ORIGINAL ARTICLE
Endocrinology, Nutrition & Metabolism

TKMS

http://dx.doi.org/10.3346/jkms.2011.26.12.1599 = J Korean Med Sci 2011, 26: 1599-1605

Characteristics of Body Fat, Body Fat Percentage and Other Body
Composition for Koreans from KNHANES IV

Sangmo Hong', Han Jin Oh?, Hoon Choi?,
Jung Gu Kim*, Sung Kil Lim?®,

Eun Kyung Kim®, Eun Young Pyo®,
Kyungwon Oh®, Young Taek Kim®,

Kevin Wilson” and Woong Hwan Choi’

'Division of Endocrinology, Department of Internal
Medicine, College of Medicine, Hanyang University,
Seoul; ’Department of Family Medicine, College of
Medicine, Kwandong University, Cheil General
Hospital, Seoul; *Department of Gynecology, Inje
University Sanggye Paik Hospital, Seoul;
*Department of Qbstetrics and Gynecology, College
of Medicine, Seoul National University, Seoul;
*Division of Endocrinology and Endocrine Research
Institute, Department of Internal Medicine, College

Accurate measurement of fat mass has become increasingly important with the increasing
incidence of obesity. We assessed fat and muscle mass of Koreans with the Korea National
Health and Nutrition Examination Survey IV (KNHANES IV). We studied 10,456 subjects
(aged 20 to 85 yr; 4,476 men, 5,980 women). Fat and muscle mass were measured by
dual-energy x-ray absorptiometry. Reference values of body compositions were obtained
using the LMS method. The fat mass index (FMI, body fat mass/height?; kg/m?) of Korean
men did not correlate with age (P = 0.452), but those of Korean women (P < 0.001) did.
The ratio of percentage of fat in the trunk and legs was positively related with age in both
the genders. The appendicular lean mass/height® (kg/m?) of Korean men was negatively
related to age (P < 0.001). In women, this ratio increased with age (P < 0.001). When we
defined obesity according to the FMI classification, the rates of obesity were 6.1% (FMI > 9
kg/m? in men and 2.7% (FMI > 13 kg/m?) in women. It is concluded that the muscle mass
decreases and obesity increases with aging in Korean men, whereas both fat mass and
obesity increase with aging in Korean women.
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INTRODUCTION

The incidence of obesity has increased rapidly over the past 3
decades, with the World Health Organization (WHO) recently
issuing a warning that in the near future, obesity and diabetes
will become serious issues, even for developing countries (1).
Being overweight and in particular, obese is a major risk factor
for several chronic diseases, including type 2 diabetes mellitus,
cardiovascular diseases, hypertension, stroke, and certain types
of cancer (2-4). As the incidence of obesity increases, the need
for accurate measurements of adiposity in order to allow appro-
priate diagnosis and treatment also increases.

The body mass index (BMI) is the most popular tool for eval-
uation of obesity because of its simplicity and low cost. Howev-
er, measurement of real adiposity is confounded by factors such
as age, gender, and ethnicity (5, 6). Dual-energy x-ray absorpti-
ometry (DXA) accurately detects adiposity and provides infor-
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mation on the total and regional percentages of fat (7). Accord-
ing to previous comparisons between the BMI and DAX meth-
ods, Asians, particularly of Indian ethnicity, have higher real lev-
els of body fat and higher prevalence of metabolic syndrome at
any given BMI than the Caucasians (8, 9). Therefore, it is neces-
sary to map the ethnic characteristics of fat mass and changes
in the body composition to better understand the relationship
between adiposity and metabolic change. A number of studies
have investigated age, gender, and ethnic group-specific differ-
ences in whole body and regional bone mineral density (BMD).
Other studies compared the real percentage of body fat to BMI,
waist circumferences, and waist-to-stature ratios in adults. More
recently, Kelly et al. (10) reported body composition reference
values from the United States’ National Health and Nutrition
Examination Survey (NHANES) and investigated discrepancies
in the fat mass index (FMI; fat mass/height?). Until recently, no
comprehensive source of body composition data representing
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the Korean population was available for analysis.

The Korea National Health and Nutrition Examination Sur-
vey (KNHANES), designed to assess the health and nutritional
status of adults and children living in Korea, was initiated in 1998.
The Korea Centers for Disease Control and Prevention admin-
isters this nationally representative survey. The KNHANES tar-
gets the non-institutionalized civilian Korean population and
collects data through interviews, physical examinations, and
medical tests. The KNHANES IV (2007-2009) survey began in
July 2008, and it measures the bone mineral density of the spine
and hip and the body composition by DXA in mobile examina-
tion centers.

In this study, we report age- and sex-specific differences be-
tween the body composition of Koreans and the reference val-
ues.

MATERIALS AND METHODS

Subjects

Through the KNHANES IV program, the parameters of 10,456
subjects aged between 20 and 85 yr (4,476 men and 5,980 wom-
en) were analyzed. The KNHANES IV was a nationwide cross-
sectional survey conducted in Korea in 2007-2009. This survey
used a stratified multi-stage clustered probability sampling to
select a representative sample of the non-institutionalized civil-
ian Korean population. DXA examinations were conducted on
subjects over 20 yr of age. Pregnant women and subjects who
had undergone a contrast agent-based examination within a
week of the survey were excluded. Subjects were also excluded
if their reported weight exceeded the weight limit of the DXA
scan table (136 kg), or if their reported height was greater than
the length of the DXA scan table (196 cm).

DXA measurements

In the KNHANES, whole body DXA exams were conducted with
a QDR Discovery (formerly, the QDR 4500A) fan beam densi-
tometer (Hologic, Inc., Bedford, MA, USA), in accordance with
the procedures recommended by the manufacturer. All subjects
changed into light clothing and removed all jewelry and other
things that could interfere with the DXA examination. The results
of DXA were analyzed using industry standard techniques at the
Korean Society of Osteoporosis. Analysis was performed using
Hologic Discovery software (version 13.1) in its default configu-
ration. The examinations that revealed items with the ability to
affect the accuracy of DXA results, such as prosthetic devices,
implants, or other extraneous objects, were recorded as missing
in the dataset for regional and global DXA results.

The precision of the DXA instrument has been previously re-
ported. The results of body composition measurements can vary
according to the technology employed and calibration of the
instrument used. The DXA instruments used in the NHANES
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surveys were calibrated according to the methods proposed by
Schoeller et al. (11). The reference values of the NHANES are ob-
tained using this calibration method (10). For appropriate com-
parison between the present and previous data, the NHANES
calibrations were applied. DXA calibrations were maintained
through an internal referencing system, which periodically mea-
sures bone and soft tissue equivalent reference standards dur-
ing the examination of the patients. The KNHANES data sets in-
clude whole body DXA measurements of bone mineral content
(BMC, g), bone mineral density (BMD, g/cm?), fat mass (g), lean
mass including BMC (g) and percentage fat (fat mass/total mass

x 100), along with demographic information each subject. Data
were also collected for a number of pre-defined anatomical re-
gions, including the head, arms, legs, trunk;, pelvic regions, sub-
total of the whole body (excluding only the head), and the whole
body. From these data, the following derivative values were cal-
culated: FMI (body fat mass excluding the head area/height?),
lean mass/height? appendicular lean mass/height?, and appen-
dicular lean mass/total lean mass. The total body and sub-total
body reference values and the above derivative reference values
were generated. As fat distribution may be as important as total
fat mass, 2 indices of fat mass distribution were included in the
analysis: percentage of fat in the trunk/percentage of fat in the
legs, and fat mass of the trunk/fat mass of the limbs (fat mass of
the arms and legs). These latter indices may have a role in defin-
ing metabolic syndrome or lipodystrophy (12, 13).

Ethics statement
This study analyzed publicly available data sets, and was, there-
fore, exempted from institutional review board approval.

Statistical methods

The data were divided into subgroups according to gender. A
curve-fitting procedure called LMS (ImsChartMaker Pro Ver-
sion 2.3, Medical Research Council, UK) (14) was used to gen-
erate the reference curves, because it is capable of handling sit-
uations wherein the underlying reference data are skewed (not
normally distributed). It normalizes the underlying reference
data through a division of independent characteristics (e.g., age)
to form groups, and then applies an extension to 1 tail of the dis-
tribution and a contraction to the other, thus eliminating any
skew in the variable under analysis. A smooth curve is fitted to
the normalizing power transformation for each age group, gen-
erating an optimum “L” (power) curve that normalizes the de-
pendent measure, e.g., fat percentage, over the entire age range.
The procedure also fits the median (M) and coefficient of varia-
tion (S) curves, and together, these 3 curves (L, M, and S) fully
describe the reference data. We have reported the more com-
monly used population standard deviation, s, which is S times
M. The z-scores can be calculated by the following equation:
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M [(X/M) - 1]
Ls

orZ=MIn(X/M)/s*L =0

where X is the physical measurement (e.g., DXA total body
BMD, DXA fat percentage, etc.), L is the power transformation,
M is the median value, and s is the population standard devia-

Table 1. Number of observations in the reference database according to age and
gender

Age (yr) Men Women
20-24 230 34
25-29 359 399
30-34 370 513
BEsEY 498 650
40-44 459 609
45-49 455 614
50-54 416 594
55-59 362 442
60-64 380 470
65-69 364 507
70-74 315 418
75-79 189 285
80-85 79 138
Total 4,476 5,980

tion (14). Percentiles can be obtained from z-scores. For exam-
ple, z-scores of -1.881, -1.645, -0.674, 0, 0.674, 1.645, and 1.881
correspond to the 3rd, 5th, 25th, 50th, 75th, 95th, and 97th per-
centiles respectively.

During the curve-fitting process, weighted observations from
the KNHANES data sets were fitted by selecting more parsimo-
nious models over more complex models, as long as there was
similarity in the fit in an attempt to avoid over fitting the curves.
Further, we employed careful visual inspection of the Q statistic,
a plot of standardized residuals in which the data are split into
groups, and the non-random group variations in the estimated
z-scores are plotted against the equivalent degrees of freedom
used to fit the curve. The Q statistic is considered satisfactory at
or below a value of 2 for the L, M, and S curves, if the fitted curve
was plausible for the data being fitted (14).

RESULTS

The number of subjects in the reference database according to
the age groups and gender is listed in Table 1. The reference curves
were developed from whole body DXA measurements and de-
rivative values from the 2008-2009 KNHANES data set. Refer-
ence values by sex for each of the DXA measurements are pro-
vided in Table 2. Scatter plots with fits, including the mean, 3rd,
10th, 25th, 75th, 90th, and 97th percentiles, are superimposed

Table 2. Mean and standard deviation values of body composition parameters according to gender and age

Men Women
Parameters Age (yr)
Mean SD Skewness Mean SD Skewness
Body mass index (kg/m?) 20 23.0 3.5 -0.615 20.5 2.7 -2.084
40 24.2 3.1 0.218 22.6 3.0 -1.131
60 24.0 2.9 0.646 24.3 3.0 -0.178
80 22.2 3.1 0.709 23.2 3.2 0.775
Waist circumference (cm) 20 78.3 8.9 -1.395 68.6 7.7 -2.453
40 83.9 8.6 0.240 7.3 8.4 -1.135
60 86.0 8.4 1.075 82.8 8.8 0.183
80 82.8 10.0 1.310 81.6 9.9 1.502
Fat mass index (kg/m?) 20 4.31 2.03 0.094 5.96 1.89 -0.305
40 4.96 1.75 0.609 6.86 2.00 0.108
60 5.03 1.60 0.659 8.04 1.98 0.568
80 4.70 1.79 0.533 7.55 2.22 0.919
Fat percentage (%) 20 21.2 6.9 0.728 32.3 5.9 0.635
40 22.5 5.6 1.051 33.6 5.4 1.149
60 23.1 5.1 1.113 36.3 5.0 1.662
80 23.7 6.0 1.028 36.1 5.8 2.176
Percentage of fat in the trunk/Percentage 20 1.14 017 -0.37 0.84 0.16 0.048
of fat in the legs 40 1.37 0.27 0.187 0.97 0.18 0.109
60 1.44 0.24 0.249 1.13 0.19 017
80 1.33 0.23 0.082 1.12 0.18 0.232
Appendicular lean mass/height? (kg/m?) 20 7.42 0.86 -0.116 5.21 0.68 -0.675
40 7.46 0.83 0.178 5.56 0.68 -0.516
60 7.16 0.78 0.610 6.05 0.66 -0.189
80 6.36 0.71 1.110 5.70 0.63 -0.229
Lean mass of limbs/lean mass of the trunk 20 0.97 0.06 -0.228 0.84 0.06 0.322
40 0.92 0.06 0.711 0.80 0.06 0.304
60 0.88 0.07 0.451 0.78 0.07 0.066
80 0.84 0.07 0.001 0.77 0.07 0.268
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Fig. 1. Percentile curves; the mean, 3rd, 10th, 25th, 75th, 90th, and 97th percentiles superimposed on raw data values. BMI (kg/m?), waist circumference (cm), FMI (kg/m?),
fat percentage (%), trunk/legs fat percentage ratio, trunk/limb fat mass ratio, appendicular lean mass/height?, and appendicular/trunk lean mass ratio are considered. BMI, body

mass index; FMI, fat mass index.

Table 3. List of reference curves generated from the 2008 KNHANES DXA whole
body data set and correlated with age (years)

Men (n = 4,476)

Women (n = 5,980)

Variables Pearson Pearson

Correl. Pvalue Correl. Pvalue
Body mass index -0.095" < 0.001 0.244" < 0.001
Waist circumference -0.330" <0.001  -0.077" <0.001
Fat mass index (fat mass/height?) ~ 0.011 0.452 0.239" < 0.001
Fat percentage 0.0917 < 0.001 0.2217 < 0.001
Trunk/limb fat mass ratio 0.346" < 0.001 0.513" < 0.001
Trunk/leg fat percentage ratio 0.220" < 0.001 0.448" < 0.001
Lean mass/height? -0.190" < 0.001 0.292" < 0.001
Appendicular lean mass/height? -0.335" < 0.001 0.145" < 0.001
Limb/trunk lean mass ratio -0.466" <0.001  -0.351" < 0.001

*P<0.05; 'P< 0.001.

on the raw data values and are illustrated in Fig. 1.
Almost all parameters exhibited correlations with age, except
FMI in men (Table 3). As anticipated, significant differences were
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observed between the genders for the different measures, and
these differences varied with age. The BMI and FMI of men in-
creased rapidly until 40 yr of age, and then showed a gentle up-
ward slope until 55 yr of age (Fig. 1). However, the same param-
eters in women increased steadily until 65 yr of age (Fig. 1). The
means of fat percentages in women were greater than those in
men (Fig. 1). Fat percentages in women steadily increased until
40 yr of age, and then increased sharply. In men, fat percentag-
es increased rapidly until 30 yr of age, and then showed only a
gradual increase (Fig. 1). Waist circumference, percentage of fat
in the trunk/percentage of fat in the leg, and trunk/limb fat mass
ratios increased with age in both genders, with the values peak-
ing in women around 65 yr of age (Fig. 1). In men, lean mass/
heightheight* and appendicular lean mass/height? decreased
with age, and this decrease accelerated after 40 yr of age. How-
ever, lean mass/heightheight® and appendicular lean mass/
height® in women increased with age, peaking at around 55 yr
of age. Appendicular lean mass/total lean mass decreased with

http://dx.doi.org/10.3346/jkms.2011.26.12.1599
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Table 4. Fat mass index (kg/m?) thresholds with the same prevalence as a given BMI threshold at the age of 25 yr

FMI matching FMI matching FMI matching FMI matching FMI matching FMI matching FMI matching
Sex Ethnicity BMI < 16 BMI <17 BMI < 18.5 BMI > 25 BMI > 30 BMI > 35 BMI > 40
(prevalence) (prevalence) (prevalence) (prevalence) (prevalence) (prevalence) (prevalence)
Men White <1.9(0.1%) < 2.3(0.5%) <2.9(2.6%) > 6.0 (55%) > 8.9 (22%) >11.9 (8%) >15.0 (2.6%)
Black < 1.7 (0.2%) <2.0(0.7%) <2.5(3.3%) > 5.4 (54%) > 8.1 (24%) >11.2 (11%) >14.4 (3.3%)
Mexican-American <20(<01%) <23(0.1%) <3.0(0.6%) > 6.3 (59%) > 9.2 (20%) >12.3 (6%) >15.4 (1.7%)
Korean < 1.7 (0.2%) <2.1(0.7%) <2.7(3.5%) > 6.6 (33%) >10.5 (4.4%) >15.3(0.3%) >20.7 (< 0.1%)
Women White < 3.5(0.8%) < 4.0 (2.2%) < 4.9 (7%) > 9.2 (47%) >12.9 (21%) > 16.8 (9%) > 20.6 (4.1%)
Black < 3.4 (0.5%) <3.9(1.1%) < 4.7 (3.0%) > 8.6 (70%) > 11.9 (42%) > 15.3 (22%) >18.7 (11%)
Mexican-American < 3.8(0.1%) < 4.3 (0.5%) < 5.2 (2.2%) > 9.4 (62%) > 12.8 (29%) > 16.1 (12%) >19.2 (4.6%)
Korean <3.9(0.7%) < 4.5 (3.7%) < 5.5(16.8%) > 9.9 (13%) >13.1 (2.5%) 15.8 (0.7%) >18.0 (0.2%)
Table 5. Classification ranges based on the fat mass index and the corresponding BMI ranges
Obesity class Severe fat Moderate fat Mild fat Normal Excess Obese Obese Obese
deficit deficit deficit fat class | class i class
Fat mass index of Men <2 2t0 <23 23t <3 3-6 >61t09 >9t012 >12t015 >15
Fat mass index of Women <3B 3510 <4 410 <5 5:9 >91t013 >131t017 > 171021 > 21

Il Prevalence overweight by FMI > 6 [] Prevalence obese by FMI > 9
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Fig. 2. Prevalence of overweightness and obesity in Korea, based on FMI as a function of age (A, men; B, women). FMI values are listed in Table 4. FMI, fat mass index.

age in both the genders (Fig. 1).

We employed the BMI classification reported in the WHO
technical report (15) to establish similar classifications for FMI
by calculating the prevalence for each of the WHO BMI classifi-
cation thresholds (e.g., mild thinness, normal, overweight, obese
class 1, etc.) at the age of 25 yr, as in a previous study (10). We
have included the results of the present study to a table (Table 3)
published in the article by Kelly et al. (10). The prevalence of the
BMI classification thresholds varied widely in the 4 ethnic groups
(from the NHANES and KNHANES) (Table 4). However, FMI
classification ranges were similar for the 4 ethnic groups (from
the NHANES and KNHANES). Interestingly, there were large dif-
ferences in the FMI between genders. Women had higher FMI
for all classification categories. When we defined overweightness
and obesity according to FMI classification (Table 5) (10), the
prevalence rates of overweightness and obesity in men were
50.6% (FMI > 6 kg/m?) and 6.1% (FMI > 9 kg/m?), respectively.
In women, the prevalence rates of overweightness and obesity
were 36.6% (FMI > 9 kg/m?*) and 2.7% (FMI > 13 kg/m?) (Fig. 2).

http://dx.doi.org/10.3346/jkms.2011.26.12.1599

DISCUSSION

Many studies have assessed body compositions, but a standard
and nationally representative source of body composition refer-
ence values for Korea and other nations is not available. There-
fore, the practical application of these studies is limited. Recent-
ly, Kelly et al. (10) reported reference values based on a nation-
ally representative NHANES data set for the United States. Data
for these reference values were acquired using well-established
DXA technology. In the present study, we report references val-
ues for Korean body composition based on a nationally repre-
sentative KNHANES data set that were acquired using equally
well-established DXA technology, and utilizing the same param-
eters established by Kelly et al. The references values from the
NHANES data set did not include an Asian ethnic population,
but did include non-Hispanic Whites, non-Hispanic Blacks, and
Mexican-Americans. In addition to its significance as a Korean
national data set, our study builds on an established standard to
help create a body of comparable data in the field of body com-
position analysis, and acts as a standard reference value for an

http://jkms.org 1603
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Asian population.

Previous studies showed that Asian populations have higher
fat mass and lower lean mass than other ethnic populations (16-
18). We compared the FMI, fat percentage, lean mass/height?,
and appendicular lean mass/height? of the Korean population
with those of the populations categorized in the NHANES data
(10). The Korean population was found to have a relatively low-
er FM], fat percentage, lean mass/height? and appendicular
lean mass/height? than the other ethnic populations. From the
NHANES references values, the FMI and fat percentage in both
the genders increased with increasing age (10). However, in a
previous study, the fat percentages of Asian Indian women weak-
ly correlated with age, while those of Asian Indian men was un-
related to age (16). In this study, age had no correlation with FMI,
but it was positively correlated with the fat percentage in men.
In Korean women, fat mass/height” and fat percentage showed
positive correlation with age, in agreement with a previous study
(19) (Fig. 1, Table 2).

Our data demonstrate significant differences in lean mass and
appendicular lean mass between Korean men and women. In
Korean men, appendicular lean mass (R = -0.324, P < 0.001) was
strongly negatively correlated with age. Appendicular lean mass
decreased sharply after 40 yr of age. In Korean women, age was
positively related to appendicular lean mass (R = 0.068, P <
0.001). Fat percentages in men increased with age. In men, age
was negatively related to lean mass and unrelated to fat mass.
We concluded that the correlation between fat percentage and
age in men was mainly due to changes in the lean mass.

Recently, Kelly et al. (10) introduced a classification scheme
called FMI. The prevalence rates of obesity and overweightness
by BMI according to the WHO technical classifications were dif-
ferent from those of other ethnicities included in the NHANES
(Table 4). In Korea, overweightness and obesity are defined by
BMlI values of >23and > 25, respectively, according to the Asia-
Pacific obesity guidelines, which are based on ethnic differences.
However, when we define overweightness and obesity accord-
ing to FMI classification (10), the prevalence rate of obesity and
overweightness were similar to those of other ethnicities in the
NHANES (Fig. 2) than those according to BMI classification.
However, the metabolic significance of FMI classification was
not studied. Therefore, further studies are needed.

The worldwide concern about sarcopenia, i.e., the degenera-
tive loss of skeletal muscle mass with age, has increased. A study
involving elderly subjects showed that sarcopenia was an indi-
cator of self-reported physical disability in elderly men and wo-
men, independent of other covariates such as age, obesity, eth-
nicity, and income levels (18). DXA is the only widely available
method to provide regional measurements of fat and lean mass.
Therefore, DXA measure of appendicular lean mass/height? is
a useful tool for the diagnosis of sarcopenia. Sarcopenia was pre-
viously defined as a value of appendicular lean mass/height?

1604  http://jkms.org

less than 2 standard deviations (SD), below the sex-specific nor-
mal mean of a younger reference group (19), or the 2 lower quin-
tiles in the study population (16, 18). The reference curves for
appendicular lean mass/height” are presented in this study. Ac-
cording to our reference curves, sarcopenia in Korea is defined
as an appendicular lean mass below 5.748 kg/m?* in men when
the young reference group is defined as a group of 25-yr-old men.
If the young reference group is defined as 20-39-yr-old men
(mean, 7.952 + 0.887, n = 1,456), sarcopenia in Korea is defined
as an appendicular lean mass below 5.519 kg/m* When we com-
pared the Korean male sarcopenia value ( < 5.75 kg/m?) with
those of the NHANES (White male < 6.8 kg/m?, Black male < 7.0
kg/m?, and Hispanic male < 7.0 kg/m?), the former was signifi-
cantly lower than the values for the other ethnicities studied in
the NHANES. In women, the sarcopenia values were defined as
an appendicular lean mass less than 3.956 kg/m” (the young ref-
erence group was a group of 25-yr-old women) or 4.244 kg/m?
(the young reference group was a group of 20-39-yr-old women).
These values were also significantly lower than those of the other
ethnicities included in the NHANES (White male < 5.2 kg/m?,
Black male < 6.0 kg/m?, and Hispanic male < 5.3 kg/m?). The
lean mass of the trunk is primarily composed of solid organ mat-
ter, while the appendicular lean mass is primarily composed of
muscles. Therefore, appendicular lean mass/trunk lean mass
could indicate muscular changes in the body’s composition,
which are independent of stature. According to the ratio of ap-
pendicular lean mass to trunk lean mass, sarcopenia is defined
as being < 0.834 in men and 0.710 in women (less than 2 SD be-
low the means of the young reference groups defined as groups
of 25-yr-old men and women, respectively). However, valida-
tion of these results requires further studies.

In the percentile curve, the data regarding BMI, FMI, waist cir-
cumference, and fat percentage were skewed, especially in the
20-40-yr-old age group (Fig. 1). These trends were more promi-
nent in the FMI and fat percentage data of the young population
(Fig. 1). By contrast, the data regarding the ratio of percentage
of fatin the trunk to that in the leg, trunk/limb fat mass ratio, and
appendicular lean mass/height® were not skewed in the 20-40
yr old population (Fig. 1). These patterns possibly reflect the in-
crease in the prevalence rate of severe obesity among the Kore-
anyouth.

This study represents the first nationally representative anal-
ysis conducted in Asia. The results clearly illustrate a divergence
from the results found in the NHANES, and can be explained to
be caused by ethnicity, and thus, genetic differences or perhaps
other yet undefined causes. Korean populations have relatively
lower lean mass as well as “not-high” fat mass compared to oth-
er ethnic populations. Fat mass gain is not a prominent finding,
but central distribution of fat is a prominent finding associated
with age. In addition, lean mass parameters, in particular, appen-
dicular lean mass/trunk lean mass, decrease with age. It is plau-
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sible that these changes might be related to metabolic changes.
We hope that the findings of this study help improve our under-

standing of the relationships between body composition and
metabolic changes.
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We made the reference of Korean body composition from KNHANES IV. When we defined obesity according to the FMI
classification, the rates of obesity were 6.1% (FMI > 9 kg/m?) in men and 2.7% (FMI > 13 kg/m?) in women. It is concluded that
the muscle mass decreases and obesity increases with aging in Korean men, whereas both fat mass and obesity increase with aging

in Korean women.
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