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Abstract
Background: The coronavirus disease 2019 (COVID-19) has adversely affected social contact and physical activity.
This study investigated the correlation between physical activity, social contact, and sedentary time among adults
aged 65 years and above during the COVID-19 pandemic.
Methods: This study was conducted in N City, H Prefecture, Japan. The authors randomly selected 4,996 adults, aged
65 years and above (mean age 74.1 ± 6.1 years), living in N City, and survey forms were distributed by mail in midAugust 2020. Altogether, 1,925 participants were included in this study. The survey comprised questions concerning
the participants’ sex, height, weight, age, smoking and drinking habits, living arrangements, social contact assessments, physical activity levels, and sedentary time. Moreover, linear regression analysis was utilized to investigate the
associations between the variables.
Results: The reported median physical activity was 1272 metabolic equivalent of task-min/week (interquartile range
528–2628), and the reported median sedentary time was 360 min/week (interquartile range 240–600). COVID-19
“somewhat,” “quite a lot,” or “completely” hindered the frequency of in-person contact with friends among 75.5% of the
respondents and hampered the frequency of virtual contact with friends among 38.8% of the respondents. Physical
activity was associated significantly with in-person contact indicators: “interaction with friends” (B = -0.111; 95%CI:
-0.187, -0.035; p = 0.004) and “social participation” (B = -0.163; 95%CI: -0.248, -0.079; p < 0.001). These associations
remained significant for both multivariate analysis Models 1 (sex and age) and 2 (addition of body mass index [BMI],
alcohol use, smoking, living alone, and the number of illnesses to Model 1). Additionally, sedentary time was significantly associated with the social contact variable of “interaction with friends” (B = 0.04; 95%CI: 0.016, 0.064; p = 0.001).
This association remained significant in both multivariate analysis models.
Conclusions: Significant associations were confirmed between reduced social contact, decreased physical activity,
and more sedentary behavior among older adults due to COVID-19. Hence, continuous monitoring and support for
social activities among susceptible older adults in extraordinary circumstances are essential.
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Background
The novel coronavirus disease 2019 (COVID-19) spread
rapidly across the globe, significantly affecting daily
lives [1]. Lockdowns have been imposed in major cities worldwide. A state of emergency was declared on
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April 16, 2020, in Japan, and activities were restricted
for approximately one month. After May 25, 2020, the
restrictions were relaxed every few weeks, during which
people were only permitted to leave their residences
to go to work, buy essential items, or exercise. People
were instructed to avoid crowded places, large gatherings, and meetings. Additionally, social activities for
older adults were postponed to prevent the spread of
COVID-19 amongst the vulnerable segments of society.
A recent survey administered by the Survey of Health,
Ageing and Retirement in Europe (SHARE) revealed
that older adults living with chronic conditions were
significantly more likely to be hospitalized because of
COVID-19 [2]. As of December 2020, Japan reported
164,203 COVID-19 cases and 2,419 deaths, with an
overall mortality rate of 1.3%. While the mortality rate
is 0% for those in their 20 s and 30 s, it reached 0.1%,
0.3%, 1.5%, 5.3%, and 12.9% for those in their 40 s, 50 s,
60 s, 70 s, and 80 s, respectively [3]. Thus, the importance of such confinement measures was warranted,
especially among older adults.
In Japan, the restrictions due to COVID-19 lasted from
April to May 2020; however, social activities for older
adults were postponed to prevent the spread of infection [4]. Due to the low-level information communication technology (ICT) utilization of older adults [5, 6],
there were concerns that many older adults were at an
increased risk of loneliness or social isolation during this
time.
Social isolation due to the COVID-19 pandemic has
been a public health concern for older adults living in
communities since the outbreak of the disease. Social isolation is defined as a state of little to no interaction with
family and friends and non-participation in social activities [7]. Social isolation is a high-risk factor for all-cause
mortality [8–11] and coronary vascular disease [12–17].
Moreover, social isolation has been associated with
depression [18], dementia, and declining cognitive functioning [19–21].
Although the mechanism whereby social isolation
influences physical and mental health is not clearly
understood, the leading theory is that social isolation
results in poor health habits, such as physical inactivity
[22, 23]. A recent study of participants aged 50 years and
older found that social isolation was associated with low
daily physical activity and sedentary behavior [24].
Furthermore, close friendships were associated with
more physical activity and less sedentary behavior among
older adults [25]. A study on adults aged 62 years and
above signified that interaction with friends was positively associated with objective physical activity [26].
Hence, it appears that social contact is critical in increasing motivation to engage in physical activity [27].
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Physical inactivity, due to COVID-19 lockdowns and
restrictions on activities, has been widely reported globally. Although rates vary by generation and region, studies show a 10‒50% decrease in overall physical activity
[28–31] and nearly a 30% increase in sedentary behavior [32, 33]. Even though the restrictions in Japan only
lasted for one month, the reduction of social contact due
to COVID-19 likely continued to influence older adults’
physical activity until August 2020. To curb the spread of
infection, people voluntarily avoided social activities and
large gatherings.
A lack of social contact due to the COVID-19 pandemic hindered physical activity among older adults.
Therefore, older adults were likely living in extraordinary
circumstances even three months after the restrictions
were lifted. Accordingly, this research intends to clarify
the reduction of social contact among older adults living
in communities and explore the correlation between their
physical activity and social contact during the COVID-19
pandemic.

Methods
Study participants and study period

This study was conducted in Japan in August 2020. In
total, 4,996 community-dwelling older people were
selected randomly as prospective study participants from
an overall older population aged 65 years and above using
addresses recorded in the Health and Welfare Department Office. The exclusion criteria included older people
who were hospitalized or who resided in nursing homes,
and the survey forms were distributed by mail in midAugust 2020. The details of the study were explained in
writing to the prospective participants, and the return of
a completed survey was considered as consent to participate in the study.
Survey responses were received from 2,764 participants. Among these, 839 respondents had missing data
for sex (n = 1), age (n = 21), body mass index (BMI)
(n = 42), smoking (n = 37), drinking (n = 4), lifestyle
(n = 16), International Physical Activity Questionnaire
(IPAQ) (n = 16), or social contact (n = 559), and were
consequently excluded. Thus, a final sample of 1,925
respondents was utilized in the analysis. A flow chart
describing the selection process of this study sample
is shown in Fig. 1. Additionally, the Ethics Committee
of Mukogawa Women’s University approved this study
(Approval Number: 20–53).
Survey content

The survey constituted demographic questions regarding sex, height, weight, age, smoking habits (smoking or
non-smoking), drinking habits (drinking alcohol once
per week and more, or not drinking at all), and living
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very little,” “Interfered somewhat,” “Interfered quite a
lot,” “Interfered completely,” or “I do not have friends or
family/I do not participate socially.”
Assessment of physical activity

The IPAQ was utilized to gauge physical activity [35, 36]
by asking participants about their duration and frequency
of walking, moderate physical activity, and intense physical activity. The IPAQ question “How much time did you
spend sitting on a weekday?” was employed to evaluate
participants’ self-assessed sedentary time.
Statistical analysis

Fig. 1 Flowchart for the recruitment of study participants

arrangements (living alone or living with others). Moreover, participants’ self-assessed weights and heights were
used to calculate their BMI. Chronic conditions were
assessed as self-reported hypertension, diabetes, hyperlipidemia, stroke, cardiac disease, and others.
Assessment of social contact status due to COVID‑19

The modified versions of the question “During the past
four weeks, to what extent has your physical health or
emotional problems interfered with your normal social
activities with family, friends, neighbors, or groups?”
from the Short Form 36 Health Survey Questionnaire
(SF-36) were employed in this research [34]. In particular, the participants were asked the following questions: “To what extent has COVID-19 interfered with
your in-person contact with friends?” “To what extent
has COVID-19 interfered with your in-person contact
with family?” “To what extent has COVID-19 interfered
with your social participation?” Social participation was
defined as participation in one or more of the following
eight variables: neighborhood associations, senior citizen clubs, hobby groups, sports groups or clubs, political
organizations or groups, industrial or trade associations,
religious organizations or groups, volunteer groups, and
citizen or consumer groups. Participants were also asked
the following questions: “To what extent has COVID19 interfered with your contact through phone, mail,
or email with friends?” “To what extent has COVID-19
interfered with your contact through phone, mail, or
email with family?” These questions were answered using
one of six responses: “Did not interfere at all,” “Interfered

IBM SPSS 25.0 was used to perform the statistical analyses. Categorical data are shown as the number and
percentages of respondents, whereas continuous variables are shown as mean and standard deviation. Linear
regression analysis was utilized to explore the associations between social contact, physical activity, and sedentary time. Both physical activity and sedentary time
underwent logarithmic transformation before statistical analysis. Social contact was based on six categories:
“Did not interfere at all,” “Interfered very little,” “Interfered somewhat,” “Interfered quite a lot,” “Interfered
completely,” or “I do not have friends or family/I do not
participate socially.” For associations between social contact and physical activity using linear regression analysis,
Model 1 was adjusted for sex and age, whereas Model 2
added adjustments for BMI, alcohol use, smoking, living alone, and the number of illnesses. For associations
between social isolation and sedentary time using linear regression analysis, Model A was adjusted for sex
and age, whereas Model B added adjustments for BMI,
alcohol use, smoking, living alone, and the number of
illnesses. Lastly, a two-tailed p < 0.05 was considered statistically significant.

Results
The participants’ demographic data and characteristics
are exhibited in Table 1. Notably, 44.2% and 55.8% of
the participants were men and women, respectively. The
mean age was 74.1 ± 6.1 years, while the median physical
activity and median sedentary time were 1272 MET-minutes/week (interquartile range 528–2628) and 360 min/
week (interquartile range 240–600), respectively.
Table 2 presents the status of social contact due to
COVID-19, which interfered “somewhat,” “quite a lot,”
or “completely” with the frequency of in-person contact with friends in 75.5% of the participants and with
the frequency of contact through phone, mail, or email
with friends in 38.8% of the participants. Meanwhile,
COVID-19 interfered “somewhat,” “quite a lot,” or
“completely” with the frequency of in-person contact
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Table 1 Participants’ characteristics and demographics a
Gender
Male

851 (44.2)

Female
Age,mean ± SD

1074 (55.8)
years

< 75

≥ 75

BMI

74.1 ± 6.1

1120 (58.2)
805 (41.8)
kg/m2

22.5 ± 3.1

< 18.5

156 (8.1)

≥ 25

353(18.3)

Living alone

359 (18.6)

Living with others

1566 (81.4)

Lifestyle

Illnesses
<2

1110 (57.7)

≥2

815 (42.3)

Does not drink

978 (50.8)

Drinks

947 (49.2)

Alcohol use

Smoking
Does not smoke

1769 (91.9)

Smokes

156 (8.1)

Physical
activity,mdian[IQR]

MET-min / week

1272 [528 1272]

Sedentary
time,mdian[IQR]

min

360 [240 360]

a

Values are n(%))

with family in 65.1% of the respondents and the frequency of contact by phone, mail, or email with family
in 30.7% of the respondents. Finally, COVID-19 interfered with social participation “somewhat,” “quite a lot,”
or “completely” in 91.8% of the participants.
Table 3 depicts the associations between social isolation and physical activity in a multivariate linear regression analysis. Among the social contact indicators,
“in-person contact with friends” (B = -0.111; 95%CI:
-0.187, -0.035) and “social participation” (B = -0.163;
95%CI: -0.248, -0.079; p < 0.001) were significantly associated with lower physical activity and remained significant for multivariate analyses of both Models 1 and 2.

Table 4 highlights the associations between the status of
social contact and sedentary time. Among the social contact indicators, “in-person contact with friends” (B = 0.04;
95%CI: 0.016, 0.064; p < 0.001) was significantly associated
with higher sedentary time and remained significant for
multivariate analyses of both Models A and B.

Discussion
This study investigated the relationship between the
reduction of social contact due to the COVID-19 pandemic and physical inactivity among older adults,
revealing that most community-dwelling older adults’
participation in social activities and in-person contact
with friends and family was limited, even three months
after the restriction period had ended. Furthermore,
among the indicators of social contact, the reduction of
participation in social activities and in-person contact
with friends due to COVID-19 are negatively associated
with physical activity. Conversely, only in-person contact
with friends was positively associated with the participant’s physical activity level and reduced sedentary time.
These findings indicate that most of the older adults in
our study experienced a reduction in their social contact due to COVID-19, and individuals who reported the
greatest reductions also had the lowest physical activity
levels and the highest sedentary behavior levels. Therefore, informal social contact can be a crucial health
behavior for older adults. These results are consistent
with previous studies that reported a protective association between individual-level social capital and physical
activity [25]. Although a large-scale study showed an
increase in physical activity among older adults from
1987 to 2017 [37], pandemic-related restrictions have
likely put an end to this trend.
In-person contact is essential for increasing motivation for physical activity, as confirmed by a meta-analysis
study showing that face-to-face or group gatherings were
more motivational for physical activity interventions than
other deliveries, such as telephone conversations or mail
[27]. During the COVID-19 pandemic, people were told
to avoid large gatherings and meetings that were not part

Table 2 Status of participants’social contact due to COVID-19
Not at all

In-person contact

Contact by phone
Note: Values are n(%)

Verry little

Somewhat

Quite a lot

Completely

Do not have friends or
family/Do not participate
socially

Friends

149(10.5)

198(14.0)

320(22.6)

456(32.2)

293(20.7)

509

Family

307(18.7)

264(16.1)

430(26.2)

407(24.8)

231(14.1)

286

Social participation

33(3.4)

47(4.8)

167(17.0)

331(33.8)

402(41.0)

945

Friends

669(44.3)

266(16.9)

336(21.3)

230(14.6)

46(2.9)

348

Family

938(52.7)

297(16.7)

336(18.9)

149(8.4)

60(3.4)

145
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Table 3 Linear regressions of associations social contact and physical activity
B

95.0% CI
Lower

Crude

Model 1

Model 2

P
Upper

value

In-person contact with friends

-0.111

-0.187

-0.035

0.004

Contact by phone, mail, e-mail with friends

-0.047

-0.113

0.018

0.158

In-person contact with family

0.024

-0.046

0.093

0.505

Contact by phone, mail, e-mail with family

-0.029

-0.104

0.045

0.445

Social participation

-0.163

-0.248

-0.079

P < 0.001

(Constant)

-0.041

-0.106

0.025

0.227

In-person contact with friends

-0.118

-0.194

-0.043

0.002

Contact by phone, mail, e-mail with friends

-0.041

-0.106

0.025

0.227

In-person contact with family

0.017

-0.053

0.086

0.638

Contact by phone, mail, e-mail with family

-0.024

-0.099

0.05

0.522

Social participation

-0.171

-0.255

-0.087

P < 0.001

(Constant)

8.245

7.647

8.843

P < 0.001

In-person contact with friends

-0.133

-0.209

-0.058

0.001

Contact by phone, mail, e-mail with friends

-0.027

-0.093

0.038

0.416

In-person contact with family

0.009

-0.06

0.078

0.799

Contact by phone, mail, e-mail with family

-0.015

-0.089

0.059

0.689

Social participation

-0.147

-0.231

-0.063

0.001

(Constant)

8.227

7.562

8.893

P < 0.001

Model 1: adjusted for sex and age
Model 2: added adjustment for BMI, alcohol use, smoking, living alone, and number of illnesses to Model 1

Table 4 Linear regressions of associations between social contact and sedentary time
B

Crude

Model A

Model B

95.0% CI

P

Lower

Upper

value

In-person contact with friends

0.040

0.016

0.064

0.001

Contact by phone, mail, e-mail with friends

-0.003

-0.024

0.018

0.803

In-person contact with family

0.001

-0.021

0.023

0.934

Contact by phone, mail, e-mail with family

-0.006

-0.03

0.018

0.638

Social participation

0.011

-0.016

0.038

0.424

(Constant)

5.669

5.514

5.825

P < 0.001

In-person contact with friends

0.042

0.018

0.067

0.001

Contact by phone, mail, e-mail with friends

-0.008

-0.029

0.014

0.478

In-person contact with family

0.003

-0.019

0.026

0.766

Contact by phone, mail, e-mail with family

-0.008

-0.032

0.016

0.531

Social participation

0.012

-0.015

0.039

0.387

(Constant)

5.764

5.572

5.957

P < 0.001

In-person contact with friends

0.045

0.021

0.07

P < 0.001

Contact by phone, mail, e-mail with friends

-0.008

-0.029

0.013

0.465

In-person contact with family

0.004

-0.018

0.026

0.717

Contact by phone, mail, e-mail with family

-0.008

-0.032

0.016

0.502

Social participation

0.010

-0.018

0.037

0.489

(Constant)

5.834

5.618

6.05

P < 0.001

Model A: adjusted for sex and age
Model B: added adjustment for BMI, alcohol use, smoking, living alone, and number of illnesses to Model A
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of their own families. As social activities for older adults
were also postponed to prevent the spread of the disease,
older adults were not as motivated to engage in healthy
behaviors (e.g., physical activities).
The cessation of social activities due to the COVID19 pandemic is detrimental to the health of older adults
in the future. In Japan, the cessation of social activities
due to a large-scale natural disaster had drastic effects
on older adults’ physical functions. A Japanese study by
Tomata et al. reported that older adults residing in areas
affected by the Great East Japan Earthquake had a higher
disability prevalence three years after the disaster compared with older adults in other unaffected regions [38].
Restricting social activities for older adults to prevent
the spread of infection and limiting in-person contact
with friends and other people outside their homes facilitates physical inactivity among older adults. An increase
in physical inactivity is known to accelerate the risk of
diseases, such as frailty and declining cognitive function.
Moreover, studies have shown that the effects of a natural
disaster on physical function among older adults persist
for up to three to six years [38–42]. Thus, it is essential to
continue monitoring the physical effects of social isolation among older adults.

various time frames (i.e., during and after, or simply during the restriction period), which could have resulted in
the overestimation or underestimation of the association
between social isolation status and physical activity.

Limitations

Authors’ contributions
NO, NT, and KF designed this study. M Ya, T I., and MA participated in the data
collection. NO and M Yo participated in the data analysis and interpretation,
and NO prepared the draft manuscript. M Yo, MYa., TI, MA, NT, and KF revised
the manuscript for important intellectual content and provided critical revision of the draft. Finally, all authors approved the final version of the article.

Although this study used a large-scale sample of 1,925
older adults, it has several limitations. First, the physical
activity survey did not assess the physical activity status
before the restriction period; hence, the study cannot
clarify the changes in physical activity before and after
the restriction periods. Second, only 1,925 of the 2,794
respondents, all from the same region and city, were
included in the analysis. Thus, it is difficult to generalize the results of the study. Third, subjective responses
were employed to investigate existing illnesses. Fourth,
psychological assessments (e.g., for depression) were not
performed. Psychological illnesses have been reported
to have a significant effect on physical activity; therefore, confounding variables may have interfered with the
outcomes. Additionally, unmeasured confounding bias
is still plausible because the data were only stratified for
basic variables. Reverse causation is also possible because
of the cross-sectional design of this study. Fifth, the
assessment of physical activity was subjective and there
is a need for an objective assessment in the future. Sixth,
social desirability bias may have influenced responses
concerning family, friends, social participation, or physical activity. Finally, no timeframe was indicated for the
question: “To what extent has COVID-19 interfered with
your normal in-person contact with friends?” The participants may have responded differently if they considered

Conclusions
The greater the reduction in social contact due to the
pandemic, the more likely older adults were to be less
physically active and sedentary. Therefore, conducting a
mid-to-long-term survey of social contact levels among
older people and examining the correlation between
social contact levels and physical activity levels is imperative. Additionally, physical activity campaigns and support are warranted in vulnerable populations to maintain
good health during such crises.
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