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Abstract

The aim of the study was to investigate the effects of a once weekly, online video
bodyweight resistance exercise training on body mass, muscle strength, and quality of
life in middle-aged men (age 40—50 years) during a 20-week coronavirus (COVID-19)
pandemic period. The participants were 30 healthy men, and the intervention lasted from
June 2021 to September 2021. The participants were randomly assigned in two groups:
an exercise group (n = 15) and a congrol group (n = 15). The exercise group participated
in a 45-minute program including warm-up, resistance exercise, and recovery once per
week for 20 weeks. The participants in the exercise group showed significantly reduced
body mass (76.08 & 8.80 kg), body mass index (BMI, 25.23 4 2.39 kg-m™2), body fat
mass (14.93 £ 4.97 kg), body fat percentage (19.42 £ 5.31%), and waist circumference
(91.40 £ 6.13 cm) and increased handgrip strength (right: 48.49 £ 6.98 kg and left:
44.44 + 6.39 kg) and quality of life (total score: 25.80 + 2.651). Meanwhile, the
control group showed increased body mass (77.06 + 9.04 kg) and body fat mass (19.10
+ 4.95 kg) and decreased quality of life (total score: 24.60 4+ 3.180). The once-weekly
online video bodyweight resistance exercise program could be beneficial for body mass,
muscular strength, and quality of life among middle-aged men.
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1. Introduction

During the past three years, the physical activity of many indi-
viduals has been restricted to prevent the spread of COVID-19
[1]. Several studies have reported decreased physical activity
levels during the pandemic [2]. Moreover, COVID-19 has
limited the sorts of spaces in which individuals can safely
participate in physical activities such as walking, running,
and swimming. Even before the pandemic, only one in three
individuals routinely engaged in enough physical activity to
meet the World Health Organization recommendation [3]. Par-
ticipating in regular exercise including aerobic and resistance
exercise two or three times a week for a total of 150 minutes is
known to maintain health and prevent chronic diseases [4].

There is a critical time period for middle-aged men to derive
the most benefit from participating on exercise [5—7]. Several
studies have reported that middle-aged men have increased
body mass and body fat mass and decreased muscle mass,
muscle size, and muscle strength compared with their own
body composition when they were in their middle 20s [&, 9].
A previous study reported that a cohort of individuals over
40 years old had lower muscle mass compared to a cohort
of under-40 years which reflects muscle mass loss increases
after age 40 [10]. It is crucial to maintain muscle mass over

age 40 to prevent sarcopenia. Also, increased body fat and
decreased muscle mass and muscle strength are predictors of
chronic cardiometabolic diseases including obesity, diabetes,
and metabolic syndrome [ 1]. The American College of Sports
Medicine has recommended that men participate in strength
exercise two or three times per week to improve their body
composition and muscle strength, delay the inevitable muscle
losses that occur with age, and prevent chronic disease [12].
Previous studies reported that participating in resistance ex-
ercise more than two times per week improved muscle mass,
muscle strength, muscle endothelial function, and quality of
life in middle-aged men [13—15]. In spite of those beneficial
effects of participataing in exercise or sports, a previous study
reported that a barrier to exercise participation in middle-aged
men was not having enough time [16]. Moreover, several
studies have reported that low physical activity is better than
inactivity [17]. Knowing that exercise once a week benefits
middle-aged men would motivate them into participating in ex-
ercise and would provide a new insight for exercise guidelines.

Delivering exercise training through an online platform
could be an alternative for the middle-aged men who do
not have enough time during the COVID-19 pandemic.
Additionally, if a once-weekly exercise routine can produce
beneficial effects, it could motivate middle-aged men to
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start exercising. This study was limited to middle-aged
men who were unable to exercise two or three times per
week and encouraged them to participate in once weekly
strength exercise. Also, because COVID-19 pandemic public
health guidelines recommend personal distancing, restricting
the number of people gathered together, and wearing
masks according to local government policies, randomized,
controlled studies about the effectiveness of online video
exercise interventions are needed. Therefore, the purpose
of this study was to investigate the effects of a once-weekly
online video bodyweight resistance exercise program on body
fat mass, muscle strength, and quality of life in middle-aged
men (aged 40-50 years). This study was conducted for 20
weeks to investigate the middle and long-term training effects
of once a week exercise in middle-aged men. The hypothesis
of this study was that once-weekly online video bodyweight
resistance exercise training would decrease fat mass and
improve muscle strength and quality of life in middle-aged
men.

2. Materials and methods

2.1 Participants

Thirty men aged 40 to 50 years participated in this random-
ized controlled trial. The inclusion criteria were healthy men
aged 40 to 50 years without any chronic diseases, including
orthopedic diseases, hypertension, and diabetes and who had
not participated in any exercise or restriction of caloric uptake
or a specific nutritional diet in the preceding six months. The
exclusion criteria were taking any medications and unwill-
ingness to participate in bodyweight resistance exercise. An
interview based on those inclusion and exclusion criteria was
conducted to determine eligible participants for this study.
The participants were recruited by advertisements on social
networking services (SNS) and recruitment posts in online
communities. The participants would be removed from the
study if they did not attend more than 80% of training days, but
they satisfied the attendance requirement. This study protocol
was approved by the Institutional Review Board at Kyung
Hee University. All participants provided written informed
consent. All data were collected in an exercise physiology
laboratory at Kyung Hee University between March 2021 and
September 2021. This study was conducted during COVID-
19 so the government controlled people’s movements and
gatherings were limited to less than 4 persons, public and
private gyms were locked down, and all stores and restaurants
closed at 9 pm.

The 30 enrolled participants were randomly divided into two
groups: 15 to the exercise group and 15 to the control group
(Fig. 1). SPSS version 26.0 (SPSS 26.0, Inc., Chicago, IL,
USA, 2022) was used for randomized allocation of partici-
pants. All participants arrived at the laboratory at 7 a.m. after
a 12-hour overnight fast. All measurements were made by the
same researcher who was a trained exercise specialist.

2.2 Anthropometry

All participants wore light clothes. Body composition compo-
nents, including height, body mass, fat mass, % fat mass and
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fat free mass, were measured using a bio-impedance analyzer
(Inbody 720, Biospace, Seoul, Republic of Korea) [18]. Body
height and body mass were measured, and body mass index
was calculated as body mass (kg)/height (m?). Waist circum-
ference was measured along the horizontal line intersecting the
midpoint between top of the iliac creast and lower margin fo
the last rib using a tape measure [19].

2.3 Strength

Handgrip strength was measured using a hand dynamometer
with adjustable handgrips (TKK 5101 Grip. D; Takei, Tokyo,
Japan). Handgrip strength was measured twice on the left hand
and three times on the right hand with a one-minute break
between tests. The highest score from each hand was recorded
in kilograms [20]. Self-reported dominant and non-dominant
upper limbs were recorded. All participants reported their right
side to be dominant.

2.4 Quality of life

Quality of life was measured using the Health-Related Quality
of Life Instrument with 8 Items (HINT-8). The eight items
were climbing stairs, pain, vitality, working, depression, mem-
ory, sleep, and happiness, and the total score was used as the
HINT-8 index. Participants answered each question on the
HINT-8 by choosing no problems, mild problems, moderate
problems, or severe problems. The HINT-8 was translated
from English version to Korean version and validated by pre-
vious study [21].

2.5 Online video bodyweight resistance
exercise intervention

The exercise group at the first visit to the laboratory had one-
hour exercise education session. Afterwards, the participants
underwent once-weekly online video bodyweight resistance
training. All participants in the exercise group reported their
own exercise training attendance by email or SNS. The resis-
tance exercise program was designed by an exercise specialist
who also managed the training. The 45 minutes bodyweight
resistance exercise intervention consisted of a 5-minute warm-
up, 35 minutes of bodyweight resistance exercise, and a 5-
minute cool-down (Table 1). The warm-up including march-
ing, light jogging, stretching, and rotation of all body joints to
increase the heart rate and body temperature. The bodyweight
resistance exercises were push-ups, squats, bridges, sit-ups,
leg raises, and back extensions without any added dumbbells
or barbells. Each resistance exercise was 12-repitition and 3-
set. A one-minute break between the sessions of each exercise
was assigned. The heart rate of each participant was monitored
using a polar heart rate monitor to maintain exercise intensity
of 60% HR reserve. The cool-down period involved stretching,
rotation of joints, and deep breathing to promote recovery. Af-
ter completing the 45 minutes exercise, all participants wrote
their rate of perceived exertion using the Borg-15 Scale [22]
and questions. This study used an online video exercise
intervention on online platform. The exercise trainers who
designed the exercise programs and educated the participants
in this study interacted with participants using online platform
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Enrollments: Assessed for eligibility (n = 30)

Randomized (n = 30): allocation (2 groups)

’

!

Exercise group (n= 15)

Follow-up: Analyzed (n=15)

FIGURE 1. Flow chart of the study.

Warm-up

.

Control group (n= 15)

Follow-up: Analyzed (n = 15)

TABLE 1. A bodyweight resistance exercise training.

Stretching

Exercise Bodyweight Resistance

Recovery

Variables

Age (yrs)
Height (cm)
Body mass (kg)
BMI (kg'm?)
Fat mass (kg)
%BF (%)

BMI: Body mass index, %BF: Percent body fat, SD: Standard deviation.

Push-up

Squat

Bridge

Sit-up

Leg raise

Back extension
Stretching

5-minute

A one-minute break between
the sessions of each exercise
12-repitition & 3-set
35-minute

5-minute

TABLE 2. Physical characteristics of participants.

Experimental (Mean + SD)
4427 £ 4.51
173.67 + 5.47
77.59 £ 10.11
25.71 £2.77
17.33 £5.70
22.09 +5.78

Control (Mean + SD)
49.13 £ 5.96
172.00 + 5.42
76.50 £ 9.37
2543 £2.09
17.07 £ 4.75
22.12 £4.54

0.018
0.409
0.534
0.751
0.776
0.969




comments and SNS, including kakaotalk, where the partici-
pants reported their attendance, questions, and recovery heart
rates.

2.6 Statistical analysis

Thirteen participants per group were needed to detect a large,
standardized effect size (d = 0.8) with a statistical power of
0.80 and a two-tailed a of .05. To accommodate a 10% loss-
to-follow-up, 30 participants were recruited.

Statistical analysis was performed using SPSS version 26.0
software (SPSS Inc, Chicago, IL). We conducted a normality
test. The Kolmogorov-Smirnov test result (p > 0.05) was
normal distribution. Independent 7-test of continuous data was
used to present the baseline descriptive statistics. Repeated
measures analysis of variance was used to detect interactions
between Time (2) and Group (2) on body composition, muscle
strength, and quality of life and to provide values of partial 12,
Post-hoc analyses were used to find significant interactions,
paired t-tests to find differences before and after exercise
intervention, and independent-sample t-tests to find differ-
ences between the two groups. Non-parametric data, including
quality of life from the HINT-8 questionnaire, were analyzed
using the Wilcoxon signed rank test for within-group changes
and the Mann-Whitney test for inter-group changes. The
HINT-8 analyses included both dimensional and total scores.
The effect size on body composition and handgrip strength was
calculated by partial eta squared. If the effect size was <0.01,
we categorized it as a small effect size, 0.01< and >0.06 as
a medium effect size, and >0.14 as a large effect size [23].
The effect size for quality of life was calculated by a Wilcoxon
signed rank test by dividing the test statistic by the square root
of the number of observations. The effect size for quality of life
was categorized as a small effect size (>0.1), medium effect
size (0.1< and >0.3), or large effect size (>0.5) [23].

3. Results

None of the participants dropped out of this study. The rate of
attendance for the bodyweight resistance exercise intervention
was 89%. The baseline characteristics are provided in Table 2.

3.1 Body composition

The results of body composition is presented in Table 3. The
men who participated in the bodyweight resistance exercise
had significantly decreased body mass, BMI, body fat mass,
percentage body fat, and waist circumference after the inter-
vention, but neck circumference and lean body mass did not
change significantly. Meanwhile, the men in the control group
had significantly increased body fat mass, percentage body fat,
and waist circumference at the end of the study, but their body
mass, BMI, lean body mass, and neck circumference did not
change significantly.

3.2 Muscle strength

The results of muscle strength are provided in Table 3. After
completing the bodyweight resistance exercise intervention,
the handgrip strength in the right hand increased significantly
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in the men in the exercise group, but left-hand strength did not
change significantly. In the men in the control group, handgrip
strength in both hands decreased significantly.

3.3 Quality of life

Significant within-group differences were found in quality of
life (Table 4). Men who participated in the resistance exercise
reported increases in vitality (physical dimension) and total
HINT-8 score, whereas the men in the control group reported
significantly decreased stair climbing ability, vitality (mental
dimension), positivity, and total HINT-8 score. Also, the men
in the control group reported significantly increased pain and
depression.

No inter-group differences between the exercise and control
groups were found in any items of the HINT-8 at baseline.
After the bodyweight resistance exercise intervention, men in
the exercise group reported significantly decreased depression.

3.4 Effect size

Body composition and handgrip strength had large effect sizes.
Only pain in the quality of life assessment had a medium effect
size. All other factors, including physical dimension, climbing
stairs, vitality, social dimension, mental dimension, depres-
sion, memory, sleep, positive dimension, and total score, had
small effect sizes.

4. Discussion

Middle age (4050 years) is a crucial time for men due to de-
clines in physical and physiological function, including muscle
mass and muscle strength, which increase the risks of chronic
diseases such as obesity, metabolic syndrome, and cardiovas-
cular disease. Those physical and physiological changes can
also influence on their body composition, strength, and quality
of life (including mental health components such as vitality,
depression, and happiness) of middle-aged men. To delay the
physical and physiological declines caused by aging, perfor-
mance of resistance exercise two to three times per week has
been recommended [12]. However, many middle-aged men
do not participate in resistance exercise at all. Knowing that
even one session of bodyweight resistance exercise a week is
beneficial might help to motivate otherwise sedentary middle-
aged men to begin an exercise program. Due to the COVID-19
pandemic, a non-face-to-face exercise intervention, such as an
online video, might be more useful than a traditional exercise
intervention. Therefore, this study tested whether participating
in a once-weekly online video bodyweight resistnace exercise
intervention for 20 weeks would improve body composition,
muscle strength, and quality of life of middle-aged men.
Body composition and handgrip strength improved in the
middle-aged men who participated in the exercise intervention.
A previous study reported that muscle strength in adult men
was inversely related to body fat [24]. The decreased body
fat found in the resistance exercise group in this study is con-
sistent with the results of previous studies in middle-aged men
[25]. High-intensity, twice weekly resistance machine exercise
for 12 weeks reduced body fat and increased back-extensor
strength [26]. However, this study did not find a significant
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TABLE 3. Body composition and muscle strength.

Variables  Groups
Pre

Body mass (kg)

Experimental 77.59 £ 10.10

Control 75.41 + 8.79
Body mass index (kg-m2)

Experimental 25.71 £ 2.76

Control 25.42 +2.09
Fat mass (kg)

Experimental 17.33 £ 5.69

Control 16.82 + 3.74
Percent body fat (%)

Experimental 22.08 + 5.78

Control 22.15 £3.05
Fat free mass (kg)

Experimental 34.22 +4.53

Control 33.10 £ 3.69
Waist circumference (cm)

Experimental 93.43 + 7.02

Control 91.40 £5.83
The right grip strength (kg)

Experimental 45.80 + 8.40

Control 44.79 +7.92

The left grip strength (kg)

Experimental 43.22 4+ 6.51

Control 44,51 +£ 6.38

Time (Mean + SD)

Post

76.08 £ 8.80*

77.06 + 9.04

25.23 £2.397

25.99 £2.17

14.93 £ 4.97*

19.10 £ 4.75%

19.42 £ 5.31*

24.51 £4.01*

34.83 £4.26

32.76 £3.23

91.40 £ 6.13*

94.23 £5.15*

48.49 £+ 6.98*

40.41 £ 7.52%

44.44 £+ 6.39

40.40 £ 5.64

A%

—1.95

2.19

-1.87

2.24

—13.85

13.56

—12.05

10.65

1.78

—1.03

—2.17

3.1

5.87

—9.78

2.82

—9.23

F-values

Group 0.033

Time 0.018

Group x Time 8.148

Group 0.080

Time 0.049

Group x Time 8.433

Group 1.175

Time 0.012

Group x Time 21.208

Group 2.546

Time 0.076

Group x Time 21.354

Group 1.240

Time 0.445

Group x Time 5.417

Group 0.034

Time 0.702

Group x Time 25.963

Group 0.022

Time 0.498

Group x Time 19.241

Group 0.306

Time 0.710

Group x Time 14.004

*p<0.05 " p<0.01,7* p<0.001: Significant difference between pre and post-test.

T p<0.05 T p< 0.0l p<0.001: Significant main effect and/or interaction.

SD: Standard deviation.

r M

0.858 (0.001)
0.896 (0.001)

0.008 (0.225)++

0.779 (0.003)

0.827 (0.002)

0.007 (0.231)*+

0.288 (0.040)
0.912 (0.000)

0.000 (0.431)*++

0.122 (0.083)
0.784 (0.003)

0.000 (0.433)+++

0.275 (0.042)
0.510 (0.016)

0.027 (0.162)+

0.855 (0.001)

0.409 (0.024)

0.000 (0.481)*++

0.114 (0.087)
0.059 (0.121)

0.000 (0.706)+++

0.391 (0.026)
0.069 (0.113)

0.000 (0.638)+++



Scales  Groups

Physical dimension
Experimental
Control
Climbing stairs
Experimental
Control
Pain
Experimental
Control
Vitality
Experimental

Control

Social dimension (Working)

Experimental

Control
Mental dimension

Experimental

Control
Depression

Experimental

Control
Memory

Experimental

Control
Sleep

Experimental

Control

Positive dimension (Happiness)

Experimental
Control

Total score
Experimental

Control

*p < 0.05, **p = 0.005, ***p < 0.005: Significant difference between pre and post-test.

TABLE 4. Results of quality of life.

Tests (mean + SD)

Pre

8.80 £ 1.146
9.86 + 2.030

327 £0.704
3.53 + 0.640

3.00 = 0.000
3.33+£0.724

2.53 £0.834
3.00 = 0.845

3.47 £ 0.516
3.40 £ 0.632

9.60 £ 1.298
10.26 £ 1.279

3.27+£0.704
3.47 £ 0.516

3.20 £ 0.561
3.33 £ 0.488

3.13 + 0.640
3.47 £ 0.640

2.73 £0.799
2.80 £ 0.775

24.60 £ 3.333
26.33 £4.203

Post

9.53 £0.743**
9.06 + 1.579*

347 £0.516
3.27 £ 0.594*

3.00 = 0.000
3.07 £ 0.594*

3.07 £ 0.594**
2.73 £ 0.594*

3.47 £ 0.516
3.40 £ 0.632

9.93 £1.099
9.60 + 1.055***

3.47 £ 0.516
2.93 £ 0.258**

3.20 £ 0.561
3.33 £ 0.488

3.27 £0.458
3.33 £ 0.617

2.87 £0.743
2.53 +0.516"

25.80 £2.651***
24.60 £ 3.180***

*p < 0.05, Significant difference between experimental group and control group.

SD: Standard deviation.

87.500

93.500

105.000

81.500

108.500

96.000

56.000

100.000

103.000

85.500

90.000

73

p (%)

0.305 (—0.043)

0.436 (~0.069)

0.775 (—0.365)

0.202 (—0.211)

0.870 (—0.082)

0.512 (-0.221)

0.019% (-0.275)

0.624 (0.000)

0.713 (0.000)

0.267 (~0.150)

0.367 (—0.144)
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increase in lean body mass, presumably because the frequency
and intensity of exercise in this intervention were not enough
to increase the lean body mass of middle-aged men. Increasing
the frequency and intensity of resistance exercise training and
adding protein to the diet might increase the lean body mass
of middle-aged men. A previous meta-analysis reported that
dietary protein supplementation two to five times per week
alongside resistance exercise training induced increases in one-
repetition-maximum strength, free fat mass, and muscle size
including muscle fiber cross-sectional area in healthy adults
[27]. Participating in resistance exercise and taking dietary
protein supplements could help middle-aged men enhance their
muscle strength and mass [28]. A previous study reported
that middle-aged men who performed resistance exercise had
smaller increases in waist circumference 12 years later, which
is consistent with the finding of the present study [29]. The
increased waist circumference, body fat mass, and percentage
body fat in the control group might be related to the COVID-
19 pandemic, which has restricted individuals’ physical and
social activity and promoted increasingly sedentary lifestyles,
including working from home, and stress. The participants
in the current study had already lived in the pandemic envi-
ronment for more than one year when the study began. The
results of this study indicate that participating in bodyweight
resistance exercise once per week is helpful for improving the
body composition and muscle strength of middle-aged men.

Quality of life also increased in the middle-aged men who
completed the 20-week, once weekly bodyweight resistance
exercise. A previous study reported that resistance exercise
improved quality of life [27]. Another previous study inves-
tigated spinal balance, thoracic spinal range of motion, back
muscle strength, and gait speed and found that they correlated
with better quality of life in middle-aged and elderly people
[30]. All activity related to everyday life, including body bal-
ance, range of motion in all body joints, muscle strength, and
gait speed, were enhanced after middle-aged men completed
resistance exercise interventions [31]. Participating in regular
exercise that improved fitness levels was also associated with
increased health-related quality of life in middle-aged and
elderly people [32].

The bodyweight resistance exercise intervention in this
study consisted of push-ups, squats, bridges, sit-ups, leg raises,
and back extensions without any added weight. Bodyweight
resistance exercise, i.e., strength exercise without additional
load or equipment, could be beneficial for middle-aged men
who are otherwise inactive because it minimizes the risk of
injury from unfamiliar equipment. Another beneficial effect
of resistance exercise without any additional load is a reduced
risk of knee injury [33]. Middle-aged men with experience of
knee injury or pain but no symptoms of orthopractic problems
could assess their knee condition and gradually increase the
frequency and intensity of exercise. Increasing of number of
repetitions per set of exercises is a safe and effective way to
increase the intensity of resistance exercise.

During the COVID-19 pandemic, an online video exercise
intervention might be a good way to encourage middle-aged
men to participate in exercise. This study found that a once
weekly video exercise intervention for middle-aged men had
beneficial effects. A previous study reported that using video

exercise and mobile applications for 2.8 sessions per week for 8
weeks increased physical activity and decreased depression in
inactive women [34]. Another previous study reported that an
exercise intervention using a live online video via Skype for
patients with cystic fibrosis was technologically feasible and
acceptable to patients, but it did not investigate the outcomes of
the exercise intervention [35]. This study used online platform
and SNS to commnitate with the participants and reports the
clinical outcomes of body composition, strength, and quality
of life. The interactions between the participants and exercise
trainers produced a tailored exercise intervention that helped
to motivate participants and improve the beneficial effects of
the exercise intervention.

Bodyweight resistance exercise is anaerobic, using glycogen
as the main energy source and increasing both lean body mass
and basal metabolic rate [36]. Those processes help to control
body mass. Prolonged participation in resistnace exercise
increases muscle strength and basal metabolic rate, which
helps to decrease body mass and body fat mass. Additionally,
resistance exercise delays age-related decreases in lean body
mass and muscle strength and increases the production of
growth hormone, which affects developing muscle fibers and
their function [37-39]. Other benefits of exercise are decreased
insulin and leptin resistance and increased insulin and leptin
sensitivity, which also help to reduce body fat [12, 40, 41].
Participating in resistance exercise increases serotonin level
and decreases cortisol level, which are related to quality of life
because those hormone level changes decrease depression and
pain and increase happiness and vitality [42].

This study has several limitations. First, although it was
mainly an online video exercise intervention, the men in the ex-
ercise intervention group had a one-hour face-to-face exercise
education session to ensure that their resistance exercise on the
first day was correct. That might have influenced the outcomes
of the resistance exercise intervention. Second, the diet of the
participants was not controlled and might have influenced the
results, although participants were told to maintain their usual
diet throughout the study. Third, to generalize the beneficial
effects, a larger sample size might be needed. Fourth, in
assessing the rate of perceived exertioin (RPE) with the Borg-
15 Scale, the participants recorded their own values after
completing the one-hour exercise program, not during the
exercise, but their heart rates were monitored in all the exercise
sessions, and no one reported any health issues. Lastly, while
handgrip strength is an indicator of strength and is associated
with chronic diseases in clinical settings when low, other
strength tests, such as the one repetition maximum,should be
included in future studies.

5. Conclusions

Middle-aged men face physical declines, including decreasing
muscle mass and muscle strength and increasing body fat,
but participating in a once-weekly online video bodyweight
resistance exercise intervention could delay those changes.
Also, participating in resistance exercise could help to improve
quality of life. During COVID-19, activity restrictions could
lead middle-aged men to become more stressed and inactive
than they were before, which could accelerate age-related



physiological and psychological declines. This study explored
the beneficial effects of a once-weekly online video body-
weight resistance exercise intervention, and these findings
could encourage middle-aged men to participate in resistance
exercise.
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