 3357 36.14
16 93 207471 006 1943 033 1031 1118 12.65 1553 1943 2425 2728 2953 33.18 3578
17 108 207+63  0.01 1946 032 1057 1141 1284 1564 1946 2421 2721 2945 3312 3573
18 86 20361 -005 1927 032 1071 1152 1290 1558 1927 2388 2682 29.03 3565 3525
19 92 198+64 -0.11 1887 031 1073 1149 12.80 1535 1887 2330 26.15 2830 31.84 3441
Females
10 108 30354 092 2999 020 1893 2029 2241 2598 2999 3404 3624 3773 3995 4140
11 110 302463 091 2995 020 19.05 2040 2248 2599 2995 3395 3611 3759 3978 4121
12 96 29362 088 3009 0.9 1944 2074 2277 2621 3009 3404 3618 37.63 39.81 4122
13 124 307#6.1 079 3080 0.9 2042 21.67 23.63 2698 3080 3472 3687 3833 4053 41.97
14 107 326456 065 3171 018 2170 2288 2474 2797 3171 3561 3777 3925 4149 4297
15 88 320451 049 3231 017 2274 2385 2561 2868 3231 3616 3832 39.81 4208 43.59
16 96 33354 037 3279 017 2349 2455 2624 2923 3279 3661 3877 4028 4259 4413
17 99 33350 032 3295 0.7 2373 2478 2645 2941 3295 3677 3894 4046 4279 4434
18 67 33361 036 3269 0.7 2340 2446 2614 29.13 3269 3651 38.68 40.19 4250 44.04
19 115 321458 046 3205 017 2265 2373 2545 2847 3205 3585 3798 3946 4172 4322
The LMS parameters are the skewness (L), median (M), and coefficient of variation (S).
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Table 2-3. LMS Parameters for Z-Scores and Percentiles for Body Composition Indices among Adolescents Aged 10-19 Years:
Parameters for Z-Scores and Percentiles for Fat Mass Index (FMI)

FMI percentile (kg/m’)
Gender/
e Mean+SD IL M S 3rd 5th 10th  25th 50th  75th  85th 90th  95th  97th
Males

10 118 55825 -002 511 046 218 243 286 376 511 695 821 9.19 1087 12.13
11 128 57£27  -007 503 046 216 239 281 369 503 690 820 922 1100 1235
12 132 56827 011 481 047 207 229 269 352 481 665 795 898 1080 1221
13 110 5.0£24 -0.14 447 0.48 1.93 213 249 327 447 6.21 7.46 846 1025 11.65
14 141 49826 -017 415 048 180 199 232 303 415 577 695 791  9.62 1097
15 105 43421 -0.19 397 047 1.75 192 224 291 3.97 5.51 6.64 7.55 921 1051
16 93 4725 -020 4.00 046 179 197 228 295 400 552 663 753 9.6 1045
17 108 4.7+2.1 -021 4.08 045 186 204 236 303 408 559 668 757 916 1042
18 8 4.5+2.0 -021 409 044 191 209 24 307 409 557 6.62 747 9.00 10.20
19 92 46+22 -022 408 043 194 212 243 308 408 551 652 734 880 993
Females
10 108 54+1.6 0.03 519 034 274 298 337 413 519 650 733 795 897 9.0
11 110 58422 0.04 539 033 285 3.09 350 430 539 675 761 825 930 10.05
12 96 5.8+2.1 005 564 033 3.00 325 367 450 564 704 792 858 9.65 1042
13 124 6.3+2.1 001 599 032 326 352 396 48 599 745 837 9.05 10.17 10.96
14 107 69+2.1 -005 634 031 356 383 427 514 634 783 878 949 10.65 1149
15 8 6.6£1.9 -0.15 657 030 383 4.08 452 539 657 807 904 977 1098 11.85
16 9 72422 025 676 029 404 430 473 5.58 6.76 827 926 10.01 1127 1220
17 99 7.1x22 -034 678 029 412 437 479 562 678 830 930 10.08 11.39 1237
18 67 72425 -040 6.66 029 407 431 471 552 666 817 918 996 1131 1233
19 115 69423 -045 646 029 395 418 457 534 646 794 895 973 11.10 1215

The LMS parameters are the skewness (L), median (M), and coefficient of variation (S).

Table 2-4. LMS Parameters for Z-Scores and Percentiles for Body Composition Indices among Adolescents Aged 10-19 Years:
Parameters for Z-Scores and Percentiles for Fat Free Mass Index (FFMI)

FEMI percentile (kg/m’)
Gender/
o MeantSD L M S 3rd 5th 10th  25th  S0th  75th  85th  90th  95th  97th
Males

10 118 132413 -0.64 13.12 0.10 1094 11.18 11.57 1226 13.12 1408 14.64 1505 1568 16.11
11 128 139+1.5 -037 1372 011 1130 1157 12,01 1278 1372 1477 1537 1580 1674 1692
12 132 144417 009 1441 011 1172 12.03 1251 1338 1441 1554 1618 1663 1733 17.79
13 110 15319 0.17 1524 0.1 1226 12,61 13.15 1411 1524 1644 1712 1795 1831 1879
14 141 163+1.8 037 1599 0.1 1279 13.17 1376 1479 1599 1724 1794 1842 19.16 19.64
15 105 164+16 054 1647 0.11 13.14 1354 1416 1524 1647 1776 1846 1895 19.68 20.16
16 93 168+20  0.63 1680 0.1 1338 1379 1444 1554 1680 18.09 18.80 1929 20.02 20.50
17 108 17.2£1.9 062 17.03  0.11 13.59 1401 1465 1576 17.03 1833 19.04 1953 2027 20.75
18 86 17.0+2.0 053 1723 0.1 1382 1423 1487 1597 1723 1854 1926 19.76 20.50 21.00
19 92 17719 040 1755 011 1417 1457 1520 1628 1755 1887 19.60 20.10 20.87 2137
Females
10 108 122412 -053 1213 0.0 1006 1029 1066 1132 1213 13.03 1356 1393 1452 1492
11 110 129+1.5 -073 1274 011 1059 1082 1120 11.88 1274 1370 1427 1468 1532 1577
12 96 134+17 -094 1325 011 11.04 1128 11.66 1236 1325 1426 1486 1530 16.00 16.49
13 124 139+14 -1.14 1357 0.10 1137 11.60 11.98 12.68 13.57 1460 1523 1569 1643 1695
14 107 13.7¢14 -1.32 13.67 010 11,50 11.73 1210 1279 13.67 1470 1534 1581 1656 17.10
15 88 13.7+13 -149 1371 010 1158 11.80 12.16 1284 1371 1474 1538 1586 16.63 17.19
16 9 142+1.7 -1.62 1377 0.10 11.66 11.88 1224 1291 1377 1481 1545 1593 1672 1730
17 99  139+15 -1.69 1378 0.10 11.69 1191 1226 1292 1378 1481 1546 1594 1674 1732
18 67 139£15 -172 1382 010 11.74 1196 1231 1297 1382 1485 1550 1598 16.78 17.36
19 115 142415  -1.73 1393 010 1184 1206 1241 13.07 1393 1496 1561 1609 1689 1747

The LMS parameters are the skewness (L), median (M), and coefficient of variation (S).
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Fig. 1. Smoothed LMS percentile curves for body mass index in both genders. Curves are for the 3rd, 5th, 10th, 25th, 50th, 75th, 85th, 90th, 95th, and 97th percen-
tiles for body mass index (kg/m?) in male (A) and female (B) adolescents. The LMS parameters are the skewness (L), median (M), and coefficient of variation (S).
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Fig. 2. Smoothed LMS percentile curves for percent body fat in both genders. Curves are for the 3rd, 5th, 10th, 25th, 50th, 75th, 85th, 90th, 95th, and 97th percen-
tiles for percent body fat (%) in male (A) and female (B) adolescents. The LMS parameters are the skewness (L), median (M), and coefficient of variation (S).
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Fig. 3. Smoothed LMS percentile curves for fat mass index in both genders. Curves are for the 3rd, 5th, 10th, 25th, 50th, 75th, 85th, 90th, 95th, and 97th percen-
tiles for fat mass index (kg/m’) in male (A) and female (B) adolescents. The LMS parameters are the skewness (L), median (M), and coefficient of variation (S).
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Table 3. Changes in Mean Values of Body Composition at Various Percentiles between the Ages of 10 and 19 Years

Percentile 3rd Sth 10th 25th 50th 75th 85th 90th 95th 97th
Male
BMI 3.14 321 33 3.45 3.56 3.55 3.48 3.39 3.16 2.94
PBF -4.14 -4.78 -5.75 =741 -9.13 -10.56 -11.11 -11.37 -11.56 -11.51
FMI -0.24 -0.31 -0.43 -0.68 -1.03 -1.44 -1.69 -1.85 -2.07 2.2
FEMI 323 3.39 3.63 4.02 443 4.79 4.96 5.05 5.19 5.26
Female
BMI 3.07 3.04 3.01 2.99 3.06 3.34 3.64 3.96 4.67 5.39
PBF 3.72 344 3.04 249 2.06 1.81 1.74 1.73 1.77 1.82
FMI 1.21 1.2 1.2 1.21 1.27 1.44 1.62 1.78 2.13 2.45
FFMI 1.78 1.77 1.75 1.75 1.8 1.93 2.05 2.16 2.37 2.55

BMI, body mass index; PBF, percent body fat; FMI, fat mass index; FFMI, fat-free mass index.

creases in the higher percentiles of FFMI, compared with
lower percentiles (Table 3). Furthermore, the increase in
FFMI in males (3.23-5.26 kg/m?) of 1019 years of age was
approximately twice that in females (1.75-2.55 kg/m?) at
each percentile (Table 3). The changes in PBF between 10-
and 19-year-olds showed a greater decrease in males and a
smaller increase in females at higher percentiles of PBF (Ta-
ble 3). The changes in FMI between the ages of 10 and 19
years showed a greater decrease in males and a greater in-
crease in females at higher percentiles of FMI (Table 3).

DISCUSSION

We identified reference values for BMI, FMI, and FFMI of
a normal adolescent population aged 10 to 19 years in Ko-
rea using data from the KNHANES.

The mean BMI value and the 85th and 90th percentile val-
ues on the LMS curve in this study were higher than the BMI
values in the 2007 Korean National Growth Chart, which
used data of a 2005 national survey.'* The values of BMI be-
low the 85th percentile showed a tendency to be lower in the
present study than those in the 2007 Korean National
Growth Chart."* The difference between the 3rd percentile
and 97th percentiles for BMI were 13.14-14.23 kg/m? in this
study and 11.28-13.08 kg/m?* in 2007 for males and 10.46—
12.78 kg/m? in this study and 9.53-11.24 kg/m? in 2007 for
females. The polarization, the increased range of BMI val-
ues, among children and adolescents in Korea is greater than
that in the 2007 report.

During the adolescent period, increases in BMI and FFMI
were observed in both genders accompanying growth in
height (Figs. 1 and 4). FFMI was higher in males and FMI
was higher in females among both genders between the
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ages of 10 and 19 years in this study (Table 2-3 and 2-4). De-
merath, et al.® explained that boys experience greater gains
in muscle and lean mass than in fat mass. In adolescents, nor-
mal changes in BMI were observed with growth and matura-
tion, and the increase in BMI consisted of a greater increase
in FFMI than in FM during the growth process."-"*'® Demer-
ath, et al."’ reported that FFMI was the predominant com-
ponent of BMI (FFMI was 3-5 times greater than FMI) in
both genders. Although greater changes and higher absolute
values of FMI were observed in females than in males in
the present study, the change in FFMI was also greater than
the change in FMI in females (Table 3). In this study, a ten-
dency toward a decrease in PBF among males was observed,
accompanying the increases in BMI and FFMI between the
ages of 10 and 19 years (Table 3). Schwandt, et al.'” also re-
ported a decrease in PBF in males, although they observed
an increase in PBF in females with increasing age between
the ages of 10 and 19 years. Park, et al.'® reported that the
differences in FMI and FFMI between genders became
marked with acceleration of FFM gain in 6th grade Korean
boys (13 years of age). In the present study, the differential
changes in FMI by gender started around 13 years of age
(Fig. 3), and greater changes in FFMI were observed in
males between the ages of 12 and 14 years (1.58 kg/m? at the
50th percentile). Demerath, et al.”® reported a tendency for
FMI to increase dramatically only at higher BMI values. We
could not evaluate the relationship between BMI and FMI;
however, greater changes in FMI were observed in males (a
greater decrease) and females (a greater increase) at higher
FMI percentiles.

BMI is known as an indicator of adiposity; however,
both FMI and FFMI affect BMI, making it impossible to
differentiate body fat from lean mass using BMI alone.>'
Previously, gender and age were reported as affecting the
relationship between BMI percentile and body composition
indices (including FMI and FFMI), although changes in
BMI percentile did not reflect changes in adiposity with in-
creasing age, especially in males and children with lower
BML" In the present study, decreases in FMI and PBF were
observed despite increases in BMI, and a large increase in
FFMI was observed in males. Thus, an increase in BMI
was observed in both genders during the adolescent period
along with remarkable growth in height and weight. Al-
though Lindsay, et al.'’ reported that BMI showed a strong
relationship with fat mass and BMI in adolescence was also
related adiposity in adulthood, it is necessary to consider
normal growth in evaluating obesity according to BMI in

adolescents. The independent role of FFMI, as well as PBF
and FMI, in predicting metabolic syndrome has been re-
ported;***' however, few reports have presented reference
values for FMI and FFMI, with most focusing on PBF and
BMI in the adolescent population.'*"?>2¢ Mooney, et al.’
suggested the extremely low FFMI reflects advanced meta-
bolic disease, and Park, et al.”® reported that lower FFMI
combined with higher FMI could indicate insufficient insu-
lin secretion in diabetes. We suggest the use of percentile
values for body composition indices in evaluating obesity or
metabolic dysregulation, as the combination of decreased
FFMI and increased FMI could also reflect metabolic dys-
regulation, as could an increase in the absolute value of
FMI, especially in adolescence, when remarkable changes
in body composition occur with growth. Moreover, higher
body fat percentiles in Asians have been shown to be asso-
ciated with decreased insulin sensitivity.?

The mean PBF values of children and adolescents in Ko-
rea were lower than those of children and adolescents in the
US.% Although PBF values of children and adolescents in
Germany®® and in Turkey** were lower than those in Kore-
ans, the PBF values of Germans were measured by differ-
ent methods with bioelectrical impedance analysis. In the
study by Ehtisham, et al.,*” the BMI and PBF values in
Asian adolescents of other regions, including Indians, Paki-
stanis, Bangladeshis, and Sri Lankans, were higher than
those of white European (United Kingdom) adolescents.
However, the BMI values between the ages of 14 and 17
years in this study (Table 2-1) were comparable or slightly
lower than those in white European adolescents, although
PBF values were higher? Likewise, in the results of this
study, Korean adolescents showed lower BMI and higher
PBF, compared with Europeans, as did Asian adults in the
study by Wang, et al.*!

The 2007 Korean National Growth Chart'* presented ref-
erence values for body weight, height, and BMI; however,
there were no reference values for body composition indices.
The proper acquisition of body composition during the ado-
lescent period and the prevention of increases in PBF and
BMI are necessary to reduce the risk of metabolic disease.
Many children and adolescents at risk of metabolic syn-
drome cannot be detected when clinicians use only BMI per-
centile as a screening tool, especially in Asians with lower
BMI and higher PBF. Accordingly, the percentile values of
each body composition index, according to age and gender,
could be helpful for evaluating body composition distribu-
tion in adolescents.
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Some limitations of this study need to be addressed. We

did not apply the survey sample weight to estimate percen-

tile curves. This was a cross-sectional study. Despite these

limitations the strength of current study is that a relatively

large number of children and adolescent data, nationally rep-
resentative data set from KNHANES, and body composition
data measured by DXA with high quality were analyzed.

In conclusion, the percentiles for body composition indi-

ces for Korean adolescents aged 10-19 years from 2008 to

2011 were provided. The reference values from this study

could help with the assessment of body composition in Ko-

rean adolescents.
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