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PURPOSE: In this pilot cross-sectional study, we aimed to examine associations of objectively derived sedentary and physical activity time 
with physical function using an isotemporal substitution approach in older adults.

METHODS: We enrolled 101 community-dwelling elderly Japanese women (mean age: 81.4±2.8 years; range: 76-89 years). Physical activity 
was objectively measured with an accelerometer (ActiGraph GT3X+) worn around the waist for waking hours for 10 consecutive days. We 
examined the effects of replacing prolonged sedentary time (accumulated in bouts ≥30 min) with non-prolonged sedentary, light-intensity, 
and moderate-to-vigorous physical activity (MVPA), on physical function (usual and maximum gait speeds, 5-chair sit-to-stand and timed 
up-and-go tests) using an isotemporal substitution model. Multivariable linear regression was used to determine associations between 
measures of sedentary behavior (SB), physical activity time, and physical function.

RESULTS: Subjects wore the accelerometers for an average of 9 days and 954.6 minutes daily; the total volume of physical activity was 174.7 
CMP/day. The timed up-and-go test results (B=-0.468; 95% confidence interval; CI=-0.824 to -0.112) were significantly associated with the 
combination of lower mean prolonged sedentary time (<30 min/day) and higher mean non-prolonged sedentary time (>30 min/day). Replacing 
sedentary time with MVPA time yielded favorable improvements in usual gait speed (B=0.240; 95% CI=0.133 to -0.346), maximum gait speed 
(B=0.240; 95% CI=0.105 to -0.375), and timed-up-and-go test results (B=-0.264; 95% CI=-3.557 to -0.970).

CONCLUSIONS: Replacing sedentary time with an equal amount of MVPA time was associated with favorable physical function in older adults. 
The patterns of SB were differentiated beyond just functional mobility, including prolonged and non-prolonged sedentary time. Such findings 
are important in designing effective lifestyle interventions targeting older adults.

Key words: sedentary, physical activity, isotemporal, physical function, older adults

주요어: 좌식행동, 신체활동, isotemporal, 신체기능, 고령자

Ⅰ. INTRODUCTION

A decline in functional status, such as functional limitations 

of instrumental activities of daily living and activities of daily liv-

ing, is a common feature of aging, and has important outcomes 

in terms of necessitating medical and long-term care [8,16]. 

Physical independence fundamentally affects health and 

well-being in old age. Objective performance-based measures 

provide more information regarding the functional status of in-

dividuals, and enables the assessment of changes over a con-

tinuous scale across a wider range of abilities, as compared to 

categorical changes that are assessed by self-reported measures 

[11,17,33]. Therefore, identifying the factors that contribute to 

declines in physical function is crucial to preventing or delaying 

the disablement process. Physical inactivity is considered to be 

a major contributing factor for functional limitations [2]. In re-

cent years, sedentary behavior (SB)-defined as sitting, reclining, 

and lying down, or as conditions of low energy expenditure 

[28]-has received increased attention in terms of its association 

with health outcomes. Older adults are the most sedentary 

group, and reportedly spend approximately 60-70% of their 

waking hours in SB [19]. Some evidence suggests that SB has a 
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negative impact on physical function in older adults 

[6,10,24,25,29]. Rosenberg et al [24] reported that a higher de-

vice-measured sedentary time indicated worse objective physical 

function, independent of the performance of moderate-to-vigo-

rous physical activity (MVPA). In addition, there is an emerging 

body of evidence regarding SB patterns, including the reduction 

of prolonged SB time and breaks in sedentary time [6,10,25]. 

These parameters were usually assessed independently of other 

activities and certain studies statistically adjusted for these 

activities. Hence, it is important to understand the potential 

health benefits of replacing time spent in SB with time spent 

performing alternative activities in the interests of public health. 

The isotemporal substitution (IS) paradigm addresses such 

time displacements, by estimating the associations observed 

when cross-sectionally reallocating time from one activity to an-

other, while maintaining fixed total time and time spent in activ-

ities [22]. IS analysis is widely used in nutritional epidemiology, 

and was recently applied to various physical activity (PA) be-

haviors that yield several outcomes, such as weight change [22], 

physical health and well-being in older adults [3], depression 

[21], mortality benefits [20], and cardiovascular disease risk bio-

markers [4,12,13,14]. The greatest advantage of the IS model is 

its better interpretability as compared to typical models. The 

findings from IS analysis could yield potential benefits in terms 

of establishing public health recommendations and health pro-

motion practices. Even though the older group is currently the 

fastest growing segment of the population, information on pat-

terns of SB or PA and physical function is limited. To our 

knowledge, the association between objectively measured SB or 

PA and physical function in the older population has not been 

investigated by using an IS approach. 

In the present study, we aimed to examine the associations 

of objectively derived SB and PA with physical function by us-

ing an IS approach in community-dwelling older women. The 

time spent in each activity across the spectrum was assessed-the 

most activity was observed with MVPA, followed by light-in-

tensity activity and sedentary time in non-prolonged (<30 mi-

nute) and prolonged unbroken (30 minute) bouts. With regard 

to secondary analyses, the study assessed the association be-

tween the total volume of PA and physical function, and sought 

to identify the optimal cut-off points with regard to slow gait 

speed.

Ⅱ. METHODS

1. Study design and subjects 

The study had a cross-sectional design. Subjects were re-

cruited from among participants of a comprehensive health sur-

vey of community-dwelling adults in the Itabashi ward, metro-

politan Tokyo. The subjects included 101 community-dwelling 

elderly Japanese women. Before tests were conducted, subjects 

were assured of their anonymity in the management of study 

data and reporting of results. They read and signed the in-

formed consent forms, which were approved by the relevant in-

stitutional review board. The Clinical Research Ethics Committee 

of the TMIG approved the study protocol (No. 018).

2. Accelerometer-measured sedentary time and physical 

activity 

Sedentary time and PA were assessed by using an accel-

erometer (GT3X+; ActiGraph, LLC, Pensacola, FL, USA); this is 

a small (4.6×3.3×1.5 cm; 19 g), easy-to-wear device that yields 

valid estimates of PA in controlled and free-living environments. 

The participants were instructed to wear the accelerometer in 

an elastic belt over the right hip for 10 consecutive days, except 

while sleeping and bathing or participating in water-based activ-

ities, and to record the wearing time in a log. The accel-

erometer was set to an epoch of 1-second from three orthogo-

nal axes, at a 30-Hz sampling rate, while the low frequency ex-

tension was enabled. Data were processed using ActiLife ver-

sion 6.11.8 software (Pensacola, FL, USA). A valid day was de-

fined as a day wherein the accelerometer was worn for ≥10 

hours, and the present analyses included data from subjects 

with at least five valid days (including one weekend day). 

Accelerometer compliance was high in our study, with almost 

all participants (101/102) providing at least five valid days of da-

ta (75% had 7 valid days of data). The non-wear time was de-

termined by using a modified Choi algorithm [5]. In this algo-

rithm, 90 consecutive minutes of zero counts, with a 2-minute 

spike tolerance, constituted non-wear, if the zero counts were 

detected 30 minutes upstream and downstream from that 

interval. The total volume of PA was derived by calculating the 

daily average number of counts per minute. Uniaxial (vertical 

axis) analyses were performed to permit comparisons with pre-

viously presented research. In the absence of well-accepted, 

evidence-based cut-off points for SB and PA intensity in older 

adults [3, 31], cut-off points were chosen to demarcate sedentary 

time (<100 counts/minute), including prolonged sedentary time 

(sedentary time accumulated in bouts of ≥30 minutes) and 

non-prolonged sedentary time (sedentary time accumulated in 

bouts of <30 minutes), time spent in light-intensity activity 

(100-1951 counts/minute), and time spent in MVPA (>1951 

counts/minute). The total wear time was calculated as the sum 

of time spent in all activities. Breaks in sedentary time were 

considered as any interruption in sedentary time that lasted for 

≥1 minute, wherein the accelerometer counts per minute in-

creased to or above 100. In this study, the total volume of PA 

was expressed as the total activity count per minute per day 

(CMP/day) [1].

3. Sedentary behavior questionnaire 

The questionnaire was administered during a face-to-face in-
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terview to measure the time spent in different domains of SB, 

and was adapted from a self-report survey of sedentary time in 

older adults [9]. Information regarding SB during leisure activ-

ities and transportation is determined by measuring the total 

time spent sitting or lying down and (a) watching television, (b) 

using the computer, (c) reading, (d) socializing, (e) driving or 

using public transportation, (f) participating in hobbies, and (g) 

performing any other activities during the past week.

4. Assessment of physical function

Participants also performed the following physical perform-

ance tests in a random sequence: usual gait speed, maximum 

gait speed, 5-chair sit-to-stand, and timed up-and-go tests 

[16,17]. The usual and maximum gait speeds were measured 

over 5 m, with acceleration and deceleration phases of 3 m 

each. A flat walking path of 11 m was marked with tape at the 

3- and 8-m points. A stopwatch was used to measure the time 

taken to walk 5 m, from a point at which the foot first touched 

the ground after the 3-m line, to a point at which the foot 

touched the ground after the 8-m line. Participants were asked 

to walk at their normal or preferred speed. We calculated gait 

speed as the distance divided by the walking time (m/s). The 

5-chair sit-to-stand test measured the time taken to stand from 

a sitting position, over 5 repetitions, without using the arms. In 

this test, participants were asked to stand up and sit down on 

a straight-backed chair (at a height of 46 cm) as quickly as 

possible. The time was measured from the initial sitting position 

to the final fully erect position, at the end of standing during 

the fifth repetition. The timed up-and-go test measured the du-

ration during which the participant stood up from the chair, 

walked around a cone placed 3 m away, and returned to start-

ing position (seated on the chair).

5. Measurement of anthropometric and body compositions

Height and body weight were measured to the nearest 0.1 

cm or 0.1 kg, respectively, while subjects wore light garments. 

The body mass index (BMI) was computed as the weight div-

ided by the height squared (kg/m2). DXA (QDR-4500 A scanner; 

Hologic, Waltham, MA, USA) was used to measure whole body 

composition and regional body composition, including fat mass 

and lean mass. Body composition indices, including the per-

centage body fat mass, percentage body lean mass, and lean/fat 

mass ratio, were analyzed [15].

6. Potential confounders

To obtain demographic information, participants were inter-

viewed about their age, education, living conditions, smoking 

and drinking habits, medical conditions, medications, and func-

tional capacity. Information on chronic diseases diagnosed by 

physician (e.g., hypertension, history of stroke, diabetes melli-

tus, hyperlipidemia, heart disease, chronic obstructive pulmo-

nary disease, knee osteoarthritis, and hip osteoarthritis) was col-

lected using individual disease-based questions. Functional ca-

pacity was measured by using a 13-item instrumental self-main-

tenance subscale from the TMIG Index of Competence 

(TMIG-IC), which is used to measure high-level functional 

capacity.

7. Statistical analysis

The study population characteristics were analyzed using de-

scriptive statistics, including mean ± standard deviation, ranges 

(minimum-maximum), and frequencies. The associations of 

times spent in sedentary and PA (% of wear time in different 

intensity categories) with physical function variables were eval-

uated by using Pearson's correlation coefficients. Simple and 

multivariable linear regression analyses were used to determine 

the associations between the total volume of PA and physical 

function tests. All results from the regression models were ex-

pressed as 30-unit (counts/minute/day) increases in average ac-

tivity counts. The models were adjusted for age, BMI, educa-

tion, living status, smoking and drinking habits, number of 

medical conditions, and TMIG-IC score. The variance inflation 

factor (VIF) was calculated to test for multicollinearity. The VIF 

of all potential confounders was <2, and hence did not indicate 

multicollinearity. The IS model, by definition, estimates the ef-

fect of replacing one PA type with another PA type for the 

same amount of time [22]. Coefficients for the IS models repre-

sent the estimated effects of substituting a specified intensity 

category for another category while maintaining the total wear 

time constant. Thus, to examine the effect of replacing seden-

tary times (prolonged sedentary time and non-prolonged seden-

tary time) with light activity or MVPA, the models included pro-

longed sedentary time, non-prolonged sedentary time, light ac-

tivity, MVPA, total wear time, and other covariates. All intensity 

categories were divided by a constant of 30, such that a unit in-

crease in the activity variable represented an increase of 30 mi-

nutes/day within the given intensity category. The resulting un-

standardized coefficients (B) and 95% confidence intervals (CI) 

are presented in the tables and further discussions. The accel-

erometer cut-off points for slowness in the y-axis (vertical) and 

vector magnitude (VM) counts were developed by using the 

area under the curve (AUC) and its 95% CI, from receiver oper-

ating characteristic (ROC) curve analysis. Slowness was defined 

as a usual walking speed of <1.0 m/s [15]. The optimal cut-off 

values with the greatest sum of sensitivity and specificity for 

correctly identifying slowness were determined using the 

Youden index [27]. Statistical analyses were completed using 

the IBM SPSS Statistics 20 package (SPSS, Inc., Chicago, IL, 

USA) and Stata v14.0 (Stata Corporation, College Station, TX). 

All P-values were 2-tailed, and values of <0.05 were considered 

statistically significant.
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Ⅲ. RESULTS

1. Descriptive and subject characteristics

The clinical characteristics and body composition parameters 

of the study population are described in <Table 1>. The sub-

jects included 101 community-dwelling older Japanese women, 

with a mean age of 81.4±2.8 years (range, 76-89 years). The 

mean BMI was 22.5±3.6 kg/m2 and the mean number of medi-

cal conditions was 1.8±1.2. <Table 2> lists the characteristics of 

the subjects with respect to PA and SB patterns as well as phys-

ical function tests. Subjects wore the accelerometers for an aver-

age of 9 days and 954.6 minutes daily. Sedentary time was the 

largest component of the total wear time (84.6%), followed by 

light PA (21.6%) and MVPA (2.7%); the total volume of PA was 

174.7 CMP/day. With regard to interruptions to sedentary time, 

there were 78.4±49.9 breaks per day. Moreover, 7.6% of the to-

tal sedentary time comprised of prolonged bouts of ≥30 mi-

nutes (6.3±5.1% of the total wear time). The average daily 

self-reported time spent in SB was 498.9±201.7 minutes/day. TV 

viewing time comprised the largest component of the total sed-

entary time (231.4±127.7 minutes/day). The subjects had a usual 

walking speed of 1.18±0.22 m/s, and slowness of 21%. Figure 

1 shows the histogram for the total volume of PA, expressed as 

counts per minute measured by the accelerometer. The total 

volume of PA shows a right-skewed distribution.

Table 1. Characteristics of the subjects (n=101)

Variables Mean±SD Sample Range
Age (years) 81.4±2.8 76.0-89.0

Body weight (kg)a 48.2±8.2 30.5-70.9

BMI (kg/m2) 22.5±3.6 16.2-30.2

Percentage body fat (%) 28.3±6.3 16.5-41.1

Lean/fat mass ratio 2.6±0.9 1.4-5.1

Education (years) 10.8±1.8 6-16

Living alone, n (%) 40 (39.4) －

Current smoker, n (%) 2 (2.0) －

Alcohol drinker, n (%) 29 (28.7) －

Medical conditions 

Hypertension, n (%) 60 (59.4) －

Diabetes mellitus, n (%) 12 (11.9) －

Hyperlipidemia, n (%) 33 (32.7) －

History of stroke, n (%) 7 (6.9) －

Heart disease, n (%) 22 (21.8) －

COPD, n (%) 8 (7.9) －

Knee osteoarthritis, n (%) 29 (28.7) －

Hip osteoarthritis, n (%) 7 (6.9) －

Number of medical conditions (n) 1.8±1.2 0-5

Number of medications (n) 2.4±1.8 0-9

Functional capacity (0–13), (score) 1.0±1.2 0-5

Values are shown as means ± SD or numbers (%).
SD, standard deviation; BMI, body mass index; COPD, peripheral 
vascular occlusive disease; n, numbers.
aWeight are derived from whole-body mass measurements via dual 
x-ray absorptiometry.

Table 2. Physical activity and sedentary behavior patterns and 
physical function test results of the subjects (n=101)

Variable Mean±SD Sample Range
Accelerometer-derived sedentary behavior and physical activity

Valid days (days) 9.1±2.4 5-13

Wear time (min/day) 924.6±108.6 733.0-1394.8

Average activity counts
(counts/min/day) 174.7±74.8 50-367

Sedentary (min/day) 782.6±103.6 559.0-1170.2

Breaks in sedentary time
(number/day) 78.4±49.9 16.0-351

Sedentary bout length greater 
than 30 min (number/day) 1.3±1.1 0-5.8

Non-prolonged sedentary 
(min/day) 723.4±86.5 493.9-994.7

Prolonged sedentary (min/day) 59.3±50.9 0-251.9

Light intensity activity 
(min/day) 117.0±36.7 40.4-225.4

Moderate-to-vigorous intensity
activity (min/day) 24.9±15.8 2.2-75.5

Sedentary (%) 84.6±4.9 72.5-93.7

Light intensity activity (%) 12.6±1.6 5.1-23.0

Moderate-to-vigorous intensity 
activity (%) 2.7±1.6 0.2-7.8

Self-reported sedentary behaviors 

TV viewing (min/day) 231.4±127.7 0-840

Computer use (min/day) 1.2±7.3 0-60

Reading (min/day) 59.1±53.5 0-270

Socializing (min/day) 82.3±81.5 0-360

Transport (min/day) 35.5±39.6 0-300

Hobbies (min/day) 63.8±77.3 0-360

Other sedentary (min/day) 25.7±65.8 0-360

Total self-report sedentary time   
(min/day) 498.9±201.7 55-1305

Physical function tests

Usual walking speed (m/s), n=101 1.18±0.22 0.76-1.72

Maximum walking speed (m/s),
 n=96 1.55±0.27 0.99-2.08

5 chair sit-to-stand (s), n=97 8.9±2.1 4.2-20.4

Timed Up and Go (s), n=100 9.1±2.4 5.6-25.4

Slowness, n (%) 21 (20.8)

Values are shown as means ± SD or numbers (%). n, numbers.

Fig. 1. Distribution of the total volume of physical activity
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2. Physical activity and sedentary behavior in relation to 

physical function

Pearson correlation coefficients between PA and SB and 

physical function tests are presented in <Table 3>. There was 

a statistically significant correlation between the accel-

erometer-derived sedentary time and MVPA time and overall 

physical function, with the exception of the maximum walking 

speed (p<0.05). Prolonged sedentary time was significantly cor-

related with a lower timed-up-and-go score (r=0.267, p<0.01). 

No significant association was noted between prolonged seden-

tary time and the other physical function tests. Light activity 

time was significantly correlated with the 5-chair sit-to-stand test 

result (r=-0.203, p<0.05). However, the light activity time was 

not significantly associated with the other physical function 

indices. 

3. Reallocations of sedentary or active time in isotemporal 

substitution models

<Table 4> shows the IS results for the physical function tests 

that were significantly associated with any activity. In the 

cross-sectional analysis, the timed up and go score (B=-0.468; 

95% CI=-0.824 to -0.112) was significantly associated with a 

combination of lower mean prolonged sedentary time (<30 

min/day) and higher mean non-prolonged sedentary time (>30 

min/day). Replacing sedentary time with MVPA time was asso-

ciated with favorable effects in usual waking speed (B=0.240; 

95% CI=0.133 to -0.346), maximum walking speed (B=0.240; 

95% CI:0.105 to -0.375), and timed up and go scores (B=-0.264; 

95% CI:-3.557 to -0.970). The 5-chair sit-to-stand scores were not 

significantly associated with any of the reallocations of seden-

tary or active time. The combination of a lower mean non-pro-

longed sedentary time (<30 min/day) and higher mean MVAP 

time (>30 min/day) was associated with significantly higher 

physical function scores. Similarly, replacing light activity time 

with MVPA time was associated with favorable effects in overall 

physical function, with the exception of 5-chair sit-to-stand 

scores. 

4. Association of total volume of physical activity with 

physical function

<Table 5> shows the associations between the total volume 

of PA and physical function tests. In the multiple linear re-

gression analysis, the results were expressed as 30 CMP/day in-

creases in physical function. A higher total volume of PA was 

associated with improved physical function, after controlling for 

potential confounders (age, BMI, education, living status, smok-

ing and drinking habits, number of medical conditions, and 

TMIG-IC score). 

Table 3. Pearson's correlation coefficients for physical activity and sedentary behavior and physical function tests

Variables Accelerometer-derived sedentary behavior and physical activity

Sedentary (%) Prolonged sedentary (%) Light activity (%) MVPA (%)

Usual walking speed (m/s), n=101 -0.228* -0.097 0.076 0.510***

Maximum walking speed (m/s), n=96 -0.154 0.064 0.007 0.454***

5 chair sit-to-stand (s), n=97 0.292** -0.049 -0.203* -0.400***

Timed Up and Go (s), n=100 0.220* 0.267** -0.113 -0.401***

* p<.05, **p<.01, *** p<.001

Table 4. Isotemporal substitution models examining the relationship between 30-min changes in time spent in prolonged sedentary, 
non-prolonged sedentary, light-intensity, and moderate-to-vigorous-intensity activity and physical function test results

Mean time in activity is 
30 min/daya

Usual walking speed 
(m/s), n=101

Maximum walking 
speed (m/s), n=96

5 chair sit-to-stand 
(s), n=97

Timed Up and Go
(s), n=100

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

Replace 
prolonged 
sedentary

Non-prolonged 
sedentary 0.013 (-0.017, 0.043) -0.010 (-0.049, 0.030) 0.298 (-0.031, 0626) -0.468 (-0.824, -0.112)*

Light activity -0.032 (-0.076, 0.013) -0.052 (-0.108, 0.004) -0.024 (-0.496, 0.447) -0.065 (-0.591, 0.461)

MVPA 0.240 (0.133, 0.346)*** 0.240 (0.0105, 0.375)** -0.960 (-2.130, 0.209) -2.264 (-3.557, -0.970)**

Replace 
non-prolonge
d sedentary

Light activity -0.045 (-0.090, 0.000) -0.043 (-0.099, 0.013) -0.322 (-0.802, 0.158) 0.404 (-0.128, 0.935)

MVPA 0.226 (0.120, 0.332)*** 0.250 (0.116, 0.383)*** -1.258 (-2.417, -0.098)* -1.796 (-3.082, -0.510)**

Replace 
light activity MVPA 0.271 (0.137, 0.405)*** 0.292 (0.124, 0.460)** -0.937 (-2.397, 0.522) -2.199 (-3.816, -0.581)**

Unstandardized regression coefficients (B) were adjusted for age, body mass index, education, living alone, current smoker, alcohol drinker, 
number of medical conditions, and TMIG score.
a Activities as estimated from ActiGraph GT3X accelerometers, count per minute thresholds: <100 (sedentary); 100 to <1952 (light); 1952 (moderate 
to vigorous physical activity; MVPA), with sedentary time in bouts 30 minutes classed as prolonged and <30 minutes classed as non-prolonged.
* p<.05, **p<.01, *** p<.001
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5. Receiver operator curve of total volume of physical 

activity with slowness

<Figure 2> shows the AUC values with confidence intervals. 

The total volume of PA demonstrated a moderate AUC with re-

gard to the discrimination between participants with and with-

out slowness (vertical axis, AUC: 0.73; 95% CI: 0.59-0.86; vector 

magnitude, AUC: 0.69; 95% CI: 0.57-0.81). The AUC for vertical 

axis CMP and vector magnitude CMP per day was not sig-

nificantly different (p=0.384). The optimal cut-off value of the 

vertical axis CMP per day for identifying slowness was 139 CMP 

(with a sensitivity of 71% and specificity of 70%), whereas the 

optimal cut-off value for the vector magnitude CMP per day for 

identifying slowness was 381 (with a sensitivity of 68% and spe-

cificity of 63%; data not shown). 

Fig. 2. Receiver operator curve of the total volume of 
physical activity with slowness.

AUC, area under the curve (p<.05); CI, confidence interval; 
y-axis, vertical; VM, vector magnitude

Ⅳ. DISCUSSION

We examined objectively derived sedentary time in rela-

tion to various health outcomes in older adults using evi-

dence-linking SB patterns. To our knowledge, this is the 

first study to assess the associations of objectively derived 

sedentary and PA with physical function by using an IS ap-

proach in community-dwelling older women. The IS model 

controls for the confounding effect of total wear time; 

hence, the observed associations between different activ-

ities and physical function tests are independent of one an-

other and also of total wear time. The present cross-sec-

tional findings suggest that the association of sedentary and 

MVPA with physical function can be better conceptualized 

by using the IS model. 

Our results demonstrate that replacing sedentary time with an 

equal amount of MVPA time was associated with physical 

function. Furthermore, an important factor of the present study 

was that the SB patterns were differentiated beyond just func-

tional mobility, including prolonged and non-prolonged seden-

tary time. Our study found that the reallocation of 30 minutes 

of long-bout sedentary time with 30 minutes of short-bout sed-

entary time could have a beneficial effect on the timed 

up-and-go scores (~0.49 s per 30 min/day). The timed up-and 

-go test is a well-known test of functional mobility. A previous 

study indicated the power of the timed up-and-go test in identi-

fying the frail population in a large sample that was representa-

tive of the community-living population of Ireland aged ≥65 

years [26]. In this study, prolonged sedentary time was used as 

a cut-off point for sedentary time accumulated in bouts of ≥30 

consecutive minutes [7,13]. Although information related to pro-

longed sedentary time and physical function in the older pop-

ulation is scarce, bed-rest studies in a free-living SB setting [18] 

have indicated that markers of cardiometabolic health are neg-

atively affected when active individuals replace active time with 

sedentary time in prolonged sedentary bouts (≥30 consecutive 

minutes). Falconer et al [7] reported that the replacement of ac-

celerometer-measured long-bout sedentary time (≥30 consec-

utive minutes) with short-bout sedentary time was favorably as-

sociated with obesity in a population with type 2 diabetes (age 

range, 30-80 years). In the present study, the associations be-

tween the accelerometer-derived sedentary time and MVPA time 

and physical function were consistent with those in previous 

studies [6,25]. Sardinha et al [25] observed that breaks sedentary 

time and MVPA were associated with better physical function in 

individuals aged 65-94 years. The relationship between breaks 

in sedentary time and lower extremity function (e.g., chair rise 

Table 5. Association of the total volume of physical activity with physical function

Dependent variables Unadjusted Multivariate adjusteda

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

Usual walking speed (m/s), n=101 0.035 (0.019, 0.051)*** 0.028 (0.010, 0.046)**

Maximum walking speed (m/s), n=96 0.037 (0.016, 0.057)** 0.027 (0.004, 0.050)*

5 chair sit-to-stand (s), n=97 -0.323 (-0.485, -0.161)*** -0.272 (-0.456, -0.087)**

Timed Up and Go (s), n=100 -0.334 (-0.518, -0.150)*** -0.310 (-0.521, -0.099)**

aAdjusted for age, body mass index, education, living alone, current smoker, alcohol drinker, number of medical conditions, and TMIG-IC score.
Results were expressed as 30 (counts/min/day) increases in average activity counts.
* p<.05,**p<.01, *** p<.001
B, unstandardized regression coefficients; CI, confidence interval.
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test) was independent of the PA level or sedentary time in in-

dividuals aged ≥70 years [6]. The present study observed no as-

sociations between light intensity PA and physical function in 

elderly women. The beneficial effects of light PA have pre-

viously been demonstrated in an older population, wherein im-

provements in self-reported physical health were observed fol-

lowing the reallocation of sedentary time with light PA in a 

large sample of community-dwelling older adults [3]. These dif-

ferences were probably associated with differences in sex and 

self-reported physical function, as our data pool was restricted 

to a small number of subjects. Furthermore, it is possible that 

accelerometer-measured light activity was broadly categorized 

as activity between sedentary and MVPA (100-1951 CMP). 

Future research should continue exploring this issue and specifi-

cally examine relative activity intensity and accelerometer 

thresholds in older populations. 

With regard to the secondary purpose of this study, we ob-

served the associations between the total volume of PA (CMP 

per day) and physical function. After additional adjustments for 

the potential confounders were made, we noted that the total 

volume of PA remained significantly associated with all physical 

function tests. Bassett et al [1] suggested that the total volume 

of PA may be a better metric than various other PA intensity 

categories as it incorporates the full continuum of intensities. 

The total activity count per day is a proxy for the total volume 

of PA, which is more closely related to disease biomarkers than 

the minutes of MVPA per day [34]. Furthermore, in the 

2003-2006 National Health and Nutrition Examination Survey, 

Wolff et al [35] reported that, although there is a modest age-re-

lated decline in the total volume of PA, the amount of light ac-

tivity remains fairly stable over much of the adult lifespan. For 

older adults, the ability to walk at an acceptable speed is not 

only essential to performing social or functional activities, but is 

also central to maintaining a level of independence [30]. 

Walking speed is a simple, reliable measure of functional ca-

pacity, and its predictive value for major health-related out-

comes has been well documented [23,32]. Our study found that 

the optimal cut-off value for the total volume of PA was 139 

CMP per day for identifying slowness in older women. Thus, 

the resultant cut-off points may be used to evaluate inter-

ventions, to investigate the links between PA and health, and to 

collect data on walking speed during daily living in this 

population.

The present preliminary study has several limitations. The 

cross-sectional study design precluded the establishment of 

causal relationships of physical function in older adults with SB 

and PA patterns, as the reallocation of time does not reflect a 

true temporal substitution. Moreover, the relatively small num-

ber of subjects might limit the generalizability of the findings to 

other populations of older adults. The accelerometer used pri-

marily detects ambulatory activity, and the activity classifications 

were based on the estimated energy expenditure, and not on 

posture. Finally, subjects removed while monitor while sleeping 

and during water-based activities. Thus, we cannot account for 

the effects of activities performed during non-wear time. Future 

research could assess the potential benefits/harms of reallocat-

ing time across the 24-hour day between sleep and activities.

Ⅴ. CONCLUSION

This preliminary study found that replacing sedentary 

time with an equal amount of MVPA time was associated 

with favorable physical function in older adults by using the 

IS model. Furthermore, an important factor of our results 

was that the patterns of SB were differentiated beyond just 

functional mobility, including prolonged and non-prolonged 

sedentary time. These findings suggest that reduction in 

prolonged sedentary time might be useful in maintaining or 

increasing physical function and independence in later life. 

This novel finding is important for the designing of effective 

lifestyle interventions targeting older adults.
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