
D I A B E T E S  &  M E T A B O L I S M  J O U R N A L

This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

Copyright © 2021 Korean Diabetes Association https://e-dmj.org

Age- and Sex-Related Differential Associations 
between Body Composition and Diabetes Mellitus
Eun Roh1, Soon Young Hwang2, Jung A Kim1, You-Bin Lee1, So-hyeon Hong1, Nam Hoon Kim1, Ji A Seo1, Sin Gon Kim1,  
Nan Hee Kim1, Kyung Mook Choi1, Sei Hyun Baik1, Hye Jin Yoo1

1Division of Endocrinology and Metabolism, Department of Internal Medicine, 2Department of Biostatistics, Korea University College of Medicine, Seoul, 
Korea

Background: The age- and sex-related differences on the impacts of body composition on diabetes mellitus (DM) remain uncer-
tain. 
Methods: The fourth and fifth Korea National Health and Nutrition Examination Survey included 15,586 subjects over 30 years 
of age who completed dual-energy X-ray absorptiometry. We conducted a cross-sectional study to investigate whether muscle 
mass index (MMI), defined as appendicular skeletal muscle divided by body mass index (BMI), and fat mass index (FMI), de-
fined as trunk fat mass divided by BMI, were differently associated with DM according to age and sex. 
Results: In multivariate logistic regression, the risk for DM significantly increased across quartiles of FMI in men aged ≥70. 
Meanwhile, MMI showed a protective association with DM in men of the same age. The odds ratios (ORs) for the highest quartile 
versus the lowest quartile of FMI and MMI were 3.116 (95% confidence interval [CI], 1.405 to 6.914) and 0.295 (95% CI, 0.157 to 
0.554), respectively. In women, the ORs of DM was significantly different across FMI quartiles in those over age 50. The highest 
quartile of FMI exhibited increased ORs of DM in subjects aged 50 to 69 (OR, 1.891; 95% CI, 1.229 to 2.908) and ≥70 (OR, 2.275; 
95% CI, 1.103 to 4.69) compared to lowest quartile. However, MMI was not significantly associated with DM in women of all age 
groups.
Conclusion: Both FMI and MMI were independent risk factors for DM in men aged 70 years or more. In women over 50 years, 
FMI was independently associated with DM. There was no significant association between MMI and DM in women.
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INTRODUCTION 

The increase in visceral fat mass and the loss of muscle mass 
with aging has been well documented [1-3]. Age-dependent 
changes in body fat distribution are risk factors for the devel-
opment of type 2 diabetes mellitus (DM). Visceral fat accumu-
lation has been associated with the development of type 2 DM 
through peripheral insulin resistance, increased hepatic glu-
cose production [4], hypoadiponectinemia [5], and systemic 
inflammation [6]. In animal studies, surgical removal of ab-
dominal fat prevents the onset of age-dependent insulin resis-

tance and delays the onset of DM [7]. The physiologic role of 
low muscle mass in insulin resistance and DM has recently 
been studied. Low muscle mass was strongly associated with 
insulin resistance, prediabetes, and the development of type 2 
DM independent of general obesity [8-10].

The patterns and rates of age-related changes in body com-
position vary by sex, ethnicity, and physical activity. Several 
studies have demonstrated that men lose greater skeletal muscle 
mass with aging even though they have a greater skeletal mus-
cle mass than that in women [11,12]. Furthermore, men accu-
mulated more central adiposity than women throughout the 
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entire life span, although women generally have higher total 
adiposity relative to that in men [13,14]. As a result, men have a 
relatively higher risk of cardiovascular diseases compared to 
that in age-matched women, whereas by age 70, the incidence 
of cardiovascular diseases is similar between sexes [15]. In 
women, the transition into menopause leads to a critical shift to 
metabolic disturbances. The protective effect of favorable body 
fat distribution in women rapidly disappears after menopause 
[16]. After menopause, adipose distribution shifts from gluteo-
femoral subcutaneous adipose tissue to abdominal visceral adi-
pose tissue [17]. Therefore, the relative importance of body 
composition on the incidence of type 2 DM might be quite dif-
ferent according to age and sex. However, few studies have si-
multaneously compared the differential association between 
body composition and type 2 DM according to age and sex. 

In this study, we evaluated the association of fat mass index 
(FMI), calculated as trunk fat mass divided by body mass in-
dex (BMI), and muscle mass index (MMI), defined as appen-
dicular muscle mass divided by BMI, with the presence of DM 
in different age groups (30 to 49, 50 to 69, and ≥70 years) in 
men and women based on data from the Korean National 
Health and Nutrition Examination Survey (KNHANES), a na-
tionally representative cross-sectional survey. 

METHODS 

Study population 
This study was performed using data from KNHANES IV and 
V (2008 to 2011). The KNHANES is a nationwide, communi-
ty-based cross-sectional survey conducted by the Division of 
Health and Nutritional Survey under the Korean Centers for 
Disease Control and Prevention (KCDCP). The survey was 
composed of a health interview, health examination, and nu-
trition surveys. The KNHANES used a stratified, multistage, 
clustered probability sampling method to select a representa-
tive sample of the noninstitutionalized, civilian Korean popu-
lation. The survey was conducted according to the guidelines 
in the Declaration of Helsinki and all procedures were ap-
proved by the Institutional Review Board of the KCDCP (IRB: 
2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C, 
and 2011-02CON-06-C). All participants in this survey signed 
an informed consent form.

Among those who participated in the KNHANES 2008 to 
2011, we included 16,893 individuals aged ≥30 years who 
completed dual-energy X-ray absorptiometry (DXA) (QDR 

4500A; Hologic Inc., Bedford, MA, USA) measurements in the 
mobile examination centers. DXA is a widely used method of 
measuring muscle and fat mass for its reasonable cost and con-
venience of examination. Individuals who had missing data on 
BMI, trunk fat mass, or appendicular skeletal muscle mass, or 
who had missing data on fasting plasma glucose or self-report-
ed information on diagnosis of DM or antidiabetic medication 
were excluded.

Measurements 
The BMI was calculated as the weight in kilograms divided by 
the square of the height in meters (kg/m2). Blood samples were 
obtained from each participant in the morning after overnight 
fasting. The fasting plasma concentrations of glucose and lipids 
were measured enzymatically in a central laboratory. Low-
density lipoprotein cholesterol (LDL-C) levels were calculated 
using the Friedewald’s formula [18] in individuals with triglyc-
eride (TG) concentrations ≤400 mg/dL in 2008. LDL-C level 
has been directly measured using automated enzymatic tech-
niques since 2009. 

Fat and muscle masses were obtained using the value of 
DXA. Appendicular skeletal muscle mass (ASM), the sum of 
the muscle masses of both arms and legs, was defined by ex-
cluding the bone mass from the lean mass of the extremities. 
We then adjusted the absolute level of ASM for body size using 
BMI as ASM/BMI. ASM/BMI was introduced as an indicator 
of MMI by the Foundation for the National Institutes of Health 
(FNIH) Sarcopenia Project in 2014 [19]. The abdominal fat in-
dex used trunk fat/BMI as the FMI.

Definition of DM and covariates
DM was defined according to the American Diabetes Associa-
tion guidelines [20] as subjects with fasting plasma glucose 
levels over 126 mg/dL or who responded to health interview 
survey as having had a previous diagnosis of DM by a physi-
cian or treated with antidiabetic agents or insulin. Information 
concerning smoking and drinking status was obtained from a 
questionnaire in the health interview survey. Regular exercise 
was defined as strenuous physical activity for at least 20 min-
utes and ≥3 time/week. Income levels were dichotomized at 
the lower 25%. 

Statistical analysis 
Statistical analyses were performed using SAS version 9.4 (SAS 
Institute Inc., Cary, NC, USA). All analyses were conducted 
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using sampling weights of KNHANES complex sample survey 
design. The results were presented as mean±standard error for 
nominal data and as counts (percentage, %) for continuous 
variables. To investigate age-related differences in the impacts 
of muscle mass and fat mass on DM, we grouped the partici-
pants into three age categories; 30 to 49, 50 to 69, and more 
than 70 years. We examined the baseline characteristics of the 
study population according to different age categories and the 
presence of DM. We then performed logistic regression to ex-
amine the impact of body composition on the risk of DM. 
Body composition was classified and expressed as quartiles of 
trunk fat/BMI and ASM/BMI. Next, we evaluated risk of DM 
according to quartiles of FMI and MMI after adjusting only for 
age and BMI, or by adding various metabolic parameters in-
cluding age, BMI, systolic and diastolic BP, high-density lipo-
protein cholesterol (HDL-C), TG, aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), and lifestyle factors 
such as low income, current smoking, drinking, and regular 
exercise. Statistical significance was assumed at P<0.05. All 
statistical analyses were performed by an experienced profes-
sional statistician who was also one of the authors.

RESULTS

Baseline characteristics of the study population 
Among 16,893 individuals aged ≥30 years who completed 

DXA measurement, a total of 1,307 individuals with missing 
data on BMI (n=30), trunk fat mass (n=374), or ASM (n= 
117), or who missing data on fasting plasma glucose (n=722) 
or self-reported information on diagnosis of DM or antidia-
betic medication (n=64) were excluded (Fig. 1). The baseline 
characteristics of the study participants according to age cate-
gories and the presence of DM are described in Table 1. A total 
of 829 men with DM and 5,898 men without DM were includ-
ed in this study. The proportion of subjects of DM was about 
5%, 18.4%, and 18.5% in men aged 30 to 49, 50 to 69, and more 
than 70 years, respectively. In all age groups, subjects with DM 
had higher body weight, BMI, and waist circumference. Sub-
jects with DM also had higher trunk fat and FMI and lower 
MMI although ASM did not differ according to the presence 
or absence of DM. Systolic BP was higher in subjects with DM 
in all age groups. Subjects with DM also had lower HDL-C and 
higher TG, AST, and ALT in all age groups. The percentage of 
subjects with low income was higher in subjects with DM aged 
30 to 49 and 50 to 69 years. 

A total of 792 women with DM and 8,067 women without 
DM were included in this study. The proportion of subjects of 
DM was about 2.4%, 12.4%, and 19.8% in women aged 30 to 
49, 50 to 69, and more than 70 years, respectively. In women, 
patterns of anthropometric parameters, systolic BP, lipid levels, 
liver function tests and lifestyle according to the presence of 
DM were similar to those of men.

16,893 Individuals (aged ≥30 years) participated in the KNAHNES
2008 to 2011 and conducted DXA

15,586 Individuals were included

13,965 Without diabetes mellitus
(5,898 men, 8,067 women)

1,621 With diabetes mellitus
(829 men, 792 women)

1,307 Individuals were excluded from analysis
     30 With missing data on BMI
   374  With missing data on trunk fat mass
   117  With missing data on appendicular skeletal 

muscle mass
   722 With missing data on fasting plasma glucose
     64  With missing data on diagnosis of diabetes 

mellitus or anti-diabetic medication

Fig. 1. Flowchart of the study population. KNHANES, Korean National Health and Nutrition Examination Survey; DXA, dual-
energy X-ray absorptiometry; BMI, body mass index.
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Age-related associations between body composition and 
DM in men and women after adjusting for age and BMI 
The age and BMI-adjusted odds ratios (ORs) and 95% confi-
dence intervals (CIs) for the association of the quartiles of FMI 
and MMI with DM were analyzed by logistic regression and 
stratified by age (Fig. 2, Supplementary Table 1). In 30 to 
69-year-old men, the subjects with the FMI Q4 showed a sig-
nificantly increased risk for DM (OR, 2.311; 95% CI, 1.121 to 
4.764 for 30 to 49-year-old men) (OR, 1.579; 95% CI, 1.010 to 
2.468 for 50 to 69-year-old men) compared with those with 
FMI Q1, while those with FMI Q2 and Q3 exhibited no defi-
nite increased risk. However, in elderly men (more than 70 
years), there was a sequentially increased risk for DM accord-

ing to the quartiles of FMI (P=0.001). The ORs were 2.947 
(95% CI, 1.481 to 5.864), 3.325 (95% CI, 1.600 to 6.910) and 
5.063 (95% CI, 2.391 to 10.722) for Q2, Q3, and Q4 of FMI, re-
spectively. In contrast, the quartiles of MMI had no significant 
association with DM in 30 to 49-year-old men. In 50 to 
69-year-old men, there was a statistically significant associa-
tion between MMI quartiles and DM (P=0.004) after adjust-
ing age and BMI without considering other metabolic risk fac-
tor; those with MMI Q4 showed a significant negative associa-
tion with DM (OR, 0.481; 95% CI, 0.326 to 0.71) compared 
those with MMI Q1. Elderly men (≥70 years) exhibited a 
graded decreased risk of DM according to increasing MMI 
quartiles (P<0.001). The ORs were 0.476 (95% CI, 0.288 to 

Fig. 2. Age and body mass index, adjusted odds ratio (ORs) (95% confidence intervals [CIs]) for diabetes mellitus by quartiles of 
(A) fat mass index (FMI) and (B) muscle mass index (MMI) stratified by age groups (30 to 49, 50 to 69, and ≥70 years) in men 
and women.
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0.787), 0.557 (95% CI, 0.339 to 0.916) and 0.190 (95% CI, 0.102 
to 0.355) for Q2, Q3, and Q4 of MMI, respectively. These re-
sults suggested that elderly men were more vulnerable to unfa-
vorable body composition such as high visceral fat and low 
muscle mass than were middle-aged men. 

In 30 to 49-year-old women, although there was no statisti-
cally significant association between FMI quartiles and DM 
(P=0.083), subjects with FMI Q3 and Q4 had increased risk 
for DM (OR, 2.949; 95% CI, 1.020 to 8.532 for Q3) (OR, 4.111; 
95% CI, 1.319 to 12.813 for Q4) compared to those with FMI 
Q1. On the other hand, in 50 to 69-year-old women, there was 
a sequentially increased risk for DM according to the quartiles 
of FMI (P=0.003). The ORs were 1.517 (95% CI, 1.014 to 
2.270), 1.813 (95% CI, 1.205 to 2.729) and 2.169 (95% CI, 1.433 
to 3.285) for Q2, Q3, and Q4 of FMI, respectively. In elderly 
women (≥70 years), the subjects with FMI Q4 showed a sig-
nificantly increased risk for DM (OR, 2.493; 95% CI, 1.253 to 
4.960) compared to those with FMI Q1 and FMI quartiles were 
significantly associated with DM (P=0.017). In contrast, there 
was no statistically significant association between MMI and 
DM in any age group, although subjects with MMI Q3 had in-
creased risk for DM (OR, 1.515; 95% CI, 1.036 to 2.217) com-
pared to those with MMI Q1 in women aged 50 to 69 years.

Age-related associations between body composition and 
DM in men and women after adjusting for other metabolic 
parameters 
We performed univariate and multivariate logistic regression 
analyses to evaluate the association of body composition and 
other metabolic parameters with DM (Tables 2 and 3). In men, 
FMI remained significantly associated with DM only in age 
over 70 years in multivariate analysis after adjusting for other 
metabolic risk factors (P=0.049). In that age group, as the 
quartile of FMI increased, the risk of DM increased. The OR of 
subjects with FMI Q4 was 3.116 (95% CI, 1.405 to 6.914). Sim-
ilarly, MMI had a significant negative association with DM 
only in age over 70 years in multivariate analysis (P=0.001). 
The OR in subjects with MMI Q4 was 0.295 (95% CI, 0.157 to 
0.554). However, in men aged 50 to 69 years, the significant as-
sociation between the quartile of MMI and DM (P=0.004) 
(Supplementary Table 1) was disappeared after adjusting other 
metabolic risk factors (P=0.12), although subjects with MMI 
Q4 had decreased risk for DM (OR, 0.621; 95% CI, 0.411 to 
0.937) compared to those with MMI Q1. In that age group, 
metabolic parameters such as BMI, systolic and diastolic BP, 

HDL-C, and ALT and lifestyle parameters including low in-
come and current smoking were statistically significant risk 
factors for DM. Finally, in men aged less than 50 years, age, TG 
level, and low income were significant factors related to DM 
(Table 2). 

In women, FMI had a significant positive association with 
DM in univariate analysis in all age groups and remained sig-
nificantly associated with DM only in subjects more than 50 
years old after adjusting for other metabolic risk factors (P= 
0.036 for women aged 50 to 69 and P=0.045 for women aged 
≥70 years). The ORs in subjects with the FMI Q4 were 1.891 
(95% CI, 1.229 to 2.908) and 2.275 (95% CI, 1.103 to 4.69) in 
age group 50 to 69 and ≥70 years, respectively. In women aged 
30 to 49 years, there was no statistical significant association 
between FMI quartiles and DM (P=0.102), although subjects 
with FMI Q4 had increased risk for DM (OR, 3.997; 95% CI, 
1.184 to 13.493) compared with those with FMI Q1. BMI itself 
was a statistically significant risk factor for DM in women aged 
30 to 49 years (OR, 1.113; 95% CI, 1.03 to 1.203). In contrast, 
MMI had a significant negative association with DM in uni-
variate analysis in all age groups; however, these associations 
all disappeared in multivariate analysis (Table 3). 

DISCUSSION

The results of the present study revealed age-related differential 
associations between body composition and DM in both men 
and women. In men, after excluding the influence of other 
metabolic parameters, FMI and MMI were significant inde-
pendent risk factors for DM especially in those over 70 years of 
age. In women, the impact of FMI on the presence of DM re-
mained significant at age over 50 years but there was no signifi-
cant association between MMI and DM in all ages of women 
in fully adjusted model. 

In addition to general obesity, the distribution of body fat is 
independently associated with metabolic syndrome and DM 
[21,22]. Visceral adipose tissue, as measured using computed 
tomography, increased the risk of metabolic syndrome in el-
derly men and women, particularly among those of normal 
body weight [21]. Moreover, visceral adipose tissue mass was 
higher in men and women with type 2 DM and was associated 
with higher fasting insulin levels in normal-weight men and 
women [22]. DXA is a simple tool to measure regional fat and 
lean masses in individuals. Using DXA, several studies showed 
that higher levels of trunk fat were associated with insulin re-
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sistance and metabolic abnormalities related with cardiovascu-
lar diseases [23-25]. The rate of lipolysis is accelerated in trunk 
fat and circulating free fatty acids released from trunk fat con-
tribute to disturbances in glucose metabolism [26,27]. In con-
trast, leg fat may play a protective role as adipocytes in these 
regions are less sensitive to lipolytic stimuli and more likely to 
take up free fatty acids from the circulation [28,29]. Actually, 
higher leg fat mass was associated with a lower risk of DM in 
Korean adults aged 50 years or older [30]. As a result, body fat 
distribution critically mediates metabolic disturbances rather 
than simple obesity. 

Recent and growing evidence has focused on the reciprocal 
negative cycle between the accumulation of visceral fat and 
muscle atrophy. Skeletal muscle mass comprises a large por-
tion of body mass and is the major site for disposal of ingested 
glucose in individuals with normal glucose tolerance [31,32]. 
Previous epidemiologic studies showed that skeletal muscle 
mass was inversely associated with insulin resistance and the 
risk of developing type 2 DM. A cross-sectional study by Sri-
kanthan et al. [9] based on the third National Health and Nu-
trition Examination Survey (NHANES) showed that muscle 
mass was inversely associated with insulin resistance and the 
prevalence of prediabetes in middle-aged adults]. A recent co-
hort study of young and middle-aged Korean men and women 
reported that muscle mass was negatively associated with the 
development of type 2 DM [33]. These two studies estimated 
the ratio of total skeletal muscle mass to total body weight as 
MMI using bioelectrical impedance. Using DXA, we used 
ASM/BMI as an indicator of muscle mass. Recently, ASM/BMI 
was proposed as an operational method for calculating muscle 
mass by the FNIH Sarcopenia Project [19]. By performing sta-
tistical classification and regression tree analysis, they reported 
the MMI to be the most strongly and directly correlated index 
of weakness and slowness combined with sarcopenia [19]. 

As the changes in patterns of body composition according to 
age differ between men and women, it is critical to examine the 
differential relationships between body composition and DM 
by age and sex. Our study examined the age-related association 
of body composition with DM in both men and women aged 
30 years and more. We compared the impact of body composi-
tion and other metabolic parameters as determinants of DM in 
three age groups; 30 to 49, 50 to 69, and ≥70 years. Metabolic 
parameters such as BMI, BP, HDL-C, ALT and lifestyle factors 
such as low income and current smoking are risk factors for 
DM in men in their 50s and 60s. The 50 to 69-year-old men in 

the highest quartile of MMI showed lower risk of DM com-
pared to those in the lowest quartile of MMI, although there 
was no grossly significant difference in the risk of DM across 
MMI quartiles. Meanwhile, both FMI and MMI quartiles re-
main independent risk factors for DM in men aged 70 years or 
more. In elderly men, DM risk decreased significantly as MMI 
quartiles increased; however, in women, MMI did not impact 
the presence of DM despite the risk of DM was increased in 50 
to 69-year-old women with Q3 versus Q1 of MMI. Since MMI 
had a significant negative association with DM in univariate 
analysis in all age groups of women and the amount of muscle 
mass is a well-known protective factor for glucose intolerance, 
the significant increase in DM in 50 to 69-year-old women 
with MMI Q3 versus Q1 was unexpected. The reason for this 
finding remains unclear and there are no biological explana-
tions for this finding. Therefore, we thought that it might be 
the incidental finding with a trivial clinical meaning. Similar to 
our study results, Kim et al. [34] reported that a high ASM sig-
nificantly decreased the risk of incident DM regardless of obe-
sity status in men but was not protective in women. Tatsukawa 
et al. [35] also reported that percentage of trunk fat was posi-
tively associated with the development of DM in both men and 
women, whereas appendicular lean mass was negatively asso-
ciated with DM risk only in normal-weight men.

Although we were unable to clarify the underlying mecha-
nism of these sex-based differences in this study, the difference 
could arise from the differential influence of sex hormones on 
the shifting of body composition in men and women. In men, 
a decline in the circulating level of testosterone according to 
age deteriorates muscle mass and function, consequently lead-
ing to visceral obesity [36], whereas in postmenopausal wom-
en, the lack of estrogen leads directly to visceral fat accumula-
tion [37]. In the present study, BMI, not FMI, was an impor-
tant determinant for DM in women younger than 50 years of 
age; however, FMI was a significant independent risk factor for 
DM in women over 50 years old. When we further divided 
women according to menopause to exam the effects of estro-
gen, there was a statistically significant association between 
FMI quartiles and DM only in postmenopausal women (P= 
0.004) but not in premenopausal women (P=0.213). In con-
trast, BMI was significantly associated with DM in premeno-
pausal women (P=0.015) but not in postmenopausal women 
(P=0.063). These results suggested the greater importance of 
body fat distribution on the incidence of DM especially in 
postmenopausal women, whereas the imbalance between vis-



Roh E, et al.

192 Diabetes Metab J 2021;45:183-194 https://e-dmj.org

ceral and lower extremity subcutaneous fat was less critical for 
DM in premenopausal women. Similar to these results, we 
previously published that waist-to-hip ratio (WHR), a repre-
sentative simple indicator for body fat distribution, had a supe-
rior predictive value for subclinical atherosclerosis compared 
to BMI in postmenopausal women, whereas WHR and BMI 
showed a same power to predict subclinical atherosclerosis in 
premenopausal women [38]. Nevertheless, we must consider 
the possibility that the lack of statistical significance in the as-
sociation between FMI quartiles and DM for women aged 30 
to 49 years might have been influenced by the low incidence of 
DM in this age group. In this study, 30 to 49-year-old women 
in the highest quartile of FMI showed higher risk of DM com-
pared to those in the lowest quartile of FMI, although there 
was no grossly significant difference in the risk of DM across 
FMI quartiles. To clarify the association between abdominal 
fat accumulation and development of DM in this age women, a 
larger scaled cohort study should be followed. 

This study has several limitations. First, we could not adjust 
for individual family history of DM due to lack of information. 
The health interview survey in the KNHANES IV (2008 and 
2009) did not include this information. However, the impact of 
a family history of DM on type 2 DM is stronger in young 
adults and mediates changes in metabolic traits [39]; thus, it is 
unlikely to have affected our study results that the impacts of 
metabolic parameters are important determinants for DM in 
young age groups in both sexes. Second, each KNHANES was 
conducted with different subjects and since they were based on 
self-administered questionnaires, the potential for recall bias, 
residual or unmeasured confounding factors, and uninten-
tional errors should be considered. Third, despite the potential 
impacts of anti-hypertensive agents and lipid-lowering agents 
on the development of DM, we could not adjust the medica-
tion history of these drugs as covariates duet to high preva-
lence of both hypertension and hyperlipidemia in patients with 
DM. Moreover, the prescription rate of those medications is 
naturally high in the elderly, which can mask the significant as-
sociation between body composition and DM in older people. 
Furthermore, KNHANES does not have data on the specific 
drug classes or types, duration of treatment and the drug dos-
es; we are not able analyze accurately the effects of anti-hyper-
tensive and lipid-lowering agents on the development of DM. 
Fourth, due to the cross-sectional nature of the study, we could 
not investigate causal relationships or their underlying mecha-
nism. Finally, because of ethnic differences in body fat distri-

bution and lean mass volume [40], further study is needed to 
investigate whether age-related impacts of body composition 
on DM have similar tendencies in other ethnic groups. Despite 
the limitations in the study design and data, the strength of our 
study was the assessment of the association between the DXA 
scan-measured muscle and fat mass and DM in a nationally 
representative sample. 

By assessing the nationwide survey data representing the 
Korean population, we found the clinical significance of mus-
cle mass and fat mass with DM, especially in older adults. After 
adjusting for multiple metabolic parameters, both FMI and 
MMI remained independent risk factors for DM in men aged 
70 years or more. In women over 50 years, FMI, not MMI, was 
independently associated with DM. Therefore, different body 
composition according to sex; that is, abdominal fat and mus-
cle mass in elderly men ≥70 years old and abdominal fat in 
women ≥50 years old, should be included as a public health 
screening tool and preventive target for DM. 
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