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ABSTRACT

Background and objective
Metabolic syndrome (MetS) can be improved by diet, cessation of smoking, and in particular exercise. 
The purpose of this study was to analyze the association of exercise-related factors such as fitness, 
exercise habits, muscle, and body fat with MetS.

Methods
Data were collected for research purposes from 398 males aged 40–50 years. Appendicular skeletal 
muscle mass (ASM) and body fat percentage were analyzed using bioelectrical impedance analysis 
(BIA). Fitness was evaluated using cardiopulmonary fitness, grip strength, and leg power. Exercise 
habits included exercise frequency, intensity, and duration. Data were analyzed using the odds ratio 
(OR), calculated by logistic regression analysis.

Results
There was no significant difference in age between the non-MetS (51.1 years) and the MetS (51.5 years) 
groups. Differences in dyslipidemia and fitness variables classified as MetS risk factors were significant 
between groups. The group with the highest cardiopulmonary fitness had an OR of 0.426 (95% confi-
dence interval [CI], 0.191–0.948) when compared with the lowest group, while grip strength was not 
significantly different. Obesity factors such as body fat percentage, body mass index, and waist circum-
ference were significantly prevalent. The group with the largest thigh circumference had an OR of 
0.299 (95% CI, 0.101–0.881) when compared to the group with the smallest thigh circumference. Calf  
circumference did not yield significant results. The group with the highest ASM had an OR of 0.346 
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when compared with the lowest group. Higher exercise frequency and longer duration were associated 
with a lower prevalence of MetS.

Conclusion
Among physical strength, circumference, muscle mass, and obesity factors, MetS was most affected by 
obesity factors. Furthermore, higher cardiopulmonary fitness and frequent exercise can be helpful for 
MetS prevention.
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INTRODUCTION

Metabolic syndrome (MetS) refers to the 
clustering of  hypertension, diabetes, obesity, 
and dyslipidemia. While each disease is not a 
pathologic diagnosis, each can be categorized as 
an MetS disease if  several other risk factors are 
present.1 Previous studies have shown that indi-
viduals with MetS are more likely to develop 
cardiovascular disease over the decade follow-
ing  diagnosis.2 In  developed countries, cardio-
vascular disease is the most common cause of 
death, with sudden death and stroke particularly 
impacting the quality of  life of  individuals and 
families. Prevention efforts have positive impact 
on quality of  life in these populations and reduce 
overall disease burden.3 MetS is considered a 
Lifestyle Disease, which is routinely managed 
with weight control, cessation of  smoking, 
reduced alcohol consumption, limited calorie 
intake, a balanced diet, and regular exercise.4 
Many studies have reported the positive effect of 
increased physical activity on MetS, including 
resolution of  obesity, decreased blood pressure 
and blood glucose, and increased high-density 
lipoprotein (HDL) cholesterol.5

In particular, increased waist circumference, a 
marker of abdominal obesity, is a significant risk 
factor for MetS. Increased calf  and thigh circum-
ference, which reflect muscle mass, have been 
reported to have a positive effect on cardiovascu-
lar disease and risk factors.6–8 Muscle mass can 
also be easily measured by bioelectrical imped-
ance analysis (BIA).9 Questionnaires covering 

exercise habits can assess the frequency, intensity, 
and duration of physical activity, but lack quanti-
tative measurements to assess physical activity in 
daily living.10 In recent years, Internet of things 
(IoT) devices have allowed information on exer-
cise and physical activity to be quantified and 
obtained electronically and have been used to 
demonstrate positive correlations between greater 
physical activity and improved overall health.11,12

While low-intensity exercise is effective in 
the  prevention of  chronic diseases,13,14 studies 
suggest that high-intensity exercise is more effec-
tive in improving blood pressure and triglyceride 
levels  compared with low-intensity exercise.15,16 
Accordingly, the principle of overloading, or 
modifying exercise as fitness improves, should be 
considered and applied to improve and maintain 
fitness as a part of overall physical health.17 
Therefore, this study aimed to analyze the associ-
ation of exercise-related factors such as fitness, 
exercise habits, muscle, and fat with MetS.

METHODS

Subjects and Procedure
A total of 398 male patients were included in 

this study. Data on blood pressure, body compo-
sition, body size measurements, and fitness were 
collected. Questionnaires for past medical history 
and exercise habits were completed before the 
medical tests, and information for those provid-
ing consent was included in the study. Participants 
who did not fit age and gender requirements or 
did not consent to participate were excluded.
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Participants were instructed to fast for at least 
8 h prior to testing and were prohibited from con-
suming food except for small amounts of water. 
Blood pressure and lipid profiling were performed 
after the first measurement of height, weight, 
waist, and calf  and thigh circumferences to mini-
mize the influence of mutual interference. Patients 
were checked for overall health after testing and 
then discharged.

Metabolic Syndrome
The MetS diagnosis was based on the National 

Cholesterol Education Program-Adult Treatment 
Panel III (NCEP-ATP III) criteria, and waist cir-
cumference analysis was based on the WHO-Asian 
standard of ≥90 cm.18,19 MetS was diagnosed when 
three or more of the following five items were pres-
ent: triglycerides ≥150 mg/dL, HDL-C <40 mg/dL, 
blood pressure ≥130/85 mmHg, fasting blood 
glucose ≥100 mg/dL, and waist circumference 
≥90 cm. Medication used to regulate triglycerides 
or blood pressure was considered as a diagnosis.

Fitness Test
Cardiopulmonary fitness (VO2max)

Maximal volume uptake (VO2max) was 
measured using a treadmill and gas analyzer 
(Vmax229; Sensormedics Co. Ltd, USA). 
Maximal examinations were performed unless 
there were clinical complications. Heart rate, elec-
trocardiograms (ECG), rating of perceived exer-
tion (RPE) using the Borg scale,20 and VO2 were 
monitored to check for abnormalities. Data that 
failed to reach the maximum capacity, such as 
ECG abnormalities, musculoskeletal problems, 
and discontinuation at RPE 15 or less, were 
excluded from the analysis.

Grip strength and vertical jump
Grip strength was measured using a Takei 5401 

grip dynamometer (Takei Co. Ltd, Japan). For 
each participant, feet were positioned at shoulder 
width, the device was adjusted to fit the hand for 
maximum strength, and the arm and elbow were 

straightened. Maximum strength was generated in 
accordance with the “start” signal of the inspector 
and maintained for approximately 2 s. The test was 
performed twice, and the maximum value was 
recorded in kilogram. The TKK 5406 vertical 
jump meter (Takei Co. Ltd, Japan) was used to 
measure the maximum vertical jump. After two 
measurements, the highest value was recorded in 
centimeter.

Body Composition
To measure body composition, BIA was per-

formed using the Inbody770 (Biospace Co., 
Seoul, Korea). Body fat and ASM were measured 
and analyzed with absolute value and relative 
value (absolute value/body weight).

Circumference
Circumference measurements for waist, thigh, 

and calf were performed twice using American 
College of Sports Medicine (ACSM) guidelines.21 If  
the difference between the two measurements was 
<0.5 cm, the higher value was recorded; if the differ-
ence was >0.5 cm, remeasurement was performed.

Measurements were taken on the right side of 
each participant with the tape measure kept hori-
zontal. The circumference of the thigh was mea-
sured at the maximum perimeter just below the 
hip with the feet slightly open. Calf  circumfer-
ence was measured halfway between the knee and 
ankle with the feet slightly open. Waist circumfer-
ence was measured at the navel line.

Exercise Habit Questionnaire
Participants completed a questionnaire to 

assess exercise frequency per week, intensity, and 
average duration. Exercise frequency was catego-
rized as none, 1–2, 3–5, and 6–7 days. Exercise 
time was categorized as <20, 20–60, and >60 min. 
Exercise intensity using the Borg scale RPE was 
9, 11, 13, and ≥15.20

Statistical Analysis
Statistical analyses were performed using SPSS 

21.0 (IBM SPSS Inc., USA). Continuous variables 
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were recorded as means±standard deviation, and 
categorical variables related to exercise habit were 
recorded as percentages. The  independent t-test 
was used for continuous variables and non-MetS 
comparisons, and the chi-square test was used for 
categorical variables. To obtain age and weight 
adjusted odds ratios (ORs), continuous variables 
were grouped into quartiles. Logistic regression 
analysis was performed.

The fitness variable was divided into four 
groups by quartile, with G1 being the lowest, G2 
low, G3 high, and G4 being the highest. These 
groups assigned to respective waist circumferences, 
body fat, and body mass index (BMI), with the 

highest measurements in G1 and lowest in G4. 
Factors used to determine muscle mass are listed 
in Table 4. Thigh and calf circumference and ASM 
percentage were lowest in G1 and highest in G4. 
Analysis of exercise habits categorized partici-
pants with low frequency, duration, and intensity 
into G1 and high frequency, duration, and inten-
sity into G4. Values of p<0.05 were considered sta-
tistically significant.

RESULTS 

General Characteristics
Seventy-seven participants (19.3%) were diag-

nosed with MetS. There was no significant 

TABLE 1. Characteristics of Subjects
Variables Non-MetS (n=321) MetS (n=77) p
Age (years) 51.1±4.8 51.5±5.0 0.559
Weight (kg) 70.5±8.8 78.1±7.1 <0.001*
Height (cm) 170.2±5.2 171.6±5.0 0.032
Obesity and muscle-related factors
BMI (kg/m2) 24.3±2.5 26.5±2.1 <0.001*
Waist circumference (cm) 85.2±6.9 92.5±5.3 <0.001*
Thigh circumference (cm) 53.6±3.9 55.2±3.4 <0.001*
Calf circumference (cm) 36.4±2.4 37.5±2.3 <0.001*
ASM (%) 77.1±3.7 74.2±3.6 <0.001*
Body fat ratio (%) 18.5±3.9 21.6±3.8 <0.001*
Cardiovascular risk factors
SBP (mmHg) 119.4±9.7 128.0±11.3 <0.001*
DBP (mmHg) 77.5±8.1 84.2±9.1 <0.001*
Total cholesterol 9mg/dL) 195.9±31.2 199.4±38.5 0.411
HDL cholesterol (mg/dL) 52.5±11.7 44.7±11.4 <0.001*
LDL cholesterol (mg/dL) 122.3±28.4 122.5±32.9 0.948
Triglyceride (mg/dL) 131.7±75.9 221.5±115.4 <0.001*
Glucose (mg/dL) 101.6±20.3 121.4±32.7 <0.001*
Fitness
VO2max (mL/kg/min) 30.2±4.4 28.4±3.1 <0.001*
Vertical jump (cm) 36.7±4.9 34.2±5.4 <0.001*
Grip strength (kg) 41.5±6.2 40.7±5.5 0.303

ASM, appendicular skeletal muscle mass; BMI, body mass index; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, 
low-density lipoprotein; SBP, systolic blood pressure.
*p<0.05. 
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difference (p=0.559) in age between non-MetS 
(51.1±4.8 years) and MetS (51.5±5.0 years). Body 
fat percentage was significantly higher in the 
MetS group (p<0.05). There was no significant 
difference in total or LDL cholesterol. Physical 
strength was similar between the groups (41.5±6.2 
vs. 40.7±5.5, p=0.303). Cardiopulmonary fitness 
was significantly higher (p<0.001) in the non-
MetS group (30.2 mL/kg/min) compared with the 
MetS group (28.4 mL/kg/min) (Table 1).

MetS Odds Ratio and Fitness Factors
Fitness was measured by cardiopulmonary fit-

ness, vertical jump, and grip strength (Table 2). 
For cardiopulmonary fitness, the OR was lower 
in G4 (OR 0.426, 95% confidence interval [CI], 
0.191–0.948) than G1. For vertical jump, the ORs 
of G3 and G4 were 0.394 (95% CI, 0.181–0.857) 
and 0.312 (95% CI, 0.116–0.835) lower than G1, 

respectively. The grip strength was not signifi-
cantly different between groups.

MetS Odds Ratio and Obesity Factors
Obesity factors include BMI and waist circum-

ference and were included with body fat percent-
age as factors of MetS (Table 3). The ORs for waist 
circumference in G3 and G4 were 0.136 (95% CI, 
0.042–0.300) and 0.112 (95%  CI,  0.017–0.192) 
lower than G1, respectively. Body fat percentage 
was 68% lower in G4 compared with G1, and BMI 
OR was significantly decreased in G3 and G4 com-
pared with G1.

MetS Odds Ratio and Muscle Factors
Muscle mass ratio and thigh and calf circum-

ference measurements are listed in Table 4. These 
factors were adjusted for body weight to determine 
effects of circumference and muscle mass. The G4 

TABLE 3. MetS Odds Ratio According to Obesity Factors
Waist Circumference Body Fat Percent BMI

cm OR 95% CI % OR 95% CI kg/m2 OR 95% CI
G1 ≥91.0 1 - ≥21.5 1 - ≥26.3 1
G2 ≥87.0 0.063 0.309–1.177 ≥19.0 1.281 0.660–2.485 ≥24.7 0.449 0.233–0.864*
G3 ≥82.0 0.136 0.042–0.300* ≥16.8 0.526 0.184–1.501 ≥23.0 0.098 0.040–0.245*
G4 <82.0 0.112 0.017–0.192* <16.8 0.321 0.124–0.833* <23.0 0.074 0.027–0.209*

BMI, body mass index; CI, confidence interval; OR, odds ratio.
Adjusted factors were included age, VO2max, vertical jump, grip strength, exercise, alcohol and smoking. And waist circumference, fat %, 
BMI were adjusted respectively.
*p<0.05. Obesity-related factor classified by highest G1, high G2, low G3, and lowest G4.

TABLE 2. MetS Odds Ratio According to Fitness
VO2max Vertical Jump Grip Strength

mL/kg/min OR 95% CI cm OR 95% CI kg OR 95% CI
G1 ≤27.4 1 - ≤33.0 1 - ≤37.0 1 -
G2 ≤28.6 0.678 0.333–1.382 ≤36.0 0.995 0.499–1.984 ≤41.1 1.351 0.645–2.831
G3 ≤30.8 0.455 0.194–1.072 ≤40.0 0.394 0.181–0.857* ≤45.1 0.778 0.347–1.744
G4 >30.8 0.426 0.191–0.948* >40.0 0.312 0.116–0.835* >45.1 0.550 0.240–1.263

CI, confidence interval; OR, odds ratio.
Adjusted factors were included age, fat %, ASM %, exercise, alcohol and smoking. And VO2max, vertical jump and grip strength were 
adjusted respectively.
*p<0.05. Fitness-related factor classified by lowest G1, low G2, high G3, and highest G4.
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OR was 0.299 (95% CI 0.101–0.881) when com-
pared with G1. Calf circumference was not signifi-
cantly different between any groups. The OR of 
highest ASM group (G4) was 0.346 when compar-
ing G1, in which the ASM was lowest.

MetS Odds Ratio and Exercise Habits
Exercise frequency was 54% higher in G4 than 

G1. The group that exercised for more than 60 
min had an OR of 0.503 (95% CI, 0.275–0.920) 
when compared with the group that exercised 20 
min or less. Exercise intensity did not yield signif-
icant results.

DISCUSSION

Several methods and factors should be con-
sidered when interpreting exercise and physical 
activity data. To quantify physical activity data, 

a questionnaire that measures duration, fre-
quency, and intensity of  exercise can be used. 
Recent advancements in technology allow phys-
ical activity to be measured by an activity moni-
toring device or smartphone app.10,22 Other 
fitness parameters include cardiopulmonary fit-
ness, strength, and exercise habits. The most 
studied areas are cardiopulmonary fitness and 
muscle strength, which report low disease preva-
lence with increased fitness.23,24 Next are body fat 
and muscle mass as factors related to body com-
position. In this study, ASM was analyzed as 
muscle mass and body fat percentage. Muscle 
mass increases through muscle strengthening 
training or resistance exercise, while weight gain 
increases muscle and fat masses.21,25 The most 
accurate measures of  muscle mass are obtained 
by computed tomography (CT), magnetic 

TABLE 4. MetS Odds Ratio According to Body Muscle Factors
Thigh Circumference Calf Circumference ASM Percent

cm OR 95%CI cm OR 95%CI % OR 95%CI
G1 ≤51.5 1 - ≤36.0 1 - ≤22.1 1 -
G2 ≤54.3 0.486 0.181–1.304 ≤36.5 1.322 0.498–3.506 ≤24.2 0.747 0.409–1.365
G3 ≤56.5 0.408 0.145–1.152 ≤38.4 2.342 0.925–5.929 ≤25.9 0.467 0.232–0.784*
G4 >56.5 0.299 0.101–0.881* >38.4 1.664 0.648–4.272 >25.9 0.346 0.161–0.651*

ASM, appendicular skeletal muscle; CI, confidence interval; OR, odds ratio.
Adjusted factors were included age, VO2max, vertical jump, grip strength, exercise, alcohol and smoking. And thigh circumference, calf 
circumference, ASM % were adjusted respectively.
*p<0.05. Muscle-related factor classified by lowest G1, low G2, high G3, and highest G4.

TABLE 5. MetS Odds Ratio According to Exercise Habits
Frequency Duration Intensity

ds/wk OR 95% CI min OR 95% CI RPE OR 95% CI
G1 None 1 - ≤20 1 - ≤9 1 -
G2 1–2 0.327 0.085–1.254 20–60 0.740 0.349–1.568 10–11 1.160 0.394–3.415
G3 3–5 0.614 0.277–1.362 >60 0.503 0.275–0.920* 12–13 0.966 0.308–3.032
G4 6–7 0.468 0.215–0.917* - - - >15 0.544 0.086–3.427

ds/wk, days/week; CI, confidence interval; OR, odds ratio; RPE, rating of perceived exertion using Borg scale.
Adjusted factors were included age, VO2max, vertical jump, grip strength, fat %, ASM %, exercise, alcohol and smoking. And exercise 
frequency, duration, intensity were adjusted respectively.
*p<0.05. Exercise habit-related factor classified by lowest G1, low G2, high G3, and highest G4.



Association of Fitness, Body Circumference, Muscle Mass, and Exercise Habits

J Mens Health Vol 15(3):e46-e55; 04 September 2019
This article is distributed under the terms of the Creative Commons Attribution-Non

Commercial 4.0 International License. ©2019 Cho et al.

e52

resonance imaging (MRI), and dual-energy 
X-ray absorptiometry (DXA), but these have the 
disadvantage of  high cost.26 Therefore, we mea-
sured muscle and ASM with BIA in this study. 
One study used thigh circumference as a mea-
sure of  sarcopenia, but this method has limita-
tions in measuring pure muscle mass because it 
does not exclude fat.27 The final factor to 
consider is obesity, traditionally measured by 
BMI, waist circumference, and waist-to-hip ratio. 
In  addition, abdominal CT for measuring vis-
ceral fat, BIA body fat, and waist-to-height ratio 
have been used to classify obesity.28,29 Body fat 
based on BIA, BMI, and waist circumference 
were analyzed in this study.

Most prior studies analyzed one or two vari-
ables related to fitness, exercise habits, obesity, 
and muscle mass, each of which showed signifi-
cant results. Furthermore, some research focused 
on whether fitness or fatness is important. 
Although people are not obese or overweight, 
individuals with high physical fitness have mor-
tality similar to those with normal weight.23 
Moreover, patients with high BMI had a higher 
risk of type 2 diabetes mellitus than those with 
normal BMI, regardless of physical activity lev-
els, highlighting the importance of BMI.30 That 
study also showed that increased physical strength 
had more influence on disease-related factors 
than high physical activity.30 Our study analyzed 
additional measures of fitness, including leg 
power, cardiopulmonary endurance, and upper 
body strength. Studies on leg strength have been 
carried out using muscle strength rather than the 
vertical jump, and it has been reported that higher 
strength increases disease prevention effects.31,32 
Grip strength is the most widely used measure of 
upper limb muscle strength because it is safe, easy 
to measure, and was reported in many docu-
ments.33–35 Most previous studies on health fac-
tors and grip strength reported that grip strength 
has marker for disease prevention and mortality, 
whereas our study did not.34–37 These results are 

similar in the Katzmarzyk and Craig study.38 
They reported that mortality was not significantly 
related to grip strength, but suggested that car-
diopulmonary fitness was related.38 In this study, 
cardiopulmonary fitness and vertical jump were 
considered as covariates, and applied as correc-
tion factors with grip strength, but were not sig-
nificant. It is possible that the reduction of grip 
strength was not remarkable because of the mid-
dle age of the participants in this study.

Commonly used anthropometric and BIA 
measurements were used for obesity and muscle 
mass-related factors. G2, G3, and G4 showed 
decreased OR when compared with G1 in BMI, 
which is a representative diagnostic method of 
obesity. This also supports the idea that waist cir-
cumference, which indicates abdominal obesity, is 
a risk factor for MetS.

The body fat percentage and muscle mass ratio 
measured using BIA showed that a lower body fat 
percent and higher ASM, the lower the MetS 
prevalence, and prevention of MetS increased 
proportionally to increases in muscle mass 
(Tables 3 and 4). Increases in body weight tended 
to be negative, but increased thigh circumference 
has been associated with decreased mortality.7,27 
Thigh circumference measurements do not 
require the use of expensive imaging equipment 
such as CT or MRI, and circumferential reduc-
tion is a simple method of predicting sarcope-
nia.8,39 Hida et al. reported that the risk of 
vertebral fracture increases with decreasing lower 
leg muscle mass in patients with sarcopenia, high-
lighting the importance of preventing muscle 
mass loss.40 Although not significant, OR 0.327 
was the lowest of all exercise habits in Table 5. 
The low MetS prevalence in spite of low exercise 
is a different result from the general facts and 
should be considered in future study. Finally, pre-
vention of MetS is related to exercise frequency. 
The ACSM guideline recommends high-intensity 
exercise at least 3 days per week or at least 5 days 
per week of moderate-intensity exercise.21 Our 
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results are consistent with prior research, show-
ing that high-exercise frequency can prevent 
MetS. Previous studies have demonstrated that 
high-intensity exercise is more effective than 
low-intensity exercise.41–43 However, exercise 
intensity is typically a subjective measure, making 
consistent results difficult to reproduce. 
We  addressed this by measuring cardiopulmo-
nary endurance by VO2max, which is an accurate, 
objective measurement. Follow-up studies are 
needed to compare high-intensity/low-frequency 
versus low-intensity/high-frequency exercise to 
address these disparities.

There are several limitations associated with 
this study. Due to the cross-sectional analysis, it is 
limited in confirming muscle training effects and 
reduction of fat. Although all variables were 
divided into multiple groups, there is a limit in 
making direct comparisons. It may be relatively 
easy to improve cardiopulmonary fitness through 
training, but more difficult to increase the vertical 
jump. It is also difficult to normalize weight loss, 
which occurs at different rates in each individual. 
Finally, dietary status is also very important in 
terms of blood pressure, blood glucose, and obe-
sity, which was not reflected in this study.

CONCLUSIONS

This study demonstrated that increased cardio-
pulmonary endurance and vertical jumping ability 
lower the prevalence of MetS. MetS was also asso-
ciated with lower muscle mass, and the prevalence 
of MetS was significantly lower in those who exer-
cise 6–7 days/week and for at least 60 min.
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