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Abstract: Background: Health management is gaining importance as a business resource to enhance 

employee well-being. The rise of remote work during COVID-19 impacted lifestyle habits. This 

study explores the impact of tele-exercise intervention on remote workers' lifestyle habits, aiming 

to improve health and productivity. Methods: This study divided into remote (G1) and face-to-face 

(G2) groups. Over three months, G1 followed a 30-minute weekly exercise program. Measurements 

and questionnaires were collected at three time points covering areas like presenteeism, weight, 

sleep, stress, job satisfaction, and happiness. Data underwent Two-way repeated measures ANOVA, 

Autocorrelation, Correlation Analysis, and Correspondence Analysis to assess differences and 

relationships between G1 and G2. Results: ANOVA showed that a significant difference was 

observed in Daily Stress (DS) between G1 and G2, with G1 exhibiting higher DS. Autocorrelation 

Analyses showed for G1 that strong relationships each of BMI, Presenteeism (PST), Daily Stress (DS), 

Stress Relief (SR), Sleep Quality (SQ), Purpose of Work (PW), and Satisfaction of Life (SL) in the time 

frame. Correlation Analysis showed for G1 that the pairs of PRS and SQ, and DS and SL had strong 

positive relationships, and the pairs of BMI and PRS, and BMI and SQ had strong negative 

relationships. Autocorrelation Analyses showed for G2 that strong relationships each of SR, Stress 

due to Remote Work (SRW), ST, SQ, and PW in the time frame. Correspondence Analysis showed 

that that G1 was encompassed in a job and life satisfaction area, and G2 was encompassed in a sleep 

and stress for weight control area. 

Keywords: health management; tele-exercise intervention; daily stress; sleep quality; productivity 

 

1. Introduction 

In an era where living to 100 years old [1] is not uncommon, it is important to extend healthy life 

expectancy [2]. Furthermore, in an aging society with a declining birthrate, there is an increasing 

focus on health management, which considers the health of employees as a business resource and 

aims to improve the efficiency of a limited workforce [3]. There are ongoing efforts to popularize 

health management by promoting initiatives related to health enhancement [4]. 

On the other hand, the number of remote workers has increased due to the impact of COVID-

19, affecting the lifestyle habits of employees. For example, during the home confinement period due 

to COVID-19, many people gained weight, and it was suggested that lack of exercise and excessive 

food intake due to stress were the causes of weight gain [5]. A survey on global changes in physical 

activity under the COVID-19 pandemic reported a worldwide decrease in physical activity, which 

decreased even more during lockdown periods [6] 

In health management, absenteeism is when employees are absent due to ill health, and 

presenteeism is when employees are at work but have low productivity due to ill health [7]. 

Traditional workforce management in companies has focused on the decline in productivity caused 

by absenteeism. However, it is increasingly recognized that presenteeism can cause greater economic 
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losses [8]. According to a meta-analysis on the effects of flexible working arrangements on attendance 

and absenteeism, it was suggested that the risk of presenteeism decreases in telework. 

Additionally, everyday stress has increased and sleep patterns have become irregular in remote 

work [9,10]. Moreover, restrictions on face-to-face communication are affecting job satisfaction and 

happiness [11]. 

Thus, under the pandemic of COVID-19, working styles and communication methods have 

changed through the use of video conferencing and other remote methods, which is believed to have 

an impact on remote workers. The purpose of this study is to conduct an empirical analysis of the 

impact of exercise intervention through tele-exercise on the lifestyle habits of remote workers. 

Regarding exercise intervention through tele-exercise, a 6-month exercise-centered intervention 

using a telemonitoring system was shown to reduce the severity of metabolic syndrome, which could 

potentially not only reduce the risk of cardiovascular and metabolic diseases in employees with high 

risk but also improve mental health, work ability, and productivity-related outcomes [12]. 

In this study, we conducted an empirical study on two groups receiving intervention through 

exercise guidance (G1: tele-exercise group, G2: face-to-face exercise group) with reference to these 

points. 

2. Materials and Methods 

This study was conducted with the approval of the Ethics Committee of the University of Tokyo 

(Approval date: April 9, 2021). The study was conducted with healthy adult members or non-

members of JEXER, a fitness club of JR East Sports, with 8 individuals selected for remote instruction 

and 8 individuals selected for face-to-face instruction using a convenience sampling method. JEXER 

offers not only face-to-face exercise but also remote exercise. The selection criteria were men and 

women aged 20 to 65 with a BMI (Body Mass Index) of 25 or more, but also considered the frequency 

of remote work and willingness to participate. 

Detailed information about the study was provided, and after signing informed consent, the 

tele-exercise group followed an exercise program conducted by JEXER trainers for 30 minutes a week 

over 3 months from July to October 2021. The exercise program consisted of one or a combination of 

services provided to JEXER members. 

At the outset of the exercise program, participants' height, weight, and BMI were recorded, and 

a questionnaire was given (Time1: July 2021). The same measurements were taken, and 

questionnaires were provided one month later (Time2: August 2021) and again three months after 

the program began (Time3: October 2021). The questionnaire covered topics such as presenteeism, 

weight, sleep, stress, job satisfaction, and happiness, as detailed in Table 1. To standardize the 

physical and questionnaire data, ratio data (comprising BMI, PST, ST) and difference data (based on 

other Likert scales) were determined relative to the program's onset. 

The ratio and difference data for each parameter underwent a Two-way repeated measures 

Analysis of Variance (ANOVA) to discern any mean differences between the two groups: G1 (tele-

exercise group) and G2 (face-to-face exercise group) across Time1 to Time3. A significance level of P 

< 0.05 was established. Additionally, an Autocorrelation and Correlation Analysis were conducted 

on the data from both groups for each parameter. Additionally, a Correspondence Analysis (CA) was 

conducted to visualize and interpret categorical data indicating the relationships and patterns in 

survey responses. 

Figure 1 illustrates that while there were 8 participants each in G1 (tele-exercise) and G2 (face-

to-face), only the data from 5 participants in G1 and 7 in G2 were included in the analysis after 

omitting those who didn't complete the questionnaire. 
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Table 1. The questionnaire and abbreviations. 

Questionnaire Category 
Abbrevia

tion 

1. In the past 4 weeks, what percentage of your full potential (when not sic

k or injured) would you say you have applied to your work?  

Answer ( %) 

Presenteeism PST 

2. Has your level of physical activity decreased or increased due to remote 

work?  

Answer (1. significantly decreased, 2. slightly decreased, 3. remained the sam

e, 4. slightly increased, 5. significantly increased) 

Adequate Ex

ercise 
AE 

3. Has your weight decreased or increased due to remote work?  

Answer (1. significantly decreased, 2. slightly decreased, 3. remained the sam

e, 4. slightly increased, 5. significantly increased) 

Weight Cont

rol 
WC 

4. To what extent do you feel stressed on a daily basis?  

Answer (1. not at all, 2. slightly, 3. somewhat, 4. moderately, 5. quite a bit, 

6. very much, 7. extremely) 

Daily Stress DS 

5. Are you able to alleviate and manage stress?  

Answer (1. not at all, 2. slightly, 3. somewhat, 4. moderately, 5. quite a bit, 

6. very much, 7. extremely) 

Stress Relief SR 

6. Has your level of stress decreased or increased due to remote work?  

Answer (1. significantly decreased, 2. slightly decreased, 3. remained the sam

e, 4. slightly increased, 5. significantly increased) 

Stress due t

o Remote W

ork 

SRW 

7. On average, how many hours and minutes do you sleep?  

Answer (hours, minutes) 
Sleep Time ST 

8. Do you feel that your sleep is sufficient for rest and rejuvenation?  

Answer (1. not at all, 2. slightly, 3. somewhat, 4. moderately, 5. quite a bit, 

6. very much, 7. extremely) 

Adequate Re

st 
AR 

9. Has the quality of your sleep deteriorated or improved due to remote wo

rk?  

Answer (1. significantly deteriorated, 2. slightly deteriorated, 3. remained the 

same, 4. slightly improved, 5. significantly improved) 

Sleep Qualit

y 
SQ 

10. Has your duration of sleep decreased or increased due to remote work?  

Answer (1. significantly decreased, 2. slightly decreased, 3. remained the sam

e, 4. slightly increased, 5. significantly increased) 

Sleep Durati

on 
SD 

11. Do you feel a sense of purpose in your work?  

Answer (1. not at all, 2. slightly, 3. somewhat, 4. moderately, 5. quite a bit, 

6. very much, 7. extremely) 

Purpose in 

Work 
PW 

12. Would you recommend your current workplace to an acquaintance?  

Answer (1. not at all, 2. slightly, 3. somewhat, 4. moderately, 5. quite a bit, 

6. very much, 7. extremely) 

Recommend

ation of Wo

rkplace 

RW 

13. How satisfied are you with your life overall?  

Answer (1. not at all, 2. slightly, 3. somewhat, 4. moderately, 5. quite a bit, 

6. very much, 7. extremely) 

Satisfaction 

of Life 
SL 
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Figure 1. Methods and Process of the Analysis. 

3. Results 

3.1. Attributes 

The number of participants was 8 in the tele-exercise group G1 and 8 in the face-to-face exercise 

group G2. However, as a result, there were 5 participants in G1 and 7 participants in G2. Figure 2 

shows the attributes of the participants. 

 

Figure 2. The attributes of the participants. 

3.2. At the Start of Experiment 

3.2.1. Weight Control: Has Your Weight Decreased or Increased Due to Remote Work?  

Figure 3 presents the results of the question asking about weight changes due to remote work, 

shown in a box-and-whisker plot using the overall median. The collected responses were selected 

from the following options: Answer (1. significantly decreased, 2. slightly decreased, 3. remained the 

same, 4. slightly increased, 5. significantly increased). 

At the beginning of the exercise guidance in July 2021, both the tele-exercise group (G1) and the 

face-to-face exercise group (G2) had experienced weight gain due to remote work. 
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Figure 3. The weight changes due to remote work before experiment. 

3.2.2. Sleep Duration: Has your Duration of Sleep Decreased or Increased Due to Remote Work? 

Figure 4 presents the results of the question asking about changes in sleep duration due to 

remote work, shown in a box-and-whisker plot using the overall median. The collected responses 

were selected from the following options: Answer (1. significantly decreased, 2. slightly decreased, 3. 

remained the same, 4. slightly increased, 5. significantly increased). 

At the beginning of the exercise guidance in July 2021, both the tele-exercise group (G1) and the 

face-to-face exercise group (G2) had experienced longer sleep durations due to remote work. 

 

Figure 4. The sleep duration due to remote work before exercise. 

3.3. Two-Way Repeated Measures ANOVA 

3.3.1. Within-Subjects Contrast (Time Term and Interaction Term) 

A test of the Within-Subjects Contrast revealed no significant differences in any of the items 

between the time term and the interaction term between time and group. 
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3.3.2. Between-Subjects Effects 

Table 2 illustrates the Between-Subjects Effects. As indicated in Table 2, a significant difference 

was observed between groups G1 and G2 in the test of between-subjects effects, but only for Daily 

Stress (DS). However, no significant differences were noted between groups G1 and G2 for the other 

items. 

Figure 5 depicts the transition of Estimated Marginal Means of Daily Stress (DS). As shown in 

Figure 5, a significant difference was observed in DS between groups G1 and G2, with the tele-

exercise group (G1) exhibiting significantly higher Daily Stress compared to the face-to-face exercise 

group (G2). 

Table 2. Between-Subject Effects. 

 

 

Figure 5. Significance of DS between G1 and G2. 
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3.4. Autocorrelation and Correlation 

Autocorrelation is a statistical method to measure how values at different time points within a 

time series data are related to each other. Autocorrelation is calculated using time lag. A correlation 

relationship is a numerical relationship that indicates the extent to which two variables are related. 

This relationship is measured by the correlation coefficient, which is expressed in a range from -1 to 

+1, +1 indicates a perfect positive correlation, -1 indicates a perfect negative correlation, and 0 

indicates no correlation. 

Figure 6 is a diagram illustrating the autocorrelation and correlation for G1 on the items at Time 

2: August 2021 and Time 3: October 2021. The items with an autocorrelation coefficient of 0.8 or higher 

are indicated in light gray. Pairs of items where all four pairs correlation coefficients are either 0.8 or 

above or -0.8 or below are indicated in dark gray. 

Autocorrelation was 0.8 or above in the case of BMI, PRS, DS, SR, SQ, PW, and SL. In these items, 

the data from Time 2 and Time 3 are strongly related and influenced by time. The pairs PRS and SQ, 

DS and SL had all four pairs correlation coefficients above 0.8. Moreover, the pairs BMI and PRS, BMI 

and SQ had all four pairs correlation coefficients below -0.8. If all four pairs correlation coefficients 

between pairs of items are 0.8 or higher or -0.8 or lower, it is considered to have a robust positive and 

negative correlation. 

Figure 7 is a diagram illustrating the autocorrelation and correlation for G2 for the items at Time 

2 and Time 3. The items with an autocorrelation coefficient of 0.8 or higher are marked in light gray. 

There were no items with a correlation coefficient of 0.8 or higher or -0.8 or lower. 

Autocorrelation was found to be 0.8 or above for SR, SRW, ST, SQ, and PW. In these items, the 

data at Time 2 and Time 3 are strongly related and influenced by time. 

 

Figure 6. Autocorrelation and Correlation for G1. 

BMI2 BMI3 PRS2 PRS3 AE2 AE3 WC2 WC3 DS2 DS3 SR2 SR3 SRW2 SRW3 ST2 ST3 AR2 AR3 SQ2 SQ3 SD2 SD3 PW2 PW3 RW2 RW3 SL2 SL3

BMI2 1.00

BMI3 0.98 1.00

PRS2 -0.88 -0.85 1.00

PRS3 -0.89 -0.90 0.85 1.00

AE2 -0.57 -0.62 0.78 0.52 1.00

AE3 -0.19 -0.29 -0.11 -0.10 0.22 1.00

WC2 0.31 0.21 -0.32 0.13 -0.38 -0.38 1.00

WC3 -0.46 -0.32 0.69 0.48 0.25 -0.69 -0.25 1.00

DS2 -0.19 -0.29 0.10 0.58 -0.09 -0.25 0.88 -0.06 1.00

DS3 0.31 0.21 -0.32 0.13 -0.38 -0.38 1.00 -0.25 0.88 1.00

SR2 0.04 -0.02 0.27 -0.09 0.78 0.20 -0.35 -0.06 -0.38 -0.35 1.00

SR3 0.05 -0.02 0.34 0.07 0.77 -0.09 -0.06 0.09 -0.09 -0.06 0.93 1.00

SRW2 NA NA NA NA NA NA NA NA NA NA NA NA 1.00

SRW3 0.40 0.49 -0.29 -0.74 -0.04 0.17 -0.75 -0.03 -0.98 -0.75 0.36 0.10 NA 1.00

ST2 -0.15 -0.02 -0.16 -0.17 -0.53 0.18 -0.46 0.11 -0.40 -0.46 -0.66 -0.85 NA 0.34 1.00

ST3 -0.80 -0.76 0.48 0.48 0.20 0.53 -0.53 0.13 -0.13 -0.53 -0.28 -0.47 NA -0.06 0.63 1.00

AR2 0.40 0.39 -0.46 -0.04 -0.72 -0.56 0.88 -0.06 0.69 0.88 -0.67 -0.41 NA -0.54 -0.05 -0.47 1.00

AR3 0.19 0.36 -0.27 -0.34 -0.69 -0.38 -0.25 0.38 -0.38 -0.25 -0.64 -0.69 NA 0.40 0.81 0.13 0.25 1.00

SQ2 -0.99 -0.99 0.85 0.89 0.56 0.25 -0.25 0.38 0.25 -0.25 -0.06 -0.06 NA -0.46 0.12 0.80 -0.38 -0.25 1.00

SQ3 -0.99 -0.99 0.85 0.89 0.56 0.25 -0.25 0.38 0.25 -0.25 -0.06 -0.06 NA -0.46 0.12 0.80 -0.38 -0.25 1.00 1.00

SD2 -0.57 -0.48 0.53 0.15 0.50 0.41 -0.96 0.33 -0.70 -0.96 0.29 0.04 NA 0.52 0.44 0.71 -0.88 0.15 0.52 0.52 1.00

SD3 -0.91 -0.88 0.64 0.65 0.34 0.46 -0.46 0.23 0.00 -0.46 -0.21 -0.34 NA -0.21 0.48 0.98 -0.46 0.00 0.91 0.91 0.67 1.00

PW2 -0.84 -0.89 0.69 0.96 0.38 0.06 0.25 0.25 0.69 0.25 -0.23 -0.09 NA -0.83 -0.11 0.53 0.06 -0.38 0.88 0.88 0.04 0.68 1.00

PW3 -0.48 -0.61 0.23 0.67 0.14 0.28 0.56 -0.28 0.84 0.56 -0.26 -0.14 NA -0.90 -0.25 0.30 0.28 -0.56 0.56 0.56 -0.33 0.41 0.84 1.00

RW2 0.16 0.06 -0.52 0.00 -0.58 0.26 0.68 -0.64 0.64 0.68 -0.63 -0.58 NA -0.57 0.12 0.04 0.64 -0.08 -0.08 -0.08 -0.62 0.00 0.26 0.67 1.00

RW3 0.36 0.19 -0.25 -0.03 0.17 0.05 0.69 -0.54 0.54 0.69 0.39 0.54 NA -0.43 -0.86 -0.63 0.29 -0.78 -0.29 -0.29 -0.69 -0.54 0.05 0.44 0.35 1.00

SL2 0.22 0.08 -0.21 0.22 -0.13 -0.22 0.96 -0.33 0.88 0.96 -0.12 0.15 NA -0.78 -0.64 -0.51 0.70 -0.52 -0.15 -0.15 -0.89 -0.40 0.33 0.66 0.62 0.84 1.00

SL3 0.24 0.11 -0.23 0.20 -0.19 -0.26 0.98 -0.32 0.89 0.98 -0.17 0.10 NA -0.78 -0.61 -0.52 0.75 -0.46 -0.17 -0.17 -0.91 -0.42 0.32 0.64 0.64 0.81 1.00 1.00
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Figure 7. Autocorrelation and Correlation for G2. 

3.5. Correspondence Analysis 

Correspondence Analysis (CA) is a multivariate statistical technique aimed at the visualization 

and interpretation of categorical data, enabling the visualization of categorical data and explicitly 

illustrating the relationships and patterns in survey responses.  

Figure 8 presents the results of the correspondence analysis conducted on the responses (average 

of G1 and G2) to the survey featuring a 7-point Likert scale (AE, WC, DS, SR, SRW, AR, SQ, SD, PW, 

RW, SL). As depicted in Figure 8, the survey items AR, DS (A1 called as a rest for stress relief area) 

and PW, RW, SL (A2 called as a job and life satisfaction area) as well as WC, SR, SQ, SD (A3 called as 

a sleep and stress for weight control area) are proximate to each other, indicating that each set of 

categories is interrelated. Furthermore, it was observed that G1 at Time3 is encompassed in a job and 

life satisfaction area, and both G2 at Time2 and Time3 are encompassed in a sleep and stress for 

weight control area, indicating that each response exhibits a strong tendency for each category.  

Figure 9 presents the summary of the correspondence analysis. With a contribution rate of 0.861 

in Dimension 1 and Dimension 2, a high explanatory power is demonstrated. 

 

Figure 8. Corresponding Analysis. 

BMI2 BMI3 PRS2 PRS3 AE2 AE3 WC2 WC3 DS2 DS3 SR2 SR3 SRW2 SRW3 ST2 ST3 AR2 AR3 SQ2 SQ3 SD2 SD3 PW2 PW3 RW2 RW3 SL2 SL3

BMI2 1.00

BMI3 0.62 1.00

PRS2 0.65 0.26 1.00

PRS3 0.19 0.43 0.45 1.00

AE2 -0.24 -0.24 -0.32 -0.61 1.00

AE3 -0.59 -0.44 -0.23 0.19 0.46 1.00

WC2 0.43 0.15 0.58 0.26 -0.78 -0.72 1.00

WC3 -0.04 0.42 -0.51 -0.04 -0.12 -0.37 0.05 1.00

DS2 -0.17 0.00 0.16 0.82 -0.72 0.28 0.24 -0.17 1.00

DS3 -0.25 -0.31 0.18 -0.47 0.35 0.00 0.00 -0.51 -0.38 1.00

SR2 -0.61 -0.31 -0.79 -0.06 0.36 0.70 -0.80 0.17 0.17 -0.38 1.00

SR3 -0.54 -0.56 -0.75 -0.19 0.21 0.53 -0.55 0.15 0.15 -0.45 0.89 1.00

SRW2 0.49 0.07 0.54 0.33 -0.77 -0.45 0.69 -0.39 0.49 -0.09 -0.49 -0.28 1.00

SRW3 0.33 0.11 0.35 0.25 -0.83 -0.56 0.71 -0.22 0.47 0.00 -0.47 -0.30 0.94 1.00

ST2 0.15 -0.15 -0.13 -0.42 0.40 0.15 -0.49 -0.52 -0.26 0.18 0.26 0.23 0.17 0.09 1.00

ST3 0.04 -0.24 -0.16 -0.47 0.42 0.18 -0.50 -0.56 -0.26 0.30 0.26 0.23 0.15 0.09 0.99 1.00

AR2 -0.23 -0.46 -0.24 -0.03 0.53 0.77 -0.66 -0.23 0.00 -0.34 0.68 0.71 -0.39 -0.60 0.29 0.26 1.00

AR3 -0.22 -0.66 0.10 0.25 -0.06 0.60 -0.08 -0.49 0.47 -0.27 0.35 0.56 0.20 -0.02 0.09 0.09 0.72 1.00

SQ2 0.48 -0.21 0.58 -0.44 0.30 -0.27 0.24 -0.56 -0.56 0.51 -0.61 -0.43 0.23 0.06 0.34 0.34 0.00 0.06 1.00

SQ3 0.24 -0.60 0.28 -0.46 0.17 -0.09 0.19 -0.51 -0.32 0.18 -0.24 0.12 0.31 0.11 0.37 0.37 0.33 0.51 0.80 1.00

SD2 -0.04 0.24 -0.40 0.39 0.00 0.33 -0.37 0.56 0.26 -0.89 0.65 0.58 -0.35 -0.41 -0.21 -0.30 0.53 0.23 -0.65 -0.37 1.00

SD3 0.76 0.61 0.21 0.33 -0.12 -0.21 0.00 0.25 0.00 -0.75 0.00 0.00 0.17 0.00 0.15 0.00 0.22 0.00 0.00 0.00 0.59 1.00

PW2 0.21 -0.50 0.40 0.17 -0.14 0.26 0.15 -0.62 0.31 -0.20 0.00 0.28 0.49 0.22 0.27 0.24 0.55 0.88 0.42 0.75 0.00 0.20 1.00

PW3 -0.17 -0.69 0.15 0.15 -0.29 0.35 0.13 -0.63 0.53 -0.08 0.17 0.43 0.54 0.39 0.26 0.28 0.41 0.88 0.14 0.58 -0.10 -0.15 0.87 1.00

RW2 -0.25 -0.85 0.10 -0.07 -0.12 0.30 0.16 -0.51 0.28 0.00 0.11 0.45 0.33 0.18 0.09 0.13 0.46 0.88 0.28 0.73 -0.13 -0.26 0.85 0.92 1.00

RW3 -0.58 -0.65 -0.35 0.15 -0.38 0.30 0.13 0.07 0.56 -0.32 0.42 0.67 0.13 0.15 -0.32 -0.27 0.29 0.67 -0.42 0.13 0.27 -0.32 0.39 0.66 0.71 1.00

SL2 -0.07 -0.52 0.29 0.03 0.38 0.53 -0.13 -0.40 -0.07 0.00 0.07 0.21 -0.24 -0.50 -0.11 -0.11 0.72 0.72 0.42 0.57 0.11 0.00 0.65 0.42 0.62 0.24 1.00

SL3 0.36 0.16 0.67 0.86 -0.54 0.21 0.32 -0.42 0.75 -0.38 -0.17 -0.15 0.56 0.35 -0.14 -0.19 0.17 0.56 -0.03 0.04 0.19 0.38 0.62 0.52 0.31 0.18 0.32 1.00
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Figure 9. Summary of Corresponding Analysis. 

4. Discussion 

4.1. At the Start of the Exercise Program 

As shown in Figures 3 and 4, at the start of the exercise program, both the tele-exercise group 

(G1) and the face-to-face exercise group (G2) had experienced weight gain and longer sleep durations 

due to remote work. In Japan, the government expanded the declaration of emergency nationwide 

on April 16, 2020, and an expert panel recommended to the government behavior modification, an 

80% reduction in the flow of people, refraining from unnecessary outings, and the introduction of 

telework. As a result of these recommendations, the promotion of remote work and the suggestion 

to refrain from going out led to reports of weight gain due to lack of exercise and increased sleep 

duration [13]. Globally, weight gain has also been reported due to lockdowns caused by the 

coronavirus pandemic [14]. In this study as well, weight gain and increased sleep duration due to 

remote work were observed prior to the start of the exercise program (July 2021). It is conjectured 

that this is the result of decreased physical activity due to remote work promoted by calls for 

refraining from going out, leading to weight gain. In addition, it is also inferred that sleep duration 

increased due to the reduction in commuting time as a result of remote work. 

4.2. Two-Way Repeated Measures ANOVA 

As shown in Figure 5, a significant difference was observed in DS between groups G1 and G2. 

Daily Stress increases for the tele-exercise group (G1) and decreases for the face-to-face exercise group 

(G2).  

The tele-exercise group (G1), which exercises at home, does not go out for exercise and does not 

engage in communication during exercise. Therefore, it is believed that they spend more time staying 

at home, resulting in higher daily stress. On the other hand, the face-to-face exercise group (G2) goes 

out for exercise and communicates face-to-face during exercise, so it is believed that their daily stress 

is lower. 

In this way, even though exercise is performed, the tele-exercise group was unable to alleviate 

daily stress. It was demonstrated that mood states were not correlated with current physical activity 

patterns [15]. Given the circumstances of COVID-19-related confinement, it seemed highly 

improbable that individual physical activity patterns alone could mitigate potential mood and 

behavioral impairments. Additionally, there was no evidence of an association between perceived 

changes in physical activity and anxiety when comparing twins who reported an increase with those 

who reported no change in physical activity [16].  

4.3. Autocorrelation and Correlation 

The tele-exercise group (G1) exhibited self-correlations greater than or equal to 0.8 for BMI, PRS, 

DS, SR, SQ, PW, and SL. These variables appear to be strongly influenced by time, emphasizing the 

importance of continuity. Additionally, within the tele-exercise group (G1), all four combinations of 
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PRS and SQ, as well as DS and SL, had correlation coefficients greater than 0.8. Furthermore, all four 

combinations of BMI with PRS and BMI with SQ had correlation coefficients less than -0.8. 

In this manner, it was suggested that the tele-exercise group (G1) can enhance work productivity 

by obtaining good-quality sleep, even in situations of increased Daily Stress. 

For instance, research revealed a significant impact of subjective sleep quality on presenteeism, 

suggesting that maintaining good sleep hygiene could be crucial for enhancing workers' productivity 

[17]. Moreover, the study demonstrated that the reduction of job demands or work-related pressure 

could result in enhanced sleep quality among employees, ultimately contributing to their mental 

health, well-being, and overall productivity [18]. 

The tele-exercise group (G1) suggested the potential to enhance work productivity even when 

experiencing increased Daily Stress, possibly due to the moderate stress levels. The Yerkes-Dodson 

law elucidates the correlation between stress and performance in the form of an inverted-U curve. It 

posits that an optimal level of stress can facilitate peak performance [19]. 

The tele-exercise group (G1) suggested that by effectively managing moderate levels of Daily 

Stress, it could potentially enhance work productivity and, in turn, increase life satisfaction. Research 

has demonstrated that when an employee's job performance improves due to increased work 

commitment and enhanced task competence, it leads to an enhancement in their life satisfaction [20]. 

Moreover, the study indicated that greater work satisfaction had a positive impact on overall life 

satisfaction [21]. 

The tele-exercise group (G1) suggested that by effectively managing moderate levels of Daily 

Stress, it might be possible to enhance work productivity, which, in turn, could help control obesity. 

Controlling obesity was indicated as a means to improve sleep quality. 

It has been demonstrated that there is a relationship between working hours and obesity even 

after adjusting for confounding variables, including occupational and health-related characteristics 

that may influence obesity. Furthermore, insufficient sleep was found to have a mediating effect on 

the connection between working hours and obesity. Consequently, these findings suggest the 

importance of identifying factors such as working and sleeping hours for the prevention and 

management of obesity in wage workers [22]. 

The face-to-face exercise group (G2) exhibited self-correlations greater than or equal to 0.8 for 

SR, SRW, ST, SQ, and PW. These variables appear to be strongly influenced by time, emphasizing the 

importance of continuity. 

4.4. Correspondence Analysis 

Time3 of the tele-exercise group (G1) is included in PW, RW, SL (A2), while Time2 and Time3 

of G2 are included in WC, SR, SQ, SD (A3). Strong responses are observed in each category's trends. 

The tele-exercise group (G1) suggested a strong interest in job satisfaction and life satisfaction after 

completing the tele-exercise program. 

Numerous studies have also reported a substantial enhancement in the quality of life (QoL) 

among office workers who engaged in supervised physical exercise. One study demonstrated that a 

17-week exercise program conducted online and guided by a physiotherapist had a positive impact 

on the QoL perception of office workers [23]. 

The face-to-face exercise group (G2) indicated a strong interest in stress relief and sleep quality 

both during and after face-to-face exercise sessions. It was demonstrated that exercise intervention 

(referred to as face-to-face exercise intervention) significantly improved depressive symptoms, 

alleviated anxiety, enhanced the quality of life, and reduced psychological stress and related stress 

symptoms in patients [24]. Moreover, the results of a meta-analysis indicate that participation in 

exercise training (considered as face-to-face exercise training) has a moderately beneficial effect on 

sleep quality, reducing both sleep latency and the use of sleep medication [25]. 

5. Conclusion 

The study involved 16 participants divided into two groups: tele-exercise group (G1) and face-

to-face exercise group (G2). However, the final participant count was 5 in G1 and 7 in G2. The study 
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examined various factors related to remote work and exercise, with Figure 2 displaying participant 

attributes. 

At the start of the experiment in July 2021, both G1 and G2 experienced weight gain and longer 

sleep durations due to remote work. This was attributed to decreased physical activity and reduced 

commuting time. 

A two-way repeated measures ANOVA was conducted, revealing no significant differences 

between time terms and interaction terms for various factors. However, Daily Stress (DS) showed a 

significant difference between G1 and G2, with G1 experiencing higher DS than G2. 

Autocorrelation and correlation analysis showed that several variables in G1, such as BMI, PRS, 

DS, SR, SQ, PW, and SL, had strong relationships with time. The pairs of PRS and SQ, and DS and SL 

had strong positive correlation. The pairs of BMI and PRS, and BMI and SQ had strong negative 

correlation. 

In contrast, G2 exhibited autocorrelation above 0.8 for SR, SRW, ST, SQ, and PW. There were no 

strong correlations between variables in G2. 

Correspondence Analysis (CA) was performed on survey responses, showing that certain 

categories of responses were closely related. G1 at Time3 was associated with job and life satisfaction, 

while G2 at Time2 and Time3 was related to stress relief and sleep quality. 

It was noted that both groups initially experienced weight gain and increased sleep duration 

due to remote work. Daily Stress was found to be significantly higher in G1 than in G2, possibly due 

to the isolation of tele-exercise. Autocorrelation and correlation analyses highlighted the influence of 

time on various factors, and some correlations suggested potential ways to enhance work 

productivity and control obesity. 

In conclusion, the study revealed differences between the two exercise groups in terms of stress 

levels and highlighted the importance of managing stress and maintaining good sleep quality in 

remote work settings. It also suggested that exercise interventions could have positive effects on 

participants' well-being and productivity. 
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