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Letter to the Editor
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pandemic.

Dear Editor,

Although more than a year has passed since the 
first detection of coronavirus disease (COVID-
19) in Wuhan, China, it remains pandemic. Many 

governments have advocated for social distancing measures 
with varying degrees of enforcement, ranging from unforced 
recommendations to business closures and city lockdowns. 
This induced sudden and fundamental changes in the lifestyles 
of populations. A study of the daily step counts from January 
19 to June 1, 2020, measured using smartphones, found that 
step count decreased from March to the end of May 2020 
worldwide (1). Online surveys using International Physical 

Activity Questionnaire shows physical activity deceased in 
April 2020 and recovered in June 2020 (2, 3). Because physical 
activity and daily step counts are determinants of health (4), 
they should be monitored and explored in depth. Physical 
activity varies considerably according to gender, age group, 
region, and season; therefore, data on physical activity before 
the COVID-19 pandemic are needed for reference. .  

We assessed the age, gender, and regional differences in 
the effects of the COVID-19 pandemic on daily step count in 
Japan using activity intensity-dependent triaxial accelerometers, 
which used an algorithm that had been validated using a 
metabolic chamber and the doubly-labeled water method (5).

In this longitudinal study, we used individual data from 
January 1, 2019, to January 1, 2021, collected from users 
of triaxial-accelerometer-based physical activity monitors 
(Panasonic, Osaka, Japan) (5). A total of 628,111 observation-
days were provided by 1,167 unique users nationwide in 
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Figure 1. Step counts according to month in 2019 and 2020

The mean daily step count in each month in 2019 and 2020 are shown in dark blue and orange, respectively. Participants were categorized according to their age, gender, and area of residence 
were used to categorize participants. Age was categorized as <55 or ≥55 years based on the median age. The living area was categorized into: Greater Tokyo Area (Tokyo, Kanagawa, Saita-
ma, and Chiba; n = 439), which was subject to the Declaration of the State of Emergency in response to COVID-19 between April 7 and May 6, 2020; (2) Other Area 1 (mainly urban areas, 
including Osaka, Hyogo, Kyoto, Fukuoka, Aichi, Gifu, Ishikawa, Hokkaido, and Ibaraki; n = 353), which was subject to the Specific Caution to Prefectures and the Declaration of the State 
of Emergency in response to COVID-19; and (3) Other Area 2 (34 mostly rural prefectures, n = 375), in order to examine the effect of government policy, population density, and the spread 
of COVID-19 on physical activity. The population distribution was 28.6%, 32.5%, and 38.9% in the Greater Tokyo Area, Other Area 1, and Other Area 2, respectively. Step counts were 
higher in Greater Tokyo Area, mainly urban areas than in mostly rural areas, higher in men than in women, higher in younger adults than in older adults, and higher in Spring and Autumn 
than winter and mid-summer in 2019. Step counts significantly decreased in 2020 in Greater Tokyo area. *P<0.05, **P<0.01, ***P<0.001, significantly lower than 2019.
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Japan. The study was conducted with approval by the ethics 
committees of National Institutes of Biomedical Innovation, 
Health and Nutrition (No. 202). All participants read an 
explanation and indicated their understanding before providing 
informed consent.

Seasonal variation, gender, and age group differences 
were observed in the step counts and physical activity energy 
expenditure (AEE) in 2019 (Figures 1 and 2). Compared with 
2019, a significant decline in the step count was observed in 
March 2020 in younger and older men, and younger women, 
but not in older women in the Greater Tokyo area. After 
the Declaration of a State of Emergency on April 7, 2020, 
and implementation of regional restrictions, the step count 
decreased further by up to 1800 steps/day in April and May 
2020 in younger and older men, and younger women, but 
not in older women. The step count gradually increased after 
the lifting of regional orders. By October 2020, when the 
government included Tokyo prefecture into their economic 
revitalization strategies named “GO TO TRAVEL and GO TO 
EAT,” the step count had returned to the 2019 baseline levels 
in younger men and older women, but not in older men and 
younger women. In rural areas, the step count and AEE in 2020 
were similar to those in 2019.

Japan tended to have low COVID-19 infection rates in 
2020 and did not have mandatory lockdowns, but residents 
of the Greater Tokyo Area and urban areas still showed large 
decreases in their step counts and AEE during the period 
immediately after COVID-19 was declared a global pandemic. 
Responses to the COVID-19 pandemic varied according to 
the region, age, and gender, which is probably attributable 
to a combination of changes to activities of daily living 
(e.g., commuting and shopping) and exercise habits (e.g., 
walking and exercising). The observed regional variation in 
physical activity is also likely to have been influenced by 

environmental differences and differences in the use of cars 
and public transportation between regions. Limitations of this 
study include sampling bias due to convenience sampling 
and variability of compliance in wearing devices. This study 
showed clear differences in the impact of the COVID-19 
pandemic on physical activity within regions according to 
age and gender. Social distancing measures and government 
requests or orders decreased overall physical activity, which 
is an important determinant of health. The long-term effect of 
decreased physical activity should be monitored.
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Figure 2. Physical activity energy expenditure (AEE) according to month in 2019 and 2020

The mean AEE in each month in 2019 and 2020 are shown in dark blue and orange, respectively. Refer to the caption of Figure 1 for more infomation. *P<0.05, significantly lower than 2019.
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