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Abstract
Background Sarcopenia is a disease diagnosed in the elderly. In patients with sarcopenia, the muscle mass decreases 
every year. The occurrence of sarcopenia is greatly affected by extrinsic factors such as eating habits, exercise, and 
lifestyle. The present study aimed to determine the relationship between muscle mass traits and genes affected by 
epigenetic factors with three different adjustment methods using Korean Genome and Epidemiology Study (KOGES) 
data.

Results We conducted a demographic study and DNA methylation profiling by three studies according to the 
muscle mass index (MMI) adjustment methods: appendicular skeletal muscle mass divided by body weight (MMI1); 
appendicular skeletal muscle mass divided by square of height (MMI2); appendicular skeletal muscle mass divided 
by BMI (MMI3). We analyzed differentially methylated regions (DMRs) for each group. We then restricted our subjects 
to be top 30% (T30) and bottom 30% (B30) based on each MMI adjustment method. Additionally, we performed 
enrichment analysis using PathfindR to evaluate the relationship between identified DMRs and sarcopenia. A total 
of 895 subjects were included in the demographic study. The values of BMI, waist, and hip showed a significant 
difference in all three groups. Among 446 participants, 44 subjects whose DNA methylation profiles were investigated 
were included for DNA methylation analysis. The results of enrichment analysis showed differences between 
groups. In the women group through MMI1 method, only the glutamatergic synapse pathway showed a significant 
result. In the men group through MMI2 method, the adherens junction pathway was the most significant. Women 
group through MMI2 method showed similar results, having an enriched Rap1 signaling pathway. In men group 
through MMI3 method, the Fc epsilon RI signaling pathway was the most enriched. Particularly, the notch signaling 
pathway was significantly enriched in women group through MMI3 method.

Conclusion This study presents results about which factor should be concerned first in muscle mass index (MMI) 
adjustment. The present study suggested that GAB2 and JPH3 in MMI1 method, HLA-DQB1 and TBCD in MMI2 
method, GAB2, NDUFB4 and ISPD in MMI3 method are potential genes that can have an impact on muscle mass. It 
could enable future epigenetic studies of genes based on annotation results. The present study is a nationwide study 
in Korea with the largest size up to date that compares adjustment indices for MMI in epigenetic research.
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Introduction
Although old age is not a sickness, numerous dis-
eases and syndromes are more common in the elderly. 
Recently, interest in research on sarcopenia is increas-
ing as the number of elderly people increases [1–3]. In 
Korea, research for establishing the criteria of sarcopenia 
and their adequacy for diagnosis has been actively under-
way through policy-making [4]. Sarcopenia has different 
adjustment indices and diagnostic criteria for each con-
tinent according to race, culture, diet, and so on [5]. The 
Asian Working Group for Sarcopenia (AWGS) consen-
sus has published the diagnostic standard of sarcopenia 
by height-adjusted muscle mass [6]. However, Korean 
and Asian studies have reported sarcopenia adjustment 
indices using weight and body mass index (BMI). Several 
studies have reported different adjustment methods [7–
11]. In addition, it has been reported that the prevalence 
rate of sarcopenia might vary depending on the diagnosis 
index [6]. Thus, further research is needed.

Sarcopenia is a disease diagnosed in the elderly. Muscle 
mass is known to decrease every year since the age of 30. 
The risk of sarcopenia is rapidly increased during middle 
age when exercise, hormonal changes, and digestive abil-
ity are rapidly decreasing [12–14]. During this period, 
the risk of metabolic diseases including osteoporosis and 
hyperlipidemia due to menopause in women is also high 
[15–17]. In addition, sarcopenia is a disease that is greatly 
affected by extrinsic factors such as eating habits, exer-
cise, and lifestyle [18–20]. However, studies on the rela-
tionship between sarcopenia and extrinsic factors and 
how it varies depending on the adjustment index in East 
Asia, including Korea, are insufficient.

Therefore, the present study aimed to determine the 
relationship between muscle mass traits and epigenetic 
genes with three different adjustment indices (weight 
adjustment, square of height adjustment, and BMI 
adjustment) using the Korean Genome and Epidemiology 
Study (KOGES) data.

Materials and methods
Study subjects
Data used in this study were from the Korean Genome 
and Epidemiology Study (KoGES) performed by the 
National Research Institute of Health, Centers for Dis-
ease Control and Prevention, Ministry for Health and 
Welfare, Republic of Korea. The number of baseline 
participants was 10,030. They lived in Ansan or Ansung 
located in Gyeonggi Province, South Korea. In this 
cohort, participants aged 40 to 69 years. 9,351 subjects 
who had laboratory data were included. Using the bio-
electrical impedance analysis (BIA) (body composition 
analyzer, models ZEUS 9.9, JAWON MEDICAL CO., 
LTD, Seoul, Korea), skeletal muscle mass was measured. 
We conducted three studies according to the muscle 

mass index (MMI) adjustment methods: appendicular 
skeletal muscle mass divided by body weight (MMI1); 
appendicular skeletal muscle mass divided by square 
of height (MMI2); appendicular skeletal muscle mass 
divided by BMI (MMI3). We then restricted our subjects 
to be top 30% (T30) and bottom 30% (B30) based on each 
MMI adjustment method.

The study was approved by the Institutional Review 
Board (IRB) of Korea University (Approval Number: 
KUIRB-2020-0191-01). All study subjects provided writ-
ten informed consent.

Body composition measurement, demographic factors, 
and medical history
Method of body composition measurement, demo-
graphic factors, and medical history were previously 
described [21]. All participants attended a community 
clinic for clinical assessments at each follow-up visit. 
BMI was calculated as weight in kg divided by the square 
of height in meters. Weight was determined for an indi-
vidual wearing light clothes without shoes (barefoot). 
Waist and hip circumference were also measured. The 
remaining survey items consisted of drinking & smoking 
status, level of education, and monthly income. History 
of hypertension, diabetes, gastritis/stomach ulcer, allergy, 
myocardial infarction, thyroid disorder, congestive heart 
failure, coronary artery disease, hyperlipidemia, asthma, 
chronic lung disorder, peripheral vascular disease, kidney 
disease, various tumors, cerebrovascular disease, head 
trauma, urinary tract infection, gout, degenerative arthri-
tis, and rheumatoid arthritis was also taken.

DNA methylation profiling
The present study collected epidemiology data once 
every two years. DNA methylation profiles were inves-
tigated during the 4th follow-up (2009–2010) for 446 
participants. In the DNA methylation study, partici-
pants were also restricted to T30 and B30. An Infinium 
HumanMethylation 450K beadChip (Illumina, Inc., San 
Diego, CA, USA) was used to obtain KoGES DNA meth-
ylation data. Quality control procedure was applied to 
DNA methylation data. The beta value indicating DNA 
methylation level was calculated as [ (Methylated reads) 
/ (Unmethylated reads) + (Methylated reads) ]. After fil-
tering, a total of 389,321 CpGs remained for epigenome-
wide association analysis. After that, we merged CpG 
sites data and annotation data of Illumina Human Meth-
ylation EPIC manifest package using R. Differentially 
methylated regions (DMRs) were identified using a t-test 
performed between T30 group and B30 group using the 
criteria of p < 5*10^-3 and | fold change | > 0.2 to find dif-
ferentially methylated CpG sites. The gene of annotation 
data merged with a CpG site with a significant difference 
in bata value was displayed in a volcano plot. Enrichment 
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analyses of DMRs were performed using the “pathfindR” 
package which integrates pathway/gene set annota-
tions from sources such as Kyoto Encylopedia of Genes 
and Genomes (KEGG), Reactome, BioCarta, and Gene 
Ontology (GO) [22].

Statistical analysis
Continuous data are reported as mean ± standard devia-
tion and categorical data are reported as n (%). To find 
any significant difference in baseline characteristics or 
clinical factors between T30 and B30, unpaired t-test 
was used for continuous variables if normality assump-
tion was met. Otherwise, Wilcoxon’s rank-sum test was 
performed. Differences in proportions between T30 and 
B30 were analyzed using Chi-squared test for categorical 
variables. If the assumption of Chi-squared test did not 
meet, Fisher’s exact test was performed.

An unpaired T-test was performed to identify genes 
from annotation results of methylated CpG sites between 
muscle mass traits groups. Methylated CpG sites were 
visualized by a volcano plot. Each CpG site was differ-
entiated by the following criteria: p < 5*10^-3 and | fold 
change | > 0.2.

All statistical analyses were carried out using R soft-
ware version 4.1.0 (R Core Team. R Foundation for Statis-
tical Computing, Vienna, Austria, 2020). The significance 
level was set at p < 0.05.

Results
Demographic characteristics
A total of 9,351 middle-aged people participated in this 
study. Those in B30 were considered to have insuffi-
cient muscle mass, while those in T30 were considered 
to have sufficient muscle mass. 7,452 people who were 
not included in T30 or B30 were excluded. A total of 
1,004 participants with at least one missing value were 
also excluded. Finally, a total of 895 subjects (389 males 
and 506 females) were included in this study. In MMI1 
method, there were 215 people with T30 and 174 people 
with B30 in the male group and 228 people with T30 
and 278 people with B30 in the female group. In MMI2 
method, there were 169 people with T30 and 220 people 
with B30 in the male group and 308 people with T30 and 
198 people with B30 in the female group. When adjusted 
for BMI, there were 205 subjects with T30 and 184 sub-
jects with B30 in the male group and 227 people with 
T30 and 279 people B30 in the female group.

Demographics according to weight adjustment index 
(MMI1)
Statistically significant differences in BMI, waist, hip, 
smoking status, history of gastritis/stomach ulcer, his-
tory of hyperlipidemia, history of various tumors, and 
sedentary life status between T30 group and B30 group 

were found in men. Particularly, BMI, waist, hip, smoking 
status, and gastritis/stomach ulcer history showed high 
significance. Age, BMI, waist, hip, hypertension history, 
diabetes history, gout history, and degenerative arthri-
tis history showed significant differences between T30 
group and B30 group were found in women. Particularly, 
age, BMI, waist, hip, hypertension history, gout history, 
and degenerative arthritis history showed high signifi-
cance (Table 1).

Demographics according to the square of height 
adjustment index (MMI2)
Statistically significant differences in age, BMI, waist, 
hip, history of hyperlipidemia, and sedentary life status 
between T30 group and B30 group were found in men. 
Particularly, age, BMI, waist, and hip showed high sig-
nificance with p-value < 0.005. Age, BMI, waist, hip, and 
hypertension history showed significant differences T30 
group and B30 group in women (Table 2).

Demographics according to BMI adjustment index (MMI3)
Statistically significant differences in BMI, waist, hip, 
smoking status, history of gastritis/stomach ulcer, and 
history of hyperlipidemia between T30 group and B30 
group were found for men. Particularly, BMI, waist, hip, 
smoking status, and history of gastritis/stomach ulcer 
showed high significance with p-values less than 0.005. 
Age, BMI, waist, hip, history of hypertension, history 
of diabetes, history of gout, and history of degenerative 
arthritis were significantly different between T30 group 
and B30 group in women. Particularly, age, BMI, waist, 
hip, hypertension history, gout history, and degenerative 
arthritis history showed high significance (Table 3).

Epigenome-wide association analysis of muscle status and 
gene from annotation results
Among 446 participants, 44 met the criteria and were 
included in T30 or B30 group. Finally, the analysis 
included these 44 subjects whose DNA methylation 
profiles were investigated. Based on epigenome-wide 
association analysis of DNA methylation, genes from 
annotation results of each group were certified using a 
volcano plot (Figs. 1 and 2). In men group through MMI1 
method, five down-regulated genes (GAB2, WDR41, 
HCCA2, C14orf139, and RNASEN) and one up-regulated 
gene (GPR83) were associated with middle-age muscle 
loss. In women group through MMI1 method (|Log2 fold 
change| > 0.21 and P < 0.05), five down-regulated genes 
(JPH3, FSCN2, UMODL1, NPLOC4, and NDUFB4) and 
one up-regulated gene (CPLX2) were associated with 
middle-age muscle loss. In men group through MMI2 
method, there was only one down-regulated gene (HLA-
DQB1). However, in women group through MMI2 
method, there were one down-regulated gene (TBCD) 
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Man Woman
Characteristic Q70 over

(n = 215)
Q30 under
(n = 174)

Total
(n = 389)

P-value Q70 over 
(n = 228)

Q30 under
(n = 278)

Total 
(n = 506)

P-value

Age 52.8 ± 9.3 52.1 ± 9.5 52.5 ± 9.3 0.43 49.3 ± 8.4 54.7 ± 9.0 52.3 ± 9.2 < 0.001***
BMI 21.2 ± 2.6 27.5 ± 2.9 24.0 ± 4.1 < 0.001*** 21.8 ± 2.5 29.1 ± 3.1 25.8 ± 4.6 < 0.001***
Waist 76.6 ± 6.3 90.3 ± 6.1 82.7 ± 9.2 < 0.001*** 74.4 ± 7.9 90.0 ± 9.3 83.0 ± 11.6 < 0.001***
Hip 89.4 ± 5.6 97.6 ± 5.8 93.1 ± 7.0 < 0.001*** 90.2 ± 5.0 99.5 ± 6.2 95.3 ± 7.4 < 0.001***
Drink 0.706 0.626
Never 44 (20.5%) 41 (23.6%) 85 (21.9%) 160 (70.2%) 205 (73.7%) 365 (72.1%)
Former drinker 23 (10.7%) 20 (11.5%) 43 (11.1%) 7 (3.1%) 9 (3.2%) 16 (3.2%)
Current drinker 148 (68.8%) 113 (64.9%) 261 (67.1%) 61 (26.8%) 64 (23%) 125 (24.7%)
Smoke < 0.001*** 0.209
Never smoked 39 (18.1%) 44 (25.3%) 83 (21.3%) 216 (94.7%) 268 (96.4%) 484 (95.7%)
Former smokers 56 (26%) 76 (43.7%) 132 (33.9%) 5 (2.2%) 4 (1.4%) 9 (1.8%)
Current smokers (Sometimes) 10 (4.7%) 5 (2.9%) 15 (3.9%) 1 (0.4%) 4 (1.4%) 5 (1%)
Current smokers (often) 110 (51.2%) 49 (28.2%) 159 (40.9%) 6 (2.6%) 2 (0.7%) 8 (1.6%)
Education level 0.591 < 0.001***
Under elementary school 49 (22.8%) 41 (23.6%) 90 (23.1%) 73 (32%) 159 (57.2%) 232 (45.8%)
Middle school 55 (25.6%) 40 (23%) 95 (24.4%) 56 (24.6%) 50 (18%) 106 (20.9%)
High school 71 (33%) 52 (29.9%) 123 (31.6%) 74 (32.5%) 51 (18.3%) 125 (24.7%)
Junior college 13 (6%) 4 (2.3%) 17 (4.4%) 8 (3.5%) 2 (0.7%) 10 (2%)
University 23 (10.7%) 30 (17.2%) 53 (13.6%) 16 (7%) 15 (5.4%) 31 (6.1%)
Graduate school 4 (1.9%) 7 (4%) 11 (2.8%) 1 (0.4%) 1 (0.4%) 2 (0.4%)
Monthly income 0.958 0.097
< 500 thousand won 34 (15.8%) 26 (14.9%) 60 (15.4%) 39 (17.1%) 79 (28.4%) 118 (23.3%)
500–1000 thousand won 38 (17.7%) 20 (11.5%) 58 (14.9%) 40 (17.5%) 40 (14.4%) 80 (15.8%)
1000–1500 thousand won 33 (15.3%) 25 (14.4%) 58 (14.9%) 34 (14.9%) 51 (18.3%) 85 (16.8%)
1500–2000 thousand won 32 (14.9%) 23 (13.2%) 55 (14.1%) 31 (13.6%) 37 (13.3%) 68 (13.4%)
2000–3000 thousand won 44 (20.5%) 40 (23%) 84 (21.6%) 39 (17.1%) 45 (16.2%) 84 (16.6%)
3000–4000 thousand won 21 (9.8%) 25 (14.4%) 46 (11.8%) 22 (9.6%) 18 (6.5%) 40 (7.9%)
4000–6000 thousand won 10 (4.7%) 9 (5.2%) 19 (4.9%) 18 (7.9%) 7 (2.5%) 25 (4.9%)
6000 thousand won 3 (1.4%) 6 (3.4%) 9 (2.3%) 5 (2.2%) 1 (0.4%) 6 (1.2%)
History of Hypertension 0.121 < 0.001***

197 (91.6%) 150 (86.2%) 347 (89.2%) 209 (91.7%) 197 (70.9%) 406 (80.2%)
Yes 18 (8.4%) 24 (13.8%) 42 (10.8%) 19 (8.3%) 81 (29.1%) 100 (19.8%)
History of Diabetes 0.645 0.015**
No 199 (92.6%) 164 (94.3%) 363 (93.3%) 216 (94.7%) 245 (88.1%) 461 (91.1%)
Yes 16 (7.4%) 10 (5.7%) 26 (6.7%) 12 (5.3%) 33 (11.9%) 45 (8.9%)
History of Gastritis/stomach 
ulcer

0.002*** 0.059

No 155 (72.1%) 149 (85.6%) 304 (78.1%) 175 (76.8%) 233 (83.8%) 408 (80.6%)
Yes 60 (27.9%) 25 (14.4%) 85 (21.9%) 53 (23.2%) 45 (16.2%) 98 (19.4%)
History of Allergy 0.789 0.341
No 204 (94.9%) 167 (96%) 371 (95.4%) 210 (92.1%) 263 (94.6%) 473 (93.5%)
Yes 11 (5.1%) 7 (4%) 18 (4.6%) 18 (7.9%) 15 (5.4%) 33 (6.5%)
History of Myocardial infarction 1
No 214 (99.5%) 173 (99.4%) 387 (99.5%) 226 (99.1%) 276 (99.3%) 502 (99.2%)
Yes 1 (0.5%) 1 (0.6%) 2 (0.5%) 2 (0.9%) 2 (0.7%) 4 (0.8%)
History of Thyroid disease 0.66 0.357
No 213 (99.1%) 171 (98.3%) 384 (98.7%) 214 (93.9%) 267 (96%) 481 (95.1%)
Yes 2 (0.9%) 3 (1.7%) 5 (1.3%) 14 (6.1%) 11 (4%) 25 (4.9%)
History of Congestive heart 
failure

NA NA

No 215 (100%) 174 (100%) 389 (100%) 228 (100%) 278 (100%) 506 (100%)
Yes 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Table 1 Demographic study according to weight adjustment index
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Man Woman
Characteristic Q70 over

(n = 215)
Q30 under
(n = 174)

Total
(n = 389)

P-value Q70 over 
(n = 228)

Q30 under
(n = 278)

Total 
(n = 506)

P-value

History of Coronary artery 
disease

0.256 1

No 212 (98.6%) 174 (100%) 386 (99.2%) 228 (100%) 277 (99.6%) 505 (99.8%)
Yes 3 (1.4%) 0 (0%) 3 (0.8%) 0 (0%) 1 (0.4%) 1 (0.2%)
History of Hyperlipidemia 0.015* 0.565
No 213 (99.1%) 164 (94.3%) 377 (96.9%) 222 (97.4%) 267 (96%) 489 (96.6%)
Yes 2 (0.9%) 10 (5.7%) 12 (3.1%) 6 (2.6%) 11 (4%) 17 (3.4%)
History of Asthma 0.521 0.088
No 211 (98.1%) 169 (97.1%) 380 (97.7%) 226 (99.1%) 268 (96.4%) 494 (97.6%)
Yes 4 (1.9%) 5 (2.9%) 9 (2.3%) 2 (0.9%) 10 (3.6%) 12 (2.4%)
History of Chronic lung disease 1 0.256
No 214 (99.5%) 173 (99.4%) 387 (99.5%) 228 (100%) 275 (98.9%) 503 (99.4%)
Yes 1 (0.5%) 1 (0.6%) 2 (0.5%) 0 (0%) 3 (1.1%) 3 (0.6%)
History of Peripheral vascular 
disease

0.447 0.451

No 215 (100%) 173 (99.4%) 388 (99.7%) 227 (99.6%) 278 (100%) 505 (99.8%)
Yes 0 (0%) 1 (0.6%) 1 (0.3%) 1 (0.4%) 0 (0%) 1 (0.2%)
History of Kidney disease 0.329 0.507
No 214 (99.5%) 171 (98.3%) 385 (99%) 223 (97.8%) 268 (96.4%) 491 (97%)
Yes 1 (0.5%) 3 (1.7%) 4 (1%) 5 (2.2%) 10 (3.6%) 15 (3%)
History of Various tumors 0.035* 0.219
No 209 (97.2%) 174 (100%) 383 (98.5%) 220 (96.5%) 274 (98.6%) 494 (97.6%)
Yes 6 (2.8%) 0 (0%) 6 (1.5%) 8 (3.5%) 4 (1.4%) 12 (2.4%)
History of Cerebrovascular 
disease

0.737 0.23

No 209 (97.2%) 171 (98.3%) 380 (97.7%) 227 (99.6%) 273 (98.2%) 500 (98.8%)
Yes 6 (2.8%) 3 (1.7%) 9 (2.3%) 1 (0.4%) 5 (1.8%) 6 (1.2%)
History of Head trauma 0.256 NA
No 212 (98.6%) 174 (100%) 386 (99.2%) 228 (100%) 278 (100%) 506 (100%)
Yes 3 (1.4%) 0 (0%) 3 (0.8%) 0 (0%) 0 (0%) (0%)
History of Urinary tract infection 0.199 1
No 215 (100%) 172 (98.9%) 387 (99.5%) 226 (99.1%) 276 (99.3%) 502 (99.2%)
Yes 0 (0%) 2 (1.1%) 2 (0.5%) 2 (0.9%) 2 (0.7%) 4 (0.8%)
History of Gout 0.761 0.003**
No 208 (96.7%) 170 (97.7%) 378 (97.2%) 211 (92.5%) 232 (83.5%) 443 (87.5%)
Yes 7 (3.3%) 4 (2.3%) 11 (2.8%) 17 (7.5%) 46 (16.5%) 63 (12.5%)
History of Degenerative arthritis 1 < 0.001***
No 206 (95.8%) 167 (96%) 373 (95.9%) 202 (88.6%) 207 (74.5%) 409 (80.8%)
Yes 9 (4.2%) 7 (4%) 16 (4.1%) 26 (11.4%) 71 (25.5%) 97 (19.2%)
History of Rheumatoid arthritis 1 0.737
No 213 (99.1%) 173 (99.4%) 386 (99.2%) 208 (91.2%) 257 (92.4%) 465 (91.9%)
Yes 2 (0.9%) 1 (0.6%) 3 (0.8%) 20 (8.8%) 21 (7.6%) 41 (8.1%)
Steady state 0.994 0.988
Never 65 (30.2%) 52 (29.9%) 117 (30.1%) 64 (28.1%) 68 (24.5%) 132 (26.1%)
< 30′ 26 (12.1%) 20 (11.5%) 46 (11.8%) 43 (18.9%) 44 (15.8%) 87 (17.2%)
30′~60′ 46 (21.4%) 33 (19%) 79 (20.3%) 38 (16.7%) 52 (18.7%) 90 (17.8%)
60′~90′ 17 (7.9%) 22 (12.6%) 39 (10%) 27 (11.8%) 30 (10.8%) 57 (11.3%)
90′~120′ 22 (10.2%) 11 (6.3%) 33 (8.5%) 14 (6.1%) 20 (7.2%) 34 (6.7%)
120′~180′ 16 (7.4%) 17 (9.8%) 33 (8.5%) 23 (10.1%) 26 (9.4%) 49 (9.7%)
180′~240′ 11 (5.1%) 9 (5.2%) 20 (5.1%) 9 (3.9%) 17 (6.1%) 26 (5.1%)
240′~300′ 5 (2.3%) 4 (2.3%) 9 (2.3%) 2 (0.9%) 8 (2.9%) 10 (2%)
> 300′ 7 (3.3%) 6 (3.4%) 13 (3.3%) 8 (3.5%) 13 (4.7%) 21 (4.2%)

Table 1 (continued) 



Page 6 of 19Gim et al. BMC Genomic Data           (2023) 24:48 

and three up-regulated genes (TRPS1, UBR2, TOX2). In 
MMI3 method, several muscle-loss-related genes were 
found in men and women: four down-regulated genes 
(C14orf139, HCCA2, RNASEN, GAB2) and three up-reg-
ulated genes (FAM32A, TMCO3, GPR83) in men; seven 
down-regulated genes (WDR41, ANKLE2, UMODL1, 
SHANK2, C21orf70, NPLOC4, NDUFB4) and three up-
regulated genes (CPLX2, ISPD, ADARB2) in women 

group. All results of muscle atrophy-related genes are 
shown in Table 4.

Enrichment analysis of DMRs
Enrichment analysis of DMRs are presented in Fig. 3. In 
men group through MMI1 method (|Log2 fold change| 
> 0.21 and P < 0.05), Fc epsilon RI signaling pathway 
which is associated with inducing mast cell degranula-
tion and plays a critical role in human airway smooth 

Man Woman
Characteristic Q70 over

(n = 215)
Q30 under
(n = 174)

Total
(n = 389)

P-value Q70 over 
(n = 228)

Q30 under
(n = 278)

Total 
(n = 506)

P-value

Sedentary life 0.028* 0.257
Never 18 (8.4%) 8 (4.6%) 26 (6.7%) 15 (6.6%) 11 (4%) 26 (5.1%)
< 30′ 13 (6%) 10 (5.7%) 23 (5.9%) 10 (4.4%) 20 (7.2%) 30 (5.9%)
30′~60′ 16 (7.4%) 7 (4%) 23 (5.9%) 20 (8.8%) 32 (11.5%) 52 (10.3%)
60′~90′ 25 (11.6%) 9 (5.2%) 34 (8.7%) 23 (10.1%) 32 (11.5%) 55 (10.9%)
90′~120′ 19 (8.8%) 12 (6.9%) 31 (8%) 25 (11%) 18 (6.5%) 43 (8.5%)
120′~180′ 34 (15.8%) 24 (13.8%) 58 (14.9%) 35 (15.4%) 33 (11.9%) 68 (13.4%)
180′~240′ 23 (10.7%) 23 (13.2%) 46 (11.8%) 31 (13.6%) 47 (16.9%) 78 (15.4%)
240′~300′ 12 (5.6%) 9 (5.2%) 21 (5.4%) 21 (9.2%) 21 (7.6%) 42 (8.3%)
> 300′ 55 (25.6%) 72 (41.4%) 127 (32.6%) 48 (21.1%) 64 (23%) 112 (22.1%)
Mild exercise 0.522 0.915
Never 25 (11.6%) 17 (9.8%) 42 (10.8%) 5 (2.2%) 3 (1.1%) 8 (1.6%)
< 30′ 25 (11.6%) 25 (14.4%) 50 (12.9%) 11 (4.8%) 20 (7.2%) 31 (6.1%)
30′~60′ 31 (14.4%) 23 (13.2%) 54 (13.9%) 31 (13.6%) 49 (17.6%) 80 (15.8%)
60′~90′ 19 (8.8%) 24 (13.8%) 43 (11.1%) 35 (15.4%) 52 (18.7%) 87 (17.2%)
90′~120′ 31 (14.4%) 22 (12.6%) 53 (13.6%) 29 (12.7%) 29 (10.4%) 58 (11.5%)
120′~180′ 19 (8.8%) 16 (9.2%) 35 (9%) 36 (15.8%) 30 (10.8%) 66 (13%)
180′~240′ 15 (7%) 18 (10.3%) 33 (8.5%) 27 (11.8%) 37 (13.3%) 64 (12.6%)
240′~300′ 10 (4.7%) 4 (2.3%) 14 (3.6%) 10 (4.4%) 16 (5.8%) 26 (5.1%)
> 300′ 40 (18.6%) 25 (14.4%) 65 (16.7%) 44 (19.3%) 42 (15.1%) 86 (17%)
Moderate exercise 0.927 0.951
Never 94 (43.7%) 86 (49.4%) 180 (46.3%) 101 (44.3%) 149 (53.6%) 250 (49.4%)
< 30′ 22 (10.2%) 23 (13.2%) 45 (11.6%) 40 (17.5%) 34 (12.2%) 74 (14.6%)
30′~60′ 22 (10.2%) 20 (11.5%) 42 (10.8%) 30 (13.2%) 38 (13.7%) 68 (13.4%)
60′~90′ 19 (8.8%) 16 (9.2%) 35 (9%) 23 (10.1%) 29 (10.4%) 52 (10.3%)
90′~120′ 15 (7%) 11 (6.3%) 26 (6.7%) 10 (4.4%) 8 (2.9%) 18 (3.6%)
120′~180′ 12 (5.6%) 7 (4%) 19 (4.9%) 10 (4.4%) 9 (3.2%) 19 (3.8%)
180′~240′ 8 (3.7%) 4 (2.3%) 12 (3.1%) 3 (1.3%) 4 (1.4%) 7 (1.4%)
240′~300′ 7 (3.3%) 3 (1.7%) 10 (2.6%) 3 (1.3%) 2 (0.7%) 5 (1%)
> 300′ 16 (7.4%) 4 (2.3%) 20 (5.1%) 8 (3.5%) 5 (1.8%) 13 (2.6%)
Intense exercise 0.006** 0.822
Never 92 (42.8%) 119 (68.4%) 211 (54.2%) 148 (64.9%) 195 (70.1%) 343 (67.8%)
< 30′ 13 (6%) 7 (4%) 20 (5.1%) 8 (3.5%) 10 (3.6%) 18 (3.6%)
30′~60′ 8 (3.7%) 3 (1.7%) 11 (2.8%) 8 (3.5%) 9 (3.2%) 17 (3.4%)
60′~90′ 6 (2.8%) 4 (2.3%) 10 (2.6%) 11 (4.8%) 10 (3.6%) 21 (4.2%)
90′~120′ 13 (6%) 2 (1.1%) 15 (3.9%) 5 (2.2%) 3 (1.1%) 8 (1.6%)
120′~180′ 11 (5.1%) 8 (4.6%) 19 (4.9%) 6 (2.6%) 8 (2.9%) 14 (2.8%)
180′~240′ 6 (2.8%) 6 (3.4%) 12 (3.1%) 3 (1.3%) 4 (1.4%) 7 (1.4%)
240′~300′ 11 (5.1%) 2 (1.1%) 13 (3.3%) 4 (1.8%) 8 (2.9%) 12 (2.4%)
> 300′ 55 (25.6%) 23 (13.2%) 78 (20.1%) 35 (15.4%) 31 (11.2%) 66 (13%)
*p < 0.05, **p < 0.01, ***p < 0.001

Table 1 (continued) 
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Man Woman
Characteristic Q70 over

(n = 169)
Q30 under
(n = 220)

Total
(n = 389)

P-value Q70 over
(n = 308)

Q30 under
(n = 198)

Total
(n = 506)

P-value

Age 48.5 ± 7.5 55.5 ± 9.5 52.5 ± 9.3 < 0.001*** 52.1 ± 8.8 52.5 ± 9.6 52.3 ± 9.2 0.957
BMI 27.9 ± 2.6 21.1 ± 2.3 24.0 ± 4.1 < 0.001*** 28.7 ± 3.3 21.4 ± 2.5 25.8 ± 4.6 < 0.001***
Waist 90.1 ± 6.5 77.1 ± 6.7 82.7 ± 9.2 < 0.001*** 88.7 ± 9.6 74.1 ± 8.6 83.0 ± 11.6 < 0.001***
Hip 98.6 ± 5.0 88.8 ± 5.0 93.1 ± 7.0 < 0.001*** 99.0 ± 6.3 89.6 ± 4.8 95.3 ± 7.4 < 0.001***
Drink 0.312 0.97
Never 38 (22.5%) 47 (21.4%) 85 (21.9%) 221 (71.8%) 144 (72.7%) 365 (72.1%)
Former drinker 14 (8.3%) 29 (13.2%) 43 (11.1%) 10 (3.2%) 6 (3%) 16 (3.2%)
Current drinker 117 (69.2%) 144 (65.5%) 261 (67.1%) 77 (25%) 48 (24.2%) 125 (24.7%)
Smoke 0.253 0.204
Never smoked 39 (23.1%) 44 (20%) 83 (21.3%) 297 (96.4%) 187 (94.4%) 484 (95.7%)
Former smokers 64 (37.9%) 68 (30.9%) 132 (33.9%) 6 (1.9%) 3 (1.5%) 9 (1.8%)
Current smokers (Sometimes) 5 (3%) 10 (4.5%) 15 (3.9%) 3 (1%) 2 (1%) 5 (1%)
Current smokers (often) 61 (36.1%) 98 (44.5%) 159 (40.9%) 2 (0.6%) 6 (3%) 8 (1.6%)
Education level 0.002** 0.121
Under elementary school 23 (13.6%) 67 (30.5%) 90 (23.1%) 152 (49.4%) 80 (40.4%) 232 (45.8%)
Middle school 37 (21.9%) 58 (26.4%) 95 (24.4%) 63 (20.5%) 43 (21.7%) 106 (20.9%)
High school 64 (37.9%) 59 (26.8%) 123 (31.6%) 72 (23.4%) 53 (26.8%) 125 (24.7%)
Junior college 9 (5.3%) 8 (3.6%) 17 (4.4%) 6 (1.9%) 4 (2%) 10 (2%)
University 26 (15.4%) 27 (12.3%) 53 (13.6%) 13 (4.2%) 18 (9.1%) 31 (6.1%)
Graduate school 10 (5.9%) 1 (0.5%) 11 (2.8%) 2 (0.6%) 0 (0%) 2 (0.4%)
Monthly income < 0.001*** 0.651
< 500 thousand won 13 (7.7%) 47 (21.4%) 60 (15.4%) 73 (23.7%) 45 (22.7%) 118 (23.3%)
500–1000 thousand won 15 (8.9%) 43 (19.5%) 58 (14.9%) 47 (15.3%) 33 (16.7%) 80 (15.8%)
1000–1500 thousand won 28 (16.6%) 30 (13.6%) 58 (14.9%) 56 (18.2%) 29 (14.6%) 85 (16.8%)
1500–2000 thousand won 28 (16.6%) 27 (12.3%) 55 (14.1%) 48 (15.6%) 20 (10.1%) 68 (13.4%)
2000–3000 thousand won 38 (22.5%) 46 (20.9%) 84 (21.6%) 50 (16.2%) 34 (17.2%) 84 (16.6%)
3000–4000 thousand won 27 (16%) 19 (8.6%) 46 (11.8%) 20 (6.5%) 20 (10.1%) 40 (7.9%)
4000–6000 thousand won 12 (7.1%) 7 (3.2%) 19 (4.9%) 13 (4.2%) 12 (6.1%) 25 (4.9%)
6000 thousand won 8 (4.7%) 1 (0.5%) 9 (2.3%) 1 (0.3%) 5 (2.5%) 6 (1.2%)
History of Hypertension 0.161 0.004**
No 146 (86.4%) 201 (91.4%) 347 (89.2%) 234 (76%) 172 (86.9%) 406 (80.2%)
Yes 23 (13.6%) 19 (8.6%) 42 (10.8%) 74 (24%) 26 (13.1%) 100 (19.8%)
History of Diabetes 0.933 0.189
No 157 (92.9%) 206 (93.6%) 363 (93.3%) 276 (89.6%) 185 (93.4%) 461 (91.1%)
Yes 12 (7.1%) 14 (6.4%) 26 (6.7%) 32 (10.4%) 13 (6.6%) 45 (8.9%)
History of Gastritis/stomach ulcer 0.396 0.235
No 136 (80.5%) 168 (76.4%) 304 (78.1%) 254 (82.5%) 154 (77.8%) 408 (80.6%)
Yes 33 (19.5%) 52 (23.6%) 85 (21.9%) 54 (17.5%) 44 (22.2%) 98 (19.4%)
History of Allergy 0.876 0.879
No 162 (95.9%) 209 (95%) 371 (95.4%) 287 (93.2%) 186 (93.9%) 473 (93.5%)
Yes 7 (4.1%) 11 (5%) 18 (4.6%) 21 (6.8%) 12 (6.1%) 33 (6.5%)
History of Myocardial infarction 1 0.159
No 168 (99.4%) 219 (99.5%) 387 (99.5%) 304 (98.7%) 198 (100%) 502 (99.2%)
Yes 1 (0.6%) 1 (0.5%) 2 (0.5%) 4 (1.3%) 0 (0%) 4 (0.8%)
History of Thyroid disease 1 0.47
No 167 (98.8%) 217 (98.6%) 384 (98.7%) 295 (95.8%) 186 (93.9%) 481 (95.1%)
Yes 2 (1.2%) 3 (1.4%) 5 (1.3%) 13 (4.2%) 12 (6.1%) 25 (4.9%)
History of Congestive heart failure NA NA
No 169 (100%) 220 (100%) 389 (100%) 308 (100%) 198 (100%) 506 (100%)
Yes 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
History of Coronary artery disease 1 1

Table 2 Demographic study according to square of height adjustment index
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Man Woman
Characteristic Q70 over

(n = 169)
Q30 under
(n = 220)

Total
(n = 389)

P-value Q70 over
(n = 308)

Q30 under
(n = 198)

Total
(n = 506)

P-value

No 168 (99.4%) 218 (99.1%) 386 (99.2%) 307 (99.7%) 198 (100%) 505 (99.8%)
Yes 1 (0.6%) 2 (0.9%) 3 (0.8%) 1 (0.3%) 0 (0%) 1 (0.2%)
History of Hyperlipidemia 0.011** 1
No 159 (94.1%) 218 (99.1%) 377 (96.9%) 298 (96.8%) 191 (96.5%) 489 (96.6%)
Yes 10 (5.9%) 2 (0.9%) 12 (3.1%) 10 (3.2%) 7 (3.5%) 17 (3.4%)
History of Asthma 0.084 0.139
No 168 (99.4%) 212 (96.4%) 380 (97.7%) 298 (96.8%) 196 (99%) 494 (97.6%)
Yes 1 (0.6%) 8 (3.6%) 9 (2.3%) 10 (3.2%) 2 (1%) 12 (2.4%)
History of Chronic lung disease 0.507 0.564
No 169 (100%) 218 (99.1%) 387 (99.5%) 307 (99.7%) 196 (99%) 503 (99.4%)
Yes 0 (0%) 2 (0.9%) 2 (0.5%) 1 (0.3%) 2 (1%) 3 (0.6%)
History of Peripheral vascular disease 1 0.391
No 169 (100%) 219 (99.5%) 388 (99.7%) 308 (100%) 197 (99.5%) 505 (99.8%)
Yes 0 (0%) 1 (0.5%) 1 (0.3%) 0 (0%) 1 (0.5%) 1 (0.2%)
History of Kidney disease 1 0.203
No 167 (98.8%) 218 (99.1%) 385 (99%) 296 (96.1%) 195 (98.5%) 491 (97%)
Yes 2 (1.2%) 2 (0.9%) 4 (1%) 12 (3.9%) 3 (1.5%) 15 (3%)
History of Various tumors 0.239 0.552
No 168 (99.4%) 215 (97.7%) 383 (98.5%) 302 (98.1%) 192 (97%) 494 (97.6%)
Yes 1 (0.6%) 5 (2.3%) 6 (1.5%) 6 (1.9%) 6 (3%) 12 (2.4%)
History of Cerebrovascular disease 0.31 1
No 167 (98.8%) 213 (96.8%) 380 (97.7%) 304 (98.7%) 196 (99%) 500 (98.8%)
Yes 2 (1.2%) 7 (3.2%) 9 (2.3%) 4 (1.3%) 2 (1%) 6 (1.2%)
History of Head trauma 1
No 168 (99.4%) 218 (99.1%) 386 (99.2%) 308 (100%) 198 (100%) 506 (100%)
Yes 1 (0.6%) 2 (0.9%) 3 (0.8%)
History of Urinary tract infection 1 0.305
No 168 (99.4%) 219 (99.5%) 387 (99.5%) 307 (99.7%) 195 (98.5%) 502 (99.2%)
Yes 1 (0.6%) 1 (0.5%) 2 (0.5%) 1 (0.3%) 3 (1.5%) 4 (0.8%)
History of Gout 0.763 0.967
No 165 (97.6%) 213 (96.8%) 378 (97.2%) 269 (87.3%) 174 (87.9%) 443 (87.5%)
Yes 4 (2.4%) 7 (3.2%) 11 (2.8%) 39 (12.7%) 24 (12.1%) 63 (12.5%)
History of Degenerative arthritis 0.777 0.029
No 161 (95.3%) 212 (96.4%) 373 (95.9%) 239 (77.6%) 170 (85.9%) 409 (80.8%)
Yes 8 (4.7%) 8 (3.6%) 16 (4.1%) 69 (22.4%) 28 (14.1%) 97 (19.2%)
History of Rheumatoid arthritis 1 0.137
No 168 (99.4%) 218 (99.1%) 386 (99.2%) 288 (93.5%) 177 (89.4%) 465 (91.9%)
Yes 1 (0.6%) 2 (0.9%) 3 (0.8%) 20 (6.5%) 21 (10.6%) 41 (8.1%)
Steady state 0.964 0.998
Never 46 (27.2%) 71 (32.3%) 117 (30.1%) 79 (25.6%) 53 (26.8%) 132 (26.1%)
< 30′ 27 (16%) 19 (8.6%) 46 (11.8%) 52 (16.9%) 35 (17.7%) 87 (17.2%)
30′~60′ 36 (21.3%) 43 (19.5%) 79 (20.3%) 59 (19.2%) 31 (15.7%) 90 (17.8%)
60′~90′ 17 (10.1%) 22 (10%) 39 (10%) 33 (10.7%) 24 (12.1%) 57 (11.3%)
90′~120′ 11 (6.5%) 22 (10%) 33 (8.5%) 23 (7.5%) 11 (5.6%) 34 (6.7%)
120′~180′ 14 (8.3%) 19 (8.6%) 33 (8.5%) 25 (8.1%) 24 (12.1%) 49 (9.7%)
180′~240′ 10 (5.9%) 10 (4.5%) 20 (5.1%) 18 (5.8%) 8 (4%) 26 (5.1%)
240′~300′ 3 (1.8%) 6 (2.7%) 9 (2.3%) 7 (2.3%) 3 (1.5%) 10 (2%)
> 300′ 5 (3%) 8 (3.6%) 13 (3.3%) 12 (3.9%) 9 (4.5%) 21 (4.2%)
Sedentary life 0.028* 0.287
Never 6 (3.6%) 20 (9.1%) 26 (6.7%) 11 (3.6%) 15 (7.6%) 26 (5.1%)
< 30′ 10 (5.9%) 13 (5.9%) 23 (5.9%) 21 (6.8%) 9 (4.5%) 30 (5.9%)

Table 2 (continued) 
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muscle cell function was the most enriched with statis-
tical significance [23]. In women group through MMI1 
method (|Log2 fold change| > 0.21 and P < 0.05), only 
the glutamatergic synapse pathway showed a significant 
result. Glutamate is known to act as a mediator between 
the motor nerve tip and skeletal muscle fibers [24]. In 
men group through MMI2 method (|Log2 fold change| 
> 0.07 and P < 0.05), the adherens junction pathway that 
join mature myocytes and give myofibrils places to attach 
to the membrane [25]was the most significant. More-
over, the Rap1 signaling pathway associated with skel-
etal muscle cell differentiation also showed significant 
results in the same group [26]. Women group through 

MMI2 method (|Log2 fold change| > 0.07 and P < 0.05), 
showed similar results, having an enriched Rap1 sig-
naling pathway. In men group through MMI3 method 
(|Log2 fold change| > 0.21 and P < 0.05), the Fc epsilon 
RI signaling pathway was the most enriched. Particularly, 
the notch signaling pathway considered as a key player in 
skeletal muscle regeneration and development [27] was 
significantly enriched in women group through MMI3 
method (|Log2 fold change| > 0.21 and P < 0.05). Accord-
ing to these results, changes in pathways of genes related 
to DMR between T30 and B30 might be due to differ-
ences in adjustment method rather than due to gender 
differences.

Man Woman
Characteristic Q70 over

(n = 169)
Q30 under
(n = 220)

Total
(n = 389)

P-value Q70 over
(n = 308)

Q30 under
(n = 198)

Total
(n = 506)

P-value

30′~60′ 6 (3.6%) 17 (7.7%) 23 (5.9%) 34 (11%) 18 (9.1%) 52 (10.3%)
60′~90′ 15 (8.9%) 19 (8.6%) 34 (8.7%) 34 (11%) 21 (10.6%) 55 (10.9%)
90′~120′ 10 (5.9%) 21 (9.5%) 31 (8%) 20 (6.5%) 23 (11.6%) 43 (8.5%)
120′~180′ 23 (13.6%) 35 (15.9%) 58 (14.9%) 42 (13.6%) 26 (13.1%) 68 (13.4%)
180′~240′ 19 (11.2%) 27 (12.3%) 46 (11.8%) 50 (16.2%) 28 (14.1%) 78 (15.4%)
240′~300′ 9 (5.3%) 12 (5.5%) 21 (5.4%) 25 (8.1%) 17 (8.6%) 42 (8.3%)
> 300′ 71 (42%) 56 (25.5%) 127 (32.6%) 71 (23.1%) 41 (20.7%) 112 (22.1%)
Mild exercise 0.595 0.998
Never 17 (10.1%) 25 (11.4%) 42 (10.8%) 4 (1.3%) 4 (2%) 8 (1.6%)
< 30′ 28 (16.6%) 22 (10%) 50 (12.9%) 20 (6.5%) 11 (5.6%) 31 (6.1%)
30′~60′ 27 (16%) 27 (12.3%) 54 (13.9%) 50 (16.2%) 30 (15.2%) 80 (15.8%)
60′~90′ 17 (10.1%) 26 (11.8%) 43 (11.1%) 48 (15.6%) 39 (19.7%) 87 (17.2%)
90′~120′ 22 (13%) 31 (14.1%) 53 (13.6%) 36 (11.7%) 22 (11.1%) 58 (11.5%)
120′~180′ 15 (8.9%) 20 (9.1%) 35 (9%) 38 (12.3%) 28 (14.1%) 66 (13%)
180′~240′ 11 (6.5%) 22 (10%) 33 (8.5%) 44 (14.3%) 20 (10.1%) 64 (12.6%)
240′~300′ 5 (3%) 9 (4.1%) 14 (3.6%) 17 (5.5%) 9 (4.5%) 26 (5.1%)
> 300′ 27 (16%) 38 (17.3%) 65 (16.7%) 51 (16.6%) 35 (17.7%) 86 (17%)
Moderate exercise 0.984 0.979
Never 76 (45%) 104 (47.3%) 180 (46.3%) 156 (50.6%) 94 (47.5%) 250 (49.4%)
< 30′ 21 (12.4%) 24 (10.9%) 45 (11.6%) 40 (13%) 34 (17.2%) 74 (14.6%)
30′~60′ 22 (13%) 20 (9.1%) 42 (10.8%) 45 (14.6%) 23 (11.6%) 68 (13.4%)
60′~90′ 17 (10.1%) 18 (8.2%) 35 (9%) 35 (11.4%) 17 (8.6%) 52 (10.3%)
90′~120′ 10 (5.9%) 16 (7.3%) 26 (6.7%) 10 (3.2%) 8 (4%) 18 (3.6%)
120′~180′ 10 (5.9%) 9 (4.1%) 19 (4.9%) 8 (2.6%) 11 (5.6%) 19 (3.8%)
180′~240′ 4 (2.4%) 8 (3.6%) 12 (3.1%) 4 (1.3%) 3 (1.5%) 7 (1.4%)
240′~300′ 4 (2.4%) 6 (2.7%) 10 (2.6%) 3 (1%) 2 (1%) 5 (1%)
> 300′ 5 (3%) 15 (6.8%) 20 (5.1%) 7 (2.3%) 6 (3%) 13 (2.6%)
Intense exercise 0.295 0.723
Never 105 (62.1%) 106 (48.2%) 211 (54.2%) 200 (64.9%) 143 (72.2%) 343 (67.8%)
< 30′ 10 (5.9%) 10 (4.5%) 20 (5.1%) 13 (4.2%) 5 (2.5%) 18 (3.6%)
30′~60′ 6 (3.6%) 5 (2.3%) 11 (2.8%) 13 (4.2%) 4 (2%) 17 (3.4%)
60′~90′ 7 (4.1%) 3 (1.4%) 10 (2.6%) 13 (4.2%) 8 (4%) 21 (4.2%)
90′~120′ 4 (2.4%) 11 (5%) 15 (3.9%) 5 (1.6%) 3 (1.5%) 8 (1.6%)
120′~180′ 6 (3.6%) 13 (5.9%) 19 (4.9%) 9 (2.9%) 5 (2.5%) 14 (2.8%)
180′~240′ 5 (3%) 7 (3.2%) 12 (3.1%) 6 (1.9%) 1 (0.5%) 7 (1.4%)
240′~300′ 3 (1.8%) 10 (4.5%) 13 (3.3%) 8 (2.6%) 4 (2%) 12 (2.4%)
> 300′ 23 (13.6%) 55 (25%) 78 (20.1%) 41 (13.3%) 25 (12.6%) 66 (13%)
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Man Woman
Characteristic Q70 over

(n = 205)
Q30 under
(n = 184)

Total
(n = 389)

P-value Q70 over 
(n = 227)

Q30 under
(n = 279)

Total
(n = 506)

P-value

Age 52.0 ± 9.0 53.0 ± 9.7 52.5 ± 9.3 0.367 49.2 ± 8.4 54.7 ± 9.0 52.3 ± 9.2 < 0.001***
BMI 21.4 ± 2.7 26.9 ± 3.5 24.0 ± 4.1 < 0.001*** 21.9 ± 2.7 29.0 ± 3.2 25.8 ± 4.6 < 0.001***
Waist 77.1 ± 6.4 89.1 ± 7.7 82.7 ± 9.2 < 0.001*** 74.7 ± 8.2 89.7 ± 9.5 83.0 ± 11.6 < 0.001***
Hip 90.1 ± 5.7 96.4 ± 6.8 93.1 ± 7.0 < 0.001*** 90.6 ± 5.4 99.2 ± 6.5 95.3 ± 7.4 < 0.001***
Drink 0.323 0.719
Never 42 (20.5%) 43 (23.4%) 85 (21.9%) 160 (70.5%) 205 (73.5%) 365 (72.1%)
Former drinker 19 (9.3%) 24 (13%) 43 (11.1%) 7 (3.1%) 9 (3.2%) 16 (3.2%)
Current drinker 144 (70.2%) 117 (63.6%) 261 (67.1%) 60 (26.4%) 65 (23.3%) 125 (24.7%)
Smoke < 0.001*** 0.209
Never smoked 38 (18.5%) 45 (24.5%) 83 (21.3%) 215 (94.7%) 269 (96.4%) 484 (95.7%)
Former smokers 54 (26.3%) 78 (42.4%) 132 (33.9%) 5 (2.2%) 4 (1.4%) 9 (1.8%)
Current smokers (Sometimes) 8 (3.9%) 7 (3.8%) 15 (3.9%) 1 (0.4%) 4 (1.4%) 5 (1%)
Current smokers (often) 105 (51.2%) 54 (29.3%) 159 (40.9%) 6 (2.6%) 2 (0.7%) 8 (1.6%)
Education level 0.237 0.002**
Under elementary school 42 (20.5%) 48 (26.1%) 90 (23.1%) 74 (32.6%) 158 (56.6%) 232 (45.8%)
Middle school 54 (26.3%) 41 (22.3%) 95 (24.4%) 54 (23.8%) 52 (18.6%) 106 (20.9%)
High school 69 (33.7%) 54 (29.3%) 123 (31.6%) 74 (32.6%) 51 (18.3%) 125 (24.7%)
Junior college 12 (5.9%) 5 (2.7%) 17 (4.4%) 8 (3.5%) 2 (0.7%) 10 (2%)
University 23 (11.2%) 30 (16.3%) 53 (13.6%) 16 (7%) 15 (5.4%) 31 (6.1%)
Graduate school 5 (2.4%) 6 (3.3%) 11 (2.8%) 1 (0.4%) 1 (0.4%) 2 (0.4%)
Monthly income 0.882 0.168
< 500 thousand won 30 (14.6%) 30 (16.3%) 60 (15.4%) 39 (17.2%) 79 (28.3%) 118 (23.3%)
500–1000 thousand won 35 (17.1%) 23 (12.5%) 58 (14.9%) 38 (16.7%) 42 (15.1%) 80 (15.8%)
1000–1500 thousand won 31 (15.1%) 27 (14.7%) 58 (14.9%) 33 (14.5%) 52 (18.6%) 85 (16.8%)
1500–2000 thousand won 31 (15.1%) 24 (13%) 55 (14.1%) 34 (15%) 34 (12.2%) 68 (13.4%)
2000–3000 thousand won 42 (20.5%) 42 (22.8%) 84 (21.6%) 40 (17.6%) 44 (15.8%) 84 (16.6%)
3000–4000 thousand won 21 (10.2%) 25 (13.6%) 46 (11.8%) 21 (9.3%) 19 (6.8%) 40 (7.9%)
4000–6000 thousand won 10 (4.9%) 9 (4.9%) 19 (4.9%) 17 (7.5%) 8 (2.9%) 25 (4.9%)
6000 thousand won 5 (2.4%) 4 (2.2%) 9 (2.3%) 5 (2.2%) 1 (0.4%) 6 (1.2%)
History of Hypertension 0.129 < 0.001***
No 188 (91.7%) 159 (86.4%) 347 (89.2%) 210 (92.5%) 196 (70.3%) 406 (80.2%)
Yes 17 (8.3%) 25 (13.6%) 42 (10.8%) 17 (7.5%) 83 (29.7%) 100 (19.8%)
History of Diabetes 0.746 0.036*
No 190 (92.7%) 173 (94%) 363 (93.3%) 214 (94.3%) 247 (88.5%) 461 (91.1%)
Yes 15 (7.3%) 11 (6%) 26 (6.7%) 13 (5.7%) 32 (11.5%) 45 (8.9%)
History of Gastritis/stomach 
ulcer

0.001*** 0.054

No 146 (71.2%) 158 (85.9%) 304 (78.1%) 174 (76.7%) 234 (83.9%) 408 (80.6%)
Yes 59 (28.8%) 26 (14.1%) 85 (21.9%) 53 (23.3%) 45 (16.1%) 98 (19.4%)
History of Allergy 0.995 0.329
No 195 (95.1%) 176 (95.7%) 371 (95.4%) 209 (92.1%) 264 (94.6%) 473 (93.5%)
Yes 10 (4.9%) 8 (4.3%) 18 (4.6%) 18 (7.9%) 15 (5.4%) 33 (6.5%)
History of Myocardial infarction 1 1
No 204 (99.5%) 183 (99.5%) 387 (99.5%) 225 (99.1%) 277 (99.3%) 502 (99.2%)
Yes 1 (0.5%) 1 (0.5%) 2 (0.5%) 2 (0.9%) 2 (0.7%) 4 (0.8%)
History of Thyroid disease 0.671 0.346
No 203 (99%) 181 (98.4%) 384 (98.7%) 213 (93.8%) 268 (96.1%) 481 (95.1%)
Yes 2 (1%) 3 (1.6%) 5 (1.3%) 14 (6.2%) 11 (3.9%) 25 (4.9%)
History of Congestive heart 
failure

NA NA

No 205 (100%) 184 (100%) 389 (100%) 227 (100%) 279 (100%) 506 (100%)
Yes 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Table 3 Demographic study according to BMI adjustment index
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Man Woman
Characteristic Q70 over

(n = 205)
Q30 under
(n = 184)

Total
(n = 389)

P-value Q70 over 
(n = 227)

Q30 under
(n = 279)

Total
(n = 506)

P-value

History of Coronary artery 
disease

1 1

No 203 (99%) 183 (99.5%) 386 (99.2%) 227 (100%) 278 (99.6%) 505 (99.8%)
Yes 2 (1%) 1 (0.5%) 3 (0.8%) 0 (0%) 1 (0.4%) 1 (0.2%)
History of Hyperlipidemia 0.025* 0.576
No 203 (99%) 174 (94.6%) 377 (96.9%) 221 (97.4%) 268 (96.1%) 489 (96.6%)
Yes 2 (1%) 10 (5.4%) 12 (3.1%) 6 (2.6%) 11 (3.9%) 17 (3.4%)
History of Asthma 0.091 0.09
No 203 (99%) 177 (96.2%) 380 (97.7%) 225 (99.1%) 269 (96.4%) 494 (97.6%)
Yes 2 (1%) 7 (3.8%) 9 (2.3%) 2 (0.9%) 10 (3.6%) 12 (2.4%)
History of Chronic lung disease 1 0.256
No 204 (99.5%) 183 (99.5%) 387 (99.5%) 227 (100%) 276 (98.9%) 503 (99.4%)
Yes 1 (0.5%) 1 (0.5%) 2 (0.5%) 0 (0%) 3 (1.1%) 3 (0.6%)
History of Peripheral vascular 
disease

0.473 0.449

No 205 (100%) 183 (99.5%) 388 (99.7%) 226 (99.6%) 279 (100%) 505 (99.8%)
Yes 0 (0%) 1 (0.5%) 1 (0.3%) 1 (0.4%) 0 (0%) 1 (0.2%)
History of Kidney disease 0.348 0.517
No 204 (99.5%) 181 (98.4%) 385 (99%) 222 (97.8%) 269 (96.4%) 491 (97%)
Yes 1 (0.5%) 3 (1.6%) 4 (1%) 5 (2.2%) 10 (3.6%) 15 (3%)
History of Various tumors 0.688 0.214
No 201 (98%) 182 (98.9%) 383 (98.5%) 219 (96.5%) 275 (98.6%) 494 (97.6%)
Yes 4 (2%) 2 (1.1%) 6 (1.5%) 8 (3.5%) 4 (1.4%) 12 (2.4%)
History of Cerebrovascular 
disease

0.509 0.231

No 199 (97.1%) 181 (98.4%) 380 (97.7%) 226 (99.6%) 274 (98.2%) 500 (98.8%)
Yes 6 (2.9%) 3 (1.6%) 9 (2.3%) 1 (0.4%) 5 (1.8%) 6 (1.2%)
History of Head trauma 1 NA
No 203 (99%) 183 (99.5%) 386 (99.2%) 227 (100%) 279 (100%) 506 (100%)
Yes 2 (1%) 1 (0.5%) 3 (0.8%) 0 (0%) 0 (0%) 0 (0%)
History of Urinary tract infection 0.223 1
No 205 (100%) 182 (98.9%) 387 (99.5%) 225 (99.1%) 277 (99.3%) 502 (99.2%)
Yes 0 (0%) 2 (1.1%) 2 (0.5%) 2 (0.9%) 2 (0.7%) 4 (0.8%)
History of Gout 0.667 0.008**
No 198 (96.6%) 180 (97.8%) 378 (97.2%) 209 (92.1%) 234 (83.9%) 443 (87.5%)
Yes 7 (3.4%) 4 (2.2%) 11 (2.8%) 18 (7.9%) 45 (16.1%) 63 (12.5%)
History of Degenerative arthritis 0.972 < 0.001***
No 196 (95.6%) 177 (96.2%) 373 (95.9%) 202 (89%) 207 (74.2%) 409 (80.8%)
Yes 9 (4.4%) 7 (3.8%) 16 (4.1%) 25 (11%) 72 (25.8%) 97 (19.2%)
History of Rheumatoid arthritis 1 0.717
No 203 (99%) 183 (99.5%) 386 (99.2%) 207 (91.2%) 258 (92.5%) 465 (91.9%)
Yes 2 (1%) 1 (0.5%) 3 (0.8%) 20 (8.8%) 21 (7.5%) 41 (8.1%)
Steady state 0.925 0.998
Never 62 (30.2%) 55 (29.9%) 117 (30.1%) 64 (28.2%) 68 (24.4%) 132 (26.1%)
< 30′ 24 (11.7%) 22 (12%) 46 (11.8%) 39 (17.2%) 48 (17.2%) 87 (17.2%)
30′~60′ 43 (21%) 36 (19.6%) 79 (20.3%) 39 (17.2%) 51 (18.3%) 90 (17.8%)
60′~90′ 18 (8.8%) 21 (11.4%) 39 (10%) 27 (11.9%) 30 (10.8%) 57 (11.3%)
90′~120′ 21 (10.2%) 12 (6.5%) 33 (8.5%) 14 (6.2%) 20 (7.2%) 34 (6.7%)
120′~180′ 15 (7.3%) 18 (9.8%) 33 (8.5%) 24 (10.6%) 25 (9%) 49 (9.7%)
180′~240′ 10 (4.9%) 10 (5.4%) 20 (5.1%) 10 (4.4%) 16 (5.7%) 26 (5.1%)
240′~300′ 5 (2.4%) 4 (2.2%) 9 (2.3%) 2 (0.9%) 8 (2.9%) 10 (2%)
> 300′ 7 (3.4%) 6 (3.3%) 13 (3.3%) 8 (3.5%) 13 (4.7%) 21 (4.2%)

Table 3 (continued) 
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Discussion
The present epigenetic nationwide cohort study was 
conducted based on MMI adjusted by weight, square of 
height, and BMI. In the group of men adjusted by weight, 
there were significant differences in BMI, the circumfer-
ence of waist, and the circumference of hip. These obe-
sity-related features are associated with muscle loss [28]. 
Smoking also showed a significant difference in the pres-
ent study. One study has reported that smoking is associ-
ated with muscle loss in men [29]. Sedentary life known 

to be associated with sarcopenia or muscle loss was also 
significantly different in the present study. In a group of 
women adjusted by weight, MMI values were decreased 
with increasing age [30]. The relationship between age 
and muscle loss showed relevances in many studies 
[31–34].In addition, there were significant differences in 
people with a history of high blood pressure and diabe-
tes, both of which are known to be associated with sarco-
penia or muscle loss [35–38].

Man Woman
Characteristic Q70 over

(n = 205)
Q30 under
(n = 184)

Total
(n = 389)

P-value Q70 over 
(n = 227)

Q30 under
(n = 279)

Total
(n = 506)

P-value

Sedentary life 0.204 0.089
Never 17 (8.3%) 9 (4.9%) 26 (6.7%) 16 (7%) 10 (3.6%) 26 (5.1%)
< 30′ 12 (5.9%) 11 (6%) 23 (5.9%) 10 (4.4%) 20 (7.2%) 30 (5.9%)
30′~60′ 12 (5.9%) 11 (6%) 23 (5.9%) 19 (8.4%) 33 (11.8%) 52 (10.3%)
60′~90′ 24 (11.7%) 10 (5.4%) 34 (8.7%) 23 (10.1%) 32 (11.5%) 55 (10.9%)
90′~120′ 17 (8.3%) 14 (7.6%) 31 (8%) 26 (11.5%) 17 (6.1%) 43 (8.5%)
120′~180′ 34 (16.6%) 24 (13%) 58 (14.9%) 35 (15.4%) 33 (11.8%) 68 (13.4%)
180′~240′ 21 (10.2%) 25 (13.6%) 46 (11.8%) 30 (13.2%) 48 (17.2%) 78 (15.4%)
240′~300′ 11 (5.4%) 10 (5.4%) 21 (5.4%) 21 (9.3%) 21 (7.5%) 42 (8.3%)
> 300′ 57 (27.8%) 70 (38%) 127 (32.6%) 47 (20.7%) 65 (23.3%) 112 (22.1%)
Mild exercise 0.491 0.789
Never 23 (11.2%) 19 (10.3%) 42 (10.8%) 5 (2.2%) 3 (1.1%) 8 (1.6%)
< 30′ 24 (11.7%) 26 (14.1%) 50 (12.9%) 11 (4.8%) 20 (7.2%) 31 (6.1%)
30′~60′ 30 (14.6%) 24 (13%) 54 (13.9%) 30 (13.2%) 50 (17.9%) 80 (15.8%)
60′~90′ 18 (8.8%) 25 (13.6%) 43 (11.1%) 34 (15%) 53 (19%) 87 (17.2%)
90′~120′ 31 (15.1%) 22 (12%) 53 (13.6%) 30 (13.2%) 28 (10%) 58 (11.5%)
120′~180′ 19 (9.3%) 16 (8.7%) 35 (9%) 36 (15.9%) 30 (10.8%) 66 (13%)
180′~240′ 13 (6.3%) 20 (10.9%) 33 (8.5%) 26 (11.5%) 38 (13.6%) 64 (12.6%)
240′~300′ 9 (4.4%) 5 (2.7%) 14 (3.6%) 10 (4.4%) 16 (5.7%) 26 (5.1%)
> 300′ 38 (18.5%) 27 (14.7%) 65 (16.7%) 45 (19.8%) 41 (14.7%) 86 (17%)
Moderate exercise 0.986 0.996
Never 92 (44.9%) 88 (47.8%) 180 (46.3%) 104 (45.8%) 146 (52.3%) 250 (49.4%)
< 30′ 21 (10.2%) 24 (13%) 45 (11.6%) 39 (17.2%) 35 (12.5%) 74 (14.6%)
30′~60′ 21 (10.2%) 21 (11.4%) 42 (10.8%) 29 (12.8%) 39 (14%) 68 (13.4%)
60′~90′ 17 (8.3%) 18 (9.8%) 35 (9%) 23 (10.1%) 29 (10.4%) 52 (10.3%)
90′~120′ 14 (6.8%) 12 (6.5%) 26 (6.7%) 10 (4.4%) 8 (2.9%) 18 (3.6%)
120′~180′ 12 (5.9%) 7 (3.8%) 19 (4.9%) 9 (4%) 10 (3.6%) 19 (3.8%)
180′~240′ 7 (3.4%) 5 (2.7%) 12 (3.1%) 3 (1.3%) 4 (1.4%) 7 (1.4%)
240′~300′ 6 (2.9%) 4 (2.2%) 10 (2.6%) 3 (1.3%) 2 (0.7%) 5 (1%)
> 300′ 15 (7.3%) 5 (2.7%) 20 (5.1%) 7 (3.1%) 6 (2.2%) 13 (2.6%)
Intense exercise 0.088 0.956
Never 91 (44.4%) 120 (65.2%) 211 (54.2%) 150 (66.1%) 193 (69.2%) 343 (67.8%)
< 30′ 12 (5.9%) 8 (4.3%) 20 (5.1%) 8 (3.5%) 10 (3.6%) 18 (3.6%)
30′~60′ 8 (3.9%) 3 (1.6%) 11 (2.8%) 8 (3.5%) 9 (3.2%) 17 (3.4%)
60′~90′ 6 (2.9%) 4 (2.2%) 10 (2.6%) 10 (4.4%) 11 (3.9%) 21 (4.2%)
90′~120′ 13 (6.3%) 2 (1.1%) 15 (3.9%) 5 (2.2%) 3 (1.1%) 8 (1.6%)
120′~180′ 10 (4.9%) 9 (4.9%) 19 (4.9%) 6 (2.6%) 8 (2.9%) 14 (2.8%)
180′~240′ 6 (2.9%) 6 (3.3%) 12 (3.1%) 3 (1.3%) 4 (1.4%) 7 (1.4%)
240′~300′ 7 (3.4%) 6 (3.3%) 13 (3.3%) 4 (1.8%) 8 (2.9%) 12 (2.4%)
> 300′ 52 (25.4%) 26 (14.1%) 78 (20.1%) 33 (14.5%) 33 (11.8%) 66 (13%)

Table 3 (continued) 
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Through the MMI2 method, age, BMI, waist, and hip 
revealed significant results in the men group. Signifi-
cant results were also observed in individuals with a his-
tory of asthma illness. The decline in respiratory muscle 
mass, function, and power could be related to aging 
[39]. Several studies have consistently revealed the asso-
ciation between respiratory diseases such as asthma and 
sarcopenia or muscle loss [39, 40]. In addition, the men 
group through MMI2 method showed a significant dif-
ference in sedentary life. In the women group through 
MMI2 method, there were significant differences in BMI, 
the circumference of waist, and hip. However, there was 
no significant result according to age difference. In par-
ticular, there was a significant difference in people with 
a history of degenerative arthritis. As muscle wasting is 
a natural part of aging, sarcopenia prevalence has been 
recently proven in individuals with OA [41, 42]. It has 
been suggested that muscle wasting has a direct impact 
on joint stability and that loss of mobility can lead to 
articular cartilage degeneration [43].

In the group of men adjusted by BMI, there were sig-
nificant differences in BMI, the circumference of waist 
and hip, and smoke. However, there was no significant 
difference in sedentary life. In the group of men adjusted 

by BMI, there were significant differences in age, BMI, 
waist, hip, history of hypertension, history of diabetes, 
and history of degenerative arthritis. Additionally, people 
with a history of gout showed low adjusted MMI results. 
According to a study by KM Beavers, reduced skeletal 
muscle mass is linked to increased serum uric acid levels 
[44]. Many studies have shown that gout might be related 
to muscle mass loss or sarcopenia [45, 46].

DNA methylation may play an important role in mus-
cle loss during aging [20]. Therefore, finding the charac-
teristics of age-related DNA methylation change might 
be the most promising way to find biomarkers of muscle 
aging [47, 48]. Several studies have determined methyla-
tion levels of certain representative genes in young and 
old people and found an age-related increase in methyla-
tion between NDUFB6 and COX7A1 that is important in 
metabolic mechanisms [49, 50].

Likewise, a gene annotation study using DMR was per-
formed in this study. In the group of men adjusted by 
weight, GAB2 was a downregulated gene. According to 
a study by Eric Edstrom et al., Shc-GRB2-GAB (Shc, Src 
homology 2 domain-containing; GRB2, growth factor 
receptor bound protein-2; GAB, GRB2 associated bind-
ing protein) adaptor might interact with IGF-1 receptor, 

Fig. 2 Volcano plot for women. (A) Weight adjustment group, (B) Height2 adjustment group, (C) BMI adjustment group

 

Fig. 1 Volcano plot for men. (A) Weight adjustment group, (B) Height2 adjustment group, (C) BMI adjustment group
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which activates PI3K-AKT. Through this pathway, AKT 
could block atrophy and stimulate myofiber hypertrophy 
[51]. In contrast, JPH3 was a downregulated gene in the 
group of women adjusted by weight. Junctophilins are 
major components responsible for the synthesis of JMCs 
(junctional membrane complexes) in skeletal and cardiac 
muscles [52]. Li et al. have suggested that JPH3 plays a 
critical function in maintaining the proper distance and 
crosstalk between the ER and mitochondria via the Pgc-1 
pathway in beta cells [53]. Pgc-1α in nuclei is known to 
promote target molecule transcription in skeletal muscles 
[53]. Muscle atrophy-related genes in the weight adjust-
ment group is summarized in Supplementary Table 1.

In the group of men adjusted by height squared, HLA-
DQB1 was a downregulated gene. According to a study 
by Singh et al., HLA-DQB1 is specifically enriched in 
skeletal muscles and highly associated with the hand-
grip trait [54]. HLA-DQB1 is nominally associated with 
sarcopenia (EWGSOP combined definition). The influ-
ence of HLA type is more significant in women than in 
men [55, 56]. In the group of women adjusted by height 
square, TBCD was a downregulated gene and UBR2 was 
an upregulated gene. Carrio et al. have suggested that 
the TBCD gene is one gene with differentially methyl-
ated CpG (dmCpG) affected by aging. The most enriched 
words and pathways among genes with two or more 
intragenic dmCpG sites were “muscle cell” (P = 0.0004), 
indicating that dmCpG sites found in the elderly were 
related to muscle tissue functions and neuromuscular 

junctions [57]. The TBCD gene has the most intragenic 
dmCpG sites (46 distinct sites, or 13.2% of the total num-
ber of CpG sites in the gene) [58]. Additionally, Ubr2 is 
up-regulated in disuse atrophying skeletal muscles of 
mice [59]. Muscle atrophy-related genes in the square of 
height adjustment group are summarized in Supplemen-
tary Table 2.

The group of men adjusted by BMI also showed GAB2 
as a downregulated gene. On the other hand, the group 
of women adjusted by BMI showed two downregulated 
genes (NPLOC4 and NDUFB4) and one upregulated 
gene (ISPD) known to be associated with muscle loss. 
NPLOC4 is known as a muscle degeneration-related gene 
because it has two SNPs (rs6565597 and rs9894429) that 
are related to age-related macular degeneration [60, 61]. 
NDUFB4 is also shown to be higher in muscles. It codes 
for subunits of the respiratory chain’s complex I which 
is related to energy metabolism.56 However, ISPD was 
upregulated in the low-adjusted MMI group. Marcela P. 
Cataldi has shown that ISPD overexpression increases 
functional glycosylation of α subunit of dystroglycan 
(F-α-DG) in skeletal muscles [62]. Because it is known 
that dystroglycan-null could be caused by muscle dys-
trophy, the muscle loss group may compensatively show 
ISPD upregulation. Muscle atrophy-related genes in the 
weight adjustment group are summarized in Supplemen-
tary Table  3. Overall molecular mechanisms related to 
muscle loss are presented in Fig. 4.

Fig. 3 Enrichment analysis of DMRs in each group. (A) Men with weight adjustment, (B) Women with weight adjustment, (C) Men with square of height 
adjustment, (D) Women with square of height adjustment, (E) Men with BMI adjustment, (F) Women with BMI adjustment
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In conclusion, this study presents results about which 
factor should be concerned first in MMI adjustment. It 
could enable future epigenetic studies of genes based 
on annotation results. The present study is a nation-
wide study in Korea with the largest size up to date that 
compares adjustment methods for MMI in epigenetic 
research.

There are some limitations in the present study. First, 
compared to a large number of participants, the number 
of genetic tests was insufficient. In addition, because it 
was a cohort study, there was no restriction on the com-
position of participants. Tests for sarcopenia screening 
such as the handgrip test were not conducted. Partici-
pants were a middle-age group. There were no results 
from elderly participants. Second, eQTL analysis was not 
performed. If eQTL analysis could be added later in an 
extended cohort study, it will be an in-depth study on the 
difference between genotype and phenotype of sarcope-
nia. Therefore, further study including elderly partici-
pants with sufficient genetic tests is needed.
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