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Introduction
While there are many studies looking at the effectiveness of 

exercise interventions, little has been done on whether exercise 
interventions also reduce sedentary behaviors in middle-aged 
males. Most current research on sedentary behavior has focused 
on environmental impacts [1-7], although the efficacy of exercise  

 
interventions is well known, it remains unknown whether these 
interventions also help reduce sedentary time.

First define what is sedentary behavior. Diaz et al. Prolonged 
sedentary behavior was defined as accumulating ≥50% of total 
sedentary time in bouts ≥30 min [8]. Tremblay et al. defined 
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sedentary work more specifically, arguing that sedentary work 
refers to work that is mainly performed while sitting, 6 hours of 
sedentary work out of 8 hours a day, and lifting no more than 10 
pounds during work (i.e. carrying items such as dossier documents, 
notepads, cell phones, and stationery) [9]. Altenburg and Chinapaw 
studied the standardized operational definition of sedentary 
behavior and believed that it should be clearly stated: working 
hours per day, time spent sitting per workday, sitting time after get 
off work etc., time data [10]. In short, sedentary behavior occurs in 
a relaxed state with minimal energy expenditure, and any awake 
behavior only consumes ≤1.5 metabolic equivalents of energy, while 
in a sitting or lying position [11], such as watching TV, playing video 
sitting time for gaming, computer time, professional driving, and 
reading. According to the Sedentary Behavior Research Network 
(SBRN), when a person spends less than 1.5 metabolic equivalents 
of energy while awake, prolonged sitting or lying in a sitting or lying 
position increases the risk of adverse health and changes in body 
composition, including weight gain , obesity, basal metabolic rate 
and skeletal muscle decline, and then the formation of metabolic 
syndrome, severe cardiovascular disease and chronic diseases, 
leading to increased risk of death [12-15]. In addition, Geidl et al. 
studies have demonstrated that changes in body composition are 
associated with a sedentary lifestyle and contribute to decreased 
muscle mass and function with age [16]. Based on the above 
literature, the primary motivation of this study was to improve 
the sedentary behavior of middle-aged adults through exercise 
intervention.

Middle age is an ambiguous term, which this study defines 
according to the Cambridge Dictionary defines it as the period of 
your life, usually defined as between the ages of 45 and 60. Muscle 
mass and strength continue to decline at this age [17]. Wilkinson et 
al. showed that muscle mass and strength decreased by 8% every 
10 years starting as early as the age of 30, and by 15% every 10 
years after the age of 70 [18], and those who are physically inactive 
or incapacitated and bedridden lose muscle mass faster than 
average healthy people of the same age [19]. One in four middle-
aged adults in the world are currently not at the level of physical 
activity, and most live a sedentary lifestyle [20]. Therefore, in recent 
years, many scholars have developed age-appropriate physical 
activity strategies for various age groups to improve physiological 
levels [21-25]. Physical activity is an important lifestyle factor that 
can delay the onset of chronic diseases [26], however, just two 
weeks of physical inactivity reduces muscle mass [27]. Therefore, 
it is recommended that middle-aged adults should have at least 
150 minutes of moderate to vigorous physical activity (MVPA) per 
week [28]. The Sarcopenia Asia Working Group believed that the 

circumference of the calf is less than 34 cm, and the muscle mass of 
the lower extremity may be lower than the standard value of middle-
aged males [29]. Based on the above literature, another motivation 
for this study was to understand the changes in body composition, 
upper extremity muscle strength, and lower extremity muscle mass 
of participants through exercise intervention. Based on the above 
research motivations, the purpose of this research was to improve 
sedentary behavior, improve body composition and blood pressure, 
enhance upper extremity muscle strength, and increase lower 
extremity muscle mass through physical activity intervention.

Materials and Methods
Research participants

This study openly recruited 60 healthy middle-aged males in 
the community in the urban area who were still working in the 
workplace from the college’s physical fitness center to participate 
in the study, all participants were able to do whatever they wanted. 
Those who make decisions (excluding those who cannot participate 
because of age, intellectual or physical condition, or because of 
circumstances, identity, or social and economic conditions). All 
participants are non-smokers, have no orthopedic disease or heart 
disease, can carry out their daily life without assistance, have 
not participated in an exercise program, and only walk at work, 
including passing official documents, talking, going to the toilet, 
Shopping, home activities, etc. Recruited participants first filled in 
their personal background information [30], including age (years), 
weight (kg), and height (cm). All participants in this study signed an 
informed consent form according to their own wishes (including: 
willingness to abstain from taking supplements that can increase 
muscle mass for 18 weeks). The sample size was in line with the 
sample size estimation and power analysis proposed by Suresh and 
Chandrashekara [31]. Participants were divided into experimental 
group and control group. The experimental group received 36 
resistance training sessions (RTP) twice a week for 90 minutes 
each time for 18 weeks. Participants in the control group did not 
participate in the experiment and went about their daily routines 
as usual. Participants were randomly assigned to the experimental 
group (mean age 54.13 ± 6.34 years) or the control group (mean 
age 55.92 ± 7.47 years). There was no significant difference in the 
t-test results of the background variables between the two groups, 
indicating that the results of random allocation of participants was 
homogeneous, participants eligible for recruitment in this study, as 
shown in Table 1. This study was approved by the Human Trials 
Review Meeting at Tri-Service General Hospital, National Defense 
Medical College, approval number C202305014.

Table 1: Background characteristics of the cross-sectional study about pre-test.

Variable EG (n=30)

M ± SD

CG (n=30)

M ± SD

t-Value p-Value

Age (years) 54.13 ± 6.34 55.92 ± 7.47 0.81 0.652
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Weight (kg) 82.25±11.61 81.74±13.24 0.72 0.518

Height (cm) 173.47 ±11.56 172.52 ±12.83 0.41 0.168

EG: experimental group, CG: control group, data was presented as mean ± standard deviation (M ± SD), * p < 0.05

Research materials
The high-intensity resistance training program (RTP) in this 

study was prepared according to the latest UK adult physical 
activity guidelines for 2019 [24], as shown in Table 2. Exercise 
intensity is generally evaluated by the internationally accepted 
metabolic equivalent (MET), defined as the consumption of 3.5 
ml of oxygen per kilogram of body weight per minute, which is 
roughly equivalent to a person sitting in a quiet state without any 
activity. Five METs of activity means that the oxygen consumption 
during exercise is 5 times that of the resting state [32]. In this study, 

moderate to high intensity was implemented, about 3.0-5.9 METs, 
which caused people to feel a little tired. Breathing was faster than 
usual, and participants would also sweat. The experimental group 
performed a maximal muscle strength test for each participant 
before implementation. During RTP training, three rounds each 
time, use 70%, 80%, 100% repetition maximum (RM). Nine sets had 
to be performed in each round, with a 30 s transition time for each 
set and a 2 min rest between each round [33]. The experimental 
group consumes 600 calories per exercise intensity and calorie 
(5METs×1.5hr × 80).

Table 2: Resistance training program.

Course Reps/Round Training focus

Warm-up - Warm up with 10 minutes of aerobic exercise.

Squat (or leg press) 10/1 6/2 1-3/3 The squat lift exercise is arguably one of the best overall weightlifting exercises for building lower 
body and leg power and strength.

Bench press (or 
barbells, dumbbells, 

Smith machine)
10/1 6/2 1-3/3 The bench press builds the muscles of the chest as well as the triceps of the back of the arms and the 

front deltoid shoulder muscles.

Deadlift 10/1 6/2 1-3/3 You lift the weight from the ground to thigh-level using primarily your leg and hip muscles.

Crunch 10/1 6/2 1-3/3 Your upper body remains on the mat as you contract your abs to draw your legs towards your chest

Seated cable row 10/1 6/2 1-3/3 The seated cable row develops the muscles of the back and the forearms. The pulldown exercise works 
the back muscles.

Triceps pushdown 10/1 6/2 1-3/3 The triceps pushdown is one of the best exercises for triceps development.

Lat pulldown 10/1 6/2 1-3/3 The pulldown exercise works the back muscles.

Overhead press 10/1 6/2 1-3/3 It can be done in either a sitting or standing position, and with dumbbells held horizontally at the 
shoulders or rotated in a hammer grip.

Biceps curl 10/1 6/2 1-3/3 There are several variations of this exercise, including those using dumbbells, kettlebells, barbells, or 
cable machines.

Cool-down - Muscle relaxation can use roller stretching or static stretching

The first round of strength is 70% RM, the second round of strength is 80% RM, and the third round of personal maximum strength 
is 100% RM.

Detection method
Middle-aged sedentary behavior questionnaire

The sedentary behavior of the participants in this study was 
based on the Adult Sedentary Behavior Questionnaire (SBQ) 
compiled by Rosenberg et al. [34], and slightly revised for this 
research topic, self-reported sedentary time totals the amount of 

time for 10 behaviors (watching TV, playing computer/video games, 
sitting listening to music, sitting on the phone, doing paperwork 
or office work, sitting and reading, playing musical instruments, 
doing arts and crafts, sitting and driving/car rides). The amount 
of behavioral time for 3 weekdays and weekends (1-7 items sitting 
behavior, exercise or physical activity, outdoor activities), as shown 
in Table 3.

Table 3: Middle-aged Sedentary Behavior Questionnaire.

Number Item

1 TV per week (hours)

2 Computer games per week (hours)
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3 Sitting and listening to music per week (hours)

4 Office/paper work per week (hours)

5 Reading per week (hours)

6 Arts and crafts per week (hours)

7 Sitting and driving/riding in a car, bus, subway per week (hours)

8 Working hours per day (hours)

9 Time spent sitting per workday (hours)

10 Sitting time after work per day (hours)

11 Total sedentary activity per weekend (hours/day)

12 Total time spent exercising or engaging in physical activity on weekdays (hours)

13 Total time spent exercise or engaging in outdoor activities on the weekend (hours)

Body composition and blood pressure

This study uses the InBody520 Bioelectrical Impedance 
Analysis (BIA) to measure the body’s impedance to small electrical 
currents, treating the body as a single cylinder between electrodes 
manually placed on the wrist and ankle, providing body composition 
values [35]. The participant stood on the InBody facing forward 
and standing upright for approximately 60 s. Body weight, body 
mass index (BMI), body fat mass (BFM), body fat percentage (BFP), 
skeletal muscle mass (SMM), and basal metabolic rate (BMR) were 
determined based on the results of body composition analysis. 
Measure blood pressure with electronic sphygmomanometer 
(tunnel type). In the latest treatment guidelines for hypertension 
issued by the American College of Cardiology in 2017, hypertension 
is defined as having a blood pressure above 130/80 mmHg (systolic 
blood pressure: 130 mmHg; diastolic blood pressure: 80 mmHg) 
[36].

Body type detection

Waist and hip circumferences were measured using a constant 
tension tape measure with an accuracy of 1 mm (model: Orbitape). 
Waist circumference (WC) was measured from the midpoint 
between the last rib and the iliac crest. Hip circumference (HC) 
was measured from the maximum circumference behind the hip 
and anterior to the pubis [37]. Waist and hip circumferences were 
measured twice and averaged (cm).

The Upper Extremity Muscle Strength Test

Upper extremity handgrip strength was measured using a 
hand-held dynamometer (Jamar ®). Participants sat upright in an 
armless chair with their forearms parallel to the ground and elbows 
flexed at 90°. Participants were asked to squeeze the handle as 
tightly as possible, and each hand was measured twice for a total of 
four measurements (average of the right and left hands).

Calf Circumference Test

In this study, the lower extremity muscle mass was measured 
by the circumference of the calf. The participants sat on a chair 
with the thigh parallel to the ground and the calf at 90° and relaxed 
their leg muscles, and constant tension tape measure was used 

to measure the thickest part of the calf. The calf circumference of 
males aged 50-64 should be greater than 34 cm [38].

 Control variable
In this study, 60 participants were given dietary advocacy 

before the experiment in order to reduce interference during the 
experiment, all participants agreed to prohibit taking high-protein 
supplements. Because the experimental group participated in 
resistance training and drinking high-protein supplements, it was 
easier to help muscle growth, and it was easy to lose the accuracy of 
the experiment. Therefore, high protein supplementation was used 
as the control variable in this study.

Statistical analysis
Cohen’s d was first calculated to determine the effect size of the 

t-test and the adequacy of the sample size [39]. All participants were 
randomly assigned to the experimental group or the control group. 
JASP statistical software is used to detect the Cohen’s d effect size. 
Generally, a Cohen’s d value of 0.2 to 0.5 is a small effect, 0.5 to 0.8 
is a medium effect, and a value above 0.8 is a large effect. In the two 
groups of participants in this study, age Cohen’s d=0.212, weight 
Cohen’s d=0.224, and height Cohen’s d=0.236 were all small effects, 
so it was considered that the degree of mean difference between 
the two groups of data was not significant. Statistical methods 
include descriptive statistics and t-tests to understand pre- and 
post-test differences in participants’ body composition, blood 
pressure, upper extremity muscle strength, and lower extremity 
muscle mass. Finally, multiple regression analysis was performed 
to understand the effect of upper extremity muscle strength and 
lower extremity muscle mass, with a significance level set at p < 
0.05. Statistical analysis was performed using SPSS 20.0 software 
(IBM®, Armonk, NY, USA).

Results
Analysis of middle-aged sedentary behavior 
questionnaire

The descriptive statistics and T-test of the middle-aged sedentary 
behavior questionnaire are shown in Table 4. The results of the pre-
test of all participants showed sedentary behavior, on weekdays 
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and weekends. After 18 weeks, the control group had maintained 
their daily routine, so there was no significant difference in the 
items of the Sedentary Behavior Questionnaire. After 18 weeks of 
RTP interventions in the experimental group, there were significant 
differences in the response results for each item, including watching 
TV every week, sitting in the car and driving every week, sitting 

time after work every day, and total sedentary time on weekends. 
The sedentary time decreased significantly. In addition, the total 
time of exercise or physical activity on weekdays and the total time 
of weekend exercise or outdoor activities significantly increased 
the time of exercise or physical activity.

Table 4: The descriptive statistics and t-test of the middle-aged sedentary behavior questionnaire.

Variables

CG (n=30)
t-value 

(p-value)

EG (n=30)

t-value (p-value)Pre-test

M ± SD

Post-test

M ± SD

Pre-test Post-test

M ± SD M ± SD

TV per week, hours 18.4 ± 9.5 17.9 ± 9.1 0.27 (0.87) 18.1 ± 8.7 8.5 ± 7.1 15.22 (0.001)

Computer games per week, hours 4.5 ± 2.8 4.4 ± 3.1 0.54 (0.36) 5.2 ± 3.9 4.4 ± 4.3 0.51 (0.31)

Sitting and listening to music per 
week, hours 4.9 ± 2.2 5.1 ± 2.0 0.36 (0.58) 4.2 ± 2.7 4.0 ± 2.6 0.32 (0.67)

Office/paper work per week, hours 21.2 ± 12.3 21.1 ± 11.8 0.43 (0.46) 20.8 ± 12.1 21.0 ± 11.3 0.48 (0.41)

Reading per week, hours 5.5 ± 4.2 5.2 ± 3.9 0.29 (0.75) 5.7 ± 4.1 5.3 ± 3.6 0.21 (0.89)

Arts and crafts per week, hours 0.8 ± 0.5 0.6 ± 0.4 0.37 (0.54) 0.3 ± 0.2 0.2 ± 0.1 0.25 (0.87)

Sitting in a car per week, hours 10.3 ± 6.9 9.9 ± 5.3 0.31 (0.76) 9.4 ± 5.2 7.7 ± 6.4 11.67 (0.003)

Working hours per day, hours 8.35 ± 1.5 8.29 ± 1.2 0.24 (0.81) 8.33 ± 1.4 8.31 ± 1.8 0.27 (0.75)

Time spent sitting per workday, 
hours 6.81 ± 1.7 6.75 ± 1.6 0.38 (0.52) 6.75 ± 1.5 6.71 ± 1.7 0.33 (0.65)

Sitting time after work per day, 
hours 3.9 ± 0.9 3.5 ± 0.7 0.39 (0.50) 3.7 ± 0.8 1.5 ± 0.5 7.55 (0.009)

Total sedentary activity per week-
end, hours 14.4 ± 6.4 14.8 ± 5.8 0.35 (0.59) 14.7 ± 6.4 6.4 ± 6.4 21.16 (0.0002)

Total time spent exercising or 
engaging in physical activity on 

weekdays, hours
1.0 ± 0.8 1.1 ± 0.9 0.36 (0.47) 1.0 ± 1.1 4.0 ± 0.7 8.43 (0.007)

Total time spent exercising or 
engaging in outdoor activities on 

the weekend, hours
0.8 ± 0.4 0.7 ± 0.5 0.19 (0.91) 0.6 ± 0.6 6.7 ± 1.3 16.27 (0.0009)

CG means control group, EG means experimental group, pre- and post-test values were presented as means ± standard deviations 
(M ± SD). T test values were presented as t-value (p-value). * p < 0.05

Another found that participants in the experimental group 
experienced a 75% increase in average daily exercise time after 
work (4.0 hours/day) and a 91% increase in average weekend 
exercise or outdoor activity time (6.7 hours/day), showing an 
intervention with RTP, stimulation participants in the experiment 
group increased their time spent exercising, and their total time 
spent outdoors on weekends also increased, virtually reducing 
sedentary time. The above-mentioned interventions to verify 
resistance training could reduce and improved middle-aged 
sedentary behavior.

Body composition and blood pressure testing
After 18 weeks of RTP in the experimental group in this study, 

the attendance rate of the participants was 97.5% (the main reason 
for missing class was physical discomfort). The body composition 
and blood pressure of the experimental group were significantly 

different pre- and post-test, as shown in Table 5 and Figure 1. That 
is to say, after the RTP in the experimental group, the average body 
mass index, body fat mass, and body fat percentage all decreased 
significantly. The average ratio of waist to hip circumference 
decreased from 1.018 to 0.903, indicating significant differences. 
The average skeletal muscle mass and basal metabolic rate 
increased significantly, and the systolic blood pressure (120.39) 
and diastolic blood pressure (80.21) decreased significantly to 
the standard range (systolic blood pressure: 130 mmHg; diastolic 
blood pressure: 80 mmHg). These RTP interventions improved 
body composition and blood pressure (Tables 6).

Changes of Upper Extremity Muscle Strength and Lower 
Extremity Muscle Mass

 The upper and lower extremity muscle strength of the 
experimental group and the control group were significantly 
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different pre- and post-tests in WC, HC, HS, and CC of the 
experimental group after the intervention of the RTP, as shown in  . 
In the EG, the handgrip strength test results increased by 14.02%, 
the upper extremity muscle strength was significantly improved 
(t=5.38, p < 0.05), the calf circumference increased from 33.19cm 
to 36.21cm, an increase of 8.34%, and the lower extremity muscle 

mass increased significantly (t=3.72, p < 0.05). In contrast, during 
the CG experiment, there was only daily routine, and there was no 
significant change in handgrip strength and calf circumference. The 
above-mentioned intervention of RTP could enhance the muscle 
strength of the upper body and increase the muscle mass of the 
lower body.

Figure 1: Pre and Post tests comparison of body composition parameters, waist-hip circumference and blood pressure between 
the two groups.

Table 5: Descriptive statistics and t-tests of body composition and blood pressure for EG and CG.

Variables

CG (n=30)

Imp.

(%)

t-value (p-val-
ue)

EG (n=30)

Imp.

(%)
t-value (p-value)

Pre-test

M ± SD

Post-test

M ± SD

Pre-test

M ± SD

Post-test

M ± SD

BMI, kg/m2 28.62 ± 2.41 28.89 ± 2.48 0.99 0.47 (0.57) 28.46 ± 2.14 25.08 ± 2.12 −13.48 −5.33* (0.006)

BMR, kcal 1648 ± 69.57 1653 ± 73.22 0.3 0.73 (0.26) 1646 ± 86.04 1695 ± 97.18 2.89 3.51* (0.01)

BFP, % 23.19 ± 5.33 23.43 ± 5.65 1.02 −0.81 (0.19) 23.65 ± 5.27 20.95 ± 4.31 −12.89 −7.30* (0.001)

SMM, kg 30.23 ± 2.61 30.01 ± 2.44 −0.73 0.95 (0.13) 30.69 ± 2.06 36.35 ± 2.15 15.57 4.96* (0.008)

BFM, kg 38.19 ± 1.82 38.94 ± 1.86 1.93 −0.75 (0.21) 38.80 ± 2.23 31.18 ± 2.17 −24.44 −6.97* (0.003)

WC, cm 110.6 ± 
14.32

111.1 ± 
15.15 0.45 -0.58(0.21) 108.03 ± 

11.41
94.12 ± 
10.26 -14.78 7.46* (0.001)

HC, cm 105.4 ± 
11.36

106.7 ± 
10.47 1.22 -1.05 (0.17) 106.16 ± 

11.61
104.23 ± 

10.55 -1.85 3.13* (0.007)

BP, Systolic, mmHg 127.52 
±13.21

126.57 
±12.46 −0.75 0.26 (0.75) 128.26 

±11.43
120.39 
±10.72 −6.54 3.58* (0.009)

BP, Diastolic, mmHg 89.26 ±7.37 87.81 ± 8.04 −1.65 0.53 (0.48) 88.94 ±6.62 80.21 ±7.57 −10.88 3.43* (0.002)

CG means control group, EG means experimental group, BMI means body mass index, BMR means basal metabolic rate, BFP means 
body fat percentage, SMM means skeletal muscle mass, BFM means body fat mass, WC means waist circumference, HC means hip 
circumference, BP means blood pressure. Improvement was presented as Imp. Pre- and post-tests values were presented as means ± 
standard deviations (M ± SD). T test value was presented as t-value (p-value). *p < 0.05.
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Table 6: Descriptive statistics and t-test for HS and CC of EG and CG.

Vari-
ables

CG (n=30) Imp.

(%)
t-value (p-value)

EG (n=30) Imp.

(%)
t-value (p-value)Pre-test M 

± SD
Post-test M 

± SD
Pre-test M 

± SD
Post-test M 

± SD

HS, kg 33.05 ± 0.65 32.95 ± 0.72 -0.3 -0.23 (0.34) 33.13 ± 0.82 38.59 ± 0.58 14.02 -0.0269

CC, cm 33.91 ± 4.71 33.67 ± 4.26 -0.71 0.53 (0.09) 33.19 ± 3.25 36.21 ± 4.17 8.34 -0.04464

CG means control group, EG means experimental group, HS means handgrip strength, CC means calf circumference. Improvement 
was presented as Imp. Pre- and post-test values were presented as means ± standard deviations (M ± SD). T test value was presented 
as t-value (p-value). *p < 0.05.

Assessment of Upper Extremity Muscle Strength and 
Lower Extremity Muscle Mass

First, multiple regression models 1, illustrated the results of 
RTP improving the body composition of the experimental group for 
assessing upper extremity handgrip strength, as shown in Tables 
7 & 8. The overall explanatory power of the independent variable 
for handgrip strength was 79.3%, adjusted R2 = 0.774, estimated 
standard error = 0.027, R2 change = 0.774, F change = 26.924 

(p-Value = 0.001). The overall multiple regression model reached a 
significant level, and the independent variable BMI β = 0.557, BMR 
β = 0.524, BFP β = 0.463, SMM β = 0.575, BFM β = 0.342, handgrip 
strength β = 0.588, indicating that body composition and handgrip 
strength had a fairly high correlation with upper extremity muscle 
strength. In other words, the body composition variables of the 
experimental group in this study were effectively evaluated the 
effect of upper extremity muscle strength on handgrip strength.

Table 7: Summary of the HS results in multiple regression model 1.

Model R R2 Adjusted

R2

Estimated

standard error

R2

change

F

change

p-Value

1 0.813 (a) 0.793 0.774 0.027 0.774 26.924* 0.001

(a) refers to the predictor variables of this study, including constant, body mass index (BMI), basal metabolic rate (BMR), body fat 
mass (BFM), body fat percentage (BFP), skeletal muscle mass (SMM), handgrip strength (HS), etc. *p< 0.05

Table 8: HS coefficients in multiple regression model 1.

Model Unstandardized Coefficients Standardized Coefficients
t-value p-value

B Std. Error Beta

1

(Constant ) 5.147 0.261 − 7.513* 0.001

BMI 0.373 0.011 0.557 7.256* 0.001

BMR 0.311 0.029 0.524 6.872* 0.003

BFP 0.289 0.032 0.463 5.232* 0.007

SMM 0.391 0.01 0.575 7.659* 0.001

BFM 0.262 0.035 0.342 5.541* 0.005

HS 0.385 0.009 0.588 7.417* 0.001

*p < 0.05

Next, multiple regression model 2, illustrated that RTP 
improved the body composition variables, waist circumference and 
hip circumference of the experimental group to assess the results 
of calf circumference, as shown in Tables 9 & 10. Taking the body 
composition variables, waist circumference and hip circumference 
of the test group as independent variables, the overall explanatory 
power to the calf circumference was 91.6%, adjusted R2 = 0.883, 
estimated standard error = 0.024, R2 change = 0.916, and F change 

= 33.574 (p-Value = 0.001). Independent variables post hoc, BMI β = 
0.469, BMR β = 0.431, BFP β = 0.326, SMM β = 0.535, BFM β = 0.343, 
waist circumference (WC) β = 0.568, and hip circumference (HC) 
β = 0.573. Indicates that the variables of body composition, waist 
circumference and hip circumference, had high correlations with 
calf circumference. That is, the variables of body composition, waist 
circumference, and hip circumference in this study were effective in 
assessing lower extremity muscle mass.
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Table 9: CC results for multiple regression model 2.

Model R R2 Adjusted R2 Estimated

standard error

R2 change F

change

p-Value

2 0.935 (a) 0.916 0.883 0.024 0.916 33.574* 0.001

refers to the predictor variables of this study, including constant, BMI, BMR, BFM, BFP, SMM, waist circumference (WC), hip circum-
ference (HC), calf circumference (CC), etc. *p < 0.05

Table 10: CC coefficients for multiple regression model 2.

Model Unstandardized Coefficients Standardized Coefficients
t-value p-value

B Std. Error Beta

2

(Constant ) 6.736 0.664 8.326* 0.001

BMI 0.381 0.027 0.469 6.233* 0.001

BMR 0.297 0.031 0.431 5.514* 0.003

BFP 0.264 0.036 0.326 4.262* 0.006

SMM 0.369 0.023 0.535 7.217* 0.001

BFM 0.255 0.035 0.343 4.132* 0.006

WC 0.372 0.017 0.568 7.421* 0.001

HC 0.369 0.019 0.573 7.755* 0.001

*p < 0.05

Discussion
All participants spent about 6.71 to 6.81 hours working and 

sitting every day, but the experimental group reduced the sedentary 
time after get off work on weekdays from 3.7 hours to 1.5 hours due 
to the intervention of resistance training. This phenomenon may 
increase the time of resistance training on weekdays, and some 
Scholars’ findings were consistent with [40,41]. Furthermore, due 
to the results of resistance training, the body composition BMI, BFM 
and BFP of the experimental group decreased significantly and the 
waist-to-hip ratio decreased to the standard value of 0.903 [42-44], 
and blood pressure returned to normal values [45,46]. In addition, 
holiday physical activity time in the experimental group increased 
to an average of 6.7 hours a day, and sitting time decreased to 
an average of 6.4 hours a day. These changes were influenced by 
participants’ increased holiday physical activity time, in line with 
some [21-24,28]. It may be questioned whether this experiment 
was carried out on weekdays. Whether the experiment was not 
carried out on holidays will affect the accuracy of this experiment. 
This question had been confirmed in some studies. With moderate 
to vigorous exercise, whether it was scattered on weekdays 
or concentrated on holiday exercise, there were no significant 
differences in health benefits [47,48].

In this experiment, medium- to high-intensity RTP was used 
to provide physical stimulation to the experimental group, which 
produced significant effects. The main reason was that after 18 
weeks of long-term resistance training, the experimental group 
reduced sedentary time, increase exercise time, and regularly 

provide different exercise intensities under the guidance of special 
personnel. This study took 18 weeks, twice a week. The main 
reason that human muscle growth was very slow and fat loss 
takes a period of time, RTP comparison over a period of time was 
more likely to show differences [49,50]. This study considers the 
intensity definition of the RTP. When a person is sedentary, they 
consume one calorie per kilogram of body weight per hour (1 
MET), so a sedentary middle-aged male of 80 kg consumes only 80 
calories per hour (80 METs) [51]. The intensity of the RTP in this 
study is medium- to high-intensity (3.0-5.9 MET) [32], and an 80 
kg adult after one RTP session consumes about 600 kcal (5 METs 
× 1.5 h × 80). This type of activity can cause people to feel tired, 
breathe faster than usual, and sweat profusely. Previous studies 
have shown that exercise intensity that is more than moderate 
increases muscle mass and strength [52]. This is in line with the 
World Health Organization’s new guidelines, which recommend 
150–300 min per week of moderate-intensity aerobic exercise or 
75–150 min per week of vigorous-intensity aerobic exercise, plus 
two days of resistance training [53].

In this study, the average handgrip strength of the EG increased 
from 33.13 to 38.59 kg, an increase of 14.02%, and the t-test of the 
pre- and post-test comparison reached 5.38 (p < 0.05). Compared 
with the CG, RTP had a positive effect on upper extremity strength, 
similar to other studies [54-56]. These results were also confirmed 
in the following literature. Mangine et al. found that resistance 
training mainly promotes muscle growth through muscle 
contraction [51]. Cartee et al. found that resistance training can 
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stimulate the differentiation of muscle cells and induce the release 
of multiple biologically active factors from muscles to regulate 
each other [57]. Marcos-Pardo et al. demonstrated that resistance 
training can lead to a significant increase in skeletal muscle [58]. 
Zampino et al. showed that more skeletal muscle mass led to more 
lean mass and that a higher basal metabolic rate led to a higher 
number of calories burned in a given day [59]. For males, handgrip 
strength remains relatively stable in early adulthood (18-39 years), 
peaking between 30 and 39 years of age, and then stabilizes for a 
period of time, with a gradual decline in grip strength starting at 
age 50, a rapid decline after age 60, and further acceleration after 
age 80 [60].

This study found that the average calf circumference cut-offs of 
the EG increased from 33.19 to 36.21 cm, an increase of 8.34%, and 
the T t-value reached 3.72 (p < 0.05) compared with the CG. The 
calf circumference in the group increased, showing a significant 
improvement in lower extremity muscle mass, which was similar 
to the findings of many scholars [29,61,62]. Yoo et al. confirmed 
that CC can be regarded as a surrogate indicator of muscle mass 
[63]. From the regression analysis results, the overall explanatory 
power of body composition for handgrip strength was 79.3%, and 
the overall explanatory power of body composition, WC, and HC for 
calf circumference was 91.6%. Previous studies have shown that 
resistance training prevents functional decline in the upper and 
lower extremities, increases muscle protein synthesis rates [64], 
and builds muscle mass [63,65]. Furthermore, calf circumference 
was positively correlated with lower extremity skeletal muscle 
mass and skeletal muscle index and can be used as a surrogate for 
muscle mass. The suggested cut-off value for calf circumference for 
assessing low muscle mass is less than 34 cm in men, and this is 
used to assess changes in lower extremity muscle mass [38].

   Most previous studies have focused on sedentary behavior in 
adults or older adults, and resistance training studies have focused 
on young adults or athletes. The participants in this study were 
middle-aged adults. Physical activity interventions used resistance 
training to explore changes in upper extremity muscle strength and 
lower extremity muscle mass. This study implies that an important 
public health problem can be improved in middle-aged males. 
The main strengths of this study were the use of a representative 
sample of healthy middle-aged males in the community that are 
working (i.e., middle-aged adults who are not currently retired). 
We also considered important potential confounders. For example, 
dietary control needs to be considered. We used an intervention of 
resistance training to improve sedentary behavior in middle-aged 
males to determine the benefits in terms of body composition, 
blood pressure, upper extremity muscle strength, and lower 
extremity muscle mass. On the other hand, handgrip strength and 
calf circumference tests were strong indicators of mobility and 
lower extremity muscle mass in middle-aged and older adults. 
Another limitation of this study was that, due to differences in 
ethnicity, genetic background, and work environment, the results 
of this study cannot be fully generalized.

Conclusion
Exercising on weekdays or focusing on holiday exercise 

will be beneficial to the body. Increasing daily exercise time can 
avoid diseases caused by sedentary behavior. Regular exercise 
or body stretching can also reduce sedentary time. This is also 
the value of exercise for sedentary behavior. Moderate-intensity 
RTP intervention helps to improve body composition and blood 
pressure, enhance upper extremity muscle strength, and increase 
lower extremity muscle mass in middle-aged adults. At the same 
time, handgrip strength was a reliable indicator for evaluating 
upper extremity muscle strength, and the cutoff value of calf 
circumference could be used as a standard for evaluating lower 
extremity muscle mass. Finally, it is recommended that adults 
of different ages exercise regularly so that they can enjoy a high 
quality of life.
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