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Abstract

Purpose: The relationship between screen time (ST) and obesity has been demonstrated;

however, few studies have differentiated between work-related and leisure-based use in Japanese adults,

including older adults. This study aimed to examine the relationship between both work-related and

leisure-based ST and obesity in adults.

Methods: This cross-sectional study was based on a questionnaire survey conducted in 2018.

Overall, 9,947 adults were invited; 3,161 participants (31.8%) returned the questionnaire. Finally, 2,488

participants (597 younger men (YM), 792 younger women (Y W), 542 older men (OM), 557 older women

(OW)) were included. The main exposures were work-related, leisure-based, and total ST. The outcome

was obesity (body mass index >25 kg/m?). Log-binomial regression analysis was used to calculate

prevalence ratios (PRs) and confidence intervals (Cls) for obesity with 1-h increments of each ST.

Analyses were conducted in all participants and subgroups comprising YM, YW, OM, and OW.

Results: Total ST was significantly associated with obesity in all participants (PR (95% CI) 1.07

(1.04-1.10), YM (1.05 (1.01-1.10)), OM (1.13 (1.05-1.22)), and OW (1.13 (1.02—1.26)). Work-related

ST was significantly associated with obesity in all participants (1.08 (1.04—1.12)), YM (1.06 (1.00-1.12)),

and OM (1.24 (1.08-1.42)). Leisure-based ST was significantly associated with obesity in all participants

(1.09 (1.04-1.14)), YM (1.09 (1.00-1.18)), and YW (1.10 (1.01-1.20)).



Conclusion: ST is associated with obesity in Japanese adults including older adults; particularly,

work-related ST is associated with obesity in men, and leisure-based ST, in younger individuals.

Keywords

screen time, obesity, Japan, cross-sectional study, sedentary behavior, smartphone

Acknowledgments

We would like to express our deepest appreciation to all participants and to Iwamizawa City for

participating in our research.

This work was supported by Japan Science and Technology Agency, the Center of Innovation [grant

number JPMJICE1301].



1. Introduction

According to the World Health Organization, the prevalence of obesity has been increasing

worldwide and has nearly tripled since 1975. Furthermore, although obesity is preventable, a larger number

of people die from obesity/overweight than from being underweight [1]. In Japan, “Health Japan 21 (the

second term)” [2] is a program conducted for comprehensive public health promotion. The reduction of

obesity prevalence along with an increase in the proportion of people maintaining appropriate weight has

been set as one of the goals of the program. According to the National Health and Nutrition Survey, in 2019,

obese men and women aged >20 years accounted for 33.0% and 22.3% of Japanese population, respectively,

and the proportion of obese men has increased significantly since 2013 [3]. According to numerous studies,

obesity can lead to some physical ailments, such as type 2 diabetes, coronary artery diseases [4], cancers

[5], Alzheimer's disease [6], osteoarthritis [ 7], and COVID-19 severity [8]. Also, obesity has harmful effects

on mental health, such as depression [9], anxiety [10], and personality disorders [11]. Obesity, therefore,

causes many health problems. This is why the prevention of obesity is an important global issue, including

in Japan.

The main cause of obesity is an imbalance between energy expenditure and energy intake. In older

adults, this imbalance can be easily caused due to decreasing the amount of energy expenditure [12], and

remarkable decreasing of physical activity. In addition, there are many other risk factors for obesity in adults,

including older adults, for example lifestyle factors such as short sleep duration [13] and dietary patterns



or eating habits [14], [15], endocrines such as reducing testosterone or growth hormone [16], medical

conditions or medications [17], and genetics[18].

Sedentary time, including screen time, is also considered one of the causes of obesity [19], [20].

Screen time is defined as time spent on activities performed in front of screens, such as watching TV and

using computers or smartphones. The penetration rates of cellphones/smartphones and computers in Japan

in 2021 were 95.8% and 78.5%, respectively [21]; this suggests that digital devices are more common these

days. Digital devices are used in many ways, for instance, for work, communication with friends or families,

or entertainment activities, such as playing games. Further, due to the coronavirus disease (COVID-19)

pandemic [22], remote-working and teleworking were recommended, forcing people to stay at home or to

restrict their activities, resulting longer screen time [23], [24]. According to the Ministry of Internal Affairs

and Communications, from 2013 to 2020, Internet usage time, which is considered a type of screen time,

increased from 100.8 min/day to 191.9 min/day on weekdays and from 123.4 min/day to 206.7 min/day on

holidays in people aged 13—69 years [25]. The increasing trend in internet usage time is observed not only

among young people but also among older adults [25]. Furthermore, in July 2020, the Japanese cabinet

approved the declaration that identified Japan as the world’s most advanced information technology (IT)

nation [26]. This means that digital devices play an important role not only in the lives of individuals but

also in the functioning of national systems. As digital devices have become more important, screen time

will continue to increase.



According to a meta-analysis of 16 studies that considered the association between screen time and

obesity among children younger than 18 years, the group with higher (>2 h/day) screen time had

significantly higher odds ratios for obesity than that with lower (<2 h/day) screen time [27]. In the case of

young adults, computer use during leisure time reportedly influences obesity among Swedish youths aged

20-24 years [28]. Similarly, a study examining the relationship between physical activity, screen time

(including TV viewing, internet use, and video game time), and obesity in Japanese adults aged <60 years

reported a significantly higher risk of obesity in the inadequate physical activity/high screen time group

than in the adequate physical activity/low screen time group in all participants, especially in men [29].

However, few studies have examined the relationship between screen time (including work-related

screen time) and obesity in older Japanese adults. Therefore, this study aimed to investigate the association

between screen time, including work-related use, and obesity in adults older than 20 years.

2. Materials and Methods

2.1. Study design, data collection, and study population

This study used the baseline data from the HEalth, Lifestyle, and LOcal community of Iwamizawa

Study (HELLO study). The HELLO study was a questionnaire survey study conducted in October 2018.

A total of 9,947 people (aged >20 years as of August 1, 2018) were randomly selected from 69,646

residents living in the Japanese city of Iwamizawa and were stratified by sex, age, and junior high school

district. We sent a self-administered questionnaire by mail in hard copies with a request letter to the



selected individuals, and 3,161 of them responded (31.8%). Individuals with missing information

regarding screen time, height, or weight, those whose sum of sleep and screen time exceeded 24 h, and

those with inconsistent information regarding work status and work-related screen time were excluded

(e.g. Respondents who reported work-related screen time even though they were "not working"). Finally,

2,488 participants were included in the analysis (Fig. 1).

2.2. Screen time

Screen time was measured using a self-report questionnaire. Participants were required to answer the

following two questions with responses indicating the continuous quantity. (a) “How many hours do you

use a computer on average per day? Please provide separate responses for work-related and leisure-time

use.” (b) “How many hours do you use your cell phone, smartphone, or tablet on average per day? Please

indicate work-related use and leisure-time use separately.”. We calculated work-related and leisure-based

screen time based on the answers to the two questions. In addition, we obtained the total screen time from

the sum of work-related and leisure-based screen time. If participants answered that they were unemployed,

only leisure-based screen time and total screen time were used in this study, as work-related use was set

to 0 min.

2.3. Obesity

Self-reported height and weight were used to calculate the body mass index (BMI, kg/m?). Obesity

was defined as BMI >25 [30].



2.4. Basic characteristics and lifestyle factors

Data on sex, age, educational attainment, work status, sleep duration, and physical activity were

collected using a questionnaire. Age was categorized as 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, and

>80 years. Educational attainment was chosen from “Junior high school, high school, junior

college/college of technology/vocational school, university/graduate school, others”; thus, they were

categorized as < 12 years, < 15 years, <16 years, > 16 years, and other. Work status was assessed by asking

the yes or no question, “Are you currently working (including a part-time job)?”. The Japanese version of

the Pittsburgh Sleep Quality Index [31] was used to assess sleep duration, and the answers were divided

into five categories: <5 h, 5-6 h, 6-7 h, 7-8 h, and >8 h. Physical activity was assessed using the

International Physical Activity Questionnaire [32], and according to the guidelines [33], it was classified

into three categories: low, moderate, and high.

2.5. Statistical analyses

The characteristics of the participants were expressed as means and standard deviations (SD) or

median and interquartile range (IQR) for continuous variables and percentages for categorical variables.

Log-binomial regression analysis was used to obtain prevalence ratios (PRs) and 95% confidence intervals

(95% Cls) for obesity per 1-h increment in total screen time, work-related screen time, or leisure-based

screen time. In Model 1, the covariates were age and sex. In Model 2, educational attainment, sleep

duration, and physical activity were added in addition to the covariates included in Model 1. An analysis



of work-related screen time was conducted in all participants apart from those who responded that they

were not working. For all covariates, missing data were treated as a single category and included in the

analysis. The following subgroup analyses by age and sex were also conducted: men aged <65 years,

women aged <65 years, men aged >65 years, and women aged >65 years.

All analyses were performed using SAS software (version 9.4; SAS Institute Inc.). All statistical tests

were two-sided, with a significance level of p<0.05.

2.6. Ethical approval

This study was approved by the Ethics Committee of the Graduate School of Medicine at Hokkaido

University (18-054). The procedures used in this study adhere to the tenets of the Declaration of Helsinki.

The purpose and methods of the study were explained to the participants in writing, and the return of the

questionnaire was regarded as their consent.

3.  Results

3.1. Characteristics of participants

The basic characteristics of the 2,488 participants (1,139 men, 1,349 women) are shown in Table 1.

Participant age (mean = SD) was as follows: 59.2 = 15.9 years in the total participant group, 48.1 = 12.3

years in men aged <65 years, 48.4 + 12.3 years in women aged <65 years, 73.4 + 6.2 years in older men,

and 72.7 + 6.6 years in older women. Screen time, there were no large differences in leisure-based screen



time between men and women (men aged < 65: 2.0, women aged < 65: 2.0, men aged >65: 0.5, women

aged >65: 0.3); however, the amount of total screen time and work-related screen time was larger in men

aged both <65 years (men: 3.0, women: 1.0) and =65 years (men: 0.5, women: 0.0). The proportion of

participants with obesity was particularly large among men aged <65 years (34.2%) and small among

women aged <65 years (19.1%). The proportion of men who slept for >8 h was larger than that of women.

Younger participants had less sleep than older participants. Regarding physical activity, the proportion of

participants with high levels was the largest. A greater number of men than women engaged in higher

levels of physical activity. The proportion of participants who graduated from university/graduate school

was larger among the younger participants than among the older ones. Moreover, men were more likely

to graduate from university/graduate school than were women.

3.2. Associations between each category of screen time and obesity

The associations between each category of screen time and obesity are shown in Table 2. For total

screen time, both sex- and age-adjusted and multivariate-adjusted PRs for obesity per 1-h increment were

significantly higher in all participants, men aged <65 years, older men, and older women; the multivariate-

adjusted PRs (95% CIJ) in these participant groups were 1.07 (1.04—1.11), 1.05 (1.01-1.11), 1.13 (1.05—

1.22), and 1.13 (1.02—-1.26), respectively. The PRs were higher in older adults than in those <65 years of

age in the case of both men and women.
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For work-related screen time, both sex- and age-adjusted and multivariate-adjusted PRs for obesity

were significantly higher in all participants, men aged <65 years, and older men; the multivariate-adjusted

PRs (95% CI) in these participant groups were 1.08 (1.04—1.12), 1.06 (1.00-1.11), and 1.24 (1.08-1.42),

respectively.

There were significant relationships between leisure-based screen time and obesity in all participants,

men aged <65 years, and women aged <65 years; the multivariate-adjusted PRs (95% CI) in these

participant groups were 1.09 (1.04—1.14), 1.09 (1.00-1.18), and 1.10 (1.01-1.20), respectively.

4, Discussion

This study examined the relationships between each type of screen time—total screen time, work-

related screen time, and leisure-based screen time—and obesity in adults. Leisure-based screen time was

associated with obesity, especially among individuals aged <65 years, regardless of sex. Furthermore,

work-related screen time was associated with obesity among men regardless of age.

Given the varied distribution of screen time caused by the participants' broad ages, we could not

establish an appropriate cut-off point for excessive screen time. Thus, we used the continuous value for

analysis to determine the effect of a 1-h increment of screen time on obesity.

In this study, the distribution of screen time was difference between sex: work-related screen time in

men was longer than in women. In Japan, there is still a large difference between working styles of men
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and women. For example, the paid working hours in men is extremely longer than in women [34] and the

proportion of part-time worker in men is extremely lower than that in women [35]. In addition, the paid

work hour in Japanese men is the second longest in the world [34], which could have an impact on shorter

leisure screen time. Also, the total screen time was shorter in older adults. In 2017, penetration rate of

smartphone was 44.6% in 60s, 18.8% in 70s, and 6.1% in 80s and older, while about 90% in young adults

[36]. This difference probably causes the difference of distribution of screen time between adults aged <

65 and >65.

The results of the present study are consistent with those of previous studies that found an association

between screen time and obesity [37], [38]. A previous Korean study of 19-69-year-olds found that total

screen time, including TV watching and computer and game console use, was significantly and positively

associated with obesity [39]. Moreover, in a study of TV viewing and computer use as screen time, the

high screen time group (>21 h/week) had higher ORs for overweight/obesity than the low screen time

group in the case of both men and women aged >18 years [40].

One possible mechanism for the association between screen time and obesity is that screen time is

often a sedentary activity that requires low energy. A meta-analysis has reported an OR of 1.33 (95% CI

= 1.11-1.60) for overweight/obesity in adults in the long sitting group compared to in those in the short

sitting group [41]. According to a cross-sectional study that examined the relationship between obesity

and the combination of physical activity and sitting time (including TV use, game play, and reading) in
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Australia, the longer sitting time group had a higher OR for obesity than the shorter sitting time group

among adults in both the high and low physical activity groups [42]. These previous studies suggest that

sitting time is associated with obesity independent of physical activity levels. The findings of the present

study are in line with those of these studies, as they revealed significant positive associations between

screen time and obesity, even after adjusting for physical activity levels.

Another possible reason is that people with high screen time may have unhealthy diets. Among

American adults, the high total screen time group had a more unhealthy diet and consumed more fast food

than the low total screen time group [43]. In addition, a previous study that considered TV viewing as

screen time reported that the group that watched TV for >2 h per day was characterized by higher energy

intake in the case of both men and women among American adults [44]. Moreover, a systematic review

that considered TV viewing without advertisements related to meals and video gaming as screen time

reported on a relationship between screen time and energy intake: people with longer screen time had

higher energy intake [45]. Thus, increasing screen time can result in a lower-quality diet or higher energy

intake, thereby increasing the risk of obesity.

Work-related screen time is significantly associated with obesity in men. In Australian adult workers,

work-related sitting time was also significantly associated with obesity in men [46]. Hence, the effect of

work-related screen time on obesity may vary according to sex.

4.7. Study limitations and strengths

13



This paper has important strengths. We examined the effects of work-related and leisure-based screen

time separately for the same populations. Some previous studies have shown the relationship between work-

related use only or leisure-based use only and obesity. Also, the participants were randomly chosen in this

study. It may reflect the actual situation of the community. However, at the same time, this study had some

limitations. First, causation of the association between screen time and obesity could not be determined

because this was a cross-sectional study. An inverse causal relationship cannot be ruled out, as sedentary

time may have increased after the development of obesity, which may have resulted in longer screen time.

Second, some biases, such as reporting or selection bias, may have occurred because this study was based

on self-reported data and a low response rate. According to a previous study, there are trends of

underreporting weight and overreporting height (Connor Gorber et al., 2007), leading to the

underestimation of obesity. Third, the validity and reliability of the questions regarding screen time in the

questionnaire were not examined. To reduce the risk of misclassifications, we used a questionnaire that

asked computer use and phone use separately and work-related use and leisure use separately, however,

these types of screens may not be sufficient to accuracy reflect how the participants use screens. For

example, we had no information on the time spent watching TV, even though it could also be regarded as

screen time. People, especially older adults, spend some amount of time watching TV [25]. This is one of

the possible reasons why the associations between screen time and obesity were weaker in older adults than

in the other participants in this study. Fourth, the questionnaire used in this study did not enable us to
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determine the status of eating and physical activity, including energy intake or sedentary behavior, during

screen time; therefore, it was not possible to determine what specific activities were performed during

screen time. For example, some participants may have used applications that encouraged physical activity

such as GPS-based games [48] and active video games [49]. There were unmeasured factors affecting the

association between screen time and obesity, and we were unable to examine their effects in this study.

5.  Conclusion

In summary, screen time was associated with obesity in Japanese adults, including older adults.

Work-related screen time was significantly associated with obesity in men. In adults aged <65 years,

leisure-based screen time was significantly associated with obesity.

As digital devices become more common and their roles expand, screen time is expected to increase.

Therefore, we believe that it is necessary to continue examining the relationship between screen time and

health problems to implement appropriate preventive measures.

6. References

1. World Health Organization. Obesity and overweight. https://www.who.int/news-room/fact-

sheets/detail/obesity-and-overweight (2021).

2. Ministry of Health, Labour and Welfare. Health Japan 21 (the second term).

https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryouw/kenkou/kenkounippon21.html

(2013).
15



et

10.

Ministry of Health, Labour and Welfare. The National Health and Nutrition Survey in Japan, 2019.

https://www.mhlw.go.jp/content/000710991.pdf (2020).

Riaz, H. et al. Association Between Obesity and Cardiovascular Outcomes: A Systematic Review

and Meta-analysis of Mendelian Randomization Studies. JAMA Netw Open 1, €183788 (2018).

Dobbins, M., Decorby, K. & Choi, B. C. K. The Association between Obesity and Cancer Risk:

A Meta-Analysis of Observational Studies from 1985 to 2011. ISRN Prev Med 2013, 680536

(2013).

Profenno, L. A., Porsteinsson, A. P. & Faraone, S. V. Meta-Analysis of Alzheimer’s Disease Risk

with Obesity, Diabetes, and Related Disorders. Biological Psychiatry 67, 505-512 (2010).

Zheng, H. & Chen, C. Body mass index and risk of knee osteoarthritis: systematic review and

meta-analysis of prospective studies. BMJ Open 5, e007568 (2015).

Zhang, X., Lewis, A. M., Moley, J. R. & Brestoff, J. R. A systematic review and meta-analysis of

obesity and COVID-19 outcomes. Sci Rep 11, 7193 (2021).

de Wit, L. et al. Depression and obesity: A meta-analysis of community-based studies. Psychiatry

Research 178, 230-235 (2010).

Simon, G. E. et al. Association Between Obesity and Psychiatric Disorders in the US Adult

Population. Archives of General Psychiatry 63, 824-830 (2006).

16



I1.

12.

13.

14.

15.

16.

17.

18.

19.

Petry, N. M., Barry, D., Pietrzak, R. H. & Wagner, J. A. Overweight and Obesity Are Associated

With Psychiatric Disorders: Results From the National Epidemiologic Survey on Alcohol and

Related Conditions. Psychosomatic Medicine 70, 288 (2008).

Roberts, S. B. & Dallal, G. E. Energy requirements and aging. Public Health Nutr 8, 1028—-1036

(2005).

Wu, Y., Zhai, L. & Zhang, D. Sleep duration and obesity among adults: a meta-analysis of

prospective studies. Sleep Med 15, 1456—1462 (2014).

Ma, X. et al. Skipping breakfast is associated with overweight and obesity: A systematic review

and meta-analysis. Obesity Research & Clinical Practice 14, 1-8 (2020).

Ohkuma, T. et al. Association between eating rate and obesity: a systematic review and meta-

analysis. Int J Obes 39, 1589—-1596 (2015).

Pataky, M. W., Young, W. F. & Nair, K. S. Hormonal and Metabolic Changes of Aging and the

Influence of Lifestyle Modifications. Mayo Clinic Proceedings 96, 788—-814 (2021).

van der Valk, E. S. et al. A comprehensive diagnostic approach to detect underlying causes of

obesity in adults. Obes Rev 20, 795-804 (2019).

Masood, B. & Moorthy, M. Causes of obesity: a review. Clin Med (Lond) 23, 284-291 (2023).

Biddle, S. J. H. et al. Screen Time, Other Sedentary Behaviours, and Obesity Risk in Adults: A

Review of Reviews. Curr Obes Rep 6, 134—147 (2017).

17



20.

21.

22.

23.

24.

25.

Loyen, A., Chau, J. Y., Jelsma, J. G. M., van Nassau, F. & van der Ploeg, H. P. Prevalence and

correlates of domain-specific sedentary time of adults in the Netherlands: findings from the 2006

Dutch time use survey. BMC Public Health 19, 538 (2019).

Department of Business Statistics Economic and Social Research Institute Cabinet Office,

Government of Japan. Consumer Confidence Survey March 2021.

https://www.esri.cao.go.jp/jp/stat/shouhi/honbun202103.pdf (2021).

Novel Coronavirus Response Headquarters, Prime Minister of Japan and His Cabinet. Basic

Policies of Novel Coronavirus Disease Control.

https://www.kantei.go.jp/jp/singi/novel_coronavirus/th_siryou/kihonhousin.pdf (2020).

Musa, S., Elyamani, R. & Dergaa, 1. COVID-19 and screen-based sedentary behaviour:

Systematic review of digital screen time and metabolic syndrome in adolescents. PLOS ONE 17,

€0265560 (2022).

Trott, M., Driscoll, R., Iraldo, E. & Pardhan, S. Changes and correlates of screen time in adults

and children during the COVID-19 pandemic: A systematic review and meta-analysis.

eClinicalMedicine 48, 101452 (2022).

The Institute for Information and Communications Policy of the Ministry of Internal Affairs and

Communications. Report of FY2020 Survey on Information and Communication Media Usage

Time and Information Behavior. The Institute for Information and Communications Policy of the

18



26.

27.

28.

29.

30.

31.

Ministry of Internal Affairs and Communications

https://www.soumu.go.jp/main_content/000765258.pdf (2021).

National Strategy office of Information and Communications Technology, Cabinet Secretariat.

Declaration to Be the World’s Most Advanced IT Nation / Basic Plan for the Advancement of

Public and Private Sector Data Utilization. Government CIOs’ Portal, Japan

https://www.kantei.go.jp/jp/singi/it2/kettei/pdf/20200717/siryoul.pdf (2020).

Fang, K., Mu, M., Liu, K. & He, Y. Screen time and childhood overweight/obesity: A systematic

review and meta-analysis. Child Care Health Dev 45, 744-753 (2019).

Thomée, S., Lissner, L., Hagberg, M. & Grimby-Ekman, A. Leisure time computer use and

overweight development in young adults--a prospective study. BMC Public Health 15, 839 (2015).

Liao, Y. et al. Joint associations of physical activity and screen time with overweight among

japanese adults. Int J Behav Nutr Phys Act 8, 131 (2011).

Examination Committee of Criteria for ‘Obesity Disease’ in Japan & Japan Society for the Study

of Obesity. New criteria for ‘obesity disease’ in Japan. Circ J 66, 987-992 (2002).

Doi, Y. et al. Psychometric assessment of subjective sleep quality using the Japanese version of

the Pittsburgh Sleep Quality Index (PSQI-J) in psychiatric disordered and control subjects.

Psychiatry Res 97, 165-172 (2000).

19



32.

33.

34.

35.

36.

37.

38.

Murase, N., Katsumura, T., Ueda, C., Inoue, S. & Shimomitsu, T. Validity and reliability of

Japanese version of International Physical Activity Questionnaire. Journal of Health and Welfare

Statistics 49, 1-9 (2002).

The TPAQ Group. IPAQ scoring protocol - International Physical Activity Questionnaire.

https://sites.google.com/site/theipaq/scoring-protocol (2005).

Organisation for Economic Co-operation and Development. Employment : Time spent in paid and

unpaid work, by sex. https://stats.oecd.org/index.aspx?queryid=54757#.

Gender Equality Bureau Cabinet Office. The White Paper on Gender Equality 2023.

https://www.gender.go.jp/about_danjo/whitepaper/r04/gaiyou/pdf/r04 gaiyou en.pdf (2023).

Ministry of Internal Affairs and Communications, Japan. The White Paper Information and

Communications in Japan 2018.

https://www.soumu.go.jp/johotsusintokei/whitepaper/ja/h30/index.html.

Banks, E., Lim, L., Seubsman, S.-A., Bain, C. & Sleigh, A. Relationship of obesity to physical

activity, domestic activities, and sedentary behaviours: cross-sectional findings from a national

cohort of over 70,000 Thai adults. BMC Public Health 11, 762 (2011).

Hu, F. B, Li, T. Y., Colditz, G. A., Willett, W. C. & Manson, J. E. Television watching and other

sedentary behaviors in relation to risk of obesity and type 2 diabetes mellitus in women. J4MA

289, 1785-1791 (2003).

20



39.

40.

41.

42.

43.

44,

45.

Shin, J. Joint Association of Screen Time and Physical Activity with Obesity: Findings from the

Korea Media Panel Study. Osong Public Health Res Perspect 9,207-212 (2018).

Duncan, M. J., Vandelanotte, C., Caperchione, C., Hanley, C. & Mummery, W. K. Temporal trends

in and relationships between screen time, physical activity, overweight and obesity. BMC Public

Health 12, 1060 (2012).

Campbell, S. D. 1. et al. Sedentary Behavior and Body Weight and Composition in Adults: A

Systematic Review and Meta-analysis of Prospective Studies. Sports Med 48, 585-595 (2018).

Sugiyama, T., Healy, G. N., Dunstan, D. W., Salmon, J. & Owen, N. Joint associations of multiple

leisure-time sedentary behaviours and physical activity with obesity in Australian adults.

International Journal of Behavioral Nutrition and Physical Activity 5, 35 (2008).

Vizcaino, M., Buman, M., DesRoches, T. & Wharton, C. From TVs to tablets: the relation between

device-specific screen time and health-related behaviors and characteristics. BMC Public Health

20, 1295 (2020).

Bowman, S. A. Television-viewing characteristics of adults: correlations to eating practices and

overweight and health status. Prev Chronic Dis 3, A38 (20006).

Marsh, S., Ni Mhurchu, C. & Maddison, R. The non-advertising effects of screen-based sedentary

activities on acute eating behaviours in children, adolescents, and young adults. A systematic

review. Appetite 71, 259-273 (2013).

21



46.

47.

48.

49.

Mummery, W. K., Schofield, G. M., Steele, R., Eakin, E. G. & Brown, W. J. Occupational sitting

time and overweight and obesity in Australian workers. Am J Prev Med 29, 91-97 (2005).

Connor Gorber, S., Tremblay, M., Moher, D. & Gorber, B. A comparison of direct vs. self-report

measures for assessing height, weight and body mass index: a systematic review. Obes Rev 8,

307-326 (2007).

Khamzina, M., Parab, K. V., An, R., Bullard, T. & Grigsby-Toussaint, D. S. Impact of Pokémon

Go on Physical Activity: A Systematic Review and Meta-Analysis. American Journal of

Preventive Medicine 58, 270-282 (2020).

Williams, W. M. & Ayres, C. G. Can Active Video Games Improve Physical Activity in

Adolescents? A Review of RCT. Int J Environ Res Public Health 17, 669 (2020).

Statements and declarations

Funding

This work was supported by Japan Science and Technology Agency, the Center of Innovation

[grant number JPMJCE1301].

Competing interests

The authors have no relevant financial or non-financial interests to disclose.

Author contributions

22



Conceptualization: Hana Wakasa, Takashi Kimura and Akiko Tamakoshi; Methodology: Hana

Wakasa and Takashi Kimura; Formal analysis and investigation: Hana Wakasa; Writing - original draft

preparation: Hana Wakasa; Writing - review and editing: Takashi Kimura, Takumi Hirata and Akiko

Tamakoshi; Funding acquisition: Akiko Tamakoshi; Resources: Akiko Tamakoshi; Supervision:

Akiko Tamakoshi.

Ethical approval

This study was approved by the Ethics Committee of the Graduate School of Medicine at

Hokkaido University (18-054)

Consent to participate

The purpose and methods of the study were explained to the participants in writing, and the

return of the questionnaire was regarded as their consent.

Consent to publish

Not applicable.

Figure legends

Fig.1 Flow chart of the selection of participants for the present study

23



9. Tables

Table 1 Basic Characteristics of Participants

<65 years >65 years
All Men Women Men Women
Participants, n 2,488 597 792 542 557
Age (years) 592+159 48.1+123 484+123 734+62 727+6.6
Total screen time (h/day) 2.0(5.0) 6.0 (6.8) 3.0(6.0) 1.0(24) 0.3 (1.0)

Work-related screen time (h/day) * 1.5 (6.0) 3.0 (6.1) 1.0 (5.2) 0.5 (3.5) 0.0 (1.2)
Leisure-based screen time (h/day)*® 1.0 (2.3) 2.0 (2.5) 2.0 (2.0) 0.5 (1.7) 0.3 (1.0)

Obesity, n (%) 637 (25.6) 204 (342) 151(19.1) 149(27.5) 133(23.9)
Sleep duration, n (%)
<5h 92 (3.7) 20(3.4) 26 (3.3) 20 (3.7) 26 (4.7)
5-6h 310(12.5)  97(16.3)  130(16.4) 29 (5.4) 54 (9.7)
6-7h 765(30.8) 199(33.3) 299(37.8) 118(21.8) 149(26.8)
7-8 h 776 (31.2) 170(28.5) 230(29.0) 192(35.4) 184(33.0)
>8 h 545(21.9) 111 (18.6) 107 (13.5) 183 (33.8) 144 (25.9)
Physical activity, n (%)
Low 619(249) 130(21.8) 218(27.5) 128(23.6) 143(25.7)
Moderate 669 (26.9) 158 (26.5) 235(29.7) 135(24.9) 141(25.3)
High 824 (33.1) 208(34.8) 220(27.8) 213(39.3) 183 (32.9)
Educational attainment, n (%)
<12 years 223 (9.0) 19 (3.2) 14 (1.8) 75(13.8)  115(20.7)
<15 years 1133 (45.5) 233(39.0) 349 (44.1) 272(50.2) 279(50.1)
<16 years 568 (22.8) 132(22.1) 303 (38.3) 36 (6.6) 97 (17.4)
> 16 years 440 (17.7)  200(33.5) 101 (12.8) 122(22.5) 17 (3.1)
Others 46 (1.9) 3(0.5) 6(0.8) 13(2.4) 24 (4.3)

2Median (interquartile range)

For each variable, the total was not 100% because of missing data.
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Table 2 Prevalence Ratios for Obesity on Increasing Each Type of Screen Time by 1 h

<65 years >65 years
All Men Women Men Women
Total screen time
Participants, n 2,488 597 792 542 557
Obesity, n (%) 637 (25.6) 204 (34.2) 151 (19.1) 149 (27.5) 133 (23.9)

Model 12
Model 2 b

1.07 (1.04-1.10)
1.07 (1.04-1.10)

1.06 (1.02-1.11)
1.05 (1.01-1.10)

1.04 (0.99-1.09)
1.02 (0.97-1.08)

1.12 (1.04-1.20)
1.13 (1.05-1.22)

1.12 (1.01-1.24)
1.13 (1.02-1.26)

Participants, n
Obesity, n (%)
Model 12
Model 2

1,385
364 (26.3)
1.07 (1.03-1.11)
1.08 (1.04-1.12)

Work-related screen time
536 552
178 (33.2) 95(17.2)
1.07 (1.01-1.12)  1.03 (0.97-1.11)
1.06 (1.00-1.12)  1.03 (0.95-1.11)

187

60 (32.1)
1.19 (1.06-1.33)
1.24 (1.08-1.42)

110
31(28.2)
1.17 (0.97-1.40)
1.18 (0.97-1.44)

Participants, n
Obesity, n (%)
Model 1*
Model 2 ®

2,488
637 (25.6)
1.09 (1.04-1.14)
1.09 (1.04-1.14)

Leisure-based screen time
597 792
204 (34.2) 151 (19.1)
1.09 (1.01-1.18)  1.11 (1.02-1.21)
1.09 (1.00-1.18) 1.10(1.01-1.20)

542
149 (27.5)
1.06 (0.95-1.17)
1.07 (0.96-1.19)

557
133 (23.9)
1.11 (0.95-1.29)
1.13 (0.96-1.32)

2Model 1: adjusted for age and sex

®Model 2: adjusted for age, sex, physical activity, educational attainment, and sleep duration.
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10. Figures

Adults >20 years in Iwamizawa (August 2018, n=69,646)

Randomly sampled (n=9,947)

Questionnaire not returned or missing all data (n=6,786)

A

Questionnaire returned (n=3,161)

Missing screen time data (n=537)

Missing height and/or weight (n=4)

\4

Sum of screen time and sleep time >24 h (n=30)

Inconsistency between work status and work-related screen time (n=102)

Participants included in the analysis (n=2,488)

Fig. 1
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