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Abstract

Purpose—To examine the effect of a long-term structured physical activity intervention on 

accelerometer-derived metrics of activity pattern changes in mobility-impaired older adults.

Methods—Participants were randomized to either a physical activity (PA) or health education 

(HE) program. The PA intervention included a walking regimen with strength, flexibility, and 

balance training. The HE program featured health-related discussions and a brief upper body 

stretching routine. Participants (n = 1,341) wore a hip-worn accelerometer for ≥10 h/day for ≥3 

days at baseline and again at 6, 12 and 24 months post-randomization. Total physical activity 

(TPA)—defined as movements registering 100+ counts/min—was segmented into the following 

intensities: low light (LLPA; 100–759 counts/min), high light (HLPA; 760–1,040 counts/min), low 
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moderate (LMPA; 1,041–2,019 counts/min), and high moderate and greater (HMPA; 2,020+ 

counts/min) physical activity. Patterns of activity were characterized as bouts (defined as the 

consecutive minutes within an intensity).

Results—Across groups, TPA decreased an average of 74 minutes/week annually. The PA 

intervention attenuated this effect (PA= −68 vs. HE: −112 minutes/week, p=0.002). This 

attenuation shifted TPA composition by increasing time in LLPA (10+ bouts increased 6 min/

week), HLPA (1+, 2+, 5+, and 10+ bouts increased 6, 3, 2, and 1 min/week, respectively), LMPA 

(1+, 2+, 5+, and 10+ bouts increased: 19, 17,16, and 8 min/week, respectively), and HMPA (1+, 

2+, 5+, and 10+ bouts increased 23, 21, 17, and 14 min/week, respectively).

Conclusion—The PA intervention increased physical activity by shifting the composition of 

activity toward higher intensity activity in longer duration bouts. However, a long-term structured 

physical activity intervention did not completely eliminate overall declines in total daily activity 

experienced by mobility-impaired older adults.

Keywords

Light-intensity physical activity; accelerometer; elderly; physical activity intervention; activity 
bouts

INTRODUCTION

Adults aged 70+ years old are the most physically inactive age segment of the US population 

(31) and they are at high risk for physical disability and loss of independence (17). Large-

scale physical activity intervention studies, such as the Lifestyle Interventions and 

Independence for Elders (LIFE) study (11), were developed to evaluate physical activity 

interventions to combat the negative effects of physical inactivity on mobility and 

independence. This was accomplished by facilitating older adults’ engagement in the 

Federally-recommended amount of 150 min/week (minutes per week) of structured 

moderate to vigorous intensity physical activity (MVPA) (3, 7, 23). Specifically, for those 

who have difficulty participating in long, continuous intervals or bouts of physical activity to 

reach 150 min/week, the guidelines recommend accumulating multiple 10+ minute bouts of 

activity spread throughout the week (23). Despite these recommendations, there is relatively 

little work to verify that physical activity interventions influence engagement in these types 

of activity bouts in vulnerable older adults who may have impediments to performing longer 

duration exercise.

Previous research has identified that physical activity interventions impact not only MVPA, 

but also reduce physical activity in lighter intensities among older adults, but not in younger 

adults. Several studies in younger populations demonstrated long-term (e.g., 5 months) 

physical activity interventions increased total daily physical activity suggesting that lighter 

intensity physical activity is preserved (6, 21, 27, 29). For example, Meijer and colleagues 

demonstrated that adults 28–41 years of age who trained 5 months for a 1/2 marathon 

competition increased total daily physical activity (21). The authors concluded that the 

physical activity training program did not affect light-intensity physical activity in this 

sample of younger adults, resulting in the observed increase of total amount of physical 
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activity accumulated throughout the day. However, some evidence in older adults suggests 

that high intensity physical activity training has no impact on total daily physical activity, 

which may indicate that lighter intensity activities were replaced by higher intensity physical 

activity (14, 19, 20, 22). Older adults who undertook vigorous endurance training 

demonstrated no changes in total daily total energy expenditure (14). This suggests a 

compensation effect whereby lighter intensity activities reduced to accommodate increased 

engagement in higher intensity activities. However, the compensation effect remains largely 

unconfirmed in long-term, large-scale randomized trials and particularly among vulnerable 

older adults with mobility limitations. Furthermore, there has been little work to examine 

this compensation effect of physical activity according to frequency, duration, and intensity 

(34).

Measuring physical activity is challenging because it is difficult to precisely describe 

intensity patterns in free-living conditions. There are a multitude of measurement tools to 

assess physical activity including questionnaires, doubly-labeled water, and electronic 

sensors, all of which capture physical activity in different ways. However, some of these 

methods are limited in their ability to simultaneously capture all the complex components of 

daily physical activity such as frequency, duration, and intensity. Questionnaires are cost 

effective measurement tools that excel at qualitatively capturing types and contexts of 

activities and are easily deployed in large-scale research. However, validity (when compared 

to more objective methods) of these instruments is considered poor (16). Doubly labeled 

water is considered the gold standard method to indirectly measure free-living total caloric 

energy expenditure (30), but this method is costly for large scale research studies and unable 

to capture the type or intensity of specific activities performed during the monitored time 

period (35). Fortunately, innovations in engineering in the past couple decades have 

provided an objective method to assess movements continuously in free-living environments 

(13). Body worn accelerometers offer a non-invasive, reasonably cost-effective, and 

continuous measure of movement patterns throughout a waking day while also being well 

suited for evaluating behavioral studies such as physical activity interventions. 

Accelerometers have greatly expanded the measurement of physical activity by objectively 

capturing the composition of activity by intensity, duration, and frequency patterns, although 

they are not well-suited for capturing specific types or contexts of the physical activities 

being performed (25).

The primary aim of this analysis was to examine how a long term, moderate intensity 

physical activity intervention modified time spent at different intensities of physical activity 

as measured using an accelerometer. We hypothesized that the physical activity intervention 

would increase total daily time spent in levels within moderate intensity physical activity 

(stratified into low and ≥ high levels) by replacing time spent in light intensity physical 

activity (low and high) when compared to a general health education program. Second, this 

analysis aimed to determine whether the physical activity intervention modified patterns of 

engagement within different intensities. We hypothesized that the physical activity 

intervention would increase total daily time spent in 10+ minute bouts at all physical activity 

intensities when compared to a health education group. These hypotheses were tested in the 

LIFE study, which provides a unique opportunity to analyze accelerometer data collected at 

multiple time points over 2 years. The LIFE study enrolled a large sample of mobility-
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limited older adult population who were randomized into either a long-term, structured 

moderate intensity physical activity (PA) or a health education (HE) intervention (11).

METHODS

Trial Design and Participant Population

Details outlining the study design and methods (11) and primary results (24) can be found 

elsewhere. In short, the LIFE study was a Phase 3, multicenter, investigator-blinded, 

randomized clinical trial testing the capability of a physical activity intervention to reduce 

the risk of major mobility disability among mobility limited older adults. A total of 1,635 

men and women were recruited who were 70–89 years of age and sedentary, defined as self-

reporting < 20 minute/week getting regular physical activity within the last month. Also, 

eligible participants were tested for functional limitations operationally defined as scoring < 

10 on the Short Physical Performance Battery (SPPB), where 12 was the highest physical 

performance achievable. Moreover, eligibility required the ability to walk 400 meters within 

15 minutes without sitting, leaning, or receiving any assistance. Participant exclusion criteria 

included not willing to be randomized, self-reported inability to walk across a room, plans to 

relocate in the near future, living in a nursing home, safety concerns such as chest pains or 

shortness of breath during the 400 meter walk, life expectancy < 12 months due to severe 

illness, and any clinical judgements concerning safety or study non-compliance. The LIFE 

study was registered with www.clinicaltrials.gov before trial enrollment (NCT01072500). 

Institutional review boards at all sites approved the study protocol. Written informed consent 

was obtained from all participants.

Interventions

Participants were randomized either to the PA or the HE intervention at baseline using a 

block algorithm (random block lengths) stratified by field center (8 centers throughout the 

United States) and sex. After randomization, participants received an individual face-to-face 

introductory session with a health educator who described the intervention, study 

expectations, and fielded any questions. Both programs promoted behavioral change based 

on social cognitive theory principles and strategies were developed around the 

Transtheoretical Model (26). The PA intervention comprised of an individually tailored plan 

to increase physical activity levels with a goal of achieving 150 minutes/week of moderate 

intensity physical activity by adopting multiple 10+ minute bouts throughout the week. This 

involved aerobic exercise through a walking regimen that also included lower extremity 

strength exercises, flexibility, and balance training. The PA intervention design consisted of 

two center-based sessions and three to four additional home physical activity sessions per 

week. The Borg’s scale for rating perceived exertion was utilized to determine whether 

participants attained moderate intensity physical activity (1). Participants were asked to 

reach an intensity of 13 (perceiving activity as “somewhat hard”) within a 6–20 range. 

Strength exercises consisted of 2 sets of 10 repetitions, where participants were asked to 

reach a 15 to 16 (perceiving activity as “hard”) on the Borg’s scale. The HE group 

participated in conversational workshops focused on older adult health and well-being, while 

intentionally avoiding topics related to physical activity. A few examples of the topics were 

the US healthcare system, how to travel safely, access to preventive services, and reliable 
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health information sources. Additionally, participants in the HE group were led through a 5–

10 minute seated, light intensity upper-extremity stretch and relaxation component during 

each session. Participants in the HE arm were expected to meet weekly during the first 26 

weeks of the intervention and at least once monthly thereafter.

Accelerometer measurements

A hip-worn, triaxial accelerometer (Actigraph™ GT3X) was administered to each 

participant at baseline and then at 6-, 12-, and 24-month follow-up visits. These devices 

detect accelerations within a magnitude range of 0.05 to 2.5 units of gravity, digitize the 

analog signals at a rate of 30 Hertz (Hz), and pre-process data through a band filter to 

eliminate non-human motion. Samples were summed over a 1-second interval, otherwise 

termed as epoch, and converted to activity counts. An activity count is a unit-less quantity of 

overall movement expressed as a rate (e.g., counts/minute). Participants were instructed to 

wear the accelerometers on their right hip at all times for seven consecutive days, except 

during sleep and water-related activities (e.g., swimming or showering). While triaxial 

accelerometer data were collected on the hip, only vertical axis data (most sensitive to 

ambulatory movements) were used in the current analysis (12, 18).

Physical activity variables

The accelerometer provides no information about whether a participant was wearing the 

device. Therefore, accelerometer data were first processed to classify valid wear time using 

Choi’s non-wear algorithm (5). This algorithm improves on previous methods at detecting 

low intensity activity, particularly in those who are expected to accumulate prolonged bouts 

of inactivity (31). In short, data were binned into 1-minute epochs and scanned for at least 

90 minutes of consecutive zero counts. Any other non-zero count registered by the 

accelerometer was considered wear time. Non-zero counts were only allowed for up to two-

minute intervals but within at least 30-minute upstream and downstream zero count 

windows. Outliers were identified as minutes where activity counts exceeded 10,000 counts/

min, 3,500 counts over median of the 2nd highest activity counts/minute across all days, or 

1,000 counts over the 2nd highest activity counts/minute of the same day. Minutes classified 

as outliers were re-labeled as non-wear time and not included in the analysis. In total, 34 of 

the 3,102 days (0.01%) from 18 participants were removed: one day from baseline, seven at 

6 months, five at 12 months, and twenty-one from 24 months.

Physical activity patterns were characterized by intensity and bout lengths. Each valid wear 

minute was labeled as activity (of any intensity) if counts summed to 100+ activity counts 

over 1 minute. Accelerometer variables and accelerometer cut-points were calculated 

according to Table 1. The sum of all activity-labeled minutes was calculated as total activity 

(TPA) and categorized into low light physical activity (LLPA), high light physical activity 

(HLPA), low moderate physical activity (LMPA) and high moderate and greater physical 

activity (HMPA). These cut-points were chosen because they have been specifically 

evaluated among older adults (8, 12, 31). The percent contribution of intensity-specific 

activity to TPA was derived as follows: (minutes in intensity-specific activity) / (TPA) * 100. 

For example, if a participant spends an average of 1100 minutes per week in LLPA and 1300 

minutes per week in TPA, the LLPA percentage of TPA is 1100/1300 × 100 or 85%.
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Bouts of activity time were calculated as the minimum amount of consecutive minutes (1, 2, 

5, and 10 minutes) which the accelerometer register activity counts within cut-points 

specified in Table 1. Time spent in 1+ minutes of activity bouts represent the total volume of 

intensity-specific activity, where 2+, 5+, and 10+ minute bout lengths represent 

consecutively smaller segments of the total activity volume. We chose to examine 

overlapping categories of activity (e.g., 2+ minute bouts contain 5+ and 10+ minute bouts) 

because physical activity recommendations are typically disseminated with no upper limit. 

However, mutually exclusive categories can be calculated; for example, if 5+ minute bouts 

were subtracted from 2+ minute bouts, the subsequent segment would represent 2.0–4.9 

minute bouts.

Other measurements

Participants were assessed at the clinical site at baseline and every six months thereafter by 

study staff masked to intervention group assignment. Information on age, sex, along with 

other sociodemographic factors, medical history, hospitalizations, medications, and quality 

of well-being were collected via self-report. Study staff objectively measured physical 

function via the 400-meter walk test (walking speed) and SPPB (physical performance).

Statistical analysis

Only participants who provided valid baseline accelerometry (10+ hours/day of 

accelerometer data for at least 3 days) were included in the analytic sample. Activity bout 

time distributions were assessed for normality within each intensity range prior to 

performing analyses. After verifying normality, mixed effects (random and fixed) linear 

regression models were constructed for each bout length and intensity level since 

distributions were found to be normal. Visit (time) was treated as a repeated factor, and the 

baseline activity-specific metric, age, visit, and wear time were included as fixed effects. 

Factors used to stratify randomization (sex and clinical site) were also included in both 

models as fixed effects. Also, the interaction between intervention arm and visit was tested 

for each model and included if found to be significant. Pairwise differences were presented 

for significant intervention arm by time interactions. Alpha level for all analyses was set to 

0.05. Accelerometer data were processed using R (www.r-project.org) (5, 32) and statistical 

analyses were performed in STATA v13 (STATA Corp.).

RESULTS

Sample characteristics

Baseline participant characteristics according to intervention groups appear in Table 2. 

Randomized groups were similar across demographics, behavioral factors, and medical 

history. On average, participants were 79 years of age and predominately women (67%) and 

non-Hispanic white (76%). Mean wear time was 14 wear hours/day for an average of 8 days. 

Those with invalid accelerometer data (n=294) were similar in age (80 years old) and sex 

(70% women) compared to the sample with valid accelerometer data.
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Activity intensity and bout lengths at baseline

Baseline daily activity patterns expressed in minutes per week by specific bout length are 

presented in Table 3. On average, participants spent 1,328 min/week in TPA, which made up 

23% of total daily wear time per week. Of the total weekly TPA observed, 87% (1,134 min/

week) was spent in LLPA, 6% (88 min/week) in HLPA, 6% (87 min/week) in LMPA, and 

1% (19 min/week) in HMPA. Within LLPA, 73%, 24%, and 5% were spent in 2+, 5+, and 

10+ minute bouts, respectively. Analyses showed that 22%, 1%, and 1% HPLA time was 

spent in 2+, 5+, and 10+ minute bouts, respectively. Of total LMPA time, 36%, 8%, and 2% 

were spent in 2+, 5+, and 10+ minute bouts, respectively. For HMPA, 30%, 9%, and 3% was 

spent in 2+, 5+, and 10+ minute bouts, respectively. No differences were noted between 

randomized groups.

Most participants engaged in at least one minute of 1+, 2+, 5+ and 10+ minute bouts in 

LLPA (>85%) at baseline during the entire accelerometry collection period. This was also 

true for 1+ and 2+ minute bouts at HLPA and LMPA. However, in general, participants 

engaged in less activity with longer bout lengths and relatively higher intensity. Less than 

15% of participants engaged in 10+ minute bouts at HLPA, LMPA, and HMPA.

Intervention effects on the intensity composition of total physical activity time

Figure 1 illustrates adjusted annual percentages in intensity patterns, expressed as a 

percentage of TPA. The PA group decreased daily time spent in LLPA when compared to the 

HE group, with the highest impact observed at 6 months (−3%) but intervention effects 

diminished by 24 months (−2%; p interaction with time < 0.001). In comparison, the HE group 

increased time spent in LLPA by 1% (p=0.008) over 24 months. In contrast to LLPA, the PA 

group increased time spent in HLPA, LMPA, and HMPA when compared to the HE group. 

Intervention differences for HLPA and LMPA were <1% (p<0.001) and 1% (p<0.001), 

respectively. For HMPA, intervention differences were highest at 6 months (1%) but reduced 

by 24 months (<1%; p interaction with time < 0.001).

Intervention effects on time spent at intensities and bout lengths

Figure 2 depicts annual changes in TPA and levels within TPA (intensity level & bout 

length) by intervention group, expressed as a function of time (min/week). Both groups 

annually decreased TPA time in 1+ bouts (−74 min/week), 2+ bouts (−53 min/week), 5+ 

bouts (−18 min/week), and 10+ minute bouts (−4 min/week). However, the PA intervention 

attenuated TPA decreases across 1+, 2+, and 5+ minute bouts while increasing time in 10+ 

minute bouts when compared to the HE program (1+ bouts: +45 min/week; 2+ bouts: +38 

min/week; 5+ bouts: +26 min/week; 10+ bouts: +23 min/week). After stratifying TPA by 

intensity, no intervention differences were detected for all bout lengths in LLPA except for 

10+ minute bouts (+6 min/week). For HLPA, the PA intervention attenuated decreases in 1+ 

bouts (+6 min/week) and 2+ minute bouts (+3 min/week) while increased time in longer 

bouts (5+ minute bouts: + 2 min/week; 10+ minute bouts: +1 min/week). Intervention 

differences found in 1+, 2+, 5+, and 10+ minute HLPA bouts were maintained for 24 months 

(interaction with time p > 0.05 for all lengths). The PA intervention increased time in all 

LMPA bout lengths. Increases in 1+ bouts (+19 min/week), 2+ bouts (+17 min/week), and 

10+ minute bouts (+8 min/week) were maintained for 24 months whereas 5+ minute bout 
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increases were highest at 6 months (+14 min/week), maintained at 12 months (+12 min/

week, p6vs12 diff=0.12), and reduced by 24 months (6 vs 24 months: +9 min/week, p12vs24 diff 

=0.02). For HMPA, the impact of the intervention was highest at 6 months where the PA 

intervention increased time in all bouts (1+ bouts: +20 min/week; 2+ bouts: +18 min/week; 

5+ bouts: +14 min/week; 10+ minute bouts: +12 min/week). All increases in HMPA bouts 

reduced by 24 months (pinteraction with time <0.001 for all).

DISCUSSION

The results provide an important understanding of the activity pattern changes that occur in 

response to a long-duration physical activity program in vulnerable older adults. First, the 

PA group continued to experience an overall decline in total daily activity, albeit less than 

the HE group. The PA intervention changed total daily activity by increasing HLPA, LMPA, 

and HMPA. These increases appeared to be at the expense of a decrease in LLPA. Second, 

the PA intervention increased engagement in long duration bouts of 10+ minutes of activity 

within LLPA, HLPA, LMPA, and HMPA when compared to the HE program. This finding 

was also supported by an increased time in short bouts (1+, 2+, and 5+ minute lengths) of 

HLPA, LMPA, and HMPA. It is important to note that group differences at lighter intensity 

bouts were not a sole result of increased physical activity in the PA group, but an attenuated 

decline when compared to the HE group.

To our knowledge, the present study is the first study to characterize activity composition 

among older adults aged 70–89 years old who were considered to be inactive (self-reported 

<20 min/week of structured physical activity) and had low physical function according to a 

standardized assessment battery (15). At baseline, LIFE participants accrued lower amounts 

of physical activity and performed less activity in longer bouts when compared to other 

studies on older adults. In 2008, Troiano and colleges reported from NHANES (National 

Health and Nutrition Examination Survey) data that older adults (70+ years) spent 

approximately 49 minutes/week of HMPA whereas our sample of mobility-limited older 

adults spent 19 minute/week (31). In a subsequent study by Evenson et al. using updated 

data, older adults accumulated approximately 364 minutes/week in HLPA, which is 

considerably higher than the 87 minutes/week in LIFE study participants (10). Additionally, 

in these same reports, older adults spent 21–49 minutes/week in 10+ min bouts of HMPA, 

whereas the LIFE sample spent 3 minutes/week (10, 31). More recently, Buman and colleges 

reported average time spent in LLPA (1,802 minutes/week), HLPA (132 minutes/week), and 

LMPA + HMPA (70 minutes/week) in 70+ year olds were substantially higher than 

participants in the LIFE study (2). These comparisons suggest that LIFE study participants 

were indeed less active across activity intensities and accumulated their activity in shorter 

bouts compared to the general population and other samples previously reported, indicating 

successful screening of mobility-limited older adults.

The PA intervention increased long term, moderate intensity physical activity while 

concurrent and proportional decreases time spent at light intensities were observed, 

confirming our first hypothesis. These results support previous findings that older 

populations do not simply add exercise into their daily lifestyle but compensate by reducing 

low intensity activities to accommodate higher intensity activity. This finding of a 
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compensation effect is supported by previous studies implementing exercise training 

programs in older adults (14, 19, 20). In 1992, investigators observed no change in total 

physical activity, despite increases in vigorous intensity exercise measured through energy 

expenditure (14). Authors concluded that though older adults did not change total energy 

expenditure through a possible compensatory reduction in non-exercise activity, the high 

intensity training may have fatigued the participants afterwards. In 1999, a study using 

accelerometers assessed how a 3-month moderate intensity training program impacted daily 

physical activity in older adults aged 55–68 years old (20). Participants trained twice a week 

and accelerometry data were collected on training and non-training days. Results showed 

that training days showed a significant decrease of non-training physical activity when 

compared to physical activity accumulated on non-training days even with a lower intensity 

exercise program. Our results add to these findings by confirming the replacement effect 

occurring among older adults at high risk of mobility disability. Also unique to the literature 

is that we determined compositional changes in intensity levels of daily physical activity 

using accelerometers. At baseline, LIFE participants spent approximately 20% of total 

waking time in some form of physical activity. Of this 20%, LLPA was most predominant, 

reaching >80% of TPA. Over 24 months, the PA group experienced decreases in LLPA when 

compared to HE; the most observed at 6 months (−3%). At 6 months, the PA group 

concurrently increased time in HLPA, LMPA, and HMPA by 3% percent. Though 

intervention differences significantly reduced over time, the observed replacement effect was 

preserved over 24 months.

It appears that modifying the intensity composition of total daily activity can influence the 

maintenance of mobility and independence among vulnerable, older adults. In 2015, the 

LIFE study demonstrated that the PA intervention conferred mobility and health benefits to 

mobility-limited older adults (24). This may occur by replacing LLPA with higher activity 

intensities. Other studies have shown improvements in physical function and health markers, 

but not increases in total physical activity, associated with exercise training (14, 19, 20). In 

contrast, the HE group increased time in LLPA by replacing time in HLPA, LMPA, and 

HMPA and supports previous evidence of declines in physical activity after reaching the age 

of 60 years old (33). Daily intensity shifts within TPA were also experienced by the HE 

group but with higher activity intensities being replaced by LLPA. These results indicate that 

changes in the composition of physical activity intensities may be important for 

understanding transitions in disability and/or disease progression states (9), particularly 

among older adults with mobility impairments.

Participants in the PA intervention averaged 32–45 more minutes registering at or above 760 

counts/minute per week than the HE group, which was similar to accelerometer data 

reported by Pahor and colleagues (24). By using Copeland’s cut-points (8), we found these 

intervention differences consisted of +6 minutes/week spent in HLPA, +19 minutes/week in 

LMPA and +20 minutes/week in HMPA at 6 months. Intervention differences maintained 

over 2 years except for HMPA increases, which diminished to +14 minutes/week at 12 

months and +7 minutes/week at 24 months. For LLPA, group differences were observed 

only at 10+ minute bout types (+6 min/week). When combining all intensity levels, PA 

intervention accrued an average of 45 more min/week of TPA than the HE program. 

However, both groups experienced overall decreases in time spent in TPA over 24 months 
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(−74 min/week of TPA per year), which was primarily driven by decreases in LLPA (−53 

min/week of LLPA per year). Therefore, the PA intervention did not eliminate overall 

decreases but attenuated them. Additionally, we were able to examine intervention effects on 

volumes and bout patterns according to intensity level. In general, the PA intervention 

influenced bout patterns similar to their respective volumetric times. Intervention effects 

observed within HLPA and LMPA occurred similarly across longer bout times. However, 

intervention effects reduced over time for LMPA 5+ minute bouts and all HMPA bouts. The 

results support our second hypothesis that the PA intervention increased time spent in 10+ 

minute bouts at physical activity at all intensities when compared to the HE group. 

Additionally, the PA intervention attenuated but did not eliminate total daily physical activity 

declines despite increasing 10+ minute bouts of physical activity at higher intensity levels.

We were able to objectively evaluate a long-term physical activity intervention designed to 

increase amount of physical activity to Federally-recommended guideline levels. This 

capability was not restricted to the laboratory but expanded into free-living settings, 

revealing a novel and potentially useful way to assess unsupervised adherence. This is 

particularly important among older adults who have low adherence to unsupervised exercise 

programs while at home (4, 28). To do this, we combined commonly used accelerometer 

cut-points calibrated for adult populations (20+ years of age) to examine how the PA 

intervention influenced time spent at different activity intensities and bout lengths (8, 12, 

31). This approach to examine intervention effects on daily activity accumulation patterns is 

unique to the accelerometer literature, particularly in vulnerable older adults at high risk of 

mobility disability.

Strengths of this study are objective collection of daily PA via accelerometers, repeated 

measures of accelerometry over 24 months, a large sample of older adults at high risk of 

mobility disability, and randomized controlled trial design. Limitations to acknowledge 

include lack of knowledge regarding posture— ability to detect standing versus sitting, 

sleep, and type of activity (e.g. structured exercise versus gardening). However, this 

population is less likely to stand for extended periods of time and the wear time 

classification algorithms reduces wear time misclassification among older adults (5). Further 

work is needed to understand the declines in total activity because it appears that increasing 

longer bouts of high intensity physical activity does not completely eliminate declines in 

total activity experienced by older adults highly vulnerable to mobility disability. This may 

involve strategies to incorporate a lifestyle component with a traditional, structured physical 

activity program to increase activity accumulation throughout the day.
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Figure 1. 
Percent intensity changes, mean (SEM), within total daily physical activity by intervention.

Note: This figure expresses estimated annual percentages as a function of total physical 

activity. All models adjusted for baseline activity variable, age, sex, clinical site, and wear 

time.

LLPA – low light physical activity; HPLA – high light physical activity; LMPA – low 

moderate physical activity; HMPA high moderate and greater physical activity.
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Figure 2. 
Changes within activity intensity levels and bout patterns by intervention.

Note: This figure expresses estimated annual changes as a function of time (minutes/week). 

All models adjusted for baseline activity variable, age, sex, clinical site, and wear time. TPA 

– total physical activity; LLPA – low light physical activity; HPLA – high light physical 

activity; LMPA – low moderate physical activity; HMPA high moderate and greater physical 

activity.
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Table 1

Descriptions of accelerometer-derived metrics of physical activity composition

Intensity Bouts

Light physical activity (LLPA):

•  100–759 counts/minut •  Time spent in 1+ minute bouts (minute/week; total activity time)

High light physical activity (HLPA):

•  760–1,040 counts/minute •  Time spent in 2+ minute bouts (minute/week)

Low moderate physical activity (LMPA):

•  1,041–2019 counts/minute •  Time spent in 5+ minute bouts (minute/week)

High moderate physical activity (HMPA):

•  2,020+ counts/minute •  Time spent in 10+ minute bouts (minute/week)

Total physical activity (TPA):

•  100+ counts/minute
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Table 2

Baseline participant characteristics by randomized intervention group

Physical
activity

(n = 669)

Health
education
(n = 672)

Age in years, mean(SD) 78.5 (5.3) 78.9 (5.2)

Female, n(%) 431 (64.4) 461 (68.6)

Non-Hispanic White, n(%) 497 (74.3) 520 (77.4)

College or higher education, n(%) 417 (62.3) 430 (64.0)

Body mass index (kg/m2), mean(SD) 30.2 (5.8) 30.5 (6.3)

Smoked 100+ cigarettes ever, n(%) 339 (50.7) 297 (44.2)

Modified Mini-Mental State Examination scorea, mean(SD) 91.7 (5.4) 91.7 (5.3)

Sought medical advice for depression in past 5 years, n(%) 97 (14.5) 85 (12.7)

Comorbidities > 2, n(%) 172 (25.7) 177 (26.3)

Short Physical Performance Battery score < 8b, n(%) 286 (42.8) 309 (46.0)

400 meter walk < 0.8 m/sec, n(%) 271 (40.5) 296 (44.1)

Wear days, mean(SD) 8.0 (3.3) 7.9 (3.1)

Wear minute/day, mean(SD) 839.1 (112.7) 835.0 (109.4)

Minutes/day ≥ 760 counts, mean(SD) 27.6 (22.8) 27.9 (25.9)

a
score range: 0–100 where higher scores indicate better performance

b
score range: 0–12 where higher scores indicate better performance; scoring < 8 indicates poor functioning
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Table 3

Baseline weekly activity bouts by randomized intervention group

Physical Activity (n=669) Health Education (n=672)

mean (SD), minutes/week n (%)a mean (SD), minutes/week n (%)a

Total physical activity minutes (100+ counts/minute)

1+ min bouts 1,326.4 (483.9) 669 (100) 1,330.0 (495.1) 672 (100)

2+ min bouts 911.4 (367.6) 669 (100) 916.5 (374.5) 672 (100)

5+ min bouts 307.6 (185.0) 668 (99.9) 308.1 (183.7) 672 (100)

10+ min bouts 65.0 (65.3) 603 (90.1) 68.0 (69.3) 607 (90.3)

Low-light minutes (100–759 counts/minute)

1+ min bouts 1,133.4 (380.6) 669 (100) 1,134.6 (381.4) 672 (100)

2+ min bouts 840.7 (332.9) 669 (100) 841.9 (330.7) 672 (100)

5+ min bouts 292.1 (181.0) 668 (99.9) 288.9 (172.9) 672 (100)

10+ min bouts 59.4 (61.9) 597 (89.2) 59.7 (60.4) 595 (88.5)

High-light minutes (760–1,040 counts/minute)

1+ min bouts 88.5 (65.1) 669 (100) 88.1 (66.1) 672 (100)

2+ min bouts 21.7 (21.4) 634 (94.8) 21.5 (21.6) 625 (93.0)

5+ min bouts 1.1 (3.4) 94 (14.1) 1.1 (3.4) 83 (12.4)

10+ min bouts 0.1 (1.1) 3 (0.5) 0.1 (1.2) 7 (1.0)

Low-moderate minutes (1,041–2,019 counts/minute)

1+ min bouts 85.8 (80.5) 668 (99.9) 88.4 (94.8) 671 (99.9)

2+ min bouts 37.7 (47.3) 622 (93.0) 41.4 (62.7) 621 (92.4)

5+ min bouts 8.7 (20.3) 306 (45.7) 11.7 (32.2) 302 (44.9)

10+ min bouts 2.7 (11.4) 72 (10.8) 4.6 (20.5) 82 (12.2)

High-moderate minutes (2,020+ counts/minute)

1+ min bouts 18.6 (39.8) 577 (86.3) 19.1 (44.8) 577 (85.9)

2+ min bouts 11.2 (32.6) 331 (49.5) 11.8 (35.1) 320 (47.6)

5+ min bouts 5.7 (24.9) 127 (19.0) 6.5 (26.1) 112 (16.7)

10+ min bouts 2.8 (18.3) 45 (6.7) 3.6 (18.2) 54 (8.0)

a
Frequency of those who spent any time in that activity level (minute/week > 0)
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