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Abstract
Background The positive association between the total duration of physical activity and performances of physical function may vary at
different times of the day as circadian rhythm regulates individuals in response to external stimulations. We aimed to examine the
association of timing-speci�c and overall moderate-to-vigorous physical activity (MVPA) with performances of physical function in older
adults.

Methods A cross-sectional analysis was conducted among 118 older adults (mean age = 70.0 ± 5.0 years). We assessed and identi�ed
timing-speci�c (morning: 06:01-12:00; afternoon: 12:01-18:00; evening: 18:01-24:00) and overall MVPA using a triaxial accelerometer.
Different measures of physical function were evaluated including handgrip strength (by grip dynamometer), gait speed (�ve-meter walk
test), basic functional mobility (timed up and go test), and lower limb strength (�ve times sit-to-stand test). Multivariate linear regression
models adjusting for covariates were used to investigate the associations. Results Participants spent 0.4 hours in MVPA per day on
average, half the time spent during the morning (47.7%), followed by during the afternoon (29.9%) and evening (21.6%). The time spent on
overall MVPA was generally associated with better physical function performances. There was statistical evidence for the percentages of
MVPA engagement during the morning ( B = 0.214, 95% con�dence interval [CI] 0.001 to 0.428) and afternoon ( B = -0.273, 95% CI -0.518 to
-0.027) associated with basic functional mobility but with contrary directions; the percentage of MVPA engagement during the evening
was associated with less time spent in gait speed performance ( B = -0.237, 95% CI -0.468 to -0.006).

Conclusions Our �ndings inform implications that the overall MVPA engagement was more important than timing-speci�c MVPA to older
adults’ physical function performances. Strategies for accumulating time of MVPA is more practical and effective than encouraging to
engage MVPA in speci�c timing for the enhancement of functional ability and therefore prevent disability among older adults.

1. Background
Disability, a physical or mental condition that impairs or limits an individual’s movements in daily life, is one of the commonest symptoms
in older populations; the prevalence was estimated to be 25% in the population aged over 65 years in 2008 in the United States [1]. It
places not only a heavy burden of physical strain and emotional stress on the family caregiver [2] but also an increase in medical care
expenditure [3]. Several studies have shown that physical function is an important predictor of disability in older adults [4, 5]. Previous
research addressing older adults’ disability has shown that engaging su�cient levels of moderate-to-vigorous physical activity (MVPA)
contributes to better performances of physical function (e.g., handgrip strength, gait speed, basic functional mobility, and lower limb
strength) [6–8].

There is a growing interest in establishing a link between the effects of circadian rhythms and su�cient physical activity in older adults [9].
An individual’s circadian rhythm is dynamic over their lifespan and deteriorates in the later years of life [9]; however, it still regulates
individuals’ physiology and metabolism in response to external stimulations [10, 11]. Previous studies have indicated that older adults who
were more active, indicated by the amount of physical activity or walking time, during the morning had lower risks of obesity [12] and
mortality [13]. Despite this, the relationship between timing-speci�c physical activity and physical function remains to be investigated.
There may be an optimal time of the day for MVPA engagement to modify human circadian rhythms and maximize physical function in
the aged populations.

There are several measurements to assess physical activity at different times of the day and the accelerometer is one of the ideal
measurements. The accelerometer tracks the orientation and movement in individuals objectively [14], records the changes in small time
increments, and therefore accurately identi�es different timings of the day for older adults’ MVPA. Measurement by accelerometer can
address the limitations of reporting and recall biases [15].

We hypothesized that the MVPA engagement during the morning was associated with older adults’ physical function after controlling for
its overall duration and therefore investigated the association of timing-speci�c and overall MVPA with a range of measures of physical
function among community-dwelling older adults.

2. Methods
2.1 Participants

Older adults aged over 60 years who could walk independently were recruited using local advertisements and announcements from 28
different residential neighborhoods in Taipei City, Taiwan. Among these participants, 118 out of 130 older adults wearing the
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accelerometer for a consecutive seven days completed the on-site examinations. There were no differences in sex and age in the included
and excluded participants (data not shown). Detailed methods and procedures have been reported elsewhere [16].

2.2 Outcome variables

Several measures of physical function, which have been validated for the evaluation of physical function in older adutls [17], were
assessed by on-site examinations:

1. Handgrip strength: We measured the handgrip strength of both of the participant’s hands using the hydraulic hand dynamometer
(Jamar Plus + Digital Hand Dynamometer, Lafayette Instrument Company, USA). A higher measure of handgrip strength indicated
better performance, and the maximum strength measurement was selected from three attempts with a one-minute gap between
attempts.

2. Gait speed: Each participant had only one attempt to walk 11 meters as fast as possible. The time spent walking in the central �ve
meters was calculated. A shorter time spent on the 5-meter walk test indicated better performance of gait speed.

3. Basic functional mobility: Participants were instructed to rise from a standard chair, walk three meters forward, return to the chair, and
sit down as soon as possible. Each participant repeated the same attempt twice and the attempt with the shorter time, indicating
better performance, was used in the analyses.

4. Lower limb strength: We assessed lower limb strength using the �ve times sit-to-stand test. Participants were requested to sit on a
standard chair and repeat stand up and sit down �ve times, as fast as they could. Each participant had two attempts and the attempt
with the shorter time, indicating better performance, was selected.

2.3 Exposure variables

Time spent in MVPA was measured by a triaxial accelerometer (ActiGraph GT3X+, Pensacola, FL, USA). We followed the information on
data collection and processing criteria suggested by a systematic review of standard protocols [18]. The different time intervals were
identi�ed in which the MVPA (≥ 2,020 counts/minute) occurred [19]: a) morning: 06:01–12:00; b) afternoon: 12:01–18:00; and c) evening:
18:01–24:00 based on previous studies [13, 19, 20]. We calculated the percentage of the three time intervals of MVPA engagement for
each participant. The ActiLife software version 6.0 was used to process the accelerometer data.

2.4 Covariates

The covariates including i) sex, ii) age, iii) body mass index (BMI; calculated by weight in kilograms divided by height in meters squared),
iv) marital status, v) employment, vi) living status, vii) educational level, viii) self-rated health, ix) depression, x) diabetes, xi) hypertension,
xii) hyperlipidemia and xiii) monitor wear time were assessed by an interviewer-administered questionnaire (i-xii) and an accelerometer
(xiii).

2.5 Statistical analyses

We analyzed data from 118 older adults who completed all the study variables. We selected the covariates for different measures of the
physical function using univariate linear regression models (Appendix Table 1). Unstandardized coe�cients (B) were used to estimate the
associations of the time spent in timing-speci�c and overall MVPA with measures of the physical function using multivariate linear
regression models after adjusting for their covariates (i.e., the variables showing statistically signi�cant in the univariate analyses). Log-
transformed values of the study variables were used if the distributions of their raw values were skewed. All analyses were conducted in
IBM SPSS Statistics 23.0 and the signi�cance level was set at p < 0.05.

3. Results
The characteristics of 118 older adults (70.3% female; mean age = 70.0 years) were presented in Table 1. Participants spent 0.4 hours in
MVPA per day on average, almost half the time was during the morning (47.7%), followed by the time spent during the afternoon (29.9%)
and evening (21.6%) (Table 1).

Table 2 shows the associations of timing-speci�c and overall MVPA with four measures of physical function. In the adjusted models,
overall MVPA duration was generally associated with better performances in the measures of handgrip strength (B = 0.045, 95%
con�dence interval [CI] 0.017 to 0.072), gait speed (B = -0.061, 95% CI -0.091 to -0.031), and basic functional mobility (B = -0.045, 95% CI
-0.079 to -0.011). The associations of the percentages of MVPA during the morning (B = 0.214, 95% CI 0.001 to 0.428) and afternoon (B =
-0.273, 95% CI -0.518 to -0.027) were associated with basic functional mobility, respectively. However, their associations were in contrary
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directions. Additionally, there was statistical evidence for the percentage of MVPA during the evening was associated with better
performance of gait speed (B = -0.237, 95% CI -0.468 to -0.006).

4. Discussion
Our data showed that the engagement in longer MVPA was generally associated with better performances of physical function and some
statistical evidence for associations between speci�c-timing MVPA and physical function in older adults. To our knowledge, this is the �rst
study examining the association between the time spent in MVPA at different times of the day and physical function in the context of older
adults. Furthermore, we used an accelerometer to objectively measure MVPA and provide such robust data. There were some limitations to
this study. First, the association of the percentages or duration of timing-speci�c and overall MVPA with physical function should be
interpreted with caution, as the size of our study was small. Second, although we regarded the same period of the day for each participant
as sleep duration (i.e., 00:00–06:00) so those older adults would not engage in physical activity at that period, there may be some
inconsistency of lifestyle between participants and this may cause bias. However, our data showed that the sleep periods in more than
90% of the participants highly overlapped. Third, as we did not use a standardized procedure to screen the cognitive ability of participants
before the on-site examinations, the older adults’ understanding and reactions to the examinations may be confounded by their levels of
cognition. Finally, the association of the percentages and duration of timing-speci�c and overall MVPA with physical function cannot be
extrapolated as a causal relationship because of the cross-sectional design.

Our data showed positive associations of the overall duration of MVPA with performances of physical function. This result was consistent
with previous studies, suggesting the engagement of MVPA could retain muscle density and function in older adults [6, 7, 21]. By contrast,
our results did not show the bene�ts of physical function from higher levels of MVPA during the moring, inconsistent with previous
�ndings [12, 13]. Interestingly, there were diverse associations of the MVPA engaging in the morning and afternoon with the performance
of basic functional mobility. Some studies suggested that the increased levels of serum vitamin D, which could be synthesized by sun
exposure [22], could directly strengthen older adults’ bones and muscles [23] as well as indirectly improve their muscle strength [24]
through promoting sleep quality of older population [24, 25]. However, our result regarding the MVPA engagement during the morning and
the performance of basic functional mobility did not fully support the hypothesis. It implied that sun exposure may not be the only reason
to impact the associations between MVPA engagement and performances of physical function. There may be some other factors,
especially work in the morning, that may in�uence this association. For example, a pilot showed preliminary evidence that exercising in the
fasted or fed state during the early morning would have different effects on facilitating adaptations in muscle [26] and this may in�uence
the association between the MVPA during the morning and physical function observed. Future research should investigate the pathway
toward better physical function among older adults with comprehensive factors. There was a signi�cant association between the MVPA
engagement during the evening and the performance of gait speed. The association between evening MVPA engagement and gait speed
may be attributable to the lower crime-related safety. Older adults who perceive themselves living in safer neighborhoods indicating by
lower levels of crime and more comprehensive crossings were more likely to be associated with more MVPA [27] and lead to better
physical function [28].

Despite some associations showed between the timing-speci�c MVPA and physical function, it seemed that the duration of MVPA
engagement across the time of the day was more important to older adults’ performances of physical function. Our �ndings may imply
that older adults accumulated more duration of MVPA, even through interrupted sections, would have better performances of physical
function, irrespective of the timing of the day for MVPA engagement.

5. Conclusion
This study suggests that engaging in more MVPA, regardless of the speci�c time of the day, is associated with better physical function
performances among older adults. Designing strategies/programs with increasing the duration of MVPA engagement across the time of
the day could bene�t older adults’ physically functional ability and may, therefore, prevent disability.
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Categorical variables N %

Sex: female 83 70.3

Marital status: married 78 66.1

Employment: no full-time job 114 96.6

Living status: living alone 11 9.3

Educational level: tertiary 26 22.0

Self-rated health: good 36 30.5

Depression: yes 16 13.6

Hypertension: yes 44 37.3

Hyperlipidemia:yes 35 29.7

Diabetes: yes 22 18.6

Continuous variables mean SD

Age (year) 70.0 5.0

Body mass index (kg/m2) 24.2 3.5

Monitor wear time (hours/day) 15.4 15.5

Moderate-to-vigorous physical activity    

 Overall (hours/day) 0.4 0.4

 During the morning1 (%) 47.7 16.1

 During the afternoon2 (%) 29.9 10.0

 During the evening3 (%) 21.6 11.1

1During the morning: 06:01-12:00; 2During the afternoon: 12:01-18:00; 3During the evening: 18:01-24:00.

SD: standard deviation; CI: con�dence interval

Note: the sum of percentages of MVPA during the morning, afternoon, and evening were not 100.0% because each percentage of time
interval was an average of 118 participants.

 

Table 2. Associationsof overall and timing-speci�c moderate-to-vigorous physical activity with measures of physical function
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Measures
of
physical
function

Overall MVPA Percentage of overall MVPA  

During the morning During the afternoon During the evening  

(06:01-12:00) (12:01-18:00) (18:01-24:00)  

B 95% CI p B 95% CI p B 95% CI p B 95% CI p

Handgrip
strength
(kilogram)

0.045 (0.017,
0.072)

0.002* -0.069 (-0.243,
0.106)

0.436 0.067 (-0.132,
0.266)

0.504 -0.003 (-0.208,
0.201)

0.976

Gait
speed
(second)

-0.061 (-0.091,
-0.031)

<0.001** 0.075 (-0.021,
0.270)

0.452 -0.038 (-0.263,
0.187)

0.738 -0.237 (-0.468,
-0.006)

0.044*

Basic
functional
mobility
(second)

-0.045 (-0.079,
-0.011)

0.009* 0.214 (0.001,
0.428)

0.049* -0.273 (-0.518,
-0.027)

0.030* -0.162 (-0.416,
0.092)

0.210

Lower
limb
strength
(second)

-0.037 (-0.081,
0.006)

0.094 -0.048 (-0.323,
0.226)

0.729 -0.087 (-0.399,
0.226)

0.583 0.205 (-0.112,
0.521)

0.202

                                 

B: unstandardized linear regression coe�cient;MVPA: moderate-to-vigorous physical activity;CI: con�dence interval

*p<0.05; **p<0.001

Appendix

Appendix Table 1. The univariate linear regression models with
measures of physical function
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Categorical variables Handgrip strength Gait speed Basic functional
mobility

Lower limb
strength

 

B  (95% CI) B  (95% CI) B  (95% CI)  B  (95% CI)

Sex: female -0.186 (-0.218,
-0.155)*

0.043 (0.004, 0.082)* 0.013 (-0.031, 0.057) -0.014 (-0.064, 0.037)

Marital status: married -0.059 (-0.103,
-0.016)*

0.050 (0.013, 0.088)* 0.039 (-0.003, 0.080) 0.013 (-0.036, 0.062)

Employment: no full-time job 0.101 (-0.015, 0.217) -0.020 (-0.120, 0.080) -0.058 (-0.168, 0.053) -0.049 (-0.177, 0.079)

Living status: living alone 0.041 (-0.032, 0.113) -0.022 (-0.084, 0.041) -0.031 (-0.100, 0.038) -0.082 (-0.161, -0.004)*

Educational level: tertiary 0.025 (-0.031, 0.081) 0.071 (0.029, 0.113)* 0.066 (-0.019, 0.122)* 0.025 (-0.031, 0.081)

Self-rated health: good -0.053 (-0.099,
-0.008)*

0.056 (0.019, 0.094)* 0.071 (0.030, 0.113)* 0.081 (0.033, 0.130)*

Depression: yes 0.077 (0.017, 0.138)* -0.064 (-0.116,
-0.013)*

-0.076 (-0.133, -0.019)* -0.061 (-0.128, 0.006)

Hypertension: yes -0.005 (-0.049, 0.039) -0.038 (-0.075,
-0.001)*

-0.040 (-0.081, 0.001) -0.031 (-0.079, 0.017)

Hyperlipidemia:yes 0.014 (-0.033, 0.060) -0.045 (-0.084,
-0.006)*

-0.053 (-0.096, -0.010)* -0.037 (-0.087, 0.014)

Diabetes: yes 0.024 (-0.031, 0.078) -0.030 (-0.076, 0.017) -0.051 (-0.102, -0.001)* -0.019 (-0.079, 0.040)

Continuous variables B  (95% CI) B  (95% CI) B  (95% CI) B  (95% CI)

Age (year) -1.050 (-1.726,
-0.373)*

1.220 (0.665, 1.775)* 1.271 (0.649, 1.893)* 0.960 (0.212, 0.463)*

Body mass index (kg/m2) 0.130 (-0.216, 0.476) 0.502 (0.222, 0.782)* 0.480 (0.165, 0.796)* 0.219 (-0.158, 0.596)

Monitor wear time
(hours/day)

-0.019 (-0.035,
-0.004)*

-0.006 (-0.019, 0.007) -0.001 (-0.016, 0.014) -0.006 (-0.023. 0.011)

B: unstandardized linear regression coe�cient; CI: con�dence interval

*p < 0.05

 


