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Abstract

The amount of time spent in sedentary behaviors (SB) progressively increases with age, while 

reducing time spent in light (LPA) and moderate-to-vigorous physical activity (MVPA). These 

trajectories in PA and SB are linked to accelerated reductions in physical functioning.

PURPOSE—To examine the association of substituting SB time with LPA and MVPA on 

physical function in older adults.

METHODS—Ninety-one older adults (mean age: 70.7 ± 10.2 yr) wore a hip-mounted 

accelerometer to measure SB, LPA, and MVPA time. Measures of physical function included a 

400m walk test (400W), usual gait speed (UGS), and 5-time sit-to-stand (5xSTS), and the short 

physical performance battery (SPPB). Isotemporal substitution regression modeling was 

performed to assess the relationship of replacing the amount of time spent in one activity for 

another.

RESULTS—Replacing 30 min∙d−1 of SB with LPA was associated with a significant 

improvement in 400W (p = 0.0497), while MVPA resulted in a significant improvement (p < 0.01) 

in 400W, UGS, 5xSTS, and SPPB. Replacing 60 min∙d−1 of SB with 10 min∙d−1 of MVPA and 50 

min∙d−1 of LPA was associated with significant improvements in the 400W, UGS, and 5xSTS (p < 

0.05). Meanwhile, as little as 5 min∙d−1 of MVPA and 55 min∙d−1 of LPA was linked to a 78% 

increased odds of scoring with good function in the SPPB (p = 0.0247).

CONCLUSION—Replacing SB with LPA was linked to a significant improvement in the 400W, 

but not the other brief functional measures. Mixed doses of LPA and MVPA may add flexibility to 

interventions targeting reductions of SB in older adults for clinically relevant improvements in 

physical function.
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INTRODUCTION

Physical activity (PA; any bodily movement) and sedentary behavior (SB; a seated/lying 

activity with an energy expenditure of ≤ 1.5 MET) are identified as key predictors of skeletal 

muscle atrophy and functional decline with aging (1). Time spent in SB is positively 

associated with age (2), often including increased durations of time spent in activities like 

watching television, reading, and computer use in the elderly (3) and has been linked to 

diabetes (3), cardiovascular disease (4), functional limitations (5), and premature mortality 

(6). In particular, for every one hour increment in TV watching there is a reported 11% and 

18% increased risk for all-cause and cardiovascular disease-related mortality, respectively 

(7). While the mechanisms linking negative health outcomes to SB are not fully understood, 

the relationship appears to occur independent of participating in recommended amounts of 

moderate-to-vigorous intensity physical activity (MVPA) (6, 8), suggesting a distinct 

physiological pathway from the benefits of the PA to health (9).

Aside from SB, light-intensity physical activity (LPA; e.g., household chores or light 

walking) and MVPA (e.g., brisk walking, cycling, stairs, or running) make up the remainder 

of total daily activities and time spent in these activity domains generally decline with age 

(10). The contribution of LPA to health and functional capacity in older adults is not well 

established and previously was regarded as an inadequate stimulus to promote health and 

functioning (11). As SB-related health risks became apparent in the literature the importance 

of LPA has come into question as a means to replace SB. While the evidence linking LPA to 

health and functioning is limited, there is preliminary evidence linking LPA with benefits in 

physical health, such as body mass index (BMI), handgrip strength, and self-reported lower-

extremity function (5, 12). Also, LPA may serve as a prerequisite to MVPA participation 

which is positively associated with improved physical function among older adults (13, 14). 

However, these MVPA-related benefits may be minimized or canceled out by prolonged 

bouts of SB suggesting a need to concurrently target and modify SB, LPA, and MVPA 

behavior (5, 6, 88).

Age-related trajectories in PA have identified that greatest proportion of increased SB comes 

from loss of LPA and time spent in MVPA is progressively transferred to SB, rather than 

LPA (15). While discrepancies in the health effects of LPA have been found in previous 

investigations, these reports may have underestimated the impact of LPA by not measuring 

the relationship of transferring time spent in one activity to another. Specifically, traditional 

multivariate regression has been used to isolate the relationship of a single activity (i.e – SB) 

while adjusting for time spent in another activity (i.e. – MVPA) as a confounding variable, 

rather than accounting for displaced time. Isotemporal substitution modeling is a novel 

statistical approach in epidemiology that addresses the more practical question of the 

potential relationship of replacing time spent in one activity type to time in another activity 

(16). Isotemporal substitution is particularly valuable in addressing the co-dependence of 

SB, LPA, and MVPA within a finite amount of time in the day, and the independent and 

contrasting effects of SB and PA on function (17). Further, only one paper has cited 

isotemporal substitution with functional outcomes (18) with a paucity of evidence 

comparing the relationships of LPA and MVPA on health and functioning in older adult 

populations. Accordingly, the purpose of this study is to identify the relationship of 
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reallocating various time increments of SB, LPA, MVPA with measures of physical 

performance in community-dwelling older adults.

METHODS

Participants

One hundred and five able-bodied community-dwelling men and women aged 50–90 years 

from the Greater Milwaukee area were recruited to participate in this observational study. 

Recruitment strategies included the circulation of flyers in the surrounding community, 

university buildings, and local senior centers, lab website postings, and informational fall-

risk screenings at local Senior Centers and assisted living communities. Participants were 

excluded if they have had any neurological or functional impairment that would preclude 

them from participating in physical activity. The study was approved by the University of 

Wisconsin-Milwaukee Institutional Review Board and informed consent was obtained from 

all participants in the study.

Overview

Within four weeks of being screened, individuals visited the Physical Activity and Health 

Research Laboratory on two occasions and the Neuromechanics Laboratory on one 

occasion. During the first visit anthropometric measurements were obtained and participants 

were given verbal instruction on how to wear the physical activity monitors. Following a 7-

day monitoring period, the participants returned to the university setting to perform a further 

testing that included the functional performance-based assessments.

Measures

Anthropometrics and body composition—A physician’s scale (Detecto, Webb City, 

IL) and stadiometer (Continental Scale Corporation, Bridgeview, IL) were used to measure 

body weight and height, respectively, and BMI was calculated (kg·(m2)−1).

Physical activity—A hip-worn accelerometer (Actigraph GT3X+, Pensacola, FL) was 

worn for seven consecutive days to collect human movement. Study participants were 

instructed to wear the accelerometer on their right hip for all waking hours. Data was 

collected at a sampling frequency of 80 Hz with a band pass filter of 0.25–2.5 Hz to include 

only human ambulatory movement. Raw accelerometer data was collected and analyzed in 

one-minute epochs using the ActiLife software (Pensacola, FL). Activity cut-points 

recommended for adults were used to determine SB (< 100 counts per minute), LPA (100–

1951 counts per minute), and MVPA (≥ 1952 counts per minute) (19–21) and a wear time 

classification algorithm (22) was used along with personal logs to determine valid wear 

time. While accelerometry is a valid and reliable method of measuring SB and PA, there is 

not a solidified count per minute cut-point for activity intensities in older adults (23). As 

such it was decided to use the general practice cut-points for all adults in this sample (19).

Physical function—The Short Physical Performance Battery (SPPB) was administered 

according to the procedures described by Guralnik et al. (24). The SPPB consists of three 

tasks designed to assess walking speed, ability to rise from a chair, and maintain standing 
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balance. Briefly, walking speed was tested by recording the faster of two trials while 

performing a preferred and maximal walking speed. Participants were asked to stand-up and 

sit-down five times as quickly as possible from a straight-backed chair to determine chair 

rise ability. The time to complete the five repetitions was recorded and assigned a score. 

Lastly, for balance participants were evaluated on how long they could remain in a full-

tandem (toe of one foot directly behind the heel of the other), semi-tandem (toe of one foot 

even with heel of the other), and side-by-side (heels of both feet even) standing position. The 

maximum time spent in each position was 10 seconds (s). In the SPPB, a score of 0–6 is 

designated as a poor performer, a score of 7–9 as a moderate performer, and 10–12 as a good 

performer. The SPPB has been identified as a valid and reliable measure of functionality and 

mortality in older adults (25).

The 400-meter walk test (400W) was performed along a pre-determined walking course in a 

university building corridor covering a distance of 400 meters (m). Participants were asked 

to complete the test as fast as possible and allowed two opportunities to stop and rest during 

the test if needed. One trial was attempted by each participant with a researcher recording 

time to completion with a stopwatch. If the course was completed, the distance was divided 

by the time to completion to provide a value in m∙s−1. The 400W has been identified as a 

valid and reliable measure of physical function in older adults (26).

For usual gait speed (UGS) participants were asked to perform a preferred walking pace 

across an eight foot course. The faster of the two measurements was recorded and used for 

analysis. The distance of the course was divided by the time to complete the course 

providing a recorded measurement in meters per second (m∙s−1). Walking at a normal pace 

has been identified as a valid and reliable performance test for determining level of physical 

function, deterioration and improvement (27).

The five-time sit-to-stand (5xSTS) was used as a performance measure to assess lower leg 

power and chair rise ability. The participant was asked to stand-up and sit-down five times as 

quickly as possible from a straight-backed chair. The chair was placed against a wall and the 

participant was told to fold their arms across their chest. Time to completion of the five 

repetitions was collected by a researcher using a stopwatch and recorded in seconds (s). The 

5xSTS has been identified as a feasible, reliable, and valid measure for falls prediction in 

community dwelling older adults (11).

Statistical Analysis

Descriptive statistics for continuous and categorical variables were summarized as mean ± 

standard deviation and frequency and percentages, respectively. An independent samples t-

test was used to test for significant differences in participant characteristics based on sex. 

Associations between the physical activity components and other covariates were assessed 

using Pearson correlations with statistical significance at p < 0.05.

Prior to statistical modeling, the residuals for all functional measures were assessed for 

normality using the Shapiro-Wilk’s test. The 400W and UGS measures did not deviate from 

normality and thus the multiple linear regression method were used for these measures. 

However, the results of the Shapiro-Wilk’s test indicated that 5xSTS and SPPB measures 
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were not normally distributed. Thus, a natural-log transformation was applied to the 5xSTS 

measure and multiple linear regression method was used for this transformed measure. Back 

transformation (eβ) of the 5xSTS data was performed to present the geometric mean, 

standard error, and 95% confidence intervals. Data can be interpreted as a percent change in 

time to completion (β*100 per 60 minute change). The SPPB was dichotomized by scores of 

<10 (poor to moderate performers) and scores of 10+ (good performers) and a logistic 

regression statistic was used to analyze this measure.

Time spent in SB, LPA, MVPA, and total wear time was standardized by dividing the 

measured time spent in each of these activities by 60 min∙d−1. Three different regression 

models were used to assess the relationship of SB and PA on function (single, partition, and 

substitution models). The single-variable model included only one activity variable (SB, 

LPA, or MVPA) per functional outcome to determine the overall association of each 

individual activity. The partition model included all activity variables (SB, LPA, and MVPA) 

into one model for each functional outcome variable to determine independent associations 

for each activity variable. The substitution model was used to estimate the relationship of 

substituting 60 min∙d−1 of time spent in one activity with an equal amount of time spent in 

another activity with total wear time and the remaining activity being held constant. All 

models were adjusted for age and sex and a p-value criterion of 0.05 to determine statistical 

significance. Statistical reporting for the simple, partial, and substitution models include 

adjusted parameter estimates (β), standard errors (SE), and 95% confidence intervals (CI). 

All analysis was performed using SAS 9.4 (Cary, NC). For more information on how to 

perform isotemporal substitution modeling and its interpretation, refer to Mekary, Willett, 

Hu, & Ding 2009 (16).

To better simulate free-living scenarios, a separate isotemporal substitution model was 

performed for 60 min·day−1 using mixed redistributions of LPA and MVPA to replace SB. 

This was performed by redistributing 60 min·day−1 of SB toward a mixed share of the other 

two remaining activities (MVPA and LPA) by increments of 5 min∙d−1 (i.e., 0 min∙d−1 

MVPA/60 min∙d−1 LPA; 5 min∙d−1 MVPA/55 min∙d−1 LPA; 10 min∙d−1 MVPA/50 min∙d−1 

LPA; 15 min∙d−1 MVPA/45 min∙d−1 LPA…60 min∙d−1 MVPA/0 min∙d−1 LPA) while 

keeping total wear time constant.

Cut-off points of meaningful change (minimal clinical important difference) for 400W and 

UGS determined based on the relationship between noticeable and beneficial change in 

perceived function with each specific performance-based measure (28). For 5xSTS, an 

improvement of 2.3 s is linked to a 49% improvement in self-reported function in vestibular 

disorders (29) and is represented by a 15.1% improvement completion time in the current 

sample. Clinical interpretation for SPPB was based on odds ratio of being a poor/moderate 

performer (< 10) compared to a good performer (≥ 10).

RESULTS

Descriptive Characteristics

Ninety-one individuals (60% female) completed the physical activity monitoring period and 

performed the physical function assessments. Descriptive results regarding the physical 
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characteristics, PA monitoring, and physical performance tests can be found in Table 1. 

Approximately 93% of study participants were identified as white and 76% completed 

college-level education. Sixty-one percent of participants were overweight or obese and 

DXA imaging identified a significant sex difference in body composition. Other significant 

sex differences (p < 0.05) can be found in Table 1 and include height, weight, leg strength, 

accelerometer wear time, and steps·day−1.

On average, participants wore the accelerometers for 13.99 ± 0.13 h·day−1 with female 

participants wearing the device significantly longer (30.7 min∙d−1, p = 0.036). 

Approximately 63.7% of valid wear time was spent in a SB, 33.4% in LPA, and 2.9% in 

MVPA with no sex differences. One in four participants met the recommended 150 min∙wk
−1 for MVPA (30).

Associations with Physical Function

Single and partition models—Single-activity, partition, and substitution model 

parameters are presented in Table 2. Single activity models identified LPA as a significant 

predictor of 400W (β = 0.064, 95% CI = 0.013–0.116, p = 0.015) and MVPA for 400W 

(0.407 0.219–0.595, p < 0.001), UGS (0.295, 0.146–0.444, p = 0.0002), 5xSTS (−4.433, 

−7.217 – −1.650, p = 0.001), and SPPB (3.233, 1.045–5.422, p = 0.0038). Lastly, total wear 

time was a significant predictor of 5xSTS performance (−0.747, −1.444 – −0.050, p = 

0.021). Partition models presented similar associations for the physical performance 

measures relative to the single-variable models for activity, with an exception to total wear 

time.

Substitution models—Overall, substituting daily time spent in SB with either LPA or 

MVPA resulted in beneficial changes in physical function; however, the magnitude of 

improvements was greater for MVPA compared to LPA. Substitution models identified that 

replacing 60 min∙d−1 of SB time with LPA resulted in a significant improvement in 400W 

(0.053, 0.000–0.106, p = 0.0497). However, a 60 min∙d−1 increase in LPA alone did not lead 

to significant change the other three functional measures. When 60 min∙d−1 of SB time was 

replaced by MVPA there was a significant improvement in 400W (0.385, 0.198–0.057, p < .

001), UGS (0.293, 0.142–0.445, p = 0.0002), 5xSTS (−4.071, −6.855– −1.288, p = .0024), 

and SPPB (3.197, 0.953–5.442, p = 0.0054). All other variations of the activity substitution 

model can be found in Table 2. Not reported in the results is the output for 30 min∙d−1 which 

provide the same statistical significance, but with parameter estimates of a lower magnitude.

Mixed redistribution-substitution models—The associations of mixed redistributions 

of time spent in LPA and MVPA to replace 60 min∙d−1 of a SB on 400W, UGS, and 5xSTS 

can be found in Figure 1a-c and the odds ratios for SPPB in Table 3. In general, the 

redistribution of time spent in SB toward any mixture of LPA and MVPA tended toward 

improvements in all functional measures. Meanwhile, each 5 min∙d−1 increase of MVPA as a 

representative proportion of total PA to replace 60 min∙d−1 of SB resulted in greater 

magnitudes of improvement for all functional measures in a linear fashion.

Specifically, replacing 60 min∙d−1 of SB with 60 min∙d−1 of LPA and 0 min∙d−1 in MVPA 

showed statistically significant and probable clinically meaningful changes in the 400W 
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(0.053, 0.000–0.106, p = 0.0497). As shown in Figure 1a, each 5 min∙d−1 increase in time 

spent in MVPA represented a linear greater magnitude of improvement in the 400W up to 60 

min∙d−1 of MVPA (0.385, 0.094 – 0.198, p < 0.001).

For UGS, redistributing 60 min∙d−1 of SB time with as little as 5 min∙d−1 of MVPA and 55 

min∙d−1 of LPA was resulted in a statistically significant improvement (0.047, 0.006–0.088, 

p = 0.024). As shown in Figure 1b, every 5 min∙d−1 increase in MVPA represents a linear 

increase in magnitude of improvement up to 60 min∙d−1 of MVPA (0.293, 0.142–0.444, p < 

0.001).

For 5xSTS, redistributing 60 min∙d−1 of SB toward 10 min∙d−1 of MVPA and 50 min∙d−1 of 

LPA resulted in a statistically significant improvement (-0.061, -0.109- -0.014, p = 0.012). 

As shown in Figure 1c, every 5 min∙d−1 increase in MVPA represents a linear increase in 

magnitude of improvement up to 60 min∙d−1 of MVPA (-0.260, -0.425- -0.095, p = 0.002).

For the SPPB, redistributing 60 min∙d−1 of SB towards as little as 5 min∙d−1 of MVPA and 

55 min∙d−1 of LPA was significantly associated with a 78% increased odds of falling into a 

good function range of 10–12 (1.785, 1.076–2.960, p = 0.0247). As shown in Table 3, 

increasing increments of daily time spent in MVPA represented significantly greater odds of 

having a score indicating good function with a full redistribution of SB toward 60 min∙d−1 of 

MVPA resulting in a 25-fold increased odds (24.469, 2.594–230.781, p = 0.0052).

For all performance-based measures, there was a significant detrimental effect when 

replacing MVPA with any share of LPA or SB (p < 0.01).

DISCUSSION

Time spent in MVPA has been consistently linked to physical function while the 

contributions of LPA are not well established. Findings from this investigation highlight the 

importance of altering the LPA and SB balance with statistically significant improvements in 

400W when replacing as little as 30 min∙d−1 of SB with LPA. Doubling the LPA substitution 

to 60 min∙d−1 was associated with a linear two-fold improvement in 400W resulting in a 

probable clinically meaningful change. Not all measures of physical performance were as 

sensitive as the 400W when replacing SB with isolated LPA. However, mixed ratios of time 

spent between LPA and MVPA to replace SB time may provide effective and feasible 

approaches to reducing SB time and improving physical function. Replacing 60 min∙d−1 of 

SB with a 5-to-1 ratio of LPA-to-MVPA resulted in statistically significant improvements in 

the remaining performance-based measures. Furthermore, clinically meaningful changes in 

physical function required a mixture of LPA and MVPA in all physical performance 

measures, except for 400W when replacing 60 min∙d−1 of LPA for SB.

These findings are important considering the growing public health concern of an aging 

older adult population with increased risk of mobility disability, the current SB and PA 

trends in older adults, and the scarcity of interventions targeting SB in older adults. Older 

adults accumulate the greatest amount of SB with age-related trajectories leading to reduced 

time spent in both LPA and MVPA (15). Physical activity presents the strongest overall 

evidence for combatting physiological decline and the accumulation of comorbidities that 

Lerma et al. Page 7

Med Sci Sports Exerc. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



are linked with physical functioning (31). Further, these findings highlight the utility of 

creating flexible PA prescriptions that can use a mixture of various PA intensities while 

holding clinically relevant performance outcomes in mind. This may be of ultimate 

importance among an older adult population that lacks the musculoskeletal and 

cardiopulmonary capacity to perform continuous bouts of MVPA.

Reasons for the discrepancies between the effect of LPA on 400W and other physical 

performance measures may include the added cardiorespiratory challenge 400W compared 

to the other brief performance measures. While the SPPB score is predictive of the inability 

to complete the 400W (32), the 400W has been linked to premature mortality independent of 

SPPB scores (33) and predictive of medical conditions, falls, medication use, muscle 

strength, and muscle power among those that scored 10+ in the SPPB (34). The SPPB, UGS, 

and 5xSTS primarily consist of tasks that focus on balance and lower limb strength 

necessary to ambulate in brief bouts of < 30 s. In the current study sample, the average time 

for completing the 400W was approximately 9 min and 20 s with SPPB scores of 10+ 

performing nearly 2 min faster. These cross-sectional associations indicate that 400W 

performance may serve as a measure of interest to test the impact of LPA and MVPA to 

replace SB in moderate and high functioning older adults. Also, LPA may not be an 

adequate stimulus to preserve the rapid loss of function in late life as indicated by the brief 

measures, but may be an indicator of continuous ambulatory ability. However, the disability 

process which includes progressive declines in physical performance is predicted by the 

accumulation of multiple comorbidities which can be augmented by LPA and/or MVPA (4, 

18, 35).

Traditional PA interventions that exclusively focus on increasing MVPA may fail to offset 

the negative health effects of SB which tends to replace LPA (36). Collectively, the 

independent health effects of SB and PA on physical function (5), morbidity and mortality 

(6), and the inability of PA interventions to offset SB time (37) suggest a need for concurrent 

prescription of SB, LPA, and MVPA. Systematic reviews have identified that SB is a 

relatively stable behavior that is not subject to change when increasing MVPA, but has the 

potential to be reduced when specifically targeted (37). Therefore, the transition of an 

inactive couch potato to an active couch potato (38) may disregard the potential confounding 

impact of SB on functional health.

The results from this study may aid the development of effective interventions aimed at 

reducing SB time and increasing PA time for the purpose of improving physical performance 

in older adults. The association between functional health and MVPA found in this study are 

consistent with previous findings using similar population representative surveillance data 

(5, 15), emphasizing the benefits of MVPA over LPA and SB. However, the complete 

transfer of an additional 30 or 60 min∙d−1 of MVPA to replace SB may be impractical for 

many older adults. Specifically, the discretionary time available to older adults varies 

depending on socioeconomic status, occupation, and other social circumstances. Also, the 

heterogeneity in an individuals’ preferences and ability to perform PA of various intensities 

are key determinants in the selection, initiation, and maintenance of PA as a form of lifestyle 

change (39). Thus, it is important to consider the impact of all levels of PA to maintain and 

rehabilitate functioning in older adults. Prolonged bouts of SB often take place in specific 
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domains that may prove difficult to interrupt or replace including television viewing, 

computer use, and reading. Further, the initiation and successful maintenance of MVPA 

adoption in older adults has proven to be a formidable task while LPA has been identified as 

a preferred intensity (40). Therefore, the introduction of a LPA may be a practical and 

feasible approach to developing interventions to reduce SB.

To our knowledge, only one other study has used isotemporal substitution modeling to 

measure the association of reallocating SB with various PA intensities on measures of 

functional performance (17). Traditional multivariate regression models typically provide a 

regression coefficient per minute in a single activity while adjusting for time spent in 

activities that are inter-dependent and under the assumption of continuous time. Adjustment 

for time spent in other activities does not provide an appropriate control for a finite amount 

of time during waking hours with mutually exclusive activities. In addition to addressing 

these statistical limitations, the current technique has the advantage of addressing the 

potential underestimation of health benefits of PA and SB in previous studies by 

compounding the association of reducing time spent in an activity negatively associated with 

health and increasing time spent in an activity positively associated with health. While 

reporting the isotemporal substitution models in 60 min∙d−1 increments provides 

immediately interpretable results, the jump to increasing LPA or MVPA by 60 min∙d−1 may 

not be an immediately adoptable approach. As a possible introduction and not reported in 

our results is the output of a 30 min∙d−1 isotemporal substitution model that reported the 

same statistical significance, but to lesser magnitude of change. Further strengthening this 

study is the use of dose-response mixed redistributions of LPA and MVPA to replace SB 

time. In addition to the strengths listed above, this study is not free of limitations. This study 

is limited by a relatively small sample size with fairly homogenous demographics. 

Additional studies and replication in larger and nationally representative samples would be 

important next steps to corroborate and further this study’s findings.

CONCLUSION

The health benefits of MVPA cannot be overstated, but how an individual spends the rest of 

the day spent between LPA and SB appears to play a role in determining physical function. 

Introducing LPA to specifically replace SB, but not MVPA, may serve as a sufficient 

stimulus to preserve and/or improve physical function in community-dwelling older adults. 

This emphasizes the need for public health approaches to mutually target SB, LPA, and 

MVPA when aiming to delay or reverse functional limitations in older adults. Previous 

investigations using this model have implied the use of doubling time spent in MVPA which 

may not be a feasible option for many older adults. The ability to mutually prescribe LPA 

and MVPA to augment clinically relevant changes in physical performance adds flexibility 

while optimizing interventions focused on clinically relevant changes in physical function.

Acknowledgments

This publication was partially supported by the University of Wisconsin-Milwaukee Research Growth Initiative, the 
National Institutes of Health, Eunice Kennedy Shriver National Institute of Child Health and Human Development 
(R21HD080828), and the National Center for Advancing Translational Sciences (UL1TR001436 and 
TL1TR001437). Its contents are solely the responsibility of the authors and do not necessarily represent the official 
views of the NIH. The results of this study are presented clearly, honestly, and without fabrication, falsification, or 

Lerma et al. Page 9

Med Sci Sports Exerc. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



inappropriate data manipulation. Also, the authors acknowledge that the results of the present study do not 
constitute endorsement by the American College of Sports Medicine.

References

1. Scott D, Blizzard L, Fell J, Jones G. The epidemiology of sarcopenia in community living older 
adults: what role does lifestyle play? J Cachexia Sarcopenia Muscle. 2011; 2(3):125–134. http://
doi.org/10.1007/s13539-011-0036-4. [PubMed: 21966639] 

2. Matthews CE, Chen KY, Freedson PS, et al. Amount of time spent in sedentary behaviors in the 
United States, 2003–2004. Am J Epidemiol. 2008; 167(7):875–881. [PubMed: 18303006] 

3. de Rezende LFM, Lopes MR, Rey-López JP, Matsudo VKR, do Carmo Luiz O. Sedentary behavior 
and health outcomes: an overview of systematic reviews. PLoS One. 2015; 9(8):e105620.

4. Buman MP, Winkler EA, Kurka JM, et al. Reallocating time to sleep, sedentary behaviors, or active 
behaviors: associations with cardiovascular disease risk biomarkers, NHANES 2005–2006. Am J 
Epi. 2013; 179(3):323–334. DOI: 10.1093/aje/kwt292

5. Gennuso KP, Gangnon RE, Matthews CE, Thraen-Borowski KM, Colbert LH. Sedentary behavior, 
physical activity, and markers of health in older adults. Med Sci Sports Exerc. 2013; 45(8):1493–
500. [PubMed: 23475142] 

6. Wilmot EG, Edwardson CL, Achana FA, et al. Sedentary time in adults and the association with 
diabetes, cardiovascular disease and death: systematic review and meta-analysis. Diabetologia. 
2012; 55(11):2895–2905. DOI: 10.1007/s00125-012-2677-z [PubMed: 22890825] 

7. Dunstan DW, Barr ELM, Healy GN, et al. Television viewing time and mortality. Circulation. 2010; 
121(3):384–391. [PubMed: 20065160] 

8. Sardinha LB, Santos DA, Silva AM, Baptista F, Owen N. Breaking-up sedentary time is associated 
with physical function in older adults. J Gerontol A Biol Sci Med Sci. 2014; 70(1):119–124. 
[PubMed: 25324221] 

9. Hamilton MT, Healy GN, Dunstan DW, Zderic TW, Owen N. Too little exercise and too much 
sitting: inactivity physiology and the need for new recommendations on sedentary behavior. Curr 
Cardiovasc Risk Rep. 2008; 2(4):292–298. [PubMed: 22905272] 

10. Sun F, Norman IJ, While AE. Physical activity in older people: a systematic review. BMC Public 
Health. 2013; 13(1):449. [PubMed: 23648225] 

11. Tiedemann A, Shimada H, Sherrington C, Murray S, Lord S. The comparative ability of eight 
functional mobility tests for predicting falls in community-dwelling older people. Age Ageing. 
2008; 37(4):430–435. DOI: 10.1093/ageing/afn100 [PubMed: 18487264] 

12. Keevil VL, Cooper AJ, Wijndaele K, et al. Objective sedentary time, MVPA, and physical 
capability in a British cohort. Med Sci Sports Exerc. 2016; 48(3):421–429. http://doi.org/10.1249/
MSS.0000000000000785. [PubMed: 26501232] 

13. Chalé-Rush A, Guralnik JM, Walkup MP, et al. Relationship between physical functioning and 
physical activity in the lifestyle interventions and independence for elders pilot. J Am Geriatr Soc. 
2010; 58(10):1918–1924. [PubMed: 20738437] 

14. Cooper AJ, Simmons RK, Kuh D, Brage S, Cooper R. Physical activity, sedentary time and 
physical capability in early old age: British birth cohort study. PLoS One. 2015; 10(5):e0126465. 
[PubMed: 25961736] 

15. Jefferis BJ, Sartini C, Ash S, Lennon LT, Wannamethee, Lee IM, Whincup PH. Trajectories of 
objectively measured physical activity in free-living older men. Med Sci Sports Exerc. 2015; 
47(2):343–349. http://doi.org/10.1249/MSS.0000000000000410. [PubMed: 24988411] 

16. Mekary RA, Willett WC, Hu FB, Ding EL. Isotemporal substitution paradigm for physical activity 
epidemiology and weight change. Am J of Epidemiol. 2009; 170(4):519–527. http://doi.org/
10.1093/aje/kwp163. [PubMed: 19584129] 

17. Knaeps S, Bourgois JG, Charlier R, Mertens E, Lefevre J, Wijndaele K. Ten-year change in 
sedentary behaviour, moderate-to-vigorous physical activity, cardiorespiratory fitness and 
cardiometabolic risk: independent associations and mediation analysis. Br J Sports Med. 2016; 
doi: 10.1136/bjsports-2016-096083

Lerma et al. Page 10

Med Sci Sports Exerc. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://doi.org/10.1007/s13539-011-0036-4
http://doi.org/10.1007/s13539-011-0036-4
http://doi.org/10.1249/MSS.0000000000000785
http://doi.org/10.1249/MSS.0000000000000785
http://doi.org/10.1249/MSS.0000000000000410
http://doi.org/10.1093/aje/kwp163
http://doi.org/10.1093/aje/kwp163


18. Kim M-J. Isotemporal substitution analysis of accelerometer-derived sedentary behavior, physical 
activity time, and physical function in older women: a preliminary study. Exerc Sci. 2015; 24(4):
373–381. DOI: 10.15857/ksep.2015.24.4.373

19. Freedson PS, Melanson E, Sirard J. Calibration of the computer science and applications, inc. 
accelerometer. Med Sci Sports Exerc. 1998; 30(5):777–781. [PubMed: 9588623] 

20. Hagstromer M, Oja P, Sjostrom M. Physical activity and inactivity in an adult population assessed 
by accelerometry. Med Sci Sports Exerc. 2007; 39(9):1502–1508. DOI: 10.1249/mss.
0b013e3180a76de5 [PubMed: 17805081] 

21. Matthew CE. Calibration of accelerometer output for adults. Med Sci Sports Exerc. 2005; 37(11 
Suppl):S512–522. [PubMed: 16294114] 

22. Choi L, Ward SC, Schnelle JF, Buchowski MS. Assessment of wear/nonwear time classification 
algorithms for triaxial accelerometer. Med Sci Sports Exerc. 2012; 44(10):2009–2016. DOI: 
10.1249/MSS.0b013e318258cb36. [PubMed: 22525772] 

23. Schrack JA, Cooper R, Koster A, et al. Assessing daily physical activity in older adults: unraveling 
the complexity of monitors, measures, and methods. J Gerontol A Biol Sci Med Sci. 2016; 71(8):
1039–1048. [PubMed: 26957472] 

24. Guralnik JM, Simonsick EM, Ferrucci L, et al. A short physical performance battery assessing 
lower extremity function: association with self-reported disability and prediction of mortality and 
nursing home admission. J Gerontol. 1994; 49(2):M85–M94. [PubMed: 8126356] 

25. Mijnarends DM, Meijers JM, Halfens RJ, et al. Validity and reliability of tools to measure muscle 
mass, strength, and physical performance in community-dwelling older people: a systematic 
review. J Am Med Dir Assoc. 2013; 14(3):170–178. [PubMed: 23276432] 

26. Rolland YM, Cesari M, Miller ME, Penninx BW, Atkinson HH, Pahor M. Reliability of the 400-m 
usual-pace walk test as an assessment of mobility limitation in older adults. J Am Geriatr Soc. 
2004; 52(6):972–976. DOI: 10.1111/j.1532-5415.2004.52267.x [PubMed: 15161464] 

27. Kim H, Park I, Lee HJ, Lee O. The reliability and validity of gait speed with different walking pace 
and distances against general health, physical function, and chronic disease in aged adults. J Exerc 
Nutrition Biochem. 2016; 20(3):46–50. DOI: 10.20463/jenb.2016.09.20.3.7.

28. Kwon S, Perera S, Pahor M, et al. What is a meaningful change in physical performance? Findings 
from a clinical trial in older adults (the LIFE-P study). J Nutr Health Aging. 2009; 13(6):538–544. 
[PubMed: 19536422] 

29. Meretta BM, Whitney SL, Marchetti GF, Sparto PJ, Muirhead RJ. The five times sit to stand test: 
responsiveness to change and concurrent validity in adults undergoing vestibular rehabilitation. J 
Vestib Res. 2006; 16(4–5):233–243. [PubMed: 17538213] 

30. Physical Activity Guidelines Advisory Committee. Physical activity guidelines advisory committee 
report, 2008. Washington, DC: US Department of Health and Human Services; 2008. p. A1-H14.

31. Seals DR, Justice JN, LaRocca TJ. Physiological geroscience: targeting function to increase 
healthspan and achieve optimal longevity. J Physiol. 2016; 594(8):2001–2024. DOI: 10.1113/
jphysiol.2014.282665 [PubMed: 25639909] 

32. Vasunilashorn S, Coppin AK, Patel KV, et al. Use of the short physical performance battery score 
to predict loss of ability to walk 400 meters: analysis from the InCHIANTI study. J Gerontol A 
Biol Sci Med Sci. 2009; 64A(2):223–229. DOI: https://doi.org/10.1093/gerona/gln022. 

33. Vestergaard S, Patel KV, Bandinelli S, Ferrucci L, Guralnik JM. Characteristics of 400-Meter Walk 
Test Performance and Subsequent Mortality in Older Adults. Rejuvenation Res. 2009; 12(3):177–
184. http://doi.org/10.1089/rej.2009.0853. [PubMed: 19594326] 

34. Sayers SP, Guralnik JM, Newman AB, Brach JS, Fielding RA. Concordance and discordance 
between two measures of lower extremity function: 400 meter self-paced walk and SPPB. Aging 
Clin Exp Res. 2006; 18(2):100–106. [PubMed: 16702778] 

35. Bann D, Hire D, Manini T, et al. Light intensity physical activity and sedentary behavior in relation 
to body mass index and grip strength in older adults: cross-sectional findings from the Lifestyle 
Interventions and Independence for Elders (LIFE) Study. PLoS One. 2015; 10(2):e0116058. 
https://doi.org/10.1371/journal.pone.0116058. [PubMed: 25647685] 

Lerma et al. Page 11

Med Sci Sports Exerc. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://doi.org/10.1093/gerona/gln022
http://doi.org/10.1089/rej.2009.0853
https://doi.org/10.1371/journal.pone.0116058


36. Mansoubi M, Pearson N, Biddle SJH, Clemes S. The relationship between sedentary behaviour and 
physical activity in adults: a systematic review. Prev Med. 2014; :28–35. DOI: 10.1016/j.ypmed.
2014.08.028

37. Prince SA, Saunders TJ, Gresty K, Reid RD. A comparison of the effectiveness of physical activity 
and sedentary behaviour interventions in reducing sedentary time in adults: a systematic review 
and meta-analysis of controlled trials. Obes Rev. 2014; 15(11):905–919. DOI: 10.1111/obr.12215 
[PubMed: 25112481] 

38. Owen N, Healy GN, Matthews CE, Dunstan DW. Too much sitting: the population health science 
of sedentary behavior. Exerc Sport Sci Rev. 2010; 38(3):105–113. DOI: 10.1097/JES.
0b013e3181e373a2 [PubMed: 20577058] 

39. van Stralen MM, De Vries H, Mudde AN, Bolman C, Lechner L. Determinants of initiation and 
maintenance of physical activity among older adults: a literature review. Health Psychol Rev. 
2009; 3(2):147–207. DOI: 10.1080/17437190903229462

40. King AC, Rejeski WJ, Buchner DM. Physical activity interventions targeting older adults. A 
critical review and recommendations. Am J Prev Med. 1998; 15(4):316–333. [PubMed: 9838975] 

Lerma et al. Page 12

Med Sci Sports Exerc. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Figure 1a–c-Substitution regression model for replacing SB with various ratios of LPA and 

MVPA (0–60 min). For 400W and UGS, values indicate the parameter estimate and 95% 

confidence intervals adjusted for age and sex. 5xSTS is presented as the geometric mean and 

95% confidence intervals and should be interpreted as a percent change in 5xSTS 

completion time per 60 minute substitution for SB. Reference values for minimum clinically 

important difference represented by black dashed line: 400W at 0.05–0.075 m∙s−1 (28); UGS 

at 0.03–0.05 m∙s−1 (28). 5xSTS at 15.1% based on an MCID of 2.3 s (29). 400W: 400-meter 
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walk, UGS: usual gait speed, 5xSTS: timed five-time sit-to-stand, SB: sedentary behavior, 

LPA: light-intensity physical activity, MVPA: moderate-to-vigorous-intensity physical 

activity, OR: odds ratio
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