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Abstract

:

In Japan, standing while working has not yet become commonplace, and there is little evidence to support the benefits of standing during the workday. Therefore, this study assessed the relationship between the introduction of a sit–stand desk and its ability to reduce the negative effects of sitting too long and increase employees’ general health and productivity. Seventy-four Japanese desk workers participated in this three-month intervention study. Using a randomized controlled trial, the participants were divided into intervention (n = 36) and control (n = 38) groups. The participant characteristics were ascertained using a questionnaire. The intervention effectiveness was assessed by measuring health-, physical activity-, and work-related outcomes. The results indicate that the intervention group significantly decreased their sitting time at work (p = 0.002) and had reduced neck and shoulder pain (p = 0.001). There was a significant increase in subjective health (p = 0.002), vitality in work-related engagement (p < 0.001), and self-rated work performance over a four-week period (p = 0.017). These findings indicate a significant difference between the two groups, demonstrating the effectiveness of a sit–stand desk in reducing sedentary behavior and improving workers’ health and productivity. Future research can accumulate further evidence of best practice use of sit–stand desks.
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1. Introduction


Many studies have demonstrated that prolonged sedentary behavior (SB) increases health risks. For example, a systematic review associating SB and health outcomes found that prolonged SB in adults was associated with a 1.18-fold increased risk of cardiac death, 1.17-fold increased risk of cancer death, 1.91-fold increased risk of diabetes, and 1.24-fold increased risk of all-cause death [1]. Additionally, in a 12-year follow-up study examining the relationship between sitting time and the risk of death from cancer in women aged 50 years and older, the risk of death from cancer was 1.21 times increased for those who sat for eight hours per day, compared to those who sat for less than four hours per day [2]. Despite this evidence, it has been reported that SB accounts for approximately 60% of daily waking hours, while moderate- to vigorous-intensity physical activity (MVPA) accounts for approximately only 5% of adults’ waking hours [3].



According to a survey on SB conducted across 20 countries worldwide, Japanese people sit for the longest time, averaging seven hours a day [4]. As Japanese workers have long working hours, the sitting time of office workers is believed to be similar; the effect of which could be significant to their health. Consequently, the Ministry of Health, Labor and Welfare of Japan has identified the current physical and mental health of workers as a problem, leading them to define measures for “health management” and “work reform”. Recently, to improve productivity by enabling workers to work energetically in the workplace, the revised Guidelines for the Maintenance and Promotion of Workers’ Health in Workplaces was publicly announced for implementation from April 2021 [5]. Due to these national policies, private companies have come to attach more importance to efforts that promote health in the workplace.



In addition to increasing the risk of developing many mental and physical disorders, SB has been associated with declining job performance, poor work engagement (WE), and low presenteeism [6,7]. Thus, maintaining and improving workers’ health could improve the vitality of employees, invigorate the workplace, and improve productivity. In a study focusing on the relationship between the effects of physical activity (PA) on WE, which evaluated productivity improvement, it was reported that WE was higher in the group that performed physical exercise, such as calisthenics, at least once a week in the workplace [8]. Another report noted that having short sitting times during the workday could produce a better WE index of vitality for both sexes studied and enthusiasm in female employees [9]. Further, it has been indicated that employees with higher levels of health risk tend to suffer a greater loss of work productivity due to a decline in performance (presenteeism) caused by poor physical conditions [10]. Neck pain, shoulder stiffness, lower back pain, and mental health issues have also been noted as common reasons for decreased work performance. However, research on improving musculoskeletal symptoms due to oversitting lacks consistency in evidence due to the different intervention methods and periods that have been used and studied [11].



The general findings, from a health management perspective, indicate that increasing PA and reducing SB is important. Therefore, standing during work has begun to attract attention as a possible countermeasure against oversitting during the workday. The findings from an intervention study aimed at reducing SB during working hours in England via randomized controlled trials suggest that introducing sit–stand desks in offices reduces sitting time and improves general health effects [12]. However, in Japan, research related to SB and improvement in general workplace environments has only been conducted intermittently. Of the studies available, one demonstrated that office remodeling, including the introduction of sit–stand desks, could increase PA and lead to weight loss and improved work efficiency [13]. Conversely, it has been noted that office remodeling places a large financial burden on companies. The verification of the effect of introducing cheaper and “easier-to-use” sit–stand desks requires the accumulation and establishment of evidence comprising work-related indicators as outcomes when promoting reducing SB and conducting research in the field of occupational health.



Therefore, this study assesses and verifies the effect of introducing a workplace sit–stand desk on Japanese workers’ general PA-, health-, and work-related outcomes.




2. Materials and Methods


2.1. Study Participants and Design


This study used a randomized controlled trial and was conducted as part of a health promotion initiative by the university to which the first author belongs, in cooperation with Company R, which deals in Japanese electronic equipment. Participant recruitment for this study was conducted by selecting desk workers from among those who participated in the company’s health projects and belonged to either the technical department or the general affairs department. Participants with a history of serious complications (e.g., cardiovascular disease or cerebrovascular disease) were excluded from the recruitment process.



Of the 931 employees working at Company R, 75 desk workers agreed to participate in the three-month research study intervention. The participants from the technical department (n = 37) and general affairs department (n = 38) were randomly assigned to the intervention or control groups. Randomization occurred at the company level after baseline data were collected. One participant from the intervention group who exited the study was excluded. The final analysis included 36 and 38 participants in the intervention and control groups, respectively (Figure 1).



Before the study was conducted, the working hours of both groups were confirmed to be around 7 hours and 30 min per day. There were no differences in PA and anthropometrics between the groups at baseline (Table 1). Before commencing data collection, the subjects were briefed on the purpose of the measurement, benefits, disadvantages, risks, and disclosure of data. Written informed consent was obtained from the participants. The implementation of this study was approved in advance by the Sendai University’s Research Ethics Review Board (approval number: 2019-12).




2.2. Intervention


Each participant in the intervention group received a personal sit–stand desk that allowed them to switch between sitting and standing positions and set their desk height freely during work hours. These participants were then asked to conduct their work as usual. Before and after the intervention, four health promotion magazines were provided once a month to the intervention group via a group email sent through a representative of each department. The content of these magazines included information about PA and health, including articles related to SB.




2.3. Measures and Outcome Criteria


Characteristics of the participants: Demographic information collected by the questionnaires included items on gender, age, educational background, and marital status. For age, participants were asked to select between two age groups (20–39 or 40–59 years old); for educational level, participants could choose either four years or more of university-level education, or two years or fewer of university-level education; and for marital status, the participants were asked to indicate whether or not they were married.



Health-related outcomes: Measurements were taken using InBody (InBody 470, Tokyo, Japan). The evaluation items used were: (1) body mass index (BMI) and (2) body fat percentage. A questionnaire was conducted regarding the participants’ subjective health and their neck, shoulder, and lower back pain, with reference to previous studies related to the health assessment of desk workers [14,15].



PA-related outcomes: A tri-axial accelerometer (Active Style Pro HJA-750C, Omron Health Care Co., Ltd., Kyoto, Japan) was used to measure the participants’ SB and PA. The participants were asked to wear the accelerometer on their waist for a 10-day workday period, starting at the beginning of each workday and ending when they left work for the day. As all the participants were instructed to only wear the accelerometer during working hours, the wear time was regarded as working hours.



The chosen device stores resultant acceleration information with a measurement range of ±6G and a resolution of 3mG. It was possible to measure light physical activities, such as SBs, with a high degree of accuracy [16,17]. If the accelerometer remained at zero for 60 min or more, it was considered that the participant was not wearing it. PA volume was assessed using the tri-axial accelerometer in relation to light daily life activity (1.6~2.9 Metabolic Equivalents (METs)), sitting time (1.5 METs or lower), and moderate or greater PA (3 METs or higher) every 10 s. The data for SB and PA per day were extracted by assuming that the subjects had worn the accelerometers for at least 6.5 h per day over four working days [18].



Work-related outcomes: Work engagement was assessed using the shortened Japanese version of the Utrecht Work Engagement Scale (UWES-9) [19,20]. The scale consists of three subscales with nine items that assess positive mental state for work, including measures of vigor, dedication, and absorption. This scale has high internal reliability (α = 0.91–0.92) and good test–retest reliability (ICC = 0.66) [20]. It is recommended that work engagement is treated as a unitary construct due to the high correlations (r = 0.75–0.98) among the three components [19]. Work performance was assessed on a scale of 1 (worst ever) to 10 (best possible) with the following questions: “On a scale from 0 to 10, where 0 is the worst performance a person could have at your job, and 10 is the performance of the best worker, how would you rate the performance of most workers in a job similar to yours?”, “How would you rate your job performance in the past year or two?”, and “How would you rate your overall job performance on the days that you worked in the past four weeks (twenty-eight days)?”. The mean and standard deviation (SD) of item scores for each subscale were calculated.




2.4. Statistical Analyses


Means and standard deviations were calculated for the collected data. For each group, comparisons of individual attributes between the groups were conducted using a χ2 test for categorical variables. A paired t-test was used to compare pre- and post-intervention PA, and health-related and work-related outcomes. A group–time interaction assessed with ANOVA was also used to examine pre- and post-intervention changes in PA, along with health-related and work-related outcomes in both groups. Cohen’s d was calculated to measure the effect size values, and their corresponding 95% confidence interval (95% CI) was calculated. SPSS v.28 was used for statistical processing, with the significance level set at p < 0.05.





3. Results


The participants’ characteristics are presented in Table 1. Most participants were men, over 40 years old, with four years or more of university education and married. There were no significant differences between the intervention and control groups with respect to gender, age, educational background, and marital status.



Table 2 illustrates the PA-related, health-related, and work-related outcomes before and after the intervention for both the intervention and control groups. After the three-month intervention, the intervention group data indicate that their sitting time at work (p = 0.002), proportion of sitting time at work (p = 0.005), and their neck and shoulder pain scores (p =0.001) had all significantly decreased. Their scores of subjective health (p = 0.002), vitality in work-related engagement (p < 0.001), and self-rated work performance over a four-week period (p = 0.017) significantly improved. Group–time interaction between intervention and control groups had a significant difference in terms of work sitting time percentages (p = 0.044), subjective health (p = 0.034), neck and shoulder pain (p = 0.018), vitality in work-related work engagement (p = 0.010), and self-assessments of work performance over a four-week period (p = 0.034).




4. Discussion


In recent years, sitting for long periods in the office has been recognized as potentially unhealthy, and using a sit–stand desk to improve sitting behavior has attracted more attention. This study examined the impact of introducing sit–stand desks in the workplace on SB, health outcomes, and the productivity of desk workers required to sit for long periods. At the baseline, sitting time during work hours was approximately 60% in both the intervention and control groups. After the three-month intervention, the control group demonstrated no change, while the intervention group demonstrated a reduction in total sitting time and in the proportion of sitting time during working time, which indicates an improvement since introducing the sit–stand desks. However, the intervention group’s gait, light physical activity, and MVPA demonstrated no change before or after the intervention, which suggests that a sit–stand desk was used during their reduced sitting activity time (i.e., these participants replaced sitting with standing). Previous studies that reviewed the effectiveness of introducing sit–stand desks in the workplace reported an average reduction in sitting time of 100 min per day [21,22]. However, the decrease in sitting time in this study appears to be less compared to that seen in previous studies. This discrepancy could be attributed to the frequent interruptions in SB that may contribute to an overall decrease in sitting time [23]. The current study did not specifically indicate continuous sitting time or interruptions in SB, which allowed the subjects to switch freely between sitting and standing. This means that it may have resulted in a difference between the intervention evaluation methods. Additionally, in other intervention studies, SB at the baseline accounted for approximately 70% of participants’ working hours [24,25]. However, in this study, the subjects’ baseline sitting behavior accounted for less than 60% of the total. This finding indicates that participants’ sitting time was already less than that of participants in previous studies, which may have limited the extent of the subsequent decrease.



Regarding health outcomes, no intervention effect was found on obesity-related BMI or body fat percentages in an objective assessment. Recommendations for improving the general health of desk workers include reducing sitting hours by four hours per day through standing or participating in low-intensity activities [24]. As the energy consumed by standing is insufficient to improve the obesity index [26], interventions with higher-intensity PA, such as walking around the office or increasing activity volume, may be necessary in addition to introducing sit–stand desks. No change was found in the lower back pain index before or after the intervention. However, after the intervention, the participants’ subjective view of their health improved, and they reported that pain in their neck and shoulders was reduced compared to before the intervention. A similar workstation-based study [27] also reported that reducing sitting time at work (by approximately one hour) resulted in improved subjective health, including lower levels of neck and shoulder pain and improved mood. However, that study indicated no improvement in lower back pain, as assessed by a questionnaire. Consistent with previous findings, this study found that subjective health indicators other than lower back pain were improved by introducing a sit–stand desk. This study also distributed health-promotion magazines every month to participants in the intervention group. This made them more knowledgeable about the deleterious effects of sitting and more aware that standing deskwork was healthier than sitting deskwork. Although there have been studies in which a decrease in SB did not improve musculoskeletal symptoms [28], it is undeniable that improved subjective health may also lead to improved productivity. It is also possible that a reduction in SB through the introduction of a sit–stand desk could be evaluated as a positive health effect. In Scandinavia, for example, the use of standing desks is so widespread that 90% of all employees work on PCs at sit–stand desks. Conversely, in Japan, although interest is growing, standing work has not yet become widespread, and when sit–stand desks were first introduced “standing fatigue” and other concerns (e.g., being worried about what other people might think) were cited as possible inhibitory factors to the widespread adoption of these desks [29]. However, it is believed that after using a sit–stand desk for a certain period, employees’ bodies adapt and their psychological resistance is eliminated due to the change in their work environment (i.e., people come to a better understanding of why their old desks have been removed, which makes it easier for them to use a sit–stand desk).



Oversitting is related to poor work productivity, poor work engagement, and decreased presenteeism and can have an overall negative impact on working conditions [30,31]. In this study, work-related indicators were examined in relation to sit–stand desk implementation. Scores for vitality in work engagement and participants’ self-assessment of their work performance over four weeks were higher in the intervention group than in the pre-intervention and control groups. A study on SB and work engagement based on age group suggested that the longer the sitting time was, the lower the value of work engagement would be, with a greater impact seen in middle-aged individuals than in younger people [32]. As more than 80% of the subjects in this study were middle-aged, reducing their sitting time by using sit–stand desks is believed to have provided them with more vitality in their work, which, in turn, made them more energetic overall. Conversely, although vigor in work engagement indicators positively impacted working conditions, the same could not be found in relation to the dedication and absorption in work engagement labor indicators. In a previous cross-sectional study, workers with shorter sitting times reported a higher job satisfaction and less fatigue. Additionally, higher job satisfaction was associated with higher productivity [33]. Thus, rather than a direct relationship between SB and productivity, oversitting could be seen as causing physical and mental health problems, thereby secondarily affecting productivity through its negative impact on employees’ health and job satisfaction. Future studies should focus on verifying these results and relationships.



It should be noted that this study has several limitations. Although the study design was a randomized controlled trial, it was not personal, and the subjects were divided into intervention and control groups solely on a worksite basis. Additionally, regarding the content of the intervention, the participants in the intervention group were only provided with an installed sit–stand desk and did not receive training regarding its usage, such as SB duration or the number of interruptions. Therefore, it was not possible to identify how the duration and number of SB interruptions affected the participants’ health and productivity specifically. Depending on the intention and physical condition of the participants, it is probable that being able to use the sit–stand desks freely without restriction could reduce their physical and psychological stress and lead to the continued use of these desks [11,34]. Furthermore, regarding the provision of health promotion magazines for health education, the effect of this intervention was not evaluated by ascertaining whether participants had read the content or their levels of understanding. Finally, although the participants’ demographic variables were adjusted when examining the intervention effect, lifestyle and leisure activity variables were not included in this study, which may have affected its findings on obesity and productivity [35]. Carrying out adjustments for these confounders may lead to different results. Despite the noted limitations, this current study’s use of a randomized controlled trial approach enabled it to clarify the effectiveness of the use of sit–stand desks for reducing SB. These findings are useful in Japan, where such knowledge is currently limited. It also contributes to the maintenance and improvement of workers’ health and productivity in Japan.




5. Conclusions


This study examined the impact of introducing a sit–stand desk to reduce the sitting time for desk workers on employees’ health and work. After a three-month intervention, periods of work time spent sitting were reduced in the intervention group compared with the pre-intervention and control groups. Health outcomes improved in terms of participants’ subjective health and the pain they experienced in their necks and shoulders. Regarding work efficiency, subjects’ vitality in work engagement and self-assessment of their work performance improved. It has been suggested that the use of the sit–stand desk reduces sitting time and has a positive effect on health and productivity at work. Future research is required to clarify how best to use sit–stand desks feasibly and continuously. It will also be necessary to accumulate evidence on the effectiveness of frequent interruptions and determine the time allocated to SB at work to improve employees’ health and productivity.
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Figure 1. Flow chart of participants and protocol of intervention. 
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Table 1. Characteristics of the participants at baseline.






Table 1. Characteristics of the participants at baseline.





	

	
Intervention Group

	
Control Group

	




	

	
n = 37

	
%

	
n = 38

	
%

	
p-Value






	
Sex

	

	

	

	

	
0.833




	
Men

	
31

	
83.8

	
26

	
68.4

	




	
Women

	
6

	
16.2

	
12

	
31.6

	




	
Age, years

	

	

	

	

	
0.548




	
20–39

	
7

	
18.9

	
10

	
27.0

	




	
40–59

	
30

	
81.1

	
27

	
73.0

	




	
Education level

	

	

	

	

	
0.572




	
Four years of university or more

	
27

	
73.0

	
20

	
54.1

	




	
Two years of university or fewer

	
10

	
27.0

	
17

	
45.9

	




	
Marital status

	

	

	

	

	
0.675




	
Married

	
29

	
78.4

	
32

	
84.2

	




	
Unmarried

	
8

	
21.6

	
6

	
15.8
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Table 2. The physical activity-, health-, and work-related outcomes at pre-intervention and post-intervention in the intervention and control groups.
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Intervention Group

	
Control Group

	
Group × Time

Interaction




	

	
Pre-Intervention

n = 37

	
Post-Intervention

n = 36

	
Effect Size

(95% CI)

	
p-Value

	
Pre-Intervention

n = 38

	
Post-Intervention

n = 38

	
Effect Size

(95% CI)

	
p-Value

	
p-Value






	
Physical activity-related outcomes

	

	

	

	

	

	

	

	

	




	
Sitting time, min/work time

	
259.9 ± 29.5

	
239.2 ± 42.2

	
−0.53 (−0.19, −0.88)

	
0.002

	
266.6 ± 47.1

	
262.4 ± 58.8

	
−0.08 (−0.24, 0.41)

	
0.615

	
0.152




	
Sitting time of ratio a, work time

	
59.2 ± 13.2

	
52.8 ± 10.4

	
−0.49 (−0.15, −0.88)

	
0.005

	
61.0 ± 9.2

	
60.9 ± 13.1

	
−0.01 (−3.78, 3.98)

	
0.960

	
0.044




	
Wear time, min/work time

	
458.8 ± 89.8

	
461.9 ± 83.1

	
0.04 (−0.36, 0.28)

	
0.806

	
440.1 ± 58.5

	
436.8 ± 70.9

	
−0.47 (−0.27, 0.36)

	
0.775

	
0.978




	
Steps, steps/work time

	
4566 ± 1842

	
4660 ± 1674

	
0.04 (−0.36, 0.28)

	
0.780

	
3957 ± 1678

	
3590 ± 2091

	
0.20 (−1.85, 0.53)

	
0.228

	
0.281




	
LPA b, min/work time

	
164.2 ± 71.3

	
179.3 ± 71.3

	
0.25 (−0.58, 0.08)

	
0.134

	
138.3 ± 44.1

	
140.5 ± 68.2

	
0.04 (−0.36, 0.28)

	
0.817

	
0.420




	
MVPA c, min/work time

	
42.5 ± 16.8

	
44.1 ± 16.3

	
0.09 (−0.42, 0.23)

	
0.574

	
37.8 ± 14.1

	
35.2 ± 18.1

	
−0.15 (−0.18, 0.47)

	
0.375

	
0.269




	
Health-related outcomes

	

	

	

	

	

	

	

	

	




	
BMI, kg/m2

	
25.2 ± 4.2

	
25.3 ± 4.1

	
0.31 (−0.62, 0.03)

	
0.088

	
23.3 ± 3.0

	
23.2 ± 2.9

	
−0.04 (−0.36, 0.28)

	
0.807

	
0.397




	
Body fat mass %

	
27.1 ± 6.4

	
27.9 ± 6.0

	
0.29 (−0.62, 0.04)

	
0.084

	
24.5 ± 7.0

	
26.1 ± 7.3

	
0.76 (0.28, 1.11)

	
0.002

	
0.840




	
Self-rated health

	
2.32 ± 1.00

	
3.05 ± 0.94

	
0.55 (0.89, 0.20)

	
0.002

	
2.78 ± 0.78

	
2.92 ± 0.22

	
0.18 (−0.49, 0.14)

	
0.281

	
0.034




	
Pain neck–shoulders

	
2.73 ± 0.92

	
2.14 ± 0.82

	
−0.58 (−0.23, −0.93)

	
0.001

	
2.51 ± 1.04

	
2.43 ± 1.12

	
−0.10 (−0.22, 0.42)

	
0.556

	
0.018




	
Pain back

	
2.14 ± 0.91

	
2.11 ± 0.93

	
−0.04 (−0.29, 0.36)

	
0.822

	
2.05 ± 0.94

	
2.19 ± 1.05

	
0.14 (−0.46, 0.18)

	
0.391

	
0.474




	
Work-related outcomes

	

	

	

	

	

	

	

	

	




	
Vigor d

	
2.51 ± 1.37

	
3.32 ± 1.26

	
0.69 (1.05, 0.33)

	
<0.001

	
2.73 ± 1.66

	
2.84 ± 1.55

	
0.09 (−0.41, 0.26)

	
0.562

	
0.010




	
Dedication e

	
2.84 ± 1.21

	
3.16 ± 1.26

	
0.29 (−0.68, 0.03)

	
0.076

	
3.14 ± 1.68

	
3.19 ± 1.56

	
0.03 (−0.35, 0.28)

	
0.834

	
0.338




	
Absorption f

	
3.24 ± 1.32

	
3.46 ± 1.28

	
0.19 (−0.51, 0.13)

	
0.254

	
3.46 ± 1.52

	
3.32 ± 1.56

	
−0.10 (−0.29, 0.42)

	
0.536

	
0.254




	
Most workers assessment g

	
5.27 ± 1.73

	
5.57 ± 1.57

	
0.17 (−0.49, 0.16)

	
0.316

	
6.16 ± 1.59

	
5.84 ± 1.89

	
−0.16(−0.16, 0.48)

	
0.320

	
0.187




	
Self assessment, past 4 weeks h

	
5.32 ± 1.84

	
6.14 ± 1.60

	
0.34 (0.07, 0.62)

	
0.017

	
5.76 ± 1.65

	
5.49 ± 1.69

	
−0.45 (−0.27, 0.36)

	
0.547

	
0.034








Note: a Ratio sitting time for wear time (total working time); b light physical activity; c moderate-to-vigorous physical activity; d work-engagement vigor; e work-engagement dedication; f work-engagement absorption; g work-performance assessment of most workers; h work performance (self-rated job performance) over the past four weeks.
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