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Relationships of Skeletal Muscle Mass and Visceral Fat with 
Atherosclerosis Risk Factors in Middle-aged Japanese People: 

An Assessment Using Accurate, Simple Bioelectrical Impedance Methods
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Abstract
Objective: Recently, a decrease in skeletal muscle mass was found to be related to atherosclerosis 
risk. We investigated the relationship between skeletal muscle mass and atherosclerosis risk fac-
tors according to visceral fat accumulation status, using accurate, simple bioelectrical impedance 
methods.
Methods: �e study included 1,161 middle-aged Japanese people (998 men and 163 women). 
The skeletal muscle was assessed using a bioelectrical impedance method between the upper 
and lower limbs, and visceral fat area (VFA) was measured using a dual bioelectrical impedance 
method. �e subjects were divided into two groups according to VFA (VFA ≥100 cm2 and VFA 
<100 cm2 ) by sex and the relationship between percentage of skeletal muscle of body weight 
(PSM) and the number of atherosclerosis risk factors in each group was investigated. Multiple 
linear regression analysis was performed to determine the relative contribution of explanatory 
variables (age, VFA, subcutaneous fat area, and PSM) to the response variable (number of risk 
factors).  
Results: �e mean PSM signi�cantly decreased as the number of risk factors increased in both 
men and women. In men with VFA <100 cm2, the number of risk factors was signi�cantly corre-
lated with PSM (B = -0.164, p < 0.001), whereas in men with VFA ≥100 cm2, there was no cor-
relation. In women, the number of risk factors was not correlated with PSM irrespective of VFA.
Conclusions: Skeletal muscle mass assessed using the present accurate, simple bioelectrical im-
pedance methods may be a new index for assessing the possibility of atherosclerosis risk factors 
in men.
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Sarcopenia refers to age-related loss of skeletal 
muscle mass and muscle strength1, and is a mark-
er of frailty and poor prognosis among the el-

derly. In addition, it is known that sarcopenia is related 
to metabolic disorders. Insulin resistance has a stronger 
association with sarcopenic obesity, which is the combi-
nation of sarcopenia and obesity, than with sarcopenia 
or obesity alone in elderly people2,3 . Additionally, a 
decrease in muscle mass may be a risk factor for athero-
sclerosis in middle-aged people4 and young adults5 .

It is well known that metabolic syndrome (MS) is 
closely associated with atherosclerosis risk. MS is a cluster 
of atherosclerosis risk factors including visceral fat ac-
cumulation, hypertension, dyslipidemia, and diabetes6 . 
Visceral fat accumulation increases the risk of athero-
sclerosis, and previous studies have shown that visceral 

fat accumulation is related to insulin resistance7,8 . In 
addition, the coexistence of a decrease in muscle mass 
and MS increases the risk of cardiovascular diseases9 . 
Thus, measurements of both visceral fat and muscle 
mass may be important for assessing the possibility of 
atherosclerosis risk factors.

�e gold standard methods for the assessment of vis-
ceral fat and skeletal muscle are computed tomography 
(CT)10 and magnetic resonance imaging (MRI)1 , re-
spectively. In Japan, visceral fat accumulation is de�ned 
as visceral fat area (VFA) of ≥ 100 cm2 using CT and 
MRI, both in men and women6. However, CT involves 
radiation exposure, and both of these methods are com-
plex, costly, and time-consuming. Additionally, they are 
not suitable for body composition screening. Although 
dual energy X-ray absorptiometry (DXA) is an accu-
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rate method for measuring body composition, it also 
involves radiation exposure and is complex, and the as-
sessment is in©uenced by body thickness11 . 

Recently, two simple, highly accurate bioelectrical 
impedance methods for measuring VFA, subcutane-
ous fat area (SFA), and percentage of skeletal muscle of 
body weight (PSM) have been developed12,13,14 . In this 
study, we investigated the relationship between skeletal 
muscle mass and atherosclerosis risk factors according 
to visceral fat accumulation status, using accurate, sim-
ple bioelectrical impedance methods, in middle-aged 
Japanese people.

Subjects and Methods
Subjects

We initially enrolled 1,441 adults (1,250 men and 
191 women; mean age, 50.3±7.2 (SD) and 49.3 ± 8.8 
(SD) years, respectively) who underwent an annual 
medical check-up at a health check-up center in the 
Kinki area of Japan between February 2012 and April 
2015. We excluded 252 men and 28 women who were 
taking antihypertensive agents, antidiabetic agents, and 
lipid-lowering agents, and/or had dehydrative or edem-
atous diseases. �e study �nally included 1,161 adults 
(998 men and 163 women; mean age, 49.4 ± 7.4 (SD) 
and 48.2 ± 8.9 (SD) years, respectively).
Anthropometric and atherosclerosis risk factor as-
sessments

In the morning, the body weight of each subject was 
measured to the nearest 0.1 kg, with the subject in light 
clothes, and the height was measured to the nearest 0.1 
cm. �e waist circumference was measured to the near-
est 0.5 cm at the umbilical level in the late exhalation 
phase while standing, by a well-trained examiner. Blood 
pressure measurements were obtained in the morn-
ing while the subjects were resting in a seated position. 
Blood samples were collected a¬er an overnight fast for 
assessment of fasting plasma glucose, triglyceride, and 
high-density lipoprotein (HDL)-cholesterol levels. 
Diagnosis of atherosclerosis risk factors

The diagnosis of atherosclerosis risk factors was in 
accordance with the definitions of the Examination 
Committee of Criteria for the Metabolic Syndrome in 
Japan7,15 . Hypertension was defined as systolic blood 
pressure≥130 mmHg and/or diastolic blood pressure ≥
85 mmHg, diabetes was de�ned as a fasting plasma glu-
cose level≥110 mg/dL, and dyslipidemia was de�ned as 
a triglyceride level ≥150 mg/dL and/or HDL-cholester-
ol level ≤40 mg/dL.
Body composition (PSM, VFA, and SFA) measurements
Measurement of PSM

Skeletal muscle mass was measured with the HBF-
354 prototype (Omron Healthcare Co. Ltd., Kyoto, Ja-
pan), which used bioelectrical impedance between the 

upper and lower limbs14 . 
Bioelectrical impedance was determined by measur-

ing the voltage induced by applying a current to elec-
trodes �xed on bilateral palms and soles while shorting 
each of the current and voltage electrodes �xed on each 
palm and sole, in the standing position with bilateral 
upper limbs extended forward. A constant current of 
500 μA at 50 kHz was applied. The impedance mea-
sured using this method was whole-body impedance 
(Zw). Skeletal muscle mass was calculated using the BI 
index (height2 /Zw), the body surface area (BSA), sex, 
and age, using the following formula:
Skeletal muscle mass (kg) = (0.147 × BI index) + (1.625 
× BSA) + (－0.056 × age) + (－2.098 × sex) － 2.282

�e reference skeletal muscle mass was obtained us-
ing MRI performed in the supine position, every 20 
mm from the hand to the foot. �ere was a good cor-
relation between the skeletal muscle mass determined 
using the HBF-354 prototype and that measured using 
MRI (r = 0.959, p < 0.001).
Measurement of VFA and SFA

VFA and SFA were measured with HDS-2000 (DU-
ALSCANⓇ, Omron Healthcare Co. Ltd., Kyoto, Japan), 
which used a dual bioelectrical impedance method12,13 . 
Bioelectrical impedance was measured by applying a 
constant current of 500 μA at 50 kHz between the up-
per and lower limbs and the surface of the abdominal 
area in the supine position.

DUALSCAN (DS) calculates the cross-sectional area 
of visceral fat at the umbilical level based on a dual bio-
electrical impedance method. DS uses two components 
(Zt: fat free area, Zs: subcutaneous fat area) to measure 
two kinds of bioelectrical impedance, and the width (A) 
and height (B) of a cross-sectional area of the abdomen. 
Using DS, the VFA was calculated according to the fol-
lowing formula:
VFA = a1A + a2B2 － a3 (A2 + B2)1/2 Zs － a4 / Zt + a5

a1 , a2 , a3 , a4 , and a5 are constants
Reference VFA and SFA values were obtained using 

CT. �ere were good correlations between VFA deter-
mined using DS and that measured using CT (r = 0.888, 
p < 0.001)13 , and between SFA determined using DS 
and that measured using CT (r =0.887, p < 0.001).

With the bioelectrical impedance method, as there 
is intra-day variability in body composition measure-
ments14 , skeletal muscle mass, VFA, and SFA were mea-
sured a¬er an overnight fast. 
Statistical analysis

We divided the subjects into two groups according to 
visceral fat accumulation, and analyzed the relationship 
between PSM and the number of risk factors. Visceral 
fat accumulation was de�ned as VFA≥100 cm2 accord-
ing to the Japanese guidelines for obesity treatment of 
the Japan Society for the Study of Obesity6 . 
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We used PSM, the percentage of skeletal muscle mass 
of body weight, for the evaluation of skeletal muscle.

Data are presented as mean± standard deviation. We 
used the Mann-Whitney U test to assess signi�cant dif-
ferences between the groups, and Spearman’s correla-
tion coe²cient to assess the relationship between each 
atherosclerosis risk factor and PSM. We determined 
the relationship between the number of risk factors and 
PSM, using the Jonckheere-Terpstra trend test. Multi-
collinearity analysis was performed on BMI, age, VFA, 
SFA, and PSM.  Explanatory variables with a low con-
tribution rate were excluded and multiple linear regres-
sion analysis was performed to determine the relative 
contribution of explanatory variables to the response 
variable (number of risk factors), grouped by presence 
or absence of visceral fat accumulation. All statistical 
analyses were performed using SPSS Statistics version 
21 for Windows (IBM Corp., Armonk, NY). Statistical 

signi�cance was set at p < 0.05.
Ethical statement

Informed consent was obtained from each study sub-
ject, and this study was approved by the Research Eth-
ics Committee of Kyoto Women’s University (Approval 
number 25–26). 

Results
�e subjects’ characteristics are presented in Table 1 . 

The mean height, body weight, BMI, waist circumfer-
ence, VFA, skeletal muscle mass, and PSM were signi�-
cantly higher in men than in women. There were no 
signi�cant di´erences in the mean age or SFA between 
men and women.

�e mean PSM signi�cantly decreased with aging in 
both men and women (p for trend < 0.001). PSM sig-
ni�cantly decreased as VFA increased in both men (r = 
-0.59, p < 0.001) and women (r = -0.58, p < 0.001).

Table 1.  Clinical Characteristics of Study Subjects
Men Women p value

Number 998 163
Age (years) 49.4 ± 7.4 48.2 ± 8.9 0.216
Height (cm) 171.4 ± 5.8 158.7 ± 5.2 <0.001
Weight (kg) 68.9 ± 9.1 57.3 ± 8.7 <0.001
BMI (kg/m2 ) 23.4 ± 2.7 22.7 ± 3.3 <0.001
Waist circumference (cm) 84.0 ± 7.5 79.7 ± 8.9 <0.001
VFA (cm2 ) 72.8 ± 30.9 48.9 ± 23.1 <0.001
SFA (cm2 ) 148.2 ± 49.5 158.1 ± 72.5 0.541
Skeletal muscle mass (kg) 21.9 ± 2.8 14.6 ± 1.9 <0.001
PSM (%) 31.8 ± 1.9 25.6 ± 2.1 <0.001
SBP  (mmHg) 122.9 ± 15.6 112.6 ± 17.0 <0.001
DBP (mmHg) 78.3 ± 10.0 70.9 ± 11.0 <0.001
FPG (mg/dL) 102.9 ± 10.8 99.7 ± 10.0 <0.001
TG (mg/dL) 125.6 ± 102.1 85.7 ± 54.6 <0.001
HDL-C (mg/dL) 60.2 ± 14.6 67.8 ± 14.5 <0.001

number of risk factors   0 431 118
   1 373 33
   2 160 9
   3 34 3

mean ± SD
VFA: visceral fat area, SFA: subcutaneous fat area, PSM: percentage of skeletal muscle mass of body weight, SBP: 
systolic blood pressure, DBP: diastolic blood pressure, FPG: fasting plasma glucose, TG: triglyceride, HDL-C: 
HDL-cholesterol

Table 2.  Relationship between Risk Factors and PSM
Men Women

r p value r p value
SBP (mmHg) -0.319 <0.001 -0.440 <0.001
DBP (mmHg) -0.354 <0.001 -0.425 <0.001
FPG (mg/dL) -0.255 <0.001 -0.322 <0.001
TG (mg/dL) -0.366 <0.001 -0.336 <0.001
HDL-C (mg/dL) 0.211 <0.001 0.229 0.003
PSM: percentage of skeletal muscle mass of  body weight, SBP: systolic blood pressure, DBP: diastolic 
blood pressure, FPG: fasting plasma glucose, TG: triglyceride, HDL-C: HDL-cholesterol
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Table 2 shows the relationship between atheroscle-
rosis risk factors and PSM in both men and women. 
Systolic blood pressure, diastolic blood pressure, fasting 
plasma glucose level, and triglyceride level had signi� -
cant negative correlations with PSM in both men (p < 
0.001) and women (p < 0.001), while the HDL-cho-
lesterol level had a signi� cant positive correlation with 
PSM in both men (p < 0.001) and women (p = 0.003).

Fig.1 shows the relationship between the number of 
atherosclerosis risk factors and PSM. The mean PSM 
signi� cantly decreased as the number of risk factors in-
creased in both men and women (p for trend < 0.01).

Table 3 shows the results of multiple linear regression 
analysis on the relationship between the number of ath-
erosclerosis risk factors and age, VFA, SFA, and PSM. 
� ere was multicollinearity between BMI and SFA, and 
the contribution rate of BMI was lower than that of SFA 
and therefore, BMI was excluded. In men with VFA 
<100 cm2, the number of risk factors was signi� cantly 
correlated with PSM (B = -0.164, p < 0.001), whereas 
in men with VFA ≥100 cm2, the number of risk factors 
was signi� cantly correlated with VFA (B = 0.182, p = 
0.031). In women with VFA <100 cm2, the number of 

risk factors was signi� cantly correlated with VFA (B = 
0.259, p = 0.006); however, in women with VFA ≥100 
cm2 , there was no significant correlation between the 
number of risk factors and any of the variables.

Discussion
The number of risk factors was negatively corre-

lated with PSM only in men with VFA<100cm2 (B=-
0.164, p<0.001), and positively correlated with VFA 
both in men (VFA< 100 cm2 B=- 0 . 189 , p< 0 . 001 , 
VFA >100cm2 B=0.182, p=0.031) and women with 
VFA< 100 cm2 (B= 0 . 259 , p= 0 . 006 ). No such rela-
tionships were seen between SFA and number of risk 
factors. To our knowledge, this is the � rst study to in-
vestigate the relationship between skeletal muscle mass 
and cardiovascular risk factors according to visceral fat 
accumulation using accurate, simple bioelectrical im-
pedance methods. 

Skeletal muscle, which accounts for the largest 
amount of tissue in the human body, plays important 
roles in energy metabolism, uptake of glucose, and 
physical activity. Approximately 15% of the circulat-
ing blood volume is supplied to skeletal muscle at rest, 

Fig.1.  Relationship between Number of Risk Factors and PSM
PSM: percentage of skeletal muscle mass of body weight

Table 3. Results of Multiple Linear Regression Analysis on Relationship between Number of Risk 
Factors and Age, VFA, SFA, and PSM

Men Women
VFA < 100cm2 VFA ≥ 100cm2 VFA < 100cm2 VFA ≥ 100cm2

(n=810) (n=188) (n=156) (n=7)
B p value B p value B p value B p value

Age 0.158 <0.001 0.129 0.113 0.212 0.015 0.803 0.349
VFA 0.189 <0.001 0.182 0.031 0.259 0.006 0.098 0.906
SFA 0.058 0.234 0.171 0.071 -0.011 0.922 -0.322 0.679
PSM -0.164 <0.001 0.103 0.233 -0.104 0.408 -0.376 0.672

Objective variable: number of risk factors, Explanatory variables: age, VFA, SFA, and PSM, B: standardized partial regression 
coe²  cient, VFA: visceral fat area, SFA: subcutaneous fat area, PSM: percentage of skeletal muscle mass of body weight
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and approximately 20% of the oxygen used in the body 
is consumed by skeletal muscle. Glucose in the blood 
is carried to skeletal muscle, and metabolized with 
oxygen16 . Sarcopenia has been shown to aggravate im-
paired glucose tolerance4. A previous study showed that 
among older adults, muscle mass and muscle strength 
were lower in those with type 2 diabetes than in those 
without diabetes17 and another study found that in 
Japanese patients with type 2 diabetes, the muscle mass 
of the lower limbs was signi�cantly decreased18 . 

The exact mechanism by which atherosclerosis risk 
factors develop with a decrease in muscle mass is not yet 
fully understood. It is considered that insulin resistance 
due to a decrease in skeletal muscle mass leads to ath-
erosclerosis risk factors such as diabetes, dyslipidemia, 
and hypertension3. Skeletal muscle is responsible for a 
major part of insulin-stimulated whole-body glucose 
disposal and therefore plays an important role in the 
pathogenesis of insulin resistance. Previous studies re-
vealed that a decrease in skeletal muscle mass caused a 
decline in and hypofunction of mitochondria in skeletal 
muscle19,20 . Skeletal muscle mitochondrial dysfunction 
is involved in the accumulation of intra-myocellular 
lipid metabolites and therefore, the fatty acid in skeletal 
muscle is not metabolized, and becomes a factor of in-
sulin resistance19–21 . 

An exercise-induced transient increase in interleu-
kin-6 (IL-6), a myokine derived from skeletal muscle 
contraction, stimulates glucose uptake and fatty-acid 
oxidation22 . Although exercise levels were not exam-
ined in this study, a relative decrease in the contraction 
of skeletal muscle in subjects with low PSM might be 
associated with insulin resistance. Further studies are 
required to explore the molecular mechanisms associ-
ated with the development of atherosclerosis risk factors 
with decreasing skeletal muscle mass.

�e results of multiple regression analysis suggested 
that VFA had the strongest association with athero-
sclerosis risk factors in men without visceral fat accu-
mulation, and PSM was the second largest contribut-
ing factor next to VFA, but not to SFA or age, while in 
women, the number of risk factors was not signi�cantly 
correlated with PSM. One of the reasons for the gender 
di´erence might be that the volume of muscle mass in 
women is relatively smaller than that in men, and there-
fore the contribution of muscle mass is lower in women 
than in men. Another might be the in©uence of sex hor-
mones. �e male hormone testosterone has been shown 
to induce skeletal muscle protein anabolism and have 
an in©uence on muscle size and muscle strength23 . On 
the other hand, estrogen, a female hormone, is probably 
associated with a protective e´ect against atherosclero-
sis risks and an increasing e´ect with respect to subcu-
taneous fat24 . Taken together, in men, a measurement 

not only of VFA, but also of the volume of muscle, an 
organ related to energy metabolism in humans, might 
be required for an assessment of the possibility of ath-
erosclerosis risk factors.

In the present study, we used simple, highly accurate 
bioelectrical impedance methods to measure PSM, 
VFA, and SFA. Skeletal muscle mass, VFA, and SFA 
can be measured with the two bioelectrical imped-
ance methods used in this study. One of them involves 
bioelectrical impedance between the upper and lower 
limbs, and has been shown to be highly accurate for 
measurement of skeletal muscle mass when compared 
with MRI in two previous studies (r = 0.92, p < 0.001 
and r = 0.85, p < 0.001, respectively)25,26 . The other 
method involves dual bioelectrical impedance, and has 
been shown to be accurate for measurement of VFA 
when compared with CT (r = 0.821, p < 0.0001)13,27 . 
Results for both methods in clinical application are 
available27–35 . 

Various indices are used for the assessment of skel-
etal muscle, such as skeletal muscle mass, appendicular 
skeletal muscle mass (ASM), and the skeletal muscle 
index (SMI), which involves dividing appendicular 
muscle mass by the square of height1,36 . In the present 
study, we used PSM to assess skeletal muscle because it 
allows a relative assessment of body composition to be 
made, and the percentage of body fat and muscle mass 
(fat free mass) do not increase linearly with an increase 
in weight, although �ndings have suggested that the in-
crease in fat mass is almost linear37 . Additionally, there 
may be a good correlation between PSM and insulin re-
sistance38 , which may be related to arteriosclerosis risk 
with a decrease in muscle mass.

The present study has several limitations. First, we 
did not measure each segment of skeletal muscle in 
the lower or upper limbs. In a previous study, the rate 
of decrease in skeletal muscle mass and the percentage 
of skeletal muscle mass were higher in the lower limbs 
than in the upper limbs23,39 . Additionally, metabolic pa-
rameters were more closely associated with sarcopenia 
de�ned as ASM/Weight than with sarcopenia de�ned as 
ASM/square height3 . Kim, et al.5 reported that a lower 
muscle mass estimated using DXA was signi�cantly as-
sociated with MS and its components only in men and 
women who were not obese. �erefore, further studies 
on the relationship of each segment of skeletal muscle 
assessed using bioelectrical impedance and athero-
sclerosis risk should be performed. Second, we could 
not evaluate functional aspects of skeletal muscle, such 
as muscle strength. It has been reported that training 
to increase muscle strength reduced the risk of MS40 . 
Finally, we did not evaluate humoral factors such as in-
sulin, myokines, and sex hormones, for which �ndings 
have suggested a relationship with the mechanisms of 
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arteriosclerosis risk with a decrease in muscle mass. 
In conclusion, the present study showed that a de-

crease in PSM is related to an increase in the number 
of atherosclerosis risk factors in middle-aged Japanese 
men without visceral fat accumulation. Measurement of 
muscle mass with the accurate, simple bioelectrical im-
pedance methods used in this study may be useful for 
assessing the possibility of atherosclerosis risk factors.
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