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Background: To elucidate longitudinal changes of complex body composition phenotypes and their association with incident
type 2 diabetes mellitus.

Methods: A total of 17,280 (mean age, 48.1+8.2 years) Korean adults who underwent medical check-ups were included. The
mean follow-up duration was 5.5+0.5 years. Body compositions were assessed using a bioelectrical impedance analysis. Four
body composition phenotypes were defined using the median of appendicular skeletal muscle mass (ASM) index and fat mass in-
dex: low muscle/low fat (LM/LF); high muscle (HM)/LF; LM/high fat (HF); and HM/HF groups.

Results: Of the individuals in the LM/LF or HM/HF groups, over 60% remained in the same group, and over 30% were moved to
the LM/HF group. Most of the LM/HF group remained in this group. In the baseline HM/LF group, approximately 30% stayed in
the group, and the remaining individuals transitioned to the three other groups in similar proportions. Incident diabetes was sig-
nificantly lower in participants who remained in the HM/LF group than those who transitioned to the LM/LF or LM/HF group
from the baseline HM/LF group in men. ASM index was significantly associated with a decreased risk for incident diabetes in
men regardless of obesity status (adjusted odds ratio [OR], 0.71 per kg/m? 95% confidence interval [CI], 0.52 to 0.97 in non-
obese) (adjusted OR, 0.87; 95% CI, 0.77 to 0.98 in obese) after adjusting for other strong risk factors (e.g., baseline glycosylated
hemoglobin and homeostasis model assessment of insulin resistance).

Conclusion: Maintenance of ASM may be protective against the development of type 2 diabetes mellitus in men, regardless of
obesity status.
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INTRODUCTION

Previous studies have shown that aging is associated with sub-
stantial changes in body composition, characterized by in-
creased fat mass combined with decreased lean body mass and

muscle mass (MM) [1-6]; however, most previous reports used
a cross-sectional study design that revealed an association be-
tween decreased appendicular skeletal muscle mass (ASM)
and increased age [1,3-5], with few reported longitudinal stud-
ies [2,6]. Skeletal muscle is the largest insulin-sensitive tissue in
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the body, and skeletal muscle insulin resistance is a well-estab-
lished key process in the development of type 2 diabetes melli-
tus (T2DM) [7]. Several previous cross-sectional studies have
shown that low muscle mass or strength is associated with in-
sulin resistance and T2DM [8-10]; however, only a few longi-
tudinal studies exist [11-14] that have investigated the associa-
tion between MM and incident T2DM with inconsistent re-
sults. The discrepancies in results may be due to differences in
age, sex, ethnicity, and degree of obesity of the participants, or
methods of MM measurement. Moreover, several studies have
investigated the role of MM in elderly people and have consis-
tently demonstrated that sarcopenia is associated with several
harmful outcomes including increased functional disability
and mortality [15-19]. Therefore, proper evaluation and early
interventional management of body composition in younger
and middle-aged individuals are required to prevent the devel-
opment of sarcopenia or sarcopenic obesity in the elderly.
However, the complex interplay between longitudinal changes
in fat and MM and their clinical consequences in younger and
middle-aged individuals remain poorly understood yet. There-
fore, we sought to elucidate the changes in the prevalence of
complex body composition phenotypes and their association
with incident T2DM in a longitudinal follow-up of younger
and middle-aged men and women.

METHODS

Participants

Initially, 20,639 individuals were recruited from those who vis-
ited the Health Screening and Promotion Center of the Asan
Medical Center (Seoul, Korea) for routine medical check-ups
from January 2007 to December 2008 and revisited for follow-
up examinations from January 2012 to December 2014.
Among them, 2,177 people who had a past medical history or
were currently diagnosed with any cancer; overt renal, hepatic,
thyroid dysfunction, or severe anemia at baseline or follow-up
examinations; and age <20 or >69 years were excluded. Indi-
viduals with diabetes at baseline (fasting plasma glucose [FPG]
>7.0 mmol/L or glycosylated hemoglobin [HbA1lc] >6.5% [48
mmol/mol] or taking anti-diabetic medications) were also ex-
cluded (n=1,182). After the exclusion, 17,280 individuals
(10,768 men and 6,512 women) with a mean age of 48.1 years
(range, 20 to 69 years) were enrolled (Supplementary Fig. 1).
This study was approved by the Institutional Review Board of
the Asan Medical Center (Seoul, Korea) (2017-1065) and all
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participants gave informed consent. The work was done in ac-
cordance with the Ethical Principles for Medical Research In-
volving Human Subjects outlined in the Helsinki Declaration
in 1975 (revised in 2000).

The participants completed a standard questionnaire regard-
ing their previous medical or surgical diseases, medications, as
well as exercise, drinking, and smoking habits. “Regular exer-
cise” was defined as physical activity of moderate intensity that
equals or more than brisk walking of at least 30 minutes per
day, three times per week.

Body composition measurements

Body composition was measured via a bioelectrical impedance
analysis (BIA) by InBody3.0 (baseline) or InBody720 (follow-
up) (InBody Co. Ltd., Seoul, Korea). BIA devices measure the
impedance of body tissues by sending detectable electrical sig-
nals through the body using an eight-point tactile electrode
system to estimate segmental composition while a person
standing on and gripping electrodes. The InBody3.0 device
uses four frequencies (5, 50, 250, and 500 kHz) and produces a
total of 20 impedance values for five body segments (trunk,
right and left arms, and right and left legs) and the InBody720
device uses six frequencies (1, 5, 50, 250, 500, and 1,000 kHz)
and produces 30 impedance values for five body segments.

The body composition variables included whole body lean
body mass (LBM), MM (LBM minus bone mineral content),
and fat mass. These measurements were also available for the
five body segments. ASM included the MM from the arms and
legs, which is primarily composed of skeletal muscles.

Calculation of various indices and defining body
phenotypes

Body mass index (BMI), lean body mass index (LBMI), muscle
mass index (MMI), appendicular skeletal muscle mass index
(ASMI), and fat mass index (FMI) were calculated from each
measurement (body weight, LBM, MM, ASM, and fat mass
[kg], respectively) divided by the square of height (m?).

The four types of body composition according to the muscle
to fat proportion were defined by median of ASMI (8.95 kg/m’
in men and 7.30 kg/m’ in women) or FMI (4.73 kg/m’ in men
and 5.52 kg/m” in women) as follows: (1) low muscle (LM)/low
fat (LF), (2) high muscle (HM)/LE, (3) LM/high fat (HF), and
(4) HM/HF groups.
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Laboratory measurements

After overnight fasting, venous blood samples were drawn into
vacuum-sealed tubes and were transferred to a central, certi-
fied laboratory. Glucose was measured using the hexokinase
method with an autoanalyzer (Toshiba 200 FR Neo autoana-
lyzer; Toshiba Medical System Co., Tokyo, Japan). The HbAlc
level was measured via ion-exchange high-performance liquid
chromatography using an automated analyzer (Variant II; Bio-
Rad Laboratories, Hercules, CA, USA). Total cholesterol, high
density lipoprotein cholesterol (HDL-C), and triglycerides
(TGs) levels were measured with an enzymatic colorimetric
method using an autoanalyzer (Toshiba). Serum insulin con-
centrations were obtained via an immunoradiometric assay
(TFB, Tokyo, Japan). The intra- and inter-assay coeflicients of
variations of these analyses were consistently <3.5%. The ho-
meostasis model assessment of insulin resistance (HOMA-IR)
and B-cell function (HOMA-B) index was calculated as follows:
HOMA-IR =fasting serum insulin (uU/mL)xFPG (mmol/L)/
22.5; HOMA-B=20xfasting serum insulin (uU/mL)/[FPG
(mmol/L)-3.5].

Diagnosis of incident diabetes mellitus

Incident diabetes was diagnosed if FPG 27.0 mmol/L or
HbAlc >6.5% (48 mmol/mol) or if anti-diabetic medications
had commenced during the follow-up period in participants
without diabetes at baseline.

Statistical analysis

Continuous variables with a normal distribution are expressed as
the mean +standard deviation. Variables that are not distributed
normally, including fat mass, TG, insulin, HOMA-IR, and
HOMA-j are presented as the median (interquartile range). A
Student’s ¢-test or Mann-Whitney U test was used to compare the
continuous variables between two groups. An analysis of vari-
ance (ANOVA) with a post hoc analysis by Tukey method or
Kruskal-Wallis test was used for comparisons among three or
more groups. Categorical variables were expressed as proportions
(%) and chi-square tests were employed to compare proportions.
Multivariate logistic regression analysis adjusting for confound-
ing variables was used to calculate the odds ratios (ORs) of inci-
dent diabetes. All statistical analyses were performed using IBM
SPSS Statistics version 20.0 (IBM Co., Armonk, NY, USA). A
P<0.05 was considered statistically significant.
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RESULTS

Baseline characteristics and mean changes in body weight,
fat mass, and ASM of the study participants

Table 1 shows the baseline characteristics of the participants in
men and women. Most of the body composition variables were
higher in men than in women; however, the FMI was higher in
women than in men.

The mean follow-up duration was 5.5+0.5 years (range, 4.8
to 7.0 years). The mean changes in body weight, fat mass, and
ASM were 0.4+3.2 kg (range, -19.1 to 26.7 kg), 1.7+2.8 kg
(range, —14.6 to 22.0 kg; 2.5%/year), and -0.8+0.9 kg (range,
-6.7 to 4.2 kg; —0.6%/year), respectively. Table 2 presents the
baseline characteristics of the participants according to the
four types of body composition. During the 5-year follow-up,
the incidence of diabetes was similarly lower in the LM/LF and
HMY/LF groups (3.4% and 3.7%, respectively), whereas it was
significantly higher in the LM/HF (6.5%) and HM/HF (8.2%)
groups in men. For the women, the LM/LF group (0.9%) ex-
hibited the lowest incidence of diabetes, followed by the HM/
LF (2.0%), LM/HF (2.7%), and HM/HF (5.2%) groups.

Four types of body composition according to age at
baseline and their changes after follow-up

Fig. 1 shows the distribution of body composition phenotypes
according to age group at baseline and follow-up. At baseline,
proportion of HM/LF group was the highest in the youngest
(age 20 to 29 years) men and middle-aged (40 to 49 years)
women. The youngest women (age 20 to 39 years) consisted
primarily of LM/LF group. After 5 years, the proportion of in-
dividuals in the LM/HF group had markedly increased for all
age groups in both men and women (Fig. 1).

Transitions of each body composition phenotype from
baseline to follow-up

Fig. 2A presents the transitions of each body composition phe-
notype from baseline to follow-up. For the LM/LF group, over
60% of the original individuals maintained the same pheno-
type, while over 30% transitioned to the LM/HF group. Most
of the individuals in the LM/HF group stayed in the same
group. Approximately 60% of the HM/HF group stayed in the
group, while over 30% transitioned to the LM/HF group. Of
the participants in the baseline HM/LF group, approximately
30% stayed in the same group, while the remaining individuals
transitioned to the three other groups with similar propor-
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Table 1. Baseline characteristics of the participants

Characteristic Men Women
Number 10,768 6,512
Age, yr 48.5+8.1 47.5+8.6
Height, cm 170.9+5.8 158.7£5.1
Weight, kg 72%9 56+7
BMI, kg/m’ 24.7+2.6 224+2.7
LBM, kg 58+6 42+4
LBMI, kg/m* 19.8+1.5 16.6+1.2
Muscle mass, kg 55+6 39+4
MML, kg/m? 18.7+1.4 15.7x1.2
ASM, kg 26+3 1812
ASMI, kg/m? 9.0£0.7 7.3£0.6
Fat mass, kg 13.9(11.3-16.8) 14.0 (11.4-17.0)
FMI, kg/m’ 4.8(3.9-5.8) 5.5(4.5-6.8)
‘Waist, cm 86+7 75+7
Smoking, %

Current 353 2.4

Ex-smoker 42.6 29
Alcohol use (=2 times/wk), % 54.3 12.2
Exercise (>3 times/wk), % 51.3 59.6
Hypertension, % 24.1 13.8
SBP, mm Hg 12013 112+14
DBP, mm Hg 75%9 70+9
Total cholesterol, mmol/L 4.94+0.85 4.91+0.88
HDL-C, mmol/L 1.34+0.31 1.63+0.36
TG, mmol/L 1.41 (1.01-1.98) 0.95(0.71-1.32)
FPG, mmol/L 56+1.1 52+0.8

HbA1c, % (mmol/mol)
Insulin, pmol/L
HOMA-IR

HOMA-p

55+0.7 (37+8) 5.3+0.6(34+7)

458 (31.9-66.0) 39.6 (28.5-55.6)
1.6(1.1-24)  1.3(0.9-1.9)
71 (50-101) 72 (53-100)

Values are presented as mean+standard deviation or median (inter-
quartile range).

BMI, body mass index; LBM, lean body mass; LBMI, lean body mass
index; MMI, muscle mass index; ASM, appendicular skeletal muscle
mass; ASMI, appendicular skeletal muscle mass index; FMI, fat mass
index; SBP, systolic blood pressure; DBP, diastolic blood pressure;
HDL-C, high density lipoprotein cholesterol; TG, triglyceride; FPG,
fasting plasma glucose; HOMA-IR, homeostasis model assessment of
insulin resistance; HbAlc, glycosylated hemoglobin; HOMA-{, ho-
meostasis model assessment of B-cell function index.

tions. Therefore, we compared each of the four transited body
composition phenotypes after 5 years follow-up among the in-
dividuals in the baseline HM/LF group.
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Comparison of the four transited body composition
phenotypes among the individuals in the baseline HM/LF
group

Table 3 presents the follow-up characteristics of the baseline
HMY/LF group according to each transition group. Among
men, incident diabetes was significantly lower in individuals
who stayed in the HM/LF group (2.2%) than the LM/LF
(4.4%) or LM/HF (5.7%) transition groups; however, only the
LM/HEF transition group (2.8%) was associated with a signifi-
cantly higher incidence of diabetes compared to the other
groups (1.6% to 1.7%) in women (Fig. 2B).

Regression analysis for incident diabetes

Table 4 lists the ORs for incident diabetes according to obesity
status (BMI <25 or 225 kg/m?®) because previous studies
[12,13] have shown that the association between MM/strength
and diabetes risk are different according to obesity status and
there was also significant interaction between obesity status
and body composition in our analysis. In the first model, we
adjusted for age because it is closely associated with both body
composition and diabetes incidence. We subsequently adjusted
for baseline HbAlc, HOMA-IR, and HOMA- since they are
well-known, most powerful predictors of T2DM. ASMI was
found to be significantly associated with a decreased risk for
incident diabetes in men, regardless of obesity status. More-
over, waist circumference in non-obese men and FMI in obese
men were independently associated with an increased risk for
diabetes. For women, only waist circumference was signifi-
cantly associated with an increased risk for incident diabetes in
the age-adjusted model; however, it was not significantly asso-
ciated with an increased risk of diabetes after adjusting for
baseline HbAlc, HOMA-IR, and HOMA-f. The results were
not changed significantly after fully adjusting for all factors as-
sociated with incident diabetes in bivariate analysis (age, physi-
cal activity, smoking, alcohol drinking, family history of diabe-
tes, systolic blood pressure, baseline HbAlc, HOMR-IR,
HOMA-B, serum cholesterol, TGs, and HDL-C).

DISCUSSION

This study confirmed that a decrease in MM and an increase in
fat mass were associated with an increased risk of developing
T2DM. In addition, we observed that the complex interplay of
changes in fat and MM could differently affect the risk. More-
over, fat mass tended to increase, whereas ASM decreased with

Diabetes Metab ] 2019;43:627-639  http://e-dmj.org
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Fig. 1. Distribution of the four types of body composition according to sex and age groups at (A, B) baseline and (C, D) their re-
spective changes after the 5-year follow-up period.
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Fig. 2. (A) Transitions of each body composition phenotype from baseline to follow-up after 5 years. (B) Incidence of type 2 dia-
betes mellitus (T2DM) in the baseline “high muscle/low fat” group according to the transition of body composition during the
follow-up period. *P<0.01 between the groups by chi-square test.
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Table 4. ORs for incident diabetes in men and women according to obesity status
Men Women
Variable Non-obese Obese Non-obese Obese
(n=6,084, 56.5%) (n=4,684, 43.5%) (n=5,516, 84.7%) (n=996, 15.3%)
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Model 1
FMI, kg/m* 1.12 0.91-1.36 1.27 1.15-1.40 0.94 0.76-1.17 1.13 0.97-1.32
ASMI, kg/m® 0.73 0.56-0.95 0.82 0.70-0.96 1.08 0.66-1.80 1.04 0.63-1.72
Waist, cm 1.11 1.05-1.15 1.06 1.02-1.09 1.08 1.02-1.14 1.09 1.03-1.14
Model 2
FMI, kg/m* 1.09 0.87-1.36 1.33 1.18-1.49 1.02 0.78-1.33 1.12 0.91-1.38
ASM], kg/m* 0.79 0.65-0.96 0.86 0.76-0.97 1.06 0.74-1.52 0.91 0.78-1.06
Waist, cm 1.08 1.02-1.13 1.04 0.98-1.10 1.04 0.98-1.10 1.06 0.97-1.15
Model 3
FMI, kg/m* 1.07 0.82-1.39 1.31 1.17-1.46 0.96 0.76-1.21 1.08 0.85-1.37
ASMI, kg/m* 0.71 0.52-0.97 0.87 0.77-0.98 1.11 0.76-1.62 0.89 0.74-1.07
Waist, cm 1.07 1.01-1.13 0.98 0.93-1.03 1.03 0.97-1.09 1.05 0.94-1.17

Model 1, adjusted for age; Model 2, adjusted for age, baseline glycosylated hemoglobin, homeostasis model assessment of insulin resistance, and
homeostasis model assessment of p-cell function; Model 3, adjusted for factors in Model 2+physical activity, smoking, alcohol drinking, family
history of diabetes, systolic blood pressure, serum cholesterol, triglycerides, and high density lipoprotein cholesterol. Obesity was defined as

body mass index >25 kg/m’.

OR, odds ratio; CI, confidence interval; FMI, fat mass index; ASMI, appendicular skeletal muscle mass index.

aging in all age groups, consistent with the findings of previous
studies [1-5]. In an Italian study [2], men lost significantly
more ASM than women (1.1%/year vs. 0.6%/year, respective-
ly). In our study, while the mean reduction in ASM was similar
between men and women (0.5%/year vs. 0.8%/year), the mean
gain of fat mass tended to be greater in women compared to
men (2.9%/year vs. 2.2%/year). This sex difference could arise
from the influence of sex hormones and menopause in wom-
en, and could have resulted in different metabolic effects be-
tween men and women. Therefore, we analyzed all the data
separately in men and women. After 5 years, the incidence of
diabetes was lower in the baseline LM/LF and HM/LF groups
compared with the LM/HF and HM/HF groups. This in-
creased incidence of diabetes in the HF groups regardless of
the baseline MM may be partly related to the fact that the
mean gain of fat mass (1.7 kg; 2.5%/year) was much greater
than the change of ASM (-0.8 kg; —0.6%/year) during the fol-
low-up period.

Among the HM/LF group at baseline, individuals who
maintained the HM/LF phenotype exhibited a significantly
lower incidence of diabetes compared with those who transi-
tioned to the LM/LF or LM/HF phenotypes. These results can
be explained by the metabolically protective roles of skeletal
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muscle in the development of diabetes. Skeletal muscle is
known as the largest insulin-sensitive tissue in the body and
accounts for 80% of glucose uptake under euglycemic hyperin-
sulinemic conditions [7]. In addition, skeletal muscle insulin
resistance is a key process in the development of T2DM, which
may be observed decades before B-cell failure and hyperglyce-
mia occur [7]. Several previous cross-sectional studies have
shown that low muscle mass or muscle strength are associated
with insulin resistance and T2DM [8-10]. Furthermore, de-
creased muscle strength or physical fitness was associated with
future incident T2DM [20-22]; however, only a few longitudi-
nal studies [11-14] have prospectively investigated the associa-
tion between MM and incident T2DM yielding variable re-
sults. One Australian study [13] reported that reduced muscle
strength, but not reduced MM, is a risk factor for incident
T2DM in non-obese men; however, this was not the case in
obese men. Larsen et al. [12] reported that while a greater
muscle area measured by computed tomography scan was as-
sociated with a lower risk of incident diabetes in older normal-
weight women, higher levels of muscle measures were associ-
ated with a greater risk of incident diabetes in overweight and
obese women. Our data revealed that a high ASM significantly
decreased the risk for incident diabetes regardless of obesity
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status in men; however, it was not protective in women. The ef-
fects of muscle on metabolic health may be visible only in the
absence of excess adipose tissue; therefore, muscle may not be
protective for overweight or obese women because the harm-
ful effects of large amounts of excess fat are stronger than the
protective effects of muscle [12]. The discrepancies in the re-
sults between ours and Larsen’s could also be explained by dif-
ferent ethnicity (Asian vs. Caucasian), degree of obesity (BMI
225 kg/m’; 33% vs. 65%), age group (20 to 69 years vs. 70 to 79
years), the duration of follow-up (5 years vs. 11 years), and the
timing of the skeletal muscle mass measurement (follow-up vs.
baseline). In our study, the HM/HF group at baseline exhibited
the highest incidence of diabetes in both men and women, but
not in those that transitioned to the HM/HF from the HM/LF
group. It is possible that a longer duration of fatness and aging
could cause poor muscle quality, including the increased infil-
tration of skeletal muscle by ectopic fat [23] in the baseline
HM/HE group.

Recently, one Korean population-based prospective study re-
ported that low muscle mass defined by the MMI (total MM di-
vided by weight) was associated with an increased risk of devel-
oping T2DM, independent of general obesity [14]. Our results
are in general agreement with that study; however, our study
included a much larger number of participants and analyzed
ASM, which is a key component of assessing the health and
functional status related to aging and a key diagnostic feature
for sarcopenia. In addition, we also analyzed the influence of
complex body composition phenotypes and their longitudinal
changes. It should be noted that we examined the effect of ‘rela-
tive’ low muscle mass using the median value of the study pop-
ulation as cut-off points. In contrast, most of the previous stud-
ies used the definition of sarcopenia as MM below two standard
deviations of the young adult means [8,10,15]. In addition, the
site and methods of MM measurement and calculation of MMI
were different among the studies. Therefore, it was difficult to
compare the cut-off values with other previous studies.

Sarcopenia is consistently associated with increased inci-
dences of functional disability and mortality, independent of
other comorbidities that present with old age [15-19]; however,
the loss of skeletal muscle mass can occur quite rapidly, even in
middle-aged adults, as shown in this study. Continuous regular
exercise over a long period of time is associated with higher
ASM mass and grip strength in old age, but not with exercise
in early adulthood or old age alone [24]. One study [25] com-
pared the muscle function and structure in well-trained se-
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niors who exercised regularly in their previous 30 years with
age-matched healthy sedentary cohorts. Relative to their sed-
entary controls, muscles from the senior sportsmen had great-
er maximal isometric force, as well as better preserved fiber
morphology and ultrastructure of intracellular organelles. Re-
cently, a Swedish military conscripts study [21] demonstrated
that low aerobic capacity and muscle strength during early
adulthood were associated with an increased long-term risk of
developing T2DM. Therefore, apparently healthy individuals
should be regularly evaluated for exercise capacity and muscle
strength, and followed from youth to old age to reduce the in-
cidence of sarcopenia, which is associated with various mor-
bidities and mortality, in the future as they grow old.

In our logistic regression analyses, ASMI and FMI exhibited
significant impact on the risk of T2DM only in men, but not in
women. There could be several possible explanations for these
differences in results according to sex. It is well known that
body composition is quite different between men and women
because androgens and estrogens greatly affect muscle and fat
formation and distribution as well as nutrient metabolism.
Menopause in women also has large impact on body composi-
tion changes with aging. In addition, while the loss of skeletal
muscle mass was similar between men and women, the gain of
fat mass was greater in women compared to men during the
follow-up. This could be one of the possible reasons why ASMI
could not exhibit protective effect on the risk of T2DM in
women. On top of that, the overall incidence of diabetes was
much lower in women compared to men (2.7% vs. 5.5%),
which could have led to insufficient number of incident cases
to show statistically significant results in women.

It is important to note that this study has several limitations.
(1) We could not ensure that the participants were representa-
tive of the general Korean population because the participants
were voluntarily recruited during routine health examinations.
However, when we reviewed the nationally representative data
from the Fourth Korean National Health and Nutrition Exam-
ination Surveys [26], the patterns of body composition accord-
ing to age and sex were very similar to our data. (2) Due to the
unavailability of dual-energy X-ray absorptiometry (DEXA),
we used a BIA to measure body composition. Therefore, we
could not examine the different metabolic roles of adipose tis-
sue depending on body fat distribution. Moreover, the absolute
value of fat or MM estimated from BIA analysis can be varied
among different devices, so it is difficult to draw a specific in-
dex or cut-off value that can be used generally. However, BIA is
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more suitable for a health screening program because it is sim-
ple, low cost, and involves no exposure to radiation. In addi-
tion, substantial validation data have been accumulated so far
[27-29]. Another drawback was that we used different versions
of BIA machine between baseline (InBody 3.0) and follow-up
(InBody 720) for analyzing body composition. However, both
devices were validated using the same DEXA machine as a
standard with high degree of agreement (according to the
manufacturer’s data). Although there could be small differenc-
es in the measured body composition values, it is less likely to
affect the classification of the phenotype groups. (3) Since skel-
etal muscle strength was not measured, the relationship be-
tween metabolic disorders and muscle function could not be
evaluated. (4) Since we could analyze only the data from two
interval visits, the timing for the development of incident
T2DM could not be identified; however, a considerably similar
follow-up period for all participants could help minimize the
effect of duration for developing diabetes. (5) Data for changes
in physical activity and dietary factors during the follow-up
were not available. Therefore, these factors might have affected
the body composition change and incidence of T2DM. (6) The
lack of an oral glucose tolerance test might have resulted in the
inclusion of participants with undiagnosed T2DM at baseline
and an under-diagnosis of incident diabetes at follow-up; how-
ever, the addition of HbA1lc test to FPG may be helpful for re-
ducing undetected T2DM that exhibits a predominantly post-
prandial hyperglycemic pattern.

Despite these limitations, our study has many strengths, in-
cluding a large sample size, the inclusion of relatively young
and middle-aged individuals that previously have not been
sufficiently studied with regards to MM, the rigorous control
of confounding factors, an adequate follow-up duration, and
thorough measurements and analysis of both baseline and fol-
low-up data.

In summary, with increasing age, fat mass tended to increase
and the ASM to decrease, resulting in an increased proportion
of individuals in the LM/HF group. The group maintaining an
HMY/LF phenotype exhibited a significantly lower incidence of
T2DM compared with those who changed to an LM/LF or
LM/HF phenotypes. ASM was independently associated with
a decreased risk for incident diabetes among men, regardless
of their obesity status. Therefore, both the prevention of obesi-
ty, as well as the maintenance of ASM appears to be important
to prevent the development of T2DM. Further studies that
provide more accurate measurements of ASM mass and
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strength in association with metabolic health and mortality
should be followed.
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Total 20,639 (63% men)
From 2007-2008 to 2012-2014
Mean follow-up duration 5.5 years (4.8—7.0)

2,177 Exclusion criteria:
Past medical history of cancer or recently
diagnosed cancer
Abnormal renal function

\ 4

Abnormal liver function
Overt thyroid dysfunction
Severe anemia

Age under 19 or over 70

_| 1,182 Excluded individuals with diabetes

4

mellitus at baseline

Total 17,280
(men: 10,768, women 6,512)

Low muscle/low fat
5,626

High muscle/low fat
3,189

Low muscle/high fat High muscle/high fat
3,051 5,414

Supplementary Fig. 1. Flowchart showing the inclusion and exclusion of study participants.
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