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Background: Age-related decreases in lean mass represent a serious health problem. We aimed to analyze the risks of rapid decreas-
es in lean mass by age and sex in relatively young Korean adults during a 4-year follow-up study.

Methods: A total of 65,856 non-diabetic participants (59.5% men, mean age 39.1 years) in a health screening program were subject-
ed to bioimpedance body composition analyses and metabolic parameter analyses at baseline and after 4 years. The participants were
sub-divided according to age, and additionally to six groups by age and the degree of body weight change over the 4-year period.
The actual changes in body weight, lean mass, and fat mass and the percent changes over the 4-year period were assessed.

Results: The percent change in lean mass decreased and the percent change of fat mass increased with increasing age in every age
and sex group. However, the annual percent decrease in lean mass and percent increase in fat mass were significantly higher among
women than among men (—0.26% vs. —0.15% and 0.34% vs. 0.42%, respectively; P<0.01). Participants who were older than 50
years and had a weight loss <-5% during the 4 years had significantly greater decreases in lean mass and smaller decreases in fat
mass, compared to those who were younger than 50 years. An odds ratio analysis to determine the lowest quartile of the percent
change in lean mass according to age group revealed that participants older than 60 years had a significantly increased risk of a rapid
decrease in the lean mass percentage (2.081; 95% confidence interval, 1.678 to 2.581).

Conclusion: Even in this relatively young study population, the lean mass decreased significantly with age, and the risk of a rapid
decrease in lean mass was higher among women than among men. Furthermore, the elderly exhibited a significantly more rapid de-
crease in lean mass, compared with younger participants.
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INTRODUCTION and nearly 30% of adults older than 30 years are obese, accord-
ing to current estimations [1]. However, weight gain is a com-
The prevalence of obesity is increasing markedly worldwide,  plex phenomenon, as the body comprises complex components
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such as fat, muscle, water, and bone. A simple increase in
weight might be due to an increase in body fat, but might also
be attributable to an increase in muscle mass or water uptake,
which might have entirely different consequences from an in-
crease in fat [2]. The results of recent studies suggest complicat-
ed interpretations of weight changes that are based on novel hy-
potheses, such as the existence of ‘metabolically healthy obesi-
ty’ or ‘sarcopenic obesity’ [3-5]. These concepts are very impor-
tant to our understanding of the changes in body composition
during aging.

Weight loss is frequently observed in the elderly and is a uni-
laterally strong predictor of mortality [6,7]. This phenomenon
might reflect difficulties with homeostatic maintenance in older
age [8]. Elderly individuals experiencing weight loss would be
expected to exhibit decreases in both the lean body mass and fat
mass [9], and previous studies have shown that this decrease is
more pronounced in lean body mass [6]. Normally, the lean
body mass peaks in the third to fourth decade of life, followed
by a steady decline with further aging [10,11]. In contrast, body
weight increases until approximately 60 years of age, after
which time =60% of the population will experience a decrease
in weight. Therefore, fat mass accumulates during midlife
[12,13]. However, older people regulate weight less effectively
than to younger people because the older people are less able to
conserve lean mass during weight loss [14].

According to several previous studies, sex might have affect
the decrease in lean mass with aging [15,16]. Compared with
men, women experience more complicated changes in body
composition as they pass through menopause, including an
abrupt decline in estrogen production [17]. Because estrogen ex-
erts multiple protective effects against metabolic disorders such
as visceral obesity, osteoporosis, and atherosclerosis, women
suffer from various metabolic diseases that lead to an increased
risk of cardiovascular mortality after menopause [18,19].

Studies have suggested sex- and age-related associations of
weight changes with new-onset disabilities [20-23]. Neverthe-
less, it remains controversial whether changes in body composi-
tion differ by age or sex. Therefore, in this study we aimed to
analyze the changes of body weight and body composition dur-
ing a 4-year follow-up study.

METHODS

Subjects
This is a retrospective single-center study conducted as part of
the Kangbuk Samsung Health Study, which included partici-
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pants in a medical health checkup program at the Health Promo-
tion Center of Kangbuk Samsung Hospital, Sungkyunkwan
University School of Medicine, Seoul, Korea. Most study par-
ticipants were the employees of various industrial companies
around the country, as well as their family members. The medi-
cal health checkup programs were implemented to promote em-
ployee health through regular checkups and to enhance the early
detection of existing diseases.

The initial study population comprised 69,143 participants
who participated in the medical checkup program between Jan-
uary and December 2010, as well as a repeated medical checkup
between January and December 2014. Participants with diabe-
tes in 2010 or missing values were excluded from the study. Fi-
nally, a total of 65,856 participants were enrolled in the initial
study. The study protocol was approved by the Institutional Re-
view Board of Kangbuk Samsung Hospital (KBSMC 2014-11-
030). The requirement for informed consent was waived be-
cause the study used non-identified data that were routinely col-
lected during the health screening process.

Anthropometric measurements and laboratory
assessments

Medical history, medication use, and health-related behavioral
data were collected using a self-administered questionnaire.
Physical and serum biochemical parameters were measured by
trained staff during the health examinations. A current smoker
was defined as a participant who replied “yes” to the question
“Do you smoke currently?” on the self-questionnaire. Body
weight was measured to the nearest 0.1 kg using a digital scale
while the participant wore light clothing without shoes. Height
was measured to the nearest 0.1 cm. The body mass index
(BMI) was calculated as the weight in kilograms divided by the
height in meters squared. Trained nurses used standard mercury
sphygmomanometers to measure the participants’ seated blood
pressure.

All participants were examined after an overnight fast. The
hexokinase method was used to measure fasting serum glucose
concentrations (Hitachi Modular D2400, Roche, Tokyo, Japan).
An enzymatic calorimetric test was used to measure the total
cholesterol and triglyceride concentrations. The high and low
density lipoprotein cholesterol concentrations were measured
using the selective inhibition and a homogeneous enzymatic ca-
lorimetric test, respectively. The serum insulin level was mea-
sured using an electrochemiluminescence immunoassay and a
Modular Analytics E170 device (Roche).

The presence of diabetes mellitus was determined according
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to the participants’ self-questionnaire responses and fasting se-
rum blood glucose and glycated hemoglobin (HbA1c) levels, as
suggested by the American Diabetes Association [24]. In brief,
diabetes was defined as a fasting serum glucose level of =126
mg/dL or HbAlc of =6.5%, a self-reported history of diabetes,
or the current use of antidiabetic medication.

Body composition analysis

The participants’ body compositions were measured using seg-
mental bioelectric impedance analysis (BIA) with eight tactile
electrodes according to the manufacturer’s instructions (InBody
3.0, Biospace, Seoul, Korea). The lean mass (kg), fat mass (kg),
percent fat mass (%), and waist-hip ratio were measured. BIA is
a useful and well-correlated measurement of body fat relative to
lean mass [25,26]. The analyzer calculates the participant’s tis-
sue and fluid compartments using an imperceptible electrical
current passed through pads placed on one hand and foot. The
analyzer uses the measured resistance and reactance values to
mathematically calculate the lean mass using the formula
V=pXH?R, where the conductive volume (V) represents the
lean mass, p is the specific resistivity of the conductor, height
(H) is the length of the conductor, and body resistance (R) is
measured using four surface electrodes placed on the right hand
and foot [27].

Statistical analysis

The participants were divided into two groups according to ei-
ther an age cutoff of 50 years or sex, and into four groups ac-
cording to age (<40, 40 to 49, 50 to 60, and >60 years old). In
addition, the participants were divided into six groups by age
(<50 years vs. >50 years) and the degree of body weight
change during the 4-year period (<—5%, —5% to 5%, and >5%).
We compared the weight loss, lean mass loss, and fat mass loss
among these six subgroups based on the lowest quartile.

Data are presented as mean=standard deviation or number
with percentages. A one-way analysis of variance and the chi-
square test were used to compare changes in the metabolic pa-
rameters from the baseline to the 4-year follow-up, as well as
the baseline characteristics of the study participants by age and
degree of weight change. Tukey B method was used for the post
hoc analyses.

A logistic regression analysis was performed to evaluate the
odds ratio (OR) for a rapid annual decrease in lean mass, de-
fined as members in the lowest quartile of the annual percent
change in lean mass among different age groups. The cutoffs for
quartile groups of annual percent change in lean mass were as
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follows: <—0.54%, —0.54% to —0.15%, —0.16% to 0.23%, and
>0.23% in men; <—0.67%, —0.67% to —0.25%, —0.26% to 0.17%,
and >0.17% in women. A stepwise regression model was used
for this analysis.

PASW Statistics version 23.0 (IBM Co., Armonk, NY, USA)
was used for the statistical analyses. All reported P values are
two-tailed, and a P value <0.05 was considered statistically sig-
nificant.

RESULTS

The general characteristics of the participants at baseline are
presented in Table 1. The mean age of the participants was 39

Table 1. General Characteristics of the Participants at Baseline
and after 4 Years (1=65,856)

Variable Value
Age, yr 39.1+6.5
Male sex 39,156 (59.5)
Fasting blood glucose, mg/dL 92.1£8.6
Aspartate aminotransferase, [U/L 2294345
Alanine aminotransferase, IU/L 239+31.1
Total cholesterol, mg/dL 195.4+33.7
Triglyceride, mg/dL 115.5+76.5
High density lipoprotein cholesterol, mg/dL 56.4+13.8
Low density lipoprotein cholesterol, mg/dL 117.5+£30.6
Glycated hemoglobin, % 5.59+0.3
Systolic blood pressure, mm Hg 113.7£12.6
Diastolic blood pressure, mm Hg 722493
Body weight, kg 66.1£12.2
Body mass index, kg/m? 233+£3.1
Muscle mass, kg 46.91+9.2
Body fat mass, kg 16.4+5.3
Body weight change, kg 0.36+3.4
Percent change of body weight, % 0.64%5.1
Lean mass change, kg -0.50+1.7
Percent change of lean mass, % —0.78+2.6
Annual percent change of lean mass, % -0.194+0.6
Fat mass change, kg 091£2.9
Percent change of fat mass, % 1.48t4.4
Annual percent change of fat mass, % 0.37x1.1
Regular exercise 15,184 (23.1)
Current smoker 14,480 (22.0)
Alcohol consumption 10,930 (16.6)

Values are expressed as mean=+SD or number (%).
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years, and 59.5% were men. The mean BMI of the participants
was 23.3 kg/m?, or slightly overweight.

Changes of metabolic parameters at baseline and 4-year
follow-up according to age cutoff of 50 years and gender
Over the 4-year interval, the overall changes in body weight
were 0.40 kg among participants younger than 50 years and
—0.34 kg among those 50 years or older (Table 2). Both the
change in lean mass and percent change in lean mass were sig-
nificantly greater in the older group (—0.92 kg vs. —0.48 kg and
—1.41% vs. —0.74%, respectively; P<0.01) (Table 2). Addition-
ally, the change in fat mass and percent change in fat mass were
significantly smaller in the older group (0.71 kg vs. 0.92 kg and
1.16% vs. 1.50%, respectively; P<0.01) (Table 2).

When the participants were divided into two groups by sex,
the change in lean mass and percent change in lean mass were
significantly greater in women relative to men (—0.58 kg vs.
—0.46 kg and —1.03% vs. —0.61%, respectively; P<0.01) (Table
2). Furthermore, women had a significantly greater percent in-
crease in fat mass, compared with men (1.66% vs. 1.36%, P<
0.01) (Table 2).

Comparison of the mean metabolic parameter values
among the groups divided by age and weight change
The subjects were divided into six groups by age (cutoff, 50
years) and body weight loss degree (<-5%, —5% to 5%, and

>5%) over 4 years (Table 3). Of the 65,856 participants, most ex-
hibited weight changes within the range of 5% to 5% (n=47,583,
72.2%); 11.1% (n="7,364) had weight changes <—5%, and 16.7%
(n=10,909) had weight changes >5% (Table 3).

Participants aged =50 years had significantly greater absolute
losses in lean mass relative to those aged <50 years in both the
<-5% and —5% to 5% weight change groups (—1.92 kg vs.
—2.20 kg and —0.57 kg vs. —0.88 kg, respectively; P<0.01) (Ta-
ble 3, Fig. 1). Similar results were observed for the percent
change in lean mass (-2.81% vs. =3.29% and —0.89% vs.
—1.36%, respectively; P<0.01). Otherwise, the absolute and
percent losses of fat mass were significantly smaller among
those aged =50 years versus those aged <50 years in the <—5%
weight change group (-2.41 kg vs. —3.49 kg and —3.62% vs.
—5.06%, respectively; P<0.01). Among participants who gained
weight (>5%) during the 4-year period, the absolute and per-
cent changes in lean mass were significantly smaller among
participants aged =50 years than among those aged <50 years
(0.60 kg vs. 0.83 kg and 0.89% vs. 1.25%, respectively; P<
0.01) (Table 3, Fig. 1).

Changes over time in the percent changes of lean mass and
fat mass by age and sex

Greater percent decreases in lean mass over the 4-year period
were observed with increasing age, regardless of sex (Fig. 2).
However, women experienced a greater percent decrease in lean

Table 2. Baseline Values and Changes in Metabolic Parameters during the 4-Year Follow-up Period

Variable <50yr (n=62,132) =50yr(n=3,724) P value Men (n=39,156) Women (n=26,700) P value
Age, yr 382+54 54.5£5.3 <0.01 39.5£6.6 385£6.3 <0.01
Male sex 36,703 (59.1) 2,453 (65.9) <0.01 - - -
Body weight, kg 66.1£12.3 65.4£10.1 <0.01 72.9£9.8 56.0£7.7 <0.01
Body mass index, kg/m* 23.3£3.1 23.842.6 <0.01 244129 21.842.8 <0.01
Muscle mass, kg 46.9+9.3 46.1£8.3 <0.01 53.2£5.7 37.6+3.8 <0.01
Body fat mass, kg 164+54 16.5+4.8 0.04 16.5£5.5 16.2£5.1 <0.01
Body weight change, kg 0.40£3.5 —0.34£2.7 <0.01 0.40£3.5 0.30+3.3 0.52
Percent change of body weight, % 0.70+5.2 —0.45+4.1 <0.01 0.65+4.8 0.62+5.6 <0.01
Lean mass change, kg —0.48t1.7 -0.92+1.7 <0.01 —0.46+1.8 —0.58+1.5 <0.01
Percent change of lean mass, % —0.74£2.5 -1.41£25 <0.01 —0.61£2.5 -1.03+2.7 <0.01
Annual percent change of lean mass, kg —0.18£0.6 —0.35+0.6 <0.01 —0.15£0.6 —0.26+0.7 <0.01
Fat mass change, kg 0.92+2.9 0.71+£24 <0.01 0.93+2.9 0.884+2.9 0.04
Percent change of fat mass, % 1.50+4.4 1.16£3.7 <0.01 1.36£3.9 1.66+5.0 <0.01
Annual percent change of fat mass, kg 0.38%1.1 0.29+0.9 <0.01 0.34%1.0 042+1.2 <0.01
Values are expressed as mean+SD or number (%).

Copyright © 2017 Korean Endocrine Society www.e-enm.org 445



N £M I

Table 3. Comparison of Mean Metabolic Parameter Values among the Groups Divided by Age and Weight Change®
Age <50yrand Age =50yrand Age <50yrand Age =50yrand Age <50yrand Age =50 yrand
Variable weight change ~ weight change  weight change  weight change ~ weight change  weight change
<-5% <-5% —5%t0 5% —5%t0 5% >5% >5%

(n=6,923) (n=441) (n=44,599) (n=2,984) (n=10,610) (n=299)
Age, yr 382154 55.1+£59 38.6+5.3 544+53 36.7£53 54.2+5.1
Male sex 3,634 (52.5) 297 (67.3) 27,149 (60.9) 1,978 (66.3) 5,920 (55.8) 178 (59.5)
Body weight, kg 68.2+12.8 66.5+£10.5 66.3+£12.3 65.5+£9.9 64.1£11.8 62.7£10.1
Body mass index, kg/m’ 263+3.2 243+£2.7 233+£3.1 23.8+£2.6 22.6£3.1 229+2.7
Muscle mass, kg 46.8+£9.6 46.5£8.6 472+9.2 46.2+8.2 459+9.1 443+£8.1
Body fat mass, kg 18.5£5.6 17.2£4.8 16.3£5.2 16.5£4.8 154+£5.5 15.7£5.0
Body weight change, kg —5.55£2.6 —4.83£1.7 0.15+£1.7 —0.18%1.6 532124 47317
Percent change of body weight, % -8.10£3.1 —7.25+£2.3 0.25+2.6 —0.26£2.5 8.34£3.5 7.61£2.7
Lean mass change, kg -1.92+1.7 —2.20t1.6 —0.57t1.5 —0.88t1.5 0.83x+1.6 0.60x+1.5
Percent change of lean mass, % —2.811£2.4 -3.291t2.4 —0.89+£2.2 -1.36+2.3 1.25+2.5 0.89+2.4
Annual percent change of lean mass, % -0.70+0.6 -0.824+0.6 -0.224+0.6 —0.344+0.6 0.31£0.6 0.22+0.6
Fat mass change, kg —3.49£2.6 —241£2.1 0.77£1.9 0.84+1.9 444+£23 4.13£2.0
Percent change of fat mass, % —5.06+3.6 -3.62+3.1 1.22+£29 1.31£29 7.00£3.6 6.74+3.4
Annual percent change of fat mass, % -1.27+£0.9 -0.90£0.8 0.30£0.7 0.33+0.7 1.75+0.9 1.69+0.9
Regular exercise 1,613 (23.3) 100 (22.7) 994 (22.3) 718 (24.1) 2,716 (25.6) 93 (31.1)
Current smoker 1,275 (18.4) 66 (15.0) 9,940 (22.3) 494 (16.6) 2,627 (24.8) 78 (26.1)
Alcohol consumption 1,101 (15.9) 92(20.9) 7,552 (16.9) 678 (22.7) 1,441 (13.6) 66 (22.1)
Values are expressed as mean=t SD or number (%).
*Mean values of all groups were significantly different when analyzed by one-way analysis of variance test.

10
8 -
6 -
4 -
2 B .
. <50yr/<—5% =50 y1r/<-5% [ Percent body weight change
S 0 I Percent lean mass change

<50 yr/<—5%t0 5% <50 yr/>5% =50 yr/>5% M Percent fat mass change

=50 yr/<—5% to 5%

Fig. 1. Comparison of the mean percent change of body weight, lean mass, and fat mass among three groups divided by the percent weight
change over 4 years and age at baseline.

mass relative to men, and older participants (=50 years) experi-
enced a greater decrease relative to younger participants. Re-
garding fat mass, women of all age groups younger than 60
years had similar differences in the percent change in fat mass
over 4 years, whereas those aged =60 had a relatively smaller
percent increase in fat mass. Among men, the percent increase
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in fat mass began to decrease from age 40 to 49 years and ex-
hibited a similar trend thereafter (Fig. 2).

Risk for rapid annual decrease of lean mass
When the ORs for a rapid decrease in the percent lean mass, de-
fined as members in the lowest quartile of the percent change in
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Fig. 2. Comparison of percent changes in lean and fat mass during a 4-year period by age and sex.

@ M Percent change of lean mass
M F Percent change of lean mass
l M Percent change of fat mass
B F Percent change of fat mass

Table 4. Odds Ratios for a Rapid Annual Decrease in Lean Mass (Lowest Quartile*)

No. of subjects (%) Model 1 Model 2 Model 3 Model 4
30s 8,361/53,829 (23.3) 1.000 1.000 1.000 1.000
40s 6,810/26,303 (25.9) 1.148 (1.106-1.191) 1.148 (1.106-1.191) 1.205 (1.143-1.271) 1.200 (1.134-1.270)
50s 1,038/3,135 (33.1) 1.626 (1.504-1.759) 1.627 (1.504-1.760) 1.576 (1.436-1.730) 1.573 (1.422-1.741)
=60s 223/589 (37.9) 2.002 (1.692-2.369) 2.000 (1.690-2.367) 1.921 (1.585-2.328) 2.081 (1.678-2.581)

Model 1, no adjustment; Model 2, adjusted for sex, body mass index; Model 3, adjusted for model 2 plus fat mass, lean mass, glycated hemoglobin, and
waist circumference; Model 4, model 3 plus exercise, alcohol drinking, and smoking status.
*The cutoffs for the lowest quartile groups are as follows: <—0.54% in men, <—0.67% in women.

lean mass, were analyzed in different age groups, we observed a
significantly increase in the OR with age (Table 4). Participants
aged =60 years had a more than 2-fold increased risk of a rapid
decrease in the percent lean mass, compared to those aged <40
years old after adjusting for confounding variables (OR, 2.081;
95% confidence interval, 1.678 to 2.581) (Table 4).

DISCUSSION

In this large population study of young, non-diabetic Korean
participants in a health check-up program, we found that the
percent change in lean mass decreased and the percent change
in fat mass increased as the participants aged. When participants
were divided into two groups according to an age cutoff of 50
years, those older than 50 years had a significantly greater de-
crease in lean mass relative to those younger than 50 years. In
addition, the decrease in lean mass with aging was more promi-
nent among women than among men.

In aging humans, the muscle mass decreases despite an in-
crease in body weight [28,29]. Recent studies have shown sig-
nificant associations between sarcopenia, muscle mass and

Copyright © 2017 Korean Endocrine Society

strength, and increased mortality in the elderly [30,31]. A de-
creased muscle mass results in a decrease in the muscle strength
needed to support the skeletal structure, leading to reduced bone
mass and an increased incidence of osteoporosis in the elderly
[32]. Most studies of the relationship of muscle mass and
strength with metabolic disease have been performed in the el-
derly. By contrast, the results of our study suggest the impor-
tance of muscle mass maintenance, even in a relatively young
population.

In our study, women had a significantly higher tendency to-
ward a decreased lean mass with increasing age, compared with
men. Women generally have a greater proportion of fat tissue
and smaller proportion of lean mass, compared with men [33].
Therefore, one might assume that women would experience
smaller weight losses relative to men because of this remaining
fat mass. This supposition has been proven in several previous
studies [7,15,28,34]. However, women in our study population
had greater weight losses relative to men. This difference might
be attributable to the relatively younger population of female
participants, compared to those in other previous studies. The
mean age of our study population was 39.1 years, and most fe-

www.e-enm.org 447



EnM

male participants were perimenopausal. Data from cross-sec-
tional and longitudinal studies suggest that the greatest rate of
decline in lean mass may occur during the perimenopausal
years, followed by a more gradual decline thereafter [35,36].

One strength of our study is the demonstration for the first
time that even among young women, weight loss would lead to
a greater loss of lean mass with increasing age. Postmenopausal
women often experience a decrease in lean mass and increase in
fat mass [37], and often an increase in body weight. However,
our study observed a steady decrease in body weight and a de-
crease in fat mass with aging among women. This difference
might be attributable to racial differences between the Asian
women who participated in our study and women of Caucasian
or African descent who participated in previous studies, or to
other individual medical factors such as the use of hormone re-
placement therapy [38,39].

Our study also has a few limitations. First, this was a single-
center study, and therefore may not be generalizable to the en-
tire Korean population. Second, as we did not consider individ-
ual medication histories, we could evaluate the potential effects
of medications such as hormone replacement therapy. Third, the
4-year follow-up period was fairly short, and a longer follow-up
is needed to investigate actual patterns of changes in body com-
position. Lastly, we excluded patients with diabetes at baseline
to avoid bias, but did not absolutely exclude other diseases that
could influence body weight, such as chronic kidney disease
[40], albuminuria [41], or hidden malignancy [42], because our
study based on medical checkup program in apparently healthy
young people. In fact, there were relatively small numbers of
participants who answered ‘yes’ to the question of past history
of cancer (~less than 200 subjects), which proportion that could
rarely affect the result of this study. Nevertheless, our study is
clinically important in that it is the first large-population retro-
spective study of healthy Korean young adults to demonstrate
changing body composition patterns.

In conclusion, we observed body weight changes and body
composition changes during a large 4-year follow-up study of
non-diabetic Korean young adults, and found that the lean mass
significantly decreased with increasing age, even among rela-
tively young adults. In addition, women had a greater risk of a
rapid decrease in lean mass, relative to men. This difference in
body composition during the 4-year study might be attributable
to aging processes and sex-related genetic differences, as well
as racial differences. A larger population that includes multiple
races and is conducted over a longer period of time is needed to
understand the mechanism underlying the observed changes in
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body composition patterns; thus, facilitating the application of
these findings to the management of elderly and social health.
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