
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Lu et al. BMC Public Health         (2024) 24:1754 
https://doi.org/10.1186/s12889-024-19270-7

BMC Public Health

*Correspondence:
Yang Pan
panyang@sdu.edu.cn
1School of Physical Education, Shandong University, Jinan, China
2Jinan Engineering Polytechnic, Jinan, China

3Zaozhuang Vocational College of Science and Technology, Zaozhuang, 
China
4School of Nursing and Rehabilitation, Cheeloo College of Medicine, 
Shandong University, Jinan, China

Abstract
Background This study aimed to investigate the relationships between accelerometer-measured physical activity 
(PA) and sedentary behaviour (SB) with physical function (PF) among older Chinese women in the community.

Methods The present study comprised 1,113 community-dwelling older females, with an average age of 65 ± 2 
years. We employed a linear regression analysis to investigate the relationship between patterns of PA and SB with 
PF. PA variables consisted of total PA time, bouted PA time (a continuous PA that lasts equal to or more than 10 min), 
and sporadic PA time (a continuous PA that lasts less than 10 min). SB variables included total SB time, 30-min bout 
of SB (a continuous SB that lasts equal to or more than 30 min), and 60-min bout of SB (a continuous SB that lasts 
equal to or more than 60 min). PF variables comprised handgrip strength (HGS), one-legged stance test with eyes 
closed (OLSTEC), usual walking speed (UWS), maximum walking speed (MWS) and chair-stand time (CT). To explore 
the joint effects of moderate-to-vigorous-intensity PA (MVPA) and SB on PF, we divided the duration of SB and MVPA 
participation in older women into different combinations: low MVPA & high SB, low MVPA & low SB, high MVPA & high 
SB, high MVPA & low SB.

Results The study revealed a significant association between 30-min bout of SB and CT, which remained after 
adjusting for total MVPA time (P = 0.021). Both total MVPA and bouted MVPA were found to be positively associated 
with better UWS, MWS, CT, and PF Z-score. When the combination of low MVPA & high SB was used as a reference, the 
regression coefficients for PF ascended by 1.32 (P < 0.001) in the high MVPA & high SB group and by 1.13 (P < 0.001) in 
the high MVPA & low SB group.

Conclusions A significant association was observed between poorer lower limb function and prolonged, 
uninterrupted SB in older women, rather than with the total SB time. Concurrently, the insufficient engagement in 
MVPA may also be a crucial factor contributing to poorer PF in older women. Engaging in longer durations and higher 
intensity of PA, such as bouts of MVPA lasting a minimum of 10 min or longer, may contribute to better PF.
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Background
As individuals age, there is a tendency towards a reduc-
tion in physical activity (PA) and an increase in sedentary 
behaviour (SB) [1]. This trend is one of the key rea-
sons for the decline in physical function (PF) [2, 3]. The 
decline in PF not only leads to a reduced quality of life in 
older adults [4, 5], but also rises the risk of falls and can 
lead to disability and loss of independence in severe cases 
[6, 7], placing a heavy burden on individuals, families and 
society. In contrast with men, the decrease in bone mus-
cle mass, muscle strength, and PF is more pronounced in 
older women [8, 9]. Even more concerning is that older 
women are more susceptible to sarcopenia and related 
disease [10, 11]. In addition, older women have higher 
rates of disability [12], long-term care needs and medical 
expenses than men [13, 14]. These risks are strongly con-
nected with PF, which means that identifying modifiable 
risk factors for preventing fall in PF is especially impor-
tant for older females.

PA and SB are crucial factors affecting PF and the 
health status of elderly individuals [15, 16], and their 
relationship with PF in older women deserves further 
study. The relationships between PA and SB with PF are 
currently unclear, which impedes the design of effective 
interventions. Firstly, it is inconsistent among previous 
studies as to whether PA affects the association between 
SB and PF [17–19]. Secondly, the majority of research on 
the relationship between PA and PF has focused on the 
cumulative duration of moderate-to-vigorous-intensity 
PA (MVPA), with limited attention given to the cumula-
tive patterns of MVPA. In 2020, the World Health Orga-
nization (WHO) revised its PA guidelines to omit the 
prior recommendation of at least 10 min of MVPA at a 
time. The update underscored that any volume of activ-
ity confers benefits relative to inactivity [20]. This revi-
sion serves to enhance the public’s comprehension of the 
potential advantages associated with various patterns 
of PA, including sporadic MVPA (duration < 10  min). 
Substantial research indicates that sporadic MVPA cor-
relates with decreased instances of metabolic syndrome 
[21], fear of fall [22], frailty [23]and mortality [24]in 
older adults. Nevertheless, the relationship between 
sporadic MVPA and PF has only been explored in one 
study to date. Furthermore, the PF data in their study 
were obtained through self-reporting, which could intro-
duce potential biases [25]. It has been observed that 
older adults tend to have a more negative view of their 
own health and functional abilities as they age [26]. This 
may result in lower levels of self-reported PF, which may 
in turn affect the accuracy of the results of studies based 
on self-reports [27]. Additionally, numerous studies have 
demonstrated that light intensity PA (LPA) can have 
a beneficial impact on the health of a larger population 
[28–30], yet few studies have incorporated LPA into PF 

research. A review of the literature reveals that there is 
no consensus on the relationship between LPA and PF 
in a few studies. Some studies have indicated that LPA 
is related to PF [31, 32], while others have suggested that 
LPA is not related to PF [33, 34]. For older individuals, it 
may be more feasible to engage in LPA than MVPA.

Consequently, in light of these gaps, this study aimed 
to explore the relationships between patterns of PA and 
SB with PF in older women to provide more accurate PA 
recommendations to improve PF in older females.

Methods
Participants
The cross-sectional data was sourced from the base-
line surveys of the PA and Health in Older Women 
Study (PAHIOWS). PAHIOWS was a community-based 
study conducted in a coastal city in Shandong Province, 
China, aimed at exploring the relationship between PA 
and SB and the health status of older females. A total of 
1,370 participants aged between 60 and 70 years were 
included in the PAHIOWS. These participants were able 
to communicate freely, were without cognitive impair-
ment (Mini-Mental State Examination [35](MMSE) 
scores > 18), and had signed informed consent forms. 
This research was approved by the ethics committee of 
the School of Nursing and Rehabilitation, Shandong Uni-
versity, China (2020-R-067). All participants provided 
written informed consent.

Measurement of sedentary behaviour and physical activity 
variables
A triaxial accelerometer (ActiGraph wGT3X-BT, Pensac-
ola, FL, USA) was employed to collect the participants’ 
PA and SB data [36]. The instructions were to wear the 
accelerometer on the subject’s hip for seven consecutive 
days, with the exception of periods of sleep, bathing, and 
swimming. While participants wore the accelerometer, 
they received two phone follow-ups to ensure compli-
ance with the accelerometer-wearing protocol. Partici-
pants were included in the final analysis if they wore the 
accelerometer for a minimum of 10  h each day over at 
least four validation days [37].

The data were recorded in 60-s epochs and analyzed 
using ActiLife software, version 6.13.4 (https://www.
actigraphcorp.com/). Nonwear time was defined as 90 
consecutive min or longer of zero-intensity counts, with 
no more than 2  min of counts between 0 and 100 [38]. 
In this study, SB was defined as < 100 count per minute 
(CPM), LPA was defined as 100–1951 CPM and MVPA 
was defined as > 1952 CPM. The cut-point of the MVPA 
corresponds approximately to the energy expenditure 
of a walking speed of 4 km/h [39]. The three cut-points 
were based on those developed by Freedson et al. [40] 
and have been validated in numerous studies of older 

https://www.actigraphcorp.com/
https://www.actigraphcorp.com/
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women [41–44]. Meanwhile, the PA and SB variables 
were exported in order to identify specific patterns. The 
SB variables include: (i)Total SB time (Average daily sed-
entary time); (ii)30-min bout of SB (each time consisting 
of 30 consecutive minutes or more of SB); (iii)60-min 
bout of SB ( each time consisting of 60 consecutive min-
utes or more of SB). The PA variables include: (i)Total PA 
time (Average daily PA time); (ii)Bouted PA (each time 
consisting of 10 consecutive minutes or more of PA); (iii)
Sporadic PA (any PA accumulated in < 10 min).

Measurement of physical function variables
This study employed a comprehensive assessment of PF 
in older women who met the inclusion criteria, utilis-
ing five validated performance tests [45]. The tests were 
administered one-on-one by trained staff at a fitness 
monitoring center. Before each test, participants were 
informed of about the specific requirements and asked 
if they were able to complete it. Individuals who self-
reported an inability to perform the tests were excluded 
from the study. If participants confirmed their ability 
to undertake the tests, the staff closely monitored their 
condition, ready to provide assistance or discontinue the 
tests if necessary. The aforementioned tests encompass 
the following:

Handgrip strength (HGS)(ACMEWAY(Beijing) Health 
Technology, China): HGS testing is a validated and feasi-
ble bedside method that is currently the most commonly 
used method in clinical practice to measure upper-body 
strength [46, 47]. Participants were asked to stand with 
their arms parallel to the body and squeeze an electronic 
hand dynamometer (in kg) with their dominant hand as 
hard as possible on two occasions, with the highest value 
being recorded as the measurement.

One-legged stance test with eyes closed (OLSTEC) 
: The OLSTEC is a common method for assessing body 
balance and stability, and it is a predictor of fall risk in 
older adults [48, 49]. During the test, participants were 
instructed to close their eyes, maintain a parallel posi-
tion of their arms to their bodies, elevate one foot off the 
ground and maintain balance. The timer starts when the 
foot is lifted, and the participant stands on one leg as long 
as possible (up to 120 s). In the event that the stationary 
foot is displaced, or the lifted foot contacts the ground, 
the timer is terminated. The dominant leg was subjected 
to two trials, with the most favourable outcome being 
selected for analysis.

5-m walk test: The 5-metre walk test has been dem-
onstrated to be a reliable and valid indicator of mobility 
in older adults [49]. The participants were requested to 
complete two tests on a 7-metre track, one at their usual 
walking speed (UWS) and one at their maximum walking 
speed (MWS). The testers recorded the time taken by the 
participants to reach the 5-metre line on each occasion 

and subsequently analysed the measurements from both 
times.

Chair-standing time(CT): This test is used to assess 
lower limb functional strength [50, 51] and has been 
identified as a feasible, reliable, and effective measure 
for the prediction of falls in older adults in the commu-
nity [52]. The participants were instructed to cross their 
hands in front of their chest, ascend from a stool without 
armrests to a fully standing position as quickly as pos-
sible, and then return to a seated position as soon as pos-
sible, which was repeated five times. The total time taken 
to complete the five repetitions was recorded by the tes-
ters using a stopwatch.

A standardised PF composite score (Z-score) was cal-
culated by summing the individual Z-scores of the five 
tests [53]. Since a lower Z-score of CT, USW, and MWS 
indicates superior physical ability, the three Z-values 
were recorded as opposite numbers. The cumulative sum 
of these five Z-values served as the comprehensive con-
tinuous measurement for PF.

Measurements of other variables
Considering the effect of other factors on result, we col-
lected data of potential confounding factors, which were 
shown to be associated with the variable of PF [54–57]. 
Sociodemographic characteristics including age, liv-
ing alone (yes or no) were collected using face-to-face 
interview. Income (currency: CNY, unit: monthly/yuan; 
income options include ≤ 1000 yuan (approximately 137 
dollars), 1001–2000 yuan, 2001–3000 yuan, 3001–4000 
yuan, and > 4000 yuan) and the number of chronic dis-
eases (assessed by self-reported history of medical diag-
nosis, consist of diabetes, heart disease, stroke, cancer, 
chronic lung, etc., defined as 0, 1, 2, 3 or more diseases) 
were measured. The Chinese version of the Athens 
Insomnia Scale (AIS) was used to assess sleep quality, 
with a total score ranging from 0 to 24 points, with higher 
scores representing more severe insomnia [58]. Nutri-
tional status was measured using the Mini Nutritional 
Assessment Short Form (MNA) with a total score of 30, 
and lower scores indicate worse nutritional status [59]. 
Cognitive function was measured using the MMSE, with 
a total score ranging from 0 to 30, where lower scores 
were regarded as indicative of lower cognitive levels [35]. 
The body mass index (BMI) was derived by measuring 
the height and weight of subjects by a body composition 
analyzer (MC-180, TANITA, JAPAN) and then using the 
following formula: BMI = weight (kg)/height2 (m2).

Statistical analysis
Descriptive data were presented as means ± standard 
deviation (SD) for continuous variables and as fre-
quency (percentages) for categorical variables. A lin-
ear regression analysis was employed to investigate the 
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relationship of SB and PA with PF indicators and PF 
Z-score, respectively. In order to more precisely assess 
the effects of incremental changes in PA and SB on PF, 
new variables for SB and PA were developed. The vari-
ables represent the daily increments in time spent in SB, 
LPA, and MVPA. Specifically, the SB variable was con-
figured to increase by 60 min per day in order to simu-
late an increase in SB. Concurrently, the LPA variable 
was adjusted to incorporate an additional 30 min per day 

to account for elevated levels of LPA, while the MVPA 
variable was set to incorporate an extra 10 min per day 
to signify increased MVPA [60, 61]. The following three 
models were used to adjust for confounding factors: 
Model 1 was adjusted for age and accelerometer daily 
wear time. Model 2 was additionally adjusted for Model 
1 variables plus confounding factors including BMI, liv-
ing alone, income, number of chronic diseases, AIS 
score, MNA score, and MMSE score. Model 3 addition-
ally adjusted for corresponding accelerometer variables 
according to the specific independent variable. Model 
3a was adjusted for total MVPA time to all SB variables 
and total LPA time, and Model 3b was adjusted for total 
SB time to total MVPA time. To investigate the indepen-
dent associations between different PA patterns and PF, 
bouted PA and sporadic PA were adjusted for each other: 
Model 3c was adjusted for Model 2 variables plus total 
SB time, and additionally adjusted for bouted MVPA and 
sporadic MVPA to each other; Model 3d was adjusted for 
Model 2 variables plus total MVPA time, and additionally 
adjusted for bouted LPA and sporadic LPA to each other 
[60]. The variance inflation factor (VIF) for all variables 
were calculated to detect the presence of collinearity. In 
the fully adjusted Model 3, VIF below 3 which was con-
sidered acceptable [62].

To investigate the joint effects of MVPA and SB on 
PF, we divided the daily time spent in MVPA and SB 
among older women into tertiles. Based on the lowest 
and highest tertiles, participants’ activity combinations 
were categorized into four types: Low MVPA & High 
SB (MVPA < 23.2  min and SB ≥ 570.8  min); Low MVPA 
& Low SB (MVPA < 23.2  min and SB < 494.7  min); High 
MVPA & High SB (MVPA ≥ 38.4 min and SB ≥ 570.8 min) 
and High MVPA & Low SB (MVPA ≥ 38.4  min and 
SB < 494.7  min). Finally, linear regression analysis was 
performed using Models 1 and 2 described above. 
Regression coefficients and 95% confidence intervals (CI) 
represent all linear regression results. A value of P < 0.05 
was considered significant, with P < 0.01 deemed highly 
significant. All computations were performed using Stata 
version 17.0.

Results
Participant characteristics
Of all 1370 older females, 148 women had insufficient 
accelerometer wear time, 97 women did not complete 
the questionnaire assessment, and 12 women did not fin-
ish PF assessment. The final analysis included data from 
1,113 older females. The characteristics of the study pop-
ulation are presented in Table 1. The survey findings indi-
cated that the average age of older women was 65 years 
old, 11.2% lived alone, 13.8% had three or more chronic 
diseases, and 50.9% earned between 3,001 and 4,000 
yuan. In accordance with the established criteria for BMI 

Table 1 Participant characteristics (n = 1113)
M ± SD or n (%)

Age, years 64.9 ± 2.8
Living alone, n (%) 125(11.2)
BMI, kg·m− 2 25.4 ± 3.3
Income, n (%)
≤ 1000 yuan 35(3.1)
1001–2000 yuan 106(9.5)
2001–3000 yuan 182(16.4)
3001–4000 yuan 567(50.9)
> 4000 yuan 223(20.0)
Number of chronic diseases, n (%)
0 387(34.8)
1 382(34.3)
2 191(17.2)
≥ 3 153(13.8)
AIS score, point 1.0 ± 2.3
MNA score, point 13.3 ± 1.1
MMSE score, point 26.7 ± 1.4
Sedentary behaviour variables, min/day
Total SB time 548.3 ± 117.7
30-min bout of SB 172.2 ± 97.3
60-min bout of SB 76.4 ± 67.5
Physical activity variables, min/day
Total MVPA time 32.7 ± 19.2
Bouted MVPA 11.8 ± 13.1
Sporadic MVPA 20.9 ± 11.0
Total LPA time 307.3 ± 70.5
Bouted LPA 181.9 ± 74.5
Sporadic LPA 125.4 ± 23.0
Physical function variables
Handgrip strength, kg 24.1 ± 4.5
OLSTEC, s 9.7 ± 9.5
UWS, m/s 3.8 ± 0.6
MWS, m/s 2.8 ± 0.4
CT, s 8.0 ± 2.1
Z-score, point 0.±3.1
Note: Data shows MEAN ± SD or N (%). BMI, Body mass index; CNY, ChiNaYuan;

AIS, Athens Insomnia Scale; MNA, Mini Nutritional Assessment Short Form;

MMSE, Mini-Mental State Examination; SB, Sedentary Behaviour;

MVPA, Moderate-to-Vigorous-intensity Physical Activity; Bouted, 
duration ≥ 10 min;

Sporadic, duration<10 min; LPA, Light intensity Physical Activity;

OLSTEC, One-legged stance test with eyes closed;

UWS, Usual walking speed; MWS, Maximum walking speed; CT, chair-standing 
time.
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classification (overweight defined as BMI > 25  kg·m− 2), 
the mean BMI of the study population was 25.4 kg·m− 2, 
indicating that the majority of participants were 
overweight.

Associations between patterns of physical activity, 
sedentary behaviour and physical function
Table 2 presents the final results (Model 3) of the asso-
ciations between PA and SB with PF. Further details 
on Models 1 and 2 can be found in the supplementary 
material, Tables S1-S6. According to Table  2, among all 
SB variables, only 30-min bout of SB showed a signifi-
cant association with CT (P = 0.021) after adjusting for 
total MVPA time. Regarding PA, both total MVPA time 
and Bouted MVPA were significantly associated with 
UWS, MWS, CT, and the PF Z-score. Specifically, for 
each increment of 10  min for total MVPA time, UWS 
decreased by 0.19  m/s (95% CI: -0.25, -0.14, P < 0.001), 
MWS decreased by 0.12  m/s (95% CI: -0.16, -0.75, 
P < 0.001), CT decreased by 0.44s(95% CI:-0.65,-0.23, 
P < 0.001) and the PF Z-score increased by 0.94 (95% CI: 
0.63, 1.23, P < 0.001). Similarly, for each increment of 
10 min for Bouted MVPA, UWS decreased by 0.07 m/s 
(95% CI: -0.10, -0.04, P < 0.001), MWS decreased by 
0.03  m/s (95% CI: -0.05, 0.02, P < 0.001), CT decreased 
by 0.11s(95% CI:-0.20,-0.01, P = 0.024) and the PF Z-score 
increased by 0.25 (95% CI: 0.11, 0.39, P < 0.001). More-
over, there was no significant association between total 
LPA time, bouted LPA and sporadic LPA with PF in 
Model 3. Notably, HGS and OLSTEC had no association 
with any variables of SB and PA.

The joint associations of sedentary behaviour and 
moderate-to-vigorous-intensity physical activity 
categories with physical function measures
The analysis showed that MVPA levels moderated the 
relationship between SB and PF. The results of the com-
bined effect of SB and MVPA on PF are shown in Table 3. 
In Model 2, we found that PF was significantly associ-
ated with both the high MVPA group compared to the 
Low MVPA & High SB combination. The regression 
coefficient of the High MVPA & High SB combination 
increased by 1.32 (95% CI: 0.83, 1.82, P < 0.001), and the 
regression coefficient of the High MVPA & Low SB com-
bination increased by 1.13 (95% CI: 0.63, 1.63, P < 0.001). 
Notably, no association with PF was found for the Low 
MVPA & Low SB combination compared to the Low 
MVPA & High SB combination.

Discussion
Overall, our study in Model 3 demonstrates a significant 
association between 30-min bouts of SB and CT. In terms 
of PA, both total MVPA time and bouted MVPA were 
associated with better UWS, MWS, CT, and PF Z-score. 

However, all LPA variables show no significant associa-
tion with any PF variables. Compared to the combination 
of low MVPA & high SB, high MVPA level combinations 
exhibit a significant improvement in PF Z-score regard-
less of the level of SB.

The subjects of this study were older women residing 
in the community. Their average sedentary time was 9.1 h 
per day, less than the 9.4 h previously reported for most 
older adults [63]. This may be attributed to the fact that 
in our community, residents engage in social interactions 
with their neighbours on occasion, which may contrib-
ute to a reduction in sedentary time. Previous studies 
have shown that total SB time and 60-min bout of SB in 
older adults were associated with poor performance on 
OLSTEC and CT [64]. Nevertheless, our findings do not 
fully corroborate the previously proposed association. 
Specifically, our results indicate that in older women, 
30-min bout of SB was associated with worse CT mani-
festations, while other SB variables had no significant 
association with PF indicators and Z-score. This suggests 
that total SB time may not be the main influencing fac-
tor, but longer continuous sedentary bout patterns could 
pose a risk to specific PF indicators, especially lower limb 
function. It is likely that gender is a significant factor in 
this divergent outcome. Previous studies have revealed 
significant differences in PF between men and women 
[65–67]. For example, Gennuso et al. [67]. discovered 
that there was no significant association between 20, 40, 
and 60-min bout of SB and short physical performance 
battery score in the female sample. However, a signifi-
cant association was observed in the male sample. This 
indicates that gender may play a moderating role in the 
relationship between SB and PF. Meanwhile, their study 
also reported that total SB time was not associated with 
PF in both male and female samples, consistent with 
our findings. Additionally, the participants in our study 
exhibited fewer instances of SB lasting 60 min or more, 
which represented only 14% of the total daily sedentary 
time on average. Approximately half of the older female 
participants engaged in less than one bout of SB lasting 
60 min or more per day. In contrast, 30-min bout of SB 
was significantly more prevalent, accounting for 31.5% 
of the total sedentary time, nearly twice as much as the 
60-min bout of SB. Notwithstanding the absence of a sig-
nificant association between 60-min bout of SB and PF 
observed in our study, it cannot be ruled out that such 
prolonged periods of SB may adversely affect the PF of 
older women. In summary, our study indicates that it was 
the prolonged, uninterrupted patterns of SB, rather than 
the total SB time, that were more strongly linked to the 
decline in lower-extremity function among older adults. 
Subsequent research should take into account potential 
gender differences and further investigate the beneficial 
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effects of reducing continuous SB on improving PF in 
older adults.

The analysis of MVPA and PF revealed a significant 
positive association between total MVPA time and PF 
enhancement, which was consistent with the results of 
both male and female samples [19, 68, 69]. Furthermore, 
our study highlights the benefits of bouted MVPA. More 
specifically, the PF regression coefficient increased by 
0.25 for every 10 min/day increase in bouted MVPA. The 
results of this study are consistent with those of a previ-
ous investigation which demonstrated that both total 
time spent in MVPA and bouts of at least 10 min in dura-
tion were associated with improved PF in older women 
[70]. Sporadic MVPA was an important component of 
the total MVPA time. However, our study did not find 
an association between sporadic MVPA and PF. The rea-
son why no association between sporadic MVPA and PF 
was found may be that our study sample had relatively 
healthier PF levels and that sporadic MVPA was not suf-
ficient to improve PF. Thus, the effect of sporadic MVPA 
on PF needs to be applied to more people in the future 
to verify whether sporadic MVPA can improve lower 
PF levels. Based on our findings, we currently recom-
mend that healthy older women should participate in 
MVPA lasting 10  min or more at a time to gain health 
benefits on PF. Moreover, a comprehensive examina-
tion of the data revealed a noteworthy phenomenon: a 
substantial proportion of the participants (70%) dem-
onstrated compliance with the WHO recommendation 
of engaging in at least 150 min per week of MVPA. The 
high compliance rate may be attributed to the pervasive 
participation of older women in community square danc-
ing activities across China. Square dancing is a popular 
group activity characterised by an upbeat rhythm and 
easily learned choreography. The dissemination of new 
steps and choreographic patterns is expedited by the 
guidance provided by lead dancers, which subsequently 

encourages greater participation among older adults. An 
interventional study has demonstrated that regular par-
ticipation in square dancing can significantly improve 
cognitive function, reduce symptoms of depression, and 
enhance the quality of life in elderly individuals with mild 
cognitive impairment [71]. The results of our investiga-
tion indicate that community-based square dancing may 
play a significant role in enabling elderly Chinese women 
to achieve or even exceed the PA levels recommended by 
the WHO.

Although LPA was more likely to be involved relative 
to MVPA, all LPA variables were not associated with PF 
in this study. This result is consistent with the results of 
several previously published studies on total LPA time 
and PF [18, 33, 70, 72]. In a study by Izawa et al. [14], 
an association was identified between LPA and MWS 
among 181 older adults with a mean age of 73.4 ± 4.8 
years. The finding indicate that LPA may enhance mobil-
ity in seniors who are unlikely to withstand high-inten-
sity activities.  The authors point out, however, that the 
limited size of the sample limits the generalizability of 
their findings.  The results of our current research indi-
cate that LPA was unlikely to be an effective interven-
tion for maintaining or improving PF in healthy older 
adults. Furthermore, our analyses did not reveal any sig-
nificant associations between the PA variables measured 
and either HGS or OLSTEC. It is likely that this finding 
can be attributed to the fact that individuals participat-
ing in this study demonstrated superior levels of PF on 
both tests. In accordance with the 2019 Asian Sarco-
penia Working Group Consensus, a female handgrip 
strength under 18  kg signifies low HGS, whereas 18  kg 
and above is considered normal HGS [73]. It is crucial to 
highlight that the average HGS among the group of older 
women participating in this study was 24 kg, which is sig-
nificantly higher than the threshold for normal HGS as 
defined by the aforementioned consensus from the 2019 
Asian Sarcopenia Working Group. Furthermore, a meta-
analysis that consolidated of data from 18 studies demon-
strated that the OLSTEC test yielded an average duration 
of 8.29s for individuals aged 60 to 64, and 7.15s for those 
aged 65 to 69, among which the average performance of 
Chinese elderly samples was 8.05s [74]. In contrast to the 
aforementioned groups, the older women in our study 
achieved a mean duration of 9.73s on the balance test, 
which was significantly superior to the performances of 
all the referenced comparison groups. Consequently, the 
pronounced enhancements in handgrip strength and 
balance abilities observed among our sample of older 
women indicate that they may have attained a level of 
PF that sufficiently masks the potential benefits typically 
associated with structured PA.

In order to explore the joint effect of PA and SB on 
PF, participants’ activity combinations were divided into 

Table 3 The joint associations of SB and MVPA categories with 
PF measures
Different combina-
tions of PA and SB

B (95% Cl)
Model 1 p Model 2 p

Low MVPA & High SB 1(Reference) 1(Reference)
Low MVPA & Low SB 0.74(-0.12, 

1.59)
0.091 0.08(-0.46, 

0.62)
0.781

High MVPA & High SB 2.28(1.45, 
3.10)

<0.001** 1.32(0.83, 
1.82)

< 0.001**

High MVPA & Low SB 2.21(1.45, 
2.97)

<0.001** 1.13(0.63, 
1.63)

< 0.001**

B, Regression Coefficient; CI, confidence intervals;

SB, Sedentary Behaviour; MVPA, Moderate-to-Vigorous-intensity Physical 
Activity;

Model 1: Adjusting accelerometer daily wear time and age;

Model 2: Model 1 + BMI, Living alone, Income, Number of chronic diseases, AIS 
score, MNA score, and MMSE score;.

**P-value < 0.01.
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four categories: low MVPA & high SB, low MVPA & low 
SB, high MVPA & high SB, and high MVPA & low SB. 
The results of the analysis indicated that combination 
of high MVPA & high SB and high MVPA&low SB were 
independently associated with the improvement of PF in 
older females, indicating that regardless of the level of SB, 
higher levels of MVPA were related to the advancement 
of PF. A previous study that included male samples dem-
onstrated that high SB & low MVPA and low SB & low 
MVPA were associated with poorer PF [75]. Their study 
further supported the notion that the detrimental impact 
on PF was primarily due to insufficient MVPA. Therefore, 
even for individuals who accumulate a high amount of 
sedentary time, maintaining an adequate level of MVPA 
can still confer health benefits, particularly in relation to 
PF. This insight was of value to older women who may be 
required to sit for extended periods due to occupational 
or lifestyle factors. It highlighted the significance of regu-
lar engagement in MVPA as a key factor in maintaining 
their functional health.

Innovations and limitations
In the present study, accelerometers were worn at the hip 
to assess PA and SB among elderly women aged between 
60 and 70 years. The hip has been validated as the opti-
mal single placement for an accelerometer for the mea-
surement of PA intensity. This methodology effectively 
minimized the burden on participants and enhanced the 
feasibility of the study. Consequently, the implementation 
of this methodology led to a notable enhancement in the 
precision of data collection, accompanied by a reduction 
in the potential for subjective bias. This, in turn, served 
to reinforce the reliability and accuracy of the study’s 
findings. Moreover, our research investigated the asso-
ciations between diverse intensities and patterns of PA 
with PF in elderly women, as well as conducted a thor-
ough analysis of the joint effects of PA and SB on PF. This 
provided a comprehensive perspective on how different 
intensities and patterns of PA independently or collec-
tively affect PF. Notably, our study revealed for the first 
time the association between bouted LPA, sporadic LPA, 
and PF, contributing novel insights to the field of LPA 
research.

Despite these strengths, it is important to acknowledge 
several limitations. Firstly, the efficacy of the accelerom-
eter in discerning body postures (i.e., standing, sitting, 
lying) may be constrained. Secondly, the cross-sectional 
design of the study precluded the establishment of causal 
relationships. Furthermore, the sample was drawn from 
a single city in China, which may not be sufficiently rep-
resentative of the broader population of Chinese elderly 
individuals, limiting the generalisability of the findings. 
Finally, it is possible that the participants in this study 
were relatively healthy and more physically capable, 

which may have resulted in a selection bias towards 
individuals with better health statuses. In light of these 
limitations, future research should consider employing 
a longitudinal study design to explore more deeply the 
causal relationships between PA and SB patterns and PF 
in elderly women. Furthermore, it would be beneficial to 
expand the sample scope to encompass a more diverse 
population, while aiming for more precise measurement 
of SB and PA, in order to ensure the broad applicability of 
the study results.

Conclusions
A significant association was observed between poorer 
lower limb function and prolonged, uninterrupted SB in 
older women, rather than with the total SB time. Concur-
rently, the insufficient engagement in MVPA may also 
be a crucial factor contributing to poorer PF in older 
women. Engaging in longer durations and higher inten-
sity of PA, such as bouts of MVPA lasting a minimum of 
10 min or longer, may contribute to better PF.
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