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Purpose: Sleep, sedentary behavior, and physical activity are the components of the 24-hour 
model, while the timing of sleep may play a critical role to impact waking behaviors. 
Therefore, the present study aimed to examine the relationship of sleep timing with sedentary 
behavior, light-intensity, moderate-to-vigorous-intensity physical activity, and daily steps in 
older women.
Patients and Methods: A total of 90 community-dwelling older women (70.5 ± 5.4 years) 
were included in our sample. Multiple linear regression models were used to estimate the 
associations of accelerometer-measured sedentary behavior and physical activity metrics 
with the three sleep timing indicators (bedtime and wake time, and mid-sleep time). 
Bedtime and wake time were recorded by the participants, and mid-sleep time was estimated 
based on the two sleep indicators.
Results: Most indicators of sleep timing were negatively associated with moderate-to- 
vigorous-intensity physical activity (unstandardized coefficient [B]−0.07 for bedtime and 
mid-sleep time, p<0.05) and daily steps (B ranged from −15.51 for bedtime to −13.73 for 
wake time, p<0.05). No associations of sleep timing were found in sedentary behavior and 
light-intensity physical activity.
Conclusion: The findings suggest that sleep timing should be considered when designing 
promising strategies or interventions for older women to be physically active.
Keywords: sleep timing, circadian clock, modifiable behavior, aging population

Introduction
Given that the population of older adults aged 60 years or above is estimated to 
reach two billion worldwide by 2050,1 the aging population thus demands 
a comprehensive public-health response. Physical inactivity (ie, insufficient physi-
cal activity [PA]) is identified as the risk factor of death2 and is prevalent in older 
adults.3 Considering the components of the 24-hour model are organized into sleep, 
sedentary behavior (SB), light-intensity physical activity (LPA), and moderate-to- 
vigorous-intensity physical activity (MVPA),4 sleep behaviors may be related to the 
other components and give an insight into improvement in physical inactivity.

Buysse (2014) suggested that the timing of sleep occurring is among the 
important indicators of sleep behavior;5 it is associated with a number of health 
outcomes,6 which may also have influences on behavioral factors in awake time.5 

A previous study showed that later sleep timing was associated with less time 
spent on PA and more time spent on SB in adults aged 30–45 years.7 However, 
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sleep structure changed across the aging process.8 In 
particular, research has shown that menopause status is 
associated with sleep alterations9 and sleep disorders10,11 

in older postmenopausal women, indicating the biologi-
cal change may impact the pattern of sleep timing among 
women in their older adulthood. Additionally, older 
women engaged in more sedentary and inactive life 
patterns compared with older men.12 Since older 
women had shifted longer expected years living with 
a disability than older men over the past few decades,13 

the improvement of older women’s inactive and seden-
tary lifestyle is worth our attention. Therefore, investi-
gating the relationship of sleep timing with PA and SB 
among older women was needed. We aimed to examine 
the association of sleep timing with SB and different 
levels of PA (ie, LPA, MVPA, and daily steps) in older 
women.

Methods
Study Design
We used local advertisements and broadcasts to randomly 
recruit older adults who voluntarily contacted the investi-
gators or representatives from 28 neighborhoods in Taipei 
City, Taiwan during April and September in 2018. The 
inclusion criteria were as follows: (a) women aged 60 or 
above; (b) being healthy community-dwelling; and (c) able 
to walk independently. A total of 170 older adults were 
included initially and asked to answer a self-reported ques-
tionnaire. Afterwards, each participant had to wear 
a triaxial accelerometer (model wGT3X-BT; ActiGraph, 
Pensacola, FL, USA) on the hip for 24 hours for seven 
consecutive days, except for the time spent on activities 
involving water. The data collection should meet the stan-
dard of wearing the device at least 10 hours per day in 
waking time for at least four days, including one or more 
weekend days.14 Each participant was given a log with the 
accelerometer and asked to record their bedtime and wake 
time, separately, for seven consecutive days. Detailed pro-
cedures were reported in previous studies.15,16 Eventually, 
a total of 90 older women meeting the inclusion standard 
were included in our final analysis. We conducted this 
study according to the 1975 Declaration of Helsinki and 
its subsequent revision.17 Each participant included in the 
present research had finished written informed consent. 
This study was approved by the Research Ethics 
Committee of the National Taiwan Normal University 
(REC number: 201711HM003).

Measurement
The accelerometer data using 60-second epochs were used 
to identify the time spent on SB (<100 counts per minute 
[cpm]), LPA (100–2019 cpm), MVPA (≥2020 cpm),18 and 
daily steps during the total waking time and were pro-
cessed using the ActiLife version 6.0 software (Pensacola, 
FL, USA). Three indicators of sleep timing (bedtime, mid- 
sleep time and wake time) were included in the study. The 
average bedtime and wake time of valid days were 
assessed using the sleep log. The mid-sleep time was 
calculated as the midpoint of the length between bedtime 
and wake time, which was used in previous studies among 
older adults.19,20

We considered a series of covariates based on previous 
studies regarding sleep, SB, and PA.7,15 Demographic 
characteristics including age, marital status, educational 
level, and job status were assessed by questionnaire. 
Participants also answered whether they have a balanced 
diet based on the dietary guidelines in Taiwan.21 Pearson 
correlation was used to examine the correlations between 
the study variables to identify the covariates for different 
outcome variables. We included variables showing signifi-
cant levels of the p-value of 0.05 and the absolute value of 
coefficient ≥0.20 in the model. Additionally, identification 
of sleep duration was to crosscheck the sleeping period 
through bedtime and wake time, and further identified 
using the Cole-Kripke algorithm22 previously used in the 
older adult population.23 The accelerometer wear time was 
also included in the model based on previous studies.7,15

Statistics
A priori analysis was conducted to estimate sample size 
through G*Power version 3.1.9.7.24 The results showed 
that minimum sample size to examine the relationship 
between sleep timing and PA/SB at 0.80 study power is 
43 participants, given α= 0.05 and effect size= 0.35. 
Multiple linear regressions were applied to estimate the 
associations of three sleep timing indicators with SB, LPA, 
MVPA, and daily steps. The unstandardized coefficients 
and their 95% confidence intervals (CI) were estimated. 
The values of study variables were used in the regression 
analyses. Furthermore, Pearson correlation was used to 
examine the correlations between SB, intensity-specific 
physical activity (LPA and MVPA), and daily steps 
Table S1. The statistical analyses of regression models 
and correlation were conducted using IBM SPSS 23.0 
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software (SPSS Inc., IBM, Chicago, IL, USA) with p < 
0.05 set as the significance level.

Results
A total of 90 older women (mean age: 70.5 years, ranging 
63.0–87.0) were included in our study. Most of them were 
married (56.7%), without receiving tertiary education (80.0%), 
did not have a full-time job (95.6%), and had a balanced intake 
(71.1%). The mean bedtime, wake time, and mid-sleep time 
were 22:47 (standard deviation [SD]: 0.84 h), 06:12 (SD: 1.24 
h), and 02:29 (SD: 0.93 h), respectively (Table 1).

In the adjusted model, negative associations were found 
in most of sleep indicators with MVPA (bedtime: B = −0.07, 
95% confidence interval [CI] −0.15 to 0.00; mid-sleep time: 
B = −0.07, 95% CI −0.14 to 0.00) and daily steps (bedtime: 
B = −15.51, 95% CI −26.67 to −4.34; wake time: B = −13.73, 
95% CI −24.74 to −2.73; mid-sleep time: B = −14.81, 95% 
CI −25.98 to −3.65) (Table 2). The coefficients refer to the 
association of one minute of delayed sleep timing per day in 
changes of minutes of MVPA and counts of daily steps. No 

associations were found in the three indicators of sleep tim-
ing with SB and LPA.

Discussion
Our findings showed that in older women, later sleep 
timing was associated with decreased levels of MVPA 
and daily step counts, but not related to SB and LPA. 
These findings are informative to intervention designers 
aiming to promote older adults being physically active 
should consider altering their sleep timing.

The current study among older women showed consistent 
results of identifying later sleep timing to be associated with 
lower levels of PA, including MVPA and daily steps, while no 
association was found between sleep time and SB time. In 
keeping with our results, a previous study among older adults 
found that those who preferred to sleep later (ie, evening 
chronotype) had lower levels of physical activity.25 Another 
study showed that later sleep timing was related to less PA 
time but more SB time in middle-aged adults aged 30–45 
years.7 There were two potential explanations underlying the 
associations between sleep timing and MVPA in older women. 
First, studies have shown that older adults spend more time in 
a greater intensity of PA26,27 in the daytime rather than at 
nighttime. Therefore, the later sleep timing may lead to shor-
tened daytime in the following day which could be involved in 
MVPA and decrease the MVPA time of older women. Second, 
a previous longitudinal study indicated that older adults with 
evening chronotype (ie, those preferring to stay up later or 
sleep later) had decreased MVPA participation.19 

Furthermore, evening chronotype was associated with higher 
risks of poor health status,19,25 and older adults with poorer 
health status tended to be less active.28,29 Alternatively, the 
engagement in more MVPA during the daytime may synchro-
nize the biological clock by either physical activity or outdoor 
light exposure that causes early sleep timing. Since this was 
a cross-sectional study, there might be bidirectional associa-
tions between sleep timing and MVPA. Therefore, researches 
were suggested to further examine the relationships.

Based on our results, 60 minutes delayed in older 
women's sleep timing may predict a loss of roughly 4.2 
minutes MVPA per day, and the accumulation of a week 
may reduce around half an hour. The negligible loss of 
MVPA may accumulate over time as the delaying con-
tinues for not just one day or a week potentially implicat-
ing the decrease in the level of activity and higher risks of 
unhealthy outcomes in later life. Particularly, older women 
tend to spend less time on PA, whereas more time on SB 
generally;3 therefore, the time spent on PA may be 

Table 1 Participants’ Sociodemographic Characteristics, 
Sedentary Behavior, Physical Activity and Sleep Timing

Variables Category Total Sample (n=90)

N %

Marital status Married 51 56.7

Unmarried 39 43.3

Educational level Tertiary educationa 18 20.0

No tertiary education 72 80.0

Job status Full- time job 4 4.4

Non-full-time job 86 95.6

Balanced diet Yes 64 71.1

No 26 28.9

Description Mean SD

Age Years 70.5 5.4

Sleep duration Minute per day 426.4 60.0

Accelerometer wear time Minute per day 925.3 73.6

Sedentary time Minute per day 599.1 71.6

LPA time Minute per day 306.7 73.8

MVPA time Minute per day 19.5 19.2

Daily steps Counts per day 7082.1 3051.1

Bedtime Clock time 22:47 0.84h

Wake time Clock time 06:12 1.24h

Mid-sleep time Clock time 02:29 0.93h

Note: aTertiary education indicating a university or college degree or higher. 
Abbreviations: SD, standard deviation; LPA, light-intensity physical activity; MVPA, 
moderate-to-vigorous-intensity physical activity.
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primarily omitted, while the time spent on SB remained. 
Of note, the decreased daily steps may potentially be 
contributed by the reduction in MVPA, in view of their 
strong correlation (coefficient = 0.83). These findings 
could urge future studies using prospective design to 
further identify the relationship between sleep timing and 
intensity-specific activity, particularly in a population with 
physically inactive lifestyle.

This study holds the strengths that being one of the limited 
researches to target the older population, including objectively 
measured SB, PA for analyses. However, several limitations 
still should be acknowledged. First, due to the cross-sectional 
study design, the causal relationships between sleep timing and 
daily steps cannot be inferred. Second, we calculated the mid- 
sleep time as the midpoint of the length between bedtime and 
wake time. However, a previous study showed that the mid-
point of the length between sleep onset and offset time was 
strongly correlated with dim light melatonin onset.30 Future 
studies examining such associations are suggested to use both 
calculations of mid-sleep time and compare the differences/ 
similarities. Third, sleep pattern might be different on sched-
uled days and free days. However, this potential difference was 
not taken into account. Besides, several confounding factors 
such as drug use, comorbidity or seasonal factors (eg day 
length or temperature)31,32 were not considered in this study, 
which may potentially impact the relationships we discussed. 
Fourth, since the developed algorithm for sleep timing detec-
tion was validated for the wrist-worn rather than the hip-worn 
device, we used self-reported sleep timing indicators in the 
present study and subjective biases might be caused. Finally, 
our results might be limited by neglecting participants’ medical 
conditions or other sleeping problems. Future studies can 
further explore the association between later sleep timing and 
PA in the older population by incorporating methods for con-
trolling these potential confounders in analysis.

In conclusion, the results found that later sleep timing 
was negatively associated with MVPA and daily steps in 
older women. The findings suggest that sleep timing 
should be considered while implementing strategies or 
interventions to promote healthy behaviors such as being 
physically active for older women.
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