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Impact of COVID-19 on Life-Space Mobility, Physical Fitness and Motor Abilities in Older Japanese Women with Social Participation 
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ABSTRACT

	Objectives: This study aimed to examine changes in physical fitness and motor abilities among older adult Japanese females who participated in social activities during the pandemic and prepandemic periods.
Methods: This study included 60 older adult females whose physical fitness and motor abilities were measured in 2014 and 2017 (the 2014 group), and 15 older adult females who participated in the same tests before the COVID-19 pandemic in 2019 and during the pandemic in 2022 (the 2019 group). Hand grip strength (upper limb strength), knee extension strength (leg strength), standing on one leg with eyes open and using functional reach (balance ability), 10-m maximal walking (walking ability), cross-step moving on four spots, and hip displacement in the anteroposterior direction (hip function) were selected as parameters. Test results were statistically analyzed using two-way ANOVA to examine the interaction effects of group and chronological changes, followed by post-hoc comparisons using the Tukey Honest Significant Difference test.
Results: Significant chronological changes were found between the 2014 and 2019 groups in one-leg standing with eyes open (46.92–36.84 s and 39.44–29.05 s), functional reach (31.18–29.58 cm and 32.69–31.53 cm), and hip displacement in the anteroposterior direction (23.99–29.17 cm and 26.16–20.25 cm). The cross-step moving on four spots test revealed a notable chronological change (5.34–6.40 s), and life-space mobility only decreased in the 2019 group.
Conclusion: Among older adult females who participate in social activities, the COVID-19 pandemic was associated with a significant compression of life-space mobility. While balance already showed small, age-related declines before the pandemic, the pandemic period was additionally characterized by a reduction in hip function, indicating mobility constraints beyond normal aging.
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1. INTRODUCTION 

[bookmark: _Hlk151654273][bookmark: _Hlk151654322][bookmark: _Hlk151654362][bookmark: _Hlk151654427][bookmark: _Hlk151654486][bookmark: _Hlk151654540]The number of older adult population is showing rapid growth globally. In 1950, the older adult population accounted for 5.1%, but had increased to 9.3% by 2020 (WHO, 2019). Experts project that the proportion of elders will reach 17.8% by 2060 (WHO, 2019). Japan is the first country in the super-aging society with highest aging rate (29.1%; 2023) and this rate will increase to 38.7% by 2070 (MIC, 2023). Life expectancy for males and females in Japan has increased by 3.02 years from 2001 to 2021. (Cabinet Office, 2022) Healthy life expectancy also increased by 0.99 years, from 71.03 ± 1.63 years to 72.02 ± 1.60 years (Cabinet Office, 2023; WHO, 2023). Over the past 20 years, the gap between the average and healthy life expectancy has been increasing, with being10.47 years in 2001 and increasing to 12.50 years in 2021 (Cabinet Office, 2023; WHO, 2023). This widening gap can lead to significant physical and cognitive health issues caused by unhealthy lifestyles; thus, intensified restructuring of the social environment is necessary to support the health of the population (Kondo, 2020). 
[bookmark: _Hlk151654595]The Guidelines on Physical Activity and Sedentary Behavior were published by the World Health Organization (WHO) in 2020 to promote population health and physical activity worldwide. These guidelines help people globally become more active and reduce disease risk by promoting physical activity—any bodily movement produced by skeletal muscles that results in energy expenditure, commonly described by frequency, intensity, time, and type (FITT)—and by discouraging sedentary behavior. The guidelines provide recommendations on how often, how hard, and how long people should be active, and they are suitable for individuals across all ages and abilities. They also emphasize increasing physical activity levels and reducing sedentary behavior to achieve specific health objectives (Bull et al., 2020). Regular participation in sports and physical activities is a solution to the abovementioned issues (Lee et al., 2012). Participating in physical activities and engaging in sports in old age are beneficial for maintaining and enhancing physical function, improving cognitive function, and promoting social participation (Labra et al., 2015; Binder et al., 2008; Weuve et al., 2004; Glass et al., 1999). Given its efficacy, Japan’s Ministry of Health, Labour and Welfare (MHLW) has been promoting the “Kayoino-Ba” initiative since 2014, which is similar to social participation contributing to care prevention (MHLW, 2023). “Kayoino-Ba” refers to places where people can go, such as community centers, parks, and care-related facilities, with the aim of developing regular care prevention and daily living-related activities to promote physical activity and social participation with local older adults as the main operators and participants, as well as solving local problems and building a better community. 
Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), emerged in Wuhan, China, in late 2019. The World Health Organization (WHO) declared a Public Health Emergency of International Concern on 30 January 2020, named the disease COVID-19 on 11 February 2020, and characterized it as a pandemic on 11 March 2020 (WHO, 2020). The first case in Japan was confirmed in January 2020. In April 2020, a state of emergency or preventive measures was issued. In response to COVID-19, authorities mandated restricted activities, subsequently declaring an initial state of emergency from April 7 to May 25, 2020 (Cabinet Office, 2020), mandated activity restrictions that led to a decrease in physical activity levels and time among older adults. This reduction contributed to declines in physical and cognitive functions, reaffirming that inactivity can negatively impact various aspects of health in older adults (Amagasa et al., 2021; Girdhar et al., 2020). The COVID-19 pandemic caused substantial disruptions to daily routines and significantly limited access to physical activity opportunities, particularly for older adults. Several studies have documented notable declines in physical activity levels during this period. For example, a global survey by Ammar et al. (2020) reported significant reductions in moderate-to-vigorous physical activity across various age groups, including older adults, as a result of lockdown measures. Similarly, Tison et al. (2020) observed a worldwide decrease in step count during the early months of the pandemic. In Japan, Yamada et al. (2020) identified a decline in physical activity among community-dwelling older adults, which was associated with deteriorations in physical and cognitive functions. These findings underscore the need to investigate how such declines affected physical fitness and motor abilities in older populations, providing a strong rationale for comparing pre-pandemic and pandemic periods.
Although activity restrictions during the COVID-19 pandemic have shifted to a more moderate level, less physical activity than in the past has been a challenge for older adults, who are at an increased risk of death because of infection (Oliveira et al., 2022). Consequently, the trend of changes in physical fitness and motor abilities with aging is different among older females before and during the COVID-19 pandemic. However, older females who participate in social activities likely maintain their physical activity level; therefore, their physical fitness and motor abilities may not decrease, although aging and activity limitations caused by COVID-19 affect them. However, an important consideration is the role of social participation in mitigating these declines. While prior studies have established the benefits of social participation for maintaining physical and cognitive functions in older adults (Aktaş et al., 2024; Kattenstroth et al., 2010)., the COVID-19 pandemic disrupted many community-based programs and social activities, limiting opportunities for regular physical engagement (Ghram et al., 2020; Oliveira et al., 2022). This disruption raises critical questions about how variations in social participation during such periods influence physical abilities, including muscle strength and balance. Accordingly, the pandemic functioned as a quasi-natural experiment, placing large numbers of older adults under relatively homogeneous activity restrictions and enabling clearer assessment of changes in muscle strength, balance ability, walking ability, and hip function under constrained conditions. This study focuses on older Japanese women with social participation and compares their age-related trajectories of physical fitness and motor abilities before and during the pandemic.
2. methods 

2.1SUBJECTS
All subjects participated in weekly or biweekly social activities hosted by municipal governments. These activities were conducted within the Kayoino-Ba settings, community-based venues designed to promote both physical and social engagement among older adults, many of whom regularly attended Preventive Care Classes—programs led by public health nurses and other professionals focusing on fall prevention, strength training, and related health topics. Annual physical fitness and motor abilities were measured at the target facilities, and a total of 1,019 older adults (837 females) participated in these measurements over the 6-year period from 2014 to 2022, excluding 2018 (for heat stroke) as well as 2020 and 2021 (for COVID-19), in which physical fitness and motor ability measurements were not conducted. To ensure consistency in longitudinal data collection, only participants who completed assessments during both the baseline and follow-up periods were included. Consequently, all 60 participants in the 2014 group and all 15 in the 2019 group provided complete data, resulting in a 100% valid data rate with no loss to follow-up. The study used data from 60 older females (average age: 77.2 ± 5.5 years) who participated in physical fitness and motor ability measurements in both 2014 (Pre subjects) and 2017 (Post subjects). Additionally, 15 older females (average age: 77.3 ± 5.6 years) who completed measurements in 2019 before the COVID-19 outbreak (Pre subjects) and in 2022 during the pandemic (Post subjects), herein mentioned as the 2014 group and 2019 group, respectively. During the COVID-19 pandemic state of emergency, none of the aforementioned operations were performed, resuming in stages, starting in 2021. During that period, each subject was involved in their own physical activity, but the specifics of this activity were not accessible for the study. Nevertheless, it can be inferred that these subjects were leading a distinct lifestyle compared with their previous lifestyle. Considering many subjects participated in job and leisure activities, they were deemed to have high levels of independence in their everyday activities. When this study examined the 3-year age changes in the abovementioned groups, no discernible group differences were observed during the preperiod (2014 and 2019) for all the assessment variables listed below. Therefore, the age, physical fitness, and athletic performance of the two groups were comparable.
 All subjects received a thorough explanation of the study goals and methodology before the measurements, and informed consent was obtained. To prevent the leakage or loss of personal information, all paper-based records were stored securely in the laboratory. Digital data were saved on a dedicated computer that is not connected to the Internet. In accordance with data management protocols, paper records will be stored for 10 years after publication for possible future verification, after which they will be destroyed using a shredder.

2.1 2 MEASUREMENT PROCEDURE AND PARAMETERS
[bookmark: _Hlk151657046]The height and weight were selected to assess physical characteristics. Living space was assessed using life-space assessment (LSA) (Baker et al., 2003). Possible scores in this survey ranged from 0–120. A score of 0 indicates that the patient cannot leave the bedroom at all, whereas 120 indicate that the patient can leave the house without assistance.
Leg and hand grip strength were used to measure muscle strength. A digital grip strength meter (TKK5401, Takei Scientific Instruments Co. Ltd., Japan) was used to measure the isometric hand grip strength (HGS). Additionally, isometric leg grip strength (KJS) was measured by knee extension strength (TKK5710e, Takei Scientific Instruments Co. Ltd., Japan). Grip strength in the hands and legs was measured twice, on the left and right, and the average value was used as the criterion.
Balance was tested by measuring standing on one leg with eyes open (OLS) and performing the functional reach (FR). OLS was measured as the time (up to 120 seconds) that the patient was able to hold a standing posture on either the left or right leg. FR was measured using an elastic stick in which participants were required to push and shorten the elastic stick with the extended dominant hand (Demura et al., 2007). OLS was measured two times by left and right, and the best value was used for the analysis. The FR was conducted once for each participant, and the result was recorded directly.
[bookmark: _Hlk151657250]The 10-m maximal walking time (walking), cross-step moving on four spots (CSFT), and hip displacement in the anteroposterior direction (Hip-D) were selected to assess the combined motor performance (Yamaji et al., 2013; Yamaji and Demura., 2020). For the 10-m maximal walking time, a 12-m walking path was set up throughout, and the time to walk from the start to 10-m with maximum effort was used. CSFT measured the time to step with legs crossed and spread for four mats (Figure 1). Hip-D was defined as the total distance between the positions of the greater trochanter when the hip joint was moved maximally forward and backward from the standing position (0-position). Participants were instructed to move their hip joints as far forward and backward as possible while keeping the soles of their feet on the floor. To accurately identify the greater trochanter’s position over clothing, a medical support belt (As One, 45×1200 mm) was wrapped around the pelvis, and a marker sticker was placed on the greater trochanter. The distance of hip movement was then measured from the participant’s right side. Hip-D was measured as the distance the hip could move back and forth. The measurement has been reported to have high reliability, with an ICC of 0.878 (Yamaji and Demure, 2020). In the present study, Hip-D measurements were conducted under the full supervision of the original developer of the method. CSFT was measured twice in the same manner, and the best value was used for the analysis. Hip-D and Walking were each tested once. All measurements were executed in a single trial.
To ensure consistency across years and sites, the following standardization procedures were implemented for all physical tests. All tests were conducted at the same designated location each year to minimize variability. Identical models of equipment were used at all testing sites. Equipment was calibrated annually to maintain accuracy. Assessors, including Wu and Sugiura (co-authors), are researchers in the field of human measurement. They received one-on-one instruction on movement measurement methods, key points to consider, and detailed explanations directly from the developers of these methods, including FR, CSFT, and Hip-D. Co-researchers provided detailed protocols to assessors, including setup instructions, participant instructions, and measurement procedures. Additionally, the co-researchers participated in all six measurement activities conducted between 2014 and 2022, ensuring consistency and accuracy in the implementation of the protocols. During each assessment period, co-researchers conducted final checks of the test results to ensure protocol adherence.
[image: 电子设备的屏幕
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Figure 1 Measurement method for CSFT 



2.3 STATISTICAL ANALYSIS
A two-way ANOVA was used to assess chronological changes and intergroup differences for all variables (group × chronological changes). The Tukey–Honest significant difference test was used for post hoc comparisons when significant interactions or mean effects were discovered. The effect size (eta squared: η²) was calculated to determine how much the mean values differed. An effect size of 0.01, 0.06, and 0.14 was considered minor, moderate, and substantial, respectively (Mizumoto et al., 2008). This study used SPSS Statistics for Windows ver. 28.0 (IBM) and established a significance level of p < 0.05.

3. results

Table 1 displays the statistics for each item’s mean and standard deviation and the outcomes of the mean analysis. Table 1 reports means (M) and standard deviations (SD) at Pre and Post for each group (2014 vs. 2019), together with two-way ANOVA results—F1 (Time: Pre→Post), F2 (Group: 2014 vs. 2019), the Time×Group interaction (IN), and η² as the effect size. Figure 2 visualizes these contrasts. For interpretation, larger values indicate better performance for OLS, FR, and Hip-D; for time-based outcomes (Walking, CSFT), longer times indicate poorer performance; larger LSA reflects wider life-space mobility. Age, OLS, and FR revealed a notable variation in the chronological changes of various factors. Post subjects were significantly older than pre subjects in terms of age. In both groups, OLS and FR showed a decreased result after the 3 years. Age had a moderate or greater effect size (η2: 0.16), and OLS and FR were small (η2: 0.04–0.05). 

Significant interactions were observed for LSA, CSFT, and Hip-D, indicating that Pre→Post changes differed between groups. For LSA, the 2019 group demonstrated a narrower life-space at Post relative to Pre, and its Post values were lower than those of the 2014 group, consistent with COVID-era compression of life-space. For CSFT, only the 2019 group exhibited slower (longer) times at Post; the 2014 group showed no meaningful change. Post-hoc Tukey comparisons localized the significant Pre→Post difference to the 2019 group. For Hip-D, the 2014 group showed maintenance or slight improvement (Post > Pre), whereas the 2019 group showed a reduction (Post < Pre), and 2019-Post < 2014-Post. The magnitudes of these interaction effects were moderate or greater (η²≈0.07–0.18), suggesting practical relevance for dynamic control and range of motion.

Where interactions were not significant, any small Pre→Post declines (OLS and FR) are most plausibly attributable to general aging rather than COVID-specific effects.

Collectively, the results indicate that COVID-19–related activity restrictions were associated with narrower LSA, and reduced CSFT and Hip-D specifically in the 2019 group, whereas declines in OLS and FR were small and broadly age-related across both groups.



[bookmark: _GoBack]Table 1. Statistical Values fFor Each Item iIn Groups aAnd Chronological Changes aAnd Analysis Results oOf Their Means

	
	
	Pre
	Post
	
	
	
	
	
	q
	Multiple Comparison
	

	
	
	M
	SD
	M
	SD
	
	F
	P
	η2
	dfe
	Pre
	Post
	（Tukey HSD）

	

	Age
	2014
	77.18
	5.50
	80.13
	5.47
	F1
	0.01
	.94
	4.94
	118
	0.085
	0.068
	
	

	(yr)
	2019
	77.27
	5.59
	80.20
	5.62
	F2
	22.71*
	0.000
	0.16
	118
	6.035
	3.000
	[Both]pre<post
	

	
	
	
	
	
	
	IN
	0.00
	.99
	9.85
	118
	-
	-
	
	

	Hight
	2014
	148.59
	5.42
	147.53
	5.29
	F1
	1.19
	.28
	0.01
	118
	0.714
	1.470
	
	

	(cm)
	2019
	149.31
	5.70
	149.01
	5.99
	F2
	2.46
	.12
	0.02
	118
	2.318
	0.328
	
	

	
	
	
	
	
	
	IN
	0.28
	.60
	0.00
	118
	-
	-
	
	

	Weight
	2014
	49.55
	7.50
	48.55
	7.11
	F1
	1.28
	.26
	0.01
	118
	0.862
	1.400
	
	

	(kg)
	2019
	48.41
	5.50
	46.69
	5.62
	F2
	2.69
	.10
	0.02
	118
	1.816
	1.551
	
	

	
	
	
	
	
	
	IN
	0.17
	.68
	0.00
	118
	-
	-
	
	

	LSA
	2014
	65.18
	22.97
	68.85
	25.33
	F1
	0.02
	.88
	0.00
	118
	0.678
	5.265
	[post]2019<2014
	

	(point)
	2019
	77.80
	19.84
	54.80
	19.77
	F2
	0.63
	.43
	0.00
	118
	1.656
	7.680
	[2019] post<pre
	

	
	
	
	
	
	
	IN
	25.72*
	0.000
	0.18
	118
	
	
	

	

	HGS
	2014
	22.16
	4.05
	21.50
	4.09
	F1
	1.55
	.22
	0.01
	118
	1.028
	1.463
	
	

	(kg)
	2019
	22.90
	3.77
	22.55
	4.47
	F2
	1.64
	.20
	0.01
	118
	1.787
	0.475
	
	

	
	
	
	
	
	
	IN
	0.07
	.79
	0.00
	118
	-
	-
	
	

	KJS
	2014
	7.73
	2.32
	7.67
	2.00
	F1
	2.54
	.11
	0.02
	118
	1.999
	1.186
	
	

	(kg)
	2019
	6.96
	1.97
	7.21
	2.86
	F2
	0.00
	.99
	0.00
	118
	0.324
	0.605
	
	

	
	
	
	
	
	
	IN
	0.24
	.63
	0.00
	118
	-
	-
	
	

	OLS
	2014
	46.92
	42.41
	36.84
	38.74
	F1
	1.20
	.28
	0.01
	118
	1.073
	1.116
	
	

	(s)
	2019
	39.44
	27.48
	29.05
	30.47
	F2
	5.66*
	.02
	0.05
	118
	2.991
	1.540
	[Both]pre>post
	

	
	
	
	
	
	
	IN
	0.00
	.98
	0.00
	118
	-
	-
	
	

	FR
	2014
	31.18
	6.68
	29.58
	6.47
	F1
	2.01
	.16
	0.02
	118
	1.238
	1.597
	
	

	(cm)
	2019
	32.69
	6.82
	31.53
	6.07
	F2
	4.88*
	.03
	0.04
	118
	2.958
	1.072
	[Both]pre>post
	

	
	
	
	
	
	
	IN
	0.07
	.80
	0.00
	118
	-
	-
	
	

	Walking
	2014
	6.20
	1.36
	6.45
	1.60
	F1
	0.23
	.63
	0.00
	118
	1.332
	2.284
	
	

	(s)
	2019
	6.53
	1.60
	5.88
	0.93
	F2
	0.13
	.72
	0.00
	118
	1.750
	2.363
	
	

	
	
	
	
	
	
	IN
	4.19*
	.04
	0.03
	118
	-
	-
	
	

	CSFT
	2014
	5.53
	1.43
	5.32
	1.49
	F1
	3.11
	.08
	0.03
	118
	0.791
	4.319
	[post]2014<2019
	

	(s)
	2019
	5.34
	0.91
	6.40
	1.98
	F2
	0.06
	.81
	0.00
	118
	1.509
	3.794
	[2019]pre<post
	

	
	
	
	
	
	
	IN
	8.28*
	0.000
	0.07
	118
	-
	-
	
	

	Hip-D
	2014
	23.99
	5.76
	29.17
	8.56
	F1
	7.74*
	.01
	0.06
	118
	1.794
	7.358
	
	

	(cm)
	2019
	26.16
	7.58
	20.25
	5.54
	F2
	11.60*
	0.000
	0.09
	118
	7.528
	4.287
	[2019]pre>post
	

	
	
	
	
	
	
	IN
	25.924*
	0.000
	0.18
	118
	-
	-
	
	

	Abbreviations: Control［Con］,Covid-19［Cov-19］

	M: Mean, SD: Standard Deviation, 95%CI: 95% Confidence Interval of the Mean Difference(Paired),

	η2: Dihapto, F1:Group, F2: Aging, IN:Interaction


	For a degree of freedom for error (dfe) of 118, a Tukey's q-value greater than 2.836 indicates a statistically significant difference at the 0.05 level.

	*: P = .05
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Figure 2 The 2014 group versus the 2019 group chronological changes for each item in the Pre and Post subjects




4. Discussion
[bookmark: _Hlk151658957]Weight gain in older adults individuals leads to a decrease in strength, mobility, and range of motion (Vincent et al., 2010; Yeom et al., 2008). The negative effects of obesity and high body mass index on physical function and physical activity were reported (Brach et al., 2004; Lang et al., 2008; Garber et al., 2010). For three years, no notable chronological changes in body size were noted in either group, indicating that variations in body size do not significantly impact physical fitness and motor abilities in the current results of this study. During the COVID-19 pandemic from March to July 2020, local older adults showed decreased leg strength in males and females (Albuquerque Angelo et al., 2022). In addition, older females experienced weakened grip strength (Teraoka et al., 2022). Although the 2019 group experienced the COVID-19 pandemic, their muscle strength did not significantly decrease over the 3 years, which is contrary to the findings reported in previous studies (Albuquerque Angelo et al., 2022; Teraoka et al., 2022). Although walking ability decreased with age, no significant decrease in either group was observed over the 3-year period (Sugiura et al., 1998). Moreover, a positive correlation (r = 0.190–0.500) between walking ability and leg strength (Bohannon et al., 1997). Therefore, the maintenance of leg strength also affects walking ability. The leg strength test used in this study not only evaluates isometric maximal muscle exertion but also assesses walking time for a short gait test distance (10 m). The former isotonic muscular exertion and the latter at longer distances may have produced different results. A comparison of the two groups participating in social activities revealed that physique, muscle strength, and walking ability did not decrease from 77 to 80 years.
[bookmark: _Hlk151659224]OLS and FR showed a decrease in both periods. The Japanese Ministry of Education, Culture, Sports, Science, and Technology Department (MEXT) established the OLS survey, which evaluates the physical fitness of older females between 65–79 years. (MEXT, 2023) Generally, the OLS score of 18 s is considered as the standard value for evaluating the superiority of older females. (MEXT, 202334) In this study, the mean OLS value for both periods exceeded the previously mentioned range of 29.05–46.92 s. The previous studies reported that a decline in OLS is associated with an increased risk of falls, and that maintaining OLS for at least 30 s is linked to a reduced fall risk (Hyrvitz et al., 2000; Blodgett et al., 2022; Murata et al., 2006). Specifically, Kobayashi et al. (2023) concluded that an OLS time of 27 s or less should be considered as a threshold for recommending orthopedic consultation and treatment. In this study, the participants were considered to have a balance capacity above a certain threshold. The time requirement for OLS achievement was 21.5% (46.92 to 36.84 s) for the 2014 group and 26.35% (39.44 to 29.05 s) for the 2019 group. The rate of decrease was slightly amplified in the 2019 group, which included COVID-19. However, OLS decreased in both groups over the 3-year study period. Additionally, a decrease in OLS of 5.38 s from 2016 to 2019 and 5.66 s from 2019 to 2020 among older females was recognized before and after the COVID-19 pandemic (Teraoka et al., 2022). A decrease in size by less than 20 cm can cause loss of balance when evaluating FR (Duncan et al., 1990). In this study, the 2014 and 2019 groups exhibited a decrease in size, with the 2014 and 2019 group diminishing by 5.1% (31.18 to 29.58 cm) and 3.5% (32.69 to 31.53 cm), respectively. However, the mean values for both groups remained above the reference values. Order females in late 70 s with social participation experience a decrease in balance capacity as they age, irrespective of the COVID-19 effects. The reductions in balance (OLS) observed in our study are consistent with findings from pandemic-era studies, such as (Maruyama, 2022; Suzumura et al., 2022), which reported similar declines attributed to decreased mobility during lockdowns and predicting an increased risk of falls in the post-pandemic period (Shaghayegh Modaberi et al., 2021). There has been little research on FR during the pandemic. Our study fills this gap and further corroborates the conclusion that balance ability declined during this period. Furthermore, the importance of engaging in effective exercises to improve balance capacity was reaffirmed. 	Comment by Administrator: 	In the text, do not use the first person “our”.	Comment by Administrator: 	In the text, do not use the first person “our”.
This study shows that order females in late 70 s before the COVID-19 pandemic maintained and improved CSFT and Hip-D over a period of 3 years, whereas order females of the same age group who experienced COVID-19 showed a decrease in CSFT by 19.9% (from 5.34 to 6.40 s) and in Hip-D by 22.6% (from 26.16 to 20.25 cm) over the same 3-year period. The measurements of these tests require a hip function, with the former involving agility and the latter involving flexibility. The threshold for determining the superiority of CSFT in older adults individuals is 7.32 s (Yamaji et al., 2013). Therefore, if the measurements are inferior to those expected, then fragility and an increased likelihood of failure may occur. In this study, none of the subjects in the 2014 group exceeded the slowest threshold value of 6.25 s, whereas three out of 15 subjects in the 2019 group did. In the 2019 group, three patients were over 80 years old: one was 82, another was 84, and the third was 86. This finding could be attributed to the natural decrease in physical activity associated with aging and the limited mobility caused by the COVID-19 pandemic restrictions. Regarding Hip-D, healthy order females have a Hip-D value of 29.5 ± 6.8 cm, whereas older adult females at high risk of falling have a Hip-D value of 23.3 ± 7.2 cm (Yamaji et al., 2020). In the present results, the 2014 group showed improvement over 3 years and approached the previous value (23.99 to 29.17 cm), whereas the 2019 group decreased and fell below the latter value (26.16 to 20.25 cm). The anterior–posterior movement of the hip regarding Hip-D is not commonly used in daily activities unless higher physical activities such as sports are involved. This information is supported by studies conducted (Yamaji et al., 2020; Robinovitch et al., 2000; Vanicek et al., 2009). And the restricted flexibility in hamstring muscles can hinder hip motion (Nonaka et al., 2002).  Therefore, the COVID-19 pandemic may have affected the living space (LSA: 77.80 to 54.80 points) and decreased leg strength and hip motion flexibility. Horak et al. (1989) described the critical role of the hip strategy in balance control, emphasizing that the deterioration of hip movement coordination increases the risk of imbalance. Reduced engagement in dynamic weight-bearing activities may have contributed to these changes, as suggested by Oliveira et al. (2022). Additionally, the observed decline in hip function might reflect reduced opportunities for complex motor coordination, which is crucial for maintaining stability in older adults. Regarding changes in hip joint function, there is a lack of direct analyses in existing studies focusing on the decline of hip function in older adults during the pandemic. However, Biarnés-Suñé et al. (2021)51, Maezawa et al. (2022) 52and Anusitviwat et al. (2022)53 investigated issues related to the diagnosis, treatment, and rehabilitation of elderly patients with hip joint pain and hip fractures before and after the pandemic. These studies highlighted that the strain on medical resources and activity restrictions caused by the pandemic led to the worsening of patient conditions, extended postoperative recovery times, and a significant increase in mortality rates. These findings suggest that activity restrictions during the pandemic might have negatively impacted hip joint function. However, specific data on functional changes and detailed analyses remain scarce. This study addresses this gap through a longitudinal design, comparing changes in hip function within the same cohort before and after the COVID-19 pandemic. The findings provide direct evidence of the impact of activity restrictions on hip function in older adults during the pandemic and offer theoretical support for developing future intervention strategies and rehabilitation plans. 
The 2019 group, who spent 3 years in the COVID-19 era, had a significantly reduced ability to move their hips because of the “action restriction/restraint” approach. The results suggest that not only the activity limitation associated with COVID-19 but also the long-term limitation of physical activity caused by various circumstances may reduce the ability to perform hip motion and increase the ease of falling. The participants in this study were older adults who regularly attended Preventive Care Classes, a program organized by public health nurses and other health professionals, focusing on fall prevention, strength training, and similar topics. Additionally, many participants may have also engaged in other exercise classes and cultural activities offered by the "Kaiyoinoba" programs, although detailed participation data were not collected. These activities may have provided opportunities for alternative physical activity during the pandemic, helping to maintain lower limb strength and balance. Despite these supportive environments, the decline in hip mobility observed in the 2019 cohort highlights the broader vulnerability of older adults to physical functional decline in the face of long-term activity limitations. Notably, few studies have provided longitudinal, program-specific data on balance and hip-related abilities during and after the COVID-19 pandemic. By focusing on relevant measures such as hip function of flexibility (Hip-D) and agility (CSFT), this study fills an important gap in the literature and provides valuable insights into the long-term effects of shrinking living space on the bodies of older adults. These findings can inform the development of targeted community-based intervention programs aimed at preserving mobility and preventing falls across a range of social and environmental conditions.
Our findings of reduced motor agility and restricted life-space among socially active older women during the COVID-19 period are consistent with earlier reports of physical fitness declines in younger females under lockdown (Feng et al., 2023). However, age differences may lead to variation in which functions degrade most quickly, as well as in the effect sizes. Moreover, the broader negative consequences of reduced physical activity on mental health and well-being reported in women may help explain reduction in social participation or mobility beyond pure physical capability (Marconcin et al., 2022), thus reinforcing the importance of social engagement in older populations as a buffer against these declines.


5. Limitation
This study has several limitations that should be acknowledged. First, the sample size of the 2019 group (n=15) is relatively small, which may limit the statistical power to detect significant differences and reduce the generalizability of the findings. Second is the potential for selection bias, as the sample was composed exclusively of older adults who regularly participated in social activities before the COVID-19 pandemic. 
The study may not fully represent older adults with lower social participation, which could underestimate the overall impact of COVID-19 restrictions on physical function. Additionally, unmeasured confounding factors, such as baseline physical and psychological health, were not controlled for. Third, although LSA was used to assess mobility, factors such as outing purpose, transportation methods, and step count were not measured. Future studies should include more diverse samples, considering variations in educational attainment, income level, and access to care, and should incorporate lifestyle-related variables and additional physical fitness measures—such as walking distance and muscular endurance—to better capture functional changes in older adults with different levels of social participation.

6. Conclusion
Order females who used to participate in social activities had decreased balance capacity only during the period 2014–2017. However, those who continued activities during the COVID-19 pandemic (2019–2022) exhibited decreased balance capacity and capacity involving significant hip function. Considering the findings, it is essential to develop and implement tailored interventions that can support physical fitness in older adults during periods of restricted activity, such as pandemics or other disruptions. Community-based programs like "Kaiyoinoba" can be adapted to offer virtual or small-group sessions focused on fall prevention and muscle strength training. Additionally, promoting simple, home-based exercise routines that require minimal equipment can provide older adults with accessible options to maintain physical health. For example, implementing exercise systems utilizing platforms like Zoom can facilitate peer support and social interaction, which are critical for motivation and adherence. Furthermore, integrating AI-based exercise programs can offer personalized recommendations tailored to individual needs and capabilities, ensuring older adults receive appropriate guidance while exercising at home. Public health professionals play a critical role in offering individualized guidance and regular follow-ups to ensure sustained engagement and address specific needs. These strategies not only help mitigate declines in physical function but also contribute to the overall well-being of older adults during prolonged periods of limited mobility.

Definitions, Acronyms, Abbreviations

COVID-19: coronavirus disease 2019
LSA: life-space assessment 
HGS: hand grip strength 
KJS: leg grip strength 
OLS: one leg with eyes open
FR: functional reach 
CSFT: cross-step moving on four spots 
Hip-D: hip displacement in the anteroposterior direction 
ANOVA: analysis of variance
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