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Abstract

Background

Reliable physical activity measurements in community-dwelling older adults are important to

determine effects of targeted health promotion interventions. Many exercise interventions aim

to improve time spent sedentary (SED), in light-intensity-physical-activity (LPA) and moderate-

to-vigorous-intensity-physical-activity (MVPA), since these parameters have independently

proposed associations with health and longevity. However, many previous studies rely on self-

reports which have lower validity compared to accelerometer measured physical activity pat-

terns. In addition, separating intervention-effects from reactivity measurements requires suffi-

cient test-retest reliability for accelerometer assessments, which is lacking in older adults.

Objectives

The study objective was to investigate the reliability of sensor-based PA-patterns in commu-

nity-dwelling older adults. Furthermore, to investigate change over time of physical activity

patterns and examine any compensatory-effect from the eight-week supervised exercise-

intervention.

Methods

An exercise-group (n = 78, age-range:65-91yrs) performed two 1h-exercise sessions/week

during eight-weeks. PA-pattern was assessed (using hip-worn accelerometers), twice

before and once during the last-week of the intervention. A control-group (n = 43, age-

range:65-88yrs) performed one pre-test and the end-test with no exercise-intervention. A

dependent-t-test, mean-difference (95%-CI), limits-of-agreement and intraclass-correlation-

coefficient-ICC were used between the two pre-tests. Repeated-measures-ANOVA were

used to analyze any intervention-effects.

Results

The exercise-groups´ two pre-tests showed generally no systematic change in any PA- or

SED-parameter (ICC ranged 0.75–0.90). Compared to the control group, the exercise
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intervention significantly (time x group-interaction, p<0.05) increased total-PA-cpm (exer-

cise-group/control-group +17%/+7%) and MVPA-min/week (+41/-2min) and decreased

%-of-wear-time for SED-total (-4.7%/-2.7%) and SED-bouts (-5.7%/-1.8%), and SED-bouts

min/d (-46/-16min). At baseline level, no significant differences were found between the two

groups for any parameter.

Conclusions

The current study presents a good test-retest-reliability of sensor-based-one-week-

assessed-PA-pattern in older-adults. Participating in an 8-week supervised exercise inter-

vention improved some physical activity and sedentary parameters compared to the control

group. No compensatory-effect was noted in the intervention-group i.e., no decrease in any

PA-parameter or increase in SED at End-test (in %-of-wear-time, min/day or total-PA).

Introduction

Regular physical activity (PA) and reduce of sedentary behavior (SED) are associated with

reduced risk of diseases, increased longevity, improved physical, mental and social health as

well as cognition in older adults [1–7]. Mortality increases with self-reported SED-time over

7.5 h/d, with a highly increased risk above 10 h/d, while high levels of moderate-to-vigorous

PA (MVPA) do not fully mitigate mortality risks associated with prolonged television watch-

ing [8,9]. A lower self-reported SED-time among adults including older adults is also linked

with lower mortality [4,10], less frailty and better life quality, cognition and mental health [11].

Older adults (�65 years) are the least physically active of any age group [12]. For this rea-

son, ways to successfully promote PA are valuable in this age group [13,14]. To properly evalu-

ate such interventions, better knowledge is needed regarding basic measurement

characteristics, such as test-retest reliability of data from motions sensors, such as accelerome-

ters. Measuring PA is associated with certain challenges: a valid instrument must capture its

multi-dimensional nature (frequency, duration and intensity levels). The most commonly

used method when measuring PA- and SED-behaviors in older adults is subjective question-

naires [15], which have limitations regarding validity and reliability [16,17]. To better under-

stand how regular exercise and daily movement patterns are associated, it is necessary to

objectively quantify all intensities of PA, and SED-behavior [18], preferably using motion sen-

sors. PA- and SED-measurement by body-worn accelerometers is a fairly feasible method with

reasonable validity [15]. Older adults are more often physically active in the lower-intensity

activities, and more rarely activities of moderate-to-vigorous intensity measured with acceler-

ometers [12]. It has previously been reported on how many days required for obtaining proper

PA- and SED-accelerometer-assessed information, and if week-end days should be included

or not when measuring older adults [19–21]. There is however, to our knowledge, a lack of

studies on relatively healthy community-dwelling older adults evaluating the test-retest reli-

ability from separate test occasions in close proximity to each other. Also, information regard-

ing any possible compensatory effects in accelerometer-measured PA patterns during a

supervised exercise intervention is lacking (see below).

Previous studies in older adults measured with accelerometers have often used different

behavior-based methods, for example counseling and/or home-based methods such as

repeated in-person or telephone counselling or exercise programs on DVD to promote more
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PA [22–24]. Some, but not all, of these authors report improvements in PA and/or SED behav-

ior, although they have generally not included a control group. According to a recent meta-

analysis, pedometer use does not increase PA in older adults [25]. Interventions with super-

vised physical exercise targeting relatively healthy community-dwelling older adults and seek-

ing to increase PA- or decrease SED-behavior measured with accelerometers are lacking [15].

Moreover, to the best of our knowledge, no previous study on older adults has investigated

various intensities of PA and SED-behaviors with accelerometers during two separate pre-test

measurements in close proximity to each other, as intended in this study. It is valuable to

investigate if major changes are seen for various accelerometer parameters between two sepa-

rate pre-tests that may interfere on intervention outcomes when only one pre-test is utilized.

Also, previous physical exercise interventions with accelerometer measures are lacking

regarding revealing many PA and SED parameters simultaneously, and further, an absence of

presenting such data both in absolute time (minutes) and in percentage values of wear-time.

The results may vary depending on whether the data is expressed in absolute or relative per-

centage values. In addition, supervised exercise interventions for relatively healthy community

dwelling older adults have previously evaluated PA and SED parameters with self-assessed

questionnaires, while such assessments with accelerometers are generally lacking or very

scarce. Likewise, sufficient reliability is needed, to separate intervention-effects from measur-

ing reactivity (i.e., increased activity levels for merely being included in a scientific study). As

declared, test-retest reliability measures for accelerometer assessments in older adults is absent.

Our intention in this study was to include the above-mentioned knowledge gaps in order to

contribute novel and relevant data that might impact the health benefits of physical exercise in

older adults.

The objective of the study was to determine test-retest reliability of accelerometer measured

physical activity in older adults, more specifically regarding time spent at different activity

intensities (total-PA, MVPA, LPA and Freedson-bouts) and time spent sedentary (SED-total

and SED-bouts), i.e., daily movement patterns. The purpose was also to investigate change

over time in daily movement patterns, measured with accelerometry, if there were any com-

pensatory effect in PA pattern (i.e., decreases in PA levels or increases in time spent SED) fol-

lowing the participation in an eight-week supervised exercise intervention.

Material and methods

Study population

The study was designed as an eight-week supervised exercise intervention for community-

dwelling healthy older adults with pre- and post-accelerometer-measurements. All participants

were informed about the study and gave oral and written consent to participate in it. The

study was approved by the regional ethics committee Stockholm, Sweden (ID:2017/2064-32).

The exercise group consisted of 78 older adults (70.9 ± 4.7 yrs, 65–91 yrs, 61.5% women,

Table 1). The participants lived in a suburban community just outside Stockholm, and were

recruited via advertising (in local media, social media and gathering locations for seniors) to

this free of charge health project with supervised exercise organized by the Swedish School of

Sport and Health Sciences and Solna municipality. The eight-week exercise intervention con-

sisted of supervised physical group activities (60 minutes, twice weekly, for subgroups consist-

ing between 10–30 participants), on Mondays and Wednesdays during the spring months

March and April. All sessions started with 5–10 minutes of warm-up. The participants per-

formed various exercises to music, such as aerobic gymnastics and muscle strengthening cir-

cuit training (exercise that was organized in stations with specific exercises, where participants

switched between stations in a systematic manner) designed to activate all major muscle
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groups (leg, hip, back, abdominal, shoulder and arm muscles). During the sessions, the pur-

pose was to increase heart rate and pulmonary ventilation without participants feeling

exhausted. Also, various balance exercises were included for about 5 minutes in each training

session. At the end of the sessions, last 5–10 minutes, there was a cool down of the intensity

ending with breathing and relaxation exercises.

Hip-worn accelerometer recordings were performed during two pre-tests with one week in

between (Pre-1 and Pre-2, before start of the intervention period) and one end-test (End, dur-

ing the last week of the eight-week exercise period). In the control group, 43 older adults

(73.8 ± 6.5 yrs, 65–88 yrs, 69.8% women, Table 1), were randomly recruited for accelerometer

recordings only, i.e., with no supervised physical exercise. These subjects were recruited by

asking by-passers on the streets, shopping centers and gathering locations for seniors, all living

in the same suburb just outside of Stockholm. For exclusion criteria see below. The recordings

were made with corresponding time intervals in the same springtime period, with only one

test before (Pre-1) and one measure at the end of the eight-week period (End). These commu-

nity-dwelling older adults were similar to the group receiving supervised exercise, although

the intervention was not a randomized controlled study. The participants in the control group

were instructed to continue their usual daily behaviors as normal.

Inclusion criteria in the exercise group were relatively healthy older adults (65� yrs) who,

via advertising in local media, announced their willingness to participate in a free health proj-

ect with supervised physical activity twice a week for two months. In the control group, inclu-

sion criteria were relatively healthy older adults (65� yrs) asked on the streets who agreed to

participate and perform measurements with accelerometers at the corresponding time-period

and season as the exercise group. Exclusion criteria for both groups (recruited from the same

suburb just outside central of Stockholm) were severe sickness for example due to heart failure

or chronic obstructive pulmonary disease, and severe joint disease diagnosed by a medical

doctor. Adherence of the older adults to the supervised physical activity program was generally

80%, i.e., the subjects could not participate for about 20% of all offered training sessions, due

to various reasons, for example illness or a travel.

Body weight, length and age were self-rated in a short form at a local senior center just

before the start of the assessment period, just after they were informed about the study and

gave their oral and written consent to participate.

In the exercise group, 97 older adults were initially included for accelerometer measures of

two pre-tests and the end-test. However, there was a sample loss of 19 participants who did

Table 1. Age and anthropometrics for the exercise group (n = 78) and the control group (n = 43) with mean values ±SD for age, weight, height and BMI for each

group and for men and women separately. Exercise group values are also presented for each 5-year age interval, men and women together.

Exercise group n Age (years) Weight (kg) Height (m) BMI (kg/m2)

All 78 70.9 ±4.7 72.7 ±13.6 1.70 ±0.10 25.1 ±3.9

Men 30 70.3 ±4.1 75.3 ±13.7 1.73 ±0.10 25.3 ±4.2

Women 48 71.2 ±5.0 71.1 ±13.5 1.69 ±0.10 24.9 ±3.7

65–69 yrs 34 67.0 ±1.3 73.3 ±11.6 1.71 ±0.10 25.1 ±3.4

70–74 yrs 29 71.7 ±1.2 70.8 ±16.1 1.69 ±0.09 24.8 ±4.4

75–80 yrs 13 76.4 ±1.4 75.6 ±15.1 1.73 ±0.09 25.2 ±4.0

Control group n Age (years) Weight (kg) Height (m) BMI (kg/m2)

All 43 73.8 ±6.5 76.5 ±15.4 1.67 ±0.09 27.2 ±4.2

Men 13 75.7 ±4.2 87.6 ±11.4 1.77 ±0.07 27.9 ±3.1

Women 30 73.0 ±7.1 71.7 ±14.6 1.63 ±0.06 26.8 ±4.6

https://doi.org/10.1371/journal.pone.0274442.t001
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not fulfill the participation in the study, due to illness, travel or that they did not successfully

perform the minimum limit of four accelerometer wear-days. Thus, a total of 78 participants

were included in analyzes in the current study for the exercise group. In the control group, 63

older adults were initially included. However, the sample loss was 20 participants who did not

have a successful end-test due to illness, travel or that they did not wear the accelerometer for

at least four days. Thus, a total of 43 participants were included in the analyzes in the current

study for the control group.

Accelerometer recordings and analyses

The accelerometer used was the GT3X (ActiGraph LCC, Pensacola, FL, USA). The ActiGraph

accelerometer is a small (3.8 x 3.7 x 1.8 cm), lightweight (27 g) electronic device recording the

acceleration of the participant´s movement. Subsequently, it provides a record of the intensity,

frequency and duration of PA and SED behavior, summarized in units called counts. At the

first meeting at the local senior center the participants received their accelerometer with oral

and short written information about how to wear the sensor for at least one week. Then a suit-

able date was agreed upon about a little over a week ahead for the participant to return the

accelerometer to the test leaders at the same local senior center. In the same way, it was agreed

upon new dates for distribution and return of the accelerometer at the second pre-test (only

for the exercise group) and at the end-test (both groups). The participants were instructed at

each measurement to wear the accelerometer during all waking hours for at least seven conse-

cutive days including weekend-days, although not during water-based activities. The acceler-

ometer worn with an elastic belt, was placed over the participants´ right hip by the test leader

on the first day of recording and was returned to the test leader approximately a week later.

The accelerometers were prepared and initialized using ActiLife v.6.10.1 program, which was

also used to download and process the collected data. The data were extracted as 60-sec epochs

using a proprietary low frequency extension filter. Non-wear time was defined as at least 60

consecutive minutes with zero counts per minute (cpm). Participants included in the analyses

wore the accelerometer for at least 4 days and 10 hours/day [19]. The raw recorded data from

the accelerometer (sample rate 30 Hz) were analyzed regarding accelerations in the vertical

direction (axis) for SED-behavior and PA at various intensities. Data were expressed as mean

minutes spent in each intensity per day (min/day) as well as in percent of wear time in each

intensity/total wear time (%-of-wear-time).

The following parameters were analyzed in absolute minutes and percentage of wear-time

regarding the vertical axis acceleration. Total sedentary behavior (SED-total) was set as all time

spent in 0–99 counts/min (cpm) [26–28]. The SED-bout was defined as spending�10 min

within the range of 0–99 cpm [27]; light-intensity PA (LPA) was at 100–2019 cpm

[12,26,28,29] and level for moderate-to-vigorous-PA (MVPA) was defined as�2020 cpm, vig-

orous being >5999 cpm [12,28–30]. The Freedson-bout (MVPA-bout) was defined as a conse-

cutive period of>1952 cpm�10 min with a drop time of two minutes [12,30]. Also, daily cpm

for the vector magnitude (VM) was analyzed [29,30]. Participants´ number of days with Free-

dson bouts�10 min for a total of at least 30 min was calculated to determine sufficiency for

recommendations (at least 5 of 7 days i.e., 71.4% of measurement days) [31].

Statistical analysis

Statistical calculations were performed using Statistica 13.5, (TIBCO Software Inc, Paulo Alto,

California, US) and SPSS Statistics 26.0 Software package (SPSS Inc Chicago, Ill, US). Data are

reported as mean and standard deviations (±SD). The data were normally distributed (Kolmo-

gorov-Smirnov). For the two pre-tests a dependent t-test, mean differences with 95%
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confidence interval (95% CI), limits of agreement (LoA) and intraclass correlation coefficient

(ICC) were calculated. Repeated measures-(RM)-ANOVAs were applied to assess changes

between Pre-1- and End-test data for the exercise group and the control group. When signifi-

cant time x group interactions were found, Fisher LSD post-hoc tests were applied to detect

significant differences for each PA intensity and SED parameter. The effect size of the interac-

tion effect between the exercise group and the control group over time (Pre-1-to-End) in the

RM-ANOVA was analyzed using partial eta-squared (where 0.01 indicates a small effect, 0.06

a moderate effect and 0.14 a large effect). To detect significant differences between the sexes

and also between the three age groups in the three test occasions for the exercise group, RM-A-

NOVA, with the Fisher LSD post-hoc-test was used. Significant level was set at p<0.05 for all

analyses. Adjustment, with used significant level, was made for multiple testing between the

sexes (p<0.01) and between the three age groups (p<0.0025), for proportional comparison.

Results

Fig 1 illustrates amount of time (in %-wear-time and min/d) for the accelerometer parameters

SED-total, SED-bouts, LPA, MVPA and Freedson-bouts (MVPA-bouts) at the three test occa-

sions Pre-1, Pre-2 and End-test in the exercise group.

Test-retest reliability

We found no significant difference between the two pre-tests for any of the parameters SED-

total, SED-bouts, LPA, MVPA or time in Freedson-bouts (in either min/day or %-wear-time),

except for SED-total (only in %-wear-time, -1.2%, p = 0.018) and for total-PA (VM-cpm,

+4.6%, p = 0.007), according to a t-test (Tables 2 and 3). Between Pre-1-test and Pre-2-test, the

intraclass correlation coefficients (ICC) were generally good (in min/day and %-wear-time,

see Table 2), and also for total-PA as VM-cpm: ICC = 0.91 (95% CI 0.86–0.95). Individually,

assessed as limits of agreement (LoA), spontaneous changes in SED-total and MVPA of -6.7%

to 5.1% (-142 to 113 min/d) and -3.0% to 3.5% (-25.5 to 28.9 min/day), respectively, were

noted (Table 2). At a group level, assessed as mean difference (and its 95% CI), corresponding

SED-total values were 0.78% (0.15% to 1.51%) and 14.64 min/d (-0.02 to 29.28 min/d) and

MVPA values -0.28% (-0.67% to 0.08%) and -1.66 min/d (-4.78 to 1.78 min/day), respectively

Fig 1. Results from the three test occasions Pre-1, Pre-2 and End in the exercise group. The average amount of time per day as well as percent of wear-time

illustrated for SED-total, SED-bouts, LPA, MVPA and Freedson-bouts. The arrow indicates that the area for the SED-total also includes the area for the SED-

bouts.

https://doi.org/10.1371/journal.pone.0274442.g001
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(Table 2). For further comparisons of the parameters, see Table 2. For VM-cpm, the mean dif-

ference (Δ 1–2) of 26.7 cpm, 95% CI (7.4 to 45.9 cpm) and LoA -140.6 to 194.0 cpm were

noted.

Change over time

Pre-1-test vs End-test. The exercise group showed a significant daily decrease of 36.3 min

(4.7% of total-daily-wear-time) in SED-total, and 45.7 min (5.7%) of SED-bouts. In parallel, the

exercise group showed a significant increase of 32.5 min (3.9%) in LPA, and 5.9 min (0.8%) in

MVPA (Fig 1, Table 2 and Fig 2). No significant improvement was observed for Freedson-bout.

Total-PA values as vector magnitude (VM) cpm were 575.5, 602.2 and 675.2 for Pre-1, Pre-2 and

End-tests respectively, with a significant improvement between each pre-test compared to End-

test (+17.3% and +12.1%). All described improvements were significant at the level p<0.01.

In the control group, a small but significant improvement was found between Pre-1-test

and End-test for the parameters SED-total (-2.7%) and LPA (+2.3%) in both min/d and %-of-

daily-wear-time (all p<0.01, Table 3B) and for VM-cpm (538.4. vs 574.5 cpm, +6.7%,

p = 0.04).

In Pre-1-test, no significant difference in min/d or %-wear-time was seen between the exer-

cise and the control group in any of the measured parameter SED-tot, SED-bouts (minimum

of consecutive 10 min periods in sedentary counts), LPA, MVPA, Freedson-bouts or total-PA

as VM-cpm (Fig 2 and Table 3).

When employing a RM-ANOVA, significant terms were noted regarding an interaction

effect for VM-cpm (F = 8.303, df = 1, p = 0.005), MVPA-min/d (F = 4.277, df = 1, p = 0.041),

SED-bouts-min/d (F = 3.396, df = 1, p = 0.0496), SED-% (F = 5.730, df = 1, p = 0.018), SED-

bouts-% (F = 5.826, df = 1, p = 0.017). Post-hoc analyses revealed significant differences post-

intervention between the exercise group compared to the control group for total-PA (as VM

cpm, p = 0.005), MVPA (min/d, p = 0.006), SED-bouts (min/d, p = 0.005), SED-total (for %

wear-time, p = 0.018) and SED-bouts (% wear-time, p = 0.003). In further analyzes, the effect

size (ES, measured via partial eta-squared) was significant, though small, comparing the exer-

cise group versus the control group over time (Pre-1-to-End), for total-PA as VM-cpm (0.034,

p2 = 0.043), MVPA-min/d, SED-bouts-min/d, MVPA-% and SED-bouts-% (ES-values shown

in Table 3).

Table 2. The exercise group Pre-1-test and Pre-2-test mean values, mean difference Pre1-Pre-2 (Δ1–2), 95% CI, limits of agreement (LoA) and intraclass correlation

coefficient, ICC (95% CI) for SED-total, SED-bouts, LPA, MVPA and Freedson bouts in min/day and in % of wear-time. Significant differences between the two pre-

tests (p<0.05), is marked with an asterisk (�) in the table.

CI of difference LoA

min/day Pre-1 Pre-2 Δ 1–2 Lower 95 Upper 95 Lower 95 Upper 95 ICC (95%CI)

SED-total 615.9 601.2 14.64 -0.02 29.28 -142.0 112.7 0.75 (0.61–0.84)

SED-bouts 261.1 250.6 10.49 -3.60 24.54 -132.8 111.8 0.83 (0.74–0.89)

LPA 159.8 161.7 -1.85 -7.22 3.51 -44.8 48.5 0.86 (0.79–0.91)

MVPA 44.7 46.4 -1.66 -4.78 1.78 -25.5 28.9 0.90 (0.84–0.93)

Freedson-bouts 23.4 23.4 0.00 -3.19 3.18 -27.7 27.7 0.82 (0.72–0.89)

% of wear time Pre-1 Pre-2 Δ 1–2 Lower 95 Upper 95 Lower 95 Upper 95 ICC (95%CI)

SED-total 75.1% 74.2%� 0.78% 0.15% 1.51% -6.7% 5.1% 0.90 (0.84–0.94)

SED-bouts 31.8% 31.0% 0.86% -0.49% 2.29% -13.0% 11.2% 0.89 (0.82–0.93)

LPA 19.5% 20.1% -0.50% -1.13% 0.06% -4.6% 5.7% 0.89 (0.82–0.93)

MVPA 5.4% 5.7% -0.28% -0.67% 0.08% -3.0% 3.5% 0.90 (0.84–0.94)

Freedson-bouts 2.8% 2.9% -0.04% -0.44% 0.33% -3.3% 3.4% 0.82 (0.72–0.89)

https://doi.org/10.1371/journal.pone.0274442.t002
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The amount of time spent in vigorous intensity was very low (varying between 0.24–1.14

min/day) on all test occasions for both groups.

Compensatory behavior

Based on within-group analyses in the exercise group, we found no evidence for compensatory

behaviors at the End-test with decrease in any measured PA-parameter or increase in time

spent sedentary. Thus, the significant improvements of several parameters found for the exer-

cise group did not result in a significant undesirable change of any other assessed PA- or SED-

parameter.

Sex and age group comparisons in the exercise group

At both pre-tests the values for women, compared to men, tended to be lower for SED-behav-

ior and higher for LPA and total-PA (VM-cpm), although with no significant difference

between the sexes, neither seen at the End-test (Table 4). From Pre-1-test to End-test and from

Pre-2-test to End-test a significant improvement was generally seen for both sexes regarding

SED-total, SED-bouts, LPA and VM-cpm and among women also for MVPA, (p1<0.01). The

values for VM-cpm for men/women, in the three tests Pre-1, Pre-2 and End were 536/602,

566/628 and 632/702, respectively, with no significant difference between the two pre-tests for

any sex. A moderate to large effect size (ES) was seen between men versus women over time

(Pre-1-to-End) for LPA and SED-bouts in both units (min/d and %-wear-time) and also for

Table 3. Mean values (±SD) in min/day (A-above) and in %-of-wear-time (B-below) for the exercise group (Exerc)

and the control group (Contr) for various accelerometer parameters. A significant difference (p1< 0.05) between

the two groups (seen only in End) is marked with the symbol ϴ; and between End and either of the two pre-tests

(marked at each pre-test) with a star (�) both for the exercise group and the control group. The control group per-

formed only one pre-test. The effect size (ES) of the interaction effect comparing the exercise group versus the control

group over time (Pre-1-to-End), measured with partial eta-squared, with significance level (p2-value), are presented

below the End-tests´ average values.

A. Minutes Pre-1 (Exerc / Contr) Pre-2 (Exerc / Contr) End (Exerc / Contr)

SED-total 615.9 (67.6)� / 631.4 (74.1)� 601.2 (78.6)� / - 579.6 (80.7) / 598.7 (93.8)

0.014, p2 = 0.190
SED-bouts 261.1 (80.6)� / 282.4 (96.7) 250.6 (85.6)� / - 215.4 (88.8) / 264.4 (102.0) ϴ

0.026, p2 = 0.041
LPA 159.8 (35.3)� / 162.2 (50.1)� 161.7 (33.2)� / - 192.3 (48.0) / 178.4 (53.0)

0.004, p2 = 0.477
MVPA 44.7 (23.6)� / 37.6 (27.5) 46.4 (21.6)� / - 50.6 (23.2) / 37.3 (27.2) ϴ

0.042, p2 = 0.024
Freedson-bouts 23.4 (18.9) / 20.7 (20.5) 23.4 (17.1) / - 20.9 (15.9) / 14.1�# (16.1)

0.024, p2 = 0.088

B. % wear-time Pre-1 (Exerc / Contr) Pre-2 (Exerc / Contr) End (Exerc / Contr)

SED-total 75.1 (5.3)� / 76.0 (7.0)� 74.2 (5.0)� / - 70.4 (6.7) / 73.3 (7.2) ϴ

0.023, p2 = 0.096

SED-bouts 31.8 (9.7)� / 34.2 (11.9) 31.0 (9.7)� / - 26.1 (10.4) / 32.4 (11.3) ϴ

0.042, p2 = 0.025
LPA 19.5 (4.3)� / 19.5 (5.7)� 20.1 (4.1)� / - 23.4 (5.6) / 21.8 (6.3)

0.005, p2 = 0.446
MVPA 5.4 (2.8)� / 4.6 (3.4) 5.7 (2.7) / - 6.2 (2.9) / 5.0 (3.3)

0.039, p2 = 0.029
Freedson-bouts 2.8 (2.3) / 2.4 (2.5) 2.9 (2.1) / - 2.6 (2.0) / 1.9�# (2.0)

0.024, p2 = 0.093

https://doi.org/10.1371/journal.pone.0274442.t003
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SED-total expressed in %-wear-time (assessed with partial eta -squared, Table 4). No sex dif-

ferences (via partial eta-squared) were seen over time for MVPA and Freedson-bouts, neither

for total-PA (VM-cpm Pre-1 vs End 0.036, p2 = 0.094, Pre-2 vs End 0.037, p2 = 0.090.

Between the three age groups (65-69/70-74/75-80 yrs), there were no significant differences

for any parameter on any of the three test occasions (Table 5). Neither the two pre-tests

showed any significant differences within each age group. A significant improvement was fre-

quently seen for all three age groups regarding change over time from Pre-1-to-End and from

Pre-2-to-End among the parameters total-PA (VM-cpm), LPA and for SED-bouts in one or

both units, and for SED-total (in %-wear-time). The values for VM-cpm among the three age
groups (65-69/70-74/75-80 yrs), were in Pre-1-test: 588/585/553, Pre-2-test: 632/580/598 and

End-test: 702/647/680 respectively. No significant interaction effect over time was seen

between any of the three age groups, measured with partial eta-squared (either from Pre-1-to-

End or Pre-2-to End), for any of the analyzed accelerometer parameters.

Discussion

The current study found a good test-retest reliability of sensor-assessed physical activity and

sedentary patterns in older adults. The exercise group compared to the control group signifi-

cantly increased total-PA and MVPA (min/day), and decreased SED-total and SED-bouts

(%-wear-time), and SED-bouts (min/day). At baseline-level, no significant differences were

Fig 2. Average values (with 95% CI) inmin/day (A-above) and in%-of-wear-time (B-below) for the exercise and the control

groups for various accelerometer parameters. A significant difference (p< 0.05) between the two groups (only seen at End) is

noted with] �, and between Pre-1-test and End-test with � for the exercise group, and # for the control group.

https://doi.org/10.1371/journal.pone.0274442.g002

Table 4. Exercise group average values for men and women (±SD) in min/day (A-above) and in %-of-wear-time (B-below) for various accelerometer parameters. A

significant difference (p1<0.01) between End and either of the two pre-tests is marked at each pre-test with an asterisk (�) for both sexes. The effect size (ES) of the interac-

tion effect comparing men versus women over time, measured with partial eta-squared with significance level (p2-value) are presented below the average values for i) Pre-1

(for changes from Pre-1-to-End), and ii) Pre-2 (for changes from Pre-2-to-End).

A. Minutes Pre-1 (Men / Women) Pre-2 (Men / Women) End (Men / Women)

SED-total 636.6 (73.8)� / 602.9 (60.4)�

0.038, p2 = 0.086
620.2 (99.1) / 589.3 (60.8)

0.028, p2 = 0.141
590.9 (93.6) / 572.5 (71.6)

SED-bouts 308.5 (72.0)� / 231.4 (71.4)�

0.168, p2< 0.001
286.6 (92.2)�/ 228.1 (73.7)�

0.113, p2 = 0.003
248.7 (89.3) / 194.6 (82.8)

LPA 143.5 (40.2)� / 170.0 (27.2)�

0.060, p2 = 0.031
150.9 (36.2)�/ 168.4 (31.1)�

0.037, p2 = 0.091
185.2 (54.1) / 196.8 (43.9)

MVPA 44.5 (24.1) / 44.9 (23.6)�

0.006, p2 = 0.518
44.1(20.1) / 47.8 (22.6)

0.014, p2 = 0.307
46.7 (20.6) / 53.0 (24.5)

Freedson-bouts 24.7 (21.8) / 22.5 (17.0)

0.002, p2 = 0.689
22.6 (17.5) / 23.9 (17.1)

0.011, p2 = 0.365
17.8 (13.6) / 22.9 (17.1)

B. % wear-time Pre-1 (Men / Women) Pre-2 (Men / Women) End (Men / Women)

SED-total 77.2 (5.9)� / 73.6 (4.5)�

0.059, p2 = 0.032
75.9 (5.4)� / 73.0 (4.4)�

0.048, p2 = 0.054
71.7 (8.0) / 71.7 (8.0)

SED-bouts 37.5 (9.0)� / 28.1 (8.4)�

0.173, p2< 0.001
34.9 (9.3)� / 28.1 (9.1)�

0.117, p2 = 0.002
30.1 (10.5) / 23.2 (9.6)

LPA 17.4 (4.7)� / 20.9 (3.4)�

0.070, p2 = 0.019
18.6 (4.3)� / 21.1 (3.7)�

0.042, p2 = 0.071
22.5 (6.5) / 24.1 (4.9)

MVPA 5.4 (3.1) / 5.5 (2.7)�

0.004, p2 = 0.581
5.5 (2.6) / 5.9 (2.7)

0.011, p2 = 0.358
5.7 (2.6) / 6.5 (3.0)

Freedson-bouts 3.0 (2.8) / 2.7 (2.0)

0.001, p2 = 0.654
2.8 (2.2) / 3.0 (2.1)

0.009, p2 = 0.421
2.2 (1.7) / 2.8 (2.1)

https://doi.org/10.1371/journal.pone.0274442.t004

PLOS ONE Accelerometer reliability to control exercise effect

PLOS ONE | https://doi.org/10.1371/journal.pone.0274442 September 12, 2022 10 / 24

https://doi.org/10.1371/journal.pone.0274442.g002
https://doi.org/10.1371/journal.pone.0274442.t004
https://doi.org/10.1371/journal.pone.0274442


found between the two groups for any measured parameter. Thus, the current study suggests

that the supervised exercise intervention in this population of community-dwelling older

adults succeeded in improving several accelerometer-assessed daily-movement- and sedentary

parameters without undesirable compensatory changes in PA- and SED-patterns.

To the best of our knowledge, this is the first study on older adults investigating accelerom-

eter measurements in two separate pre-tests in close temporal proximity to each other (see also

[20]). Between the Pre-1-test and Pre-2-test the intraclass correlation coefficient (ICC) varied

here from 0.75 to 0.91 among all parameters. A review by Falck et al. (2016, [15]) pointed out

that no previous study has conducted within-sample reliability among the objective measures

used in older adult intervention. However, an earlier study, performing a retest one and two

years after the initial test, showed ICCs ranged from 0.67–0.82 (for SED, LPA, MVPA, MVPA-

bouts expressed in min/d and VM-daily counts), with hip accelerometers used in older

women [32].

The exercise group showed significant improvements, with increase of total-PA (VM-cpm),

LPA and MVPA, and decrease of SED-total and SED-bouts, from Pre-1-test to End-test. The

reduction in SED behavior is mainly exchanged with LPA and to some extent MVPA. Even

though most recommendations are related to MVPA, some studies also highlight the impor-

tance of LPA, especially as a substitution for SED behavior (see below).

MVPA increased by 5.9 min/day (i.e., 41 min/week at Pre-1-test to End-test) although the

weekly 2h of physical activity sessions with combined aerobic and strength-training were

designed for moderate-to-high intensities. An accelerometer cannot always measure the com-

plexity of higher PA intensities correctly, especially during strength training tasks (see also

below). However, no significant increase was seen in the control group for MVPA between

Pre-1-test and End-test. Regarding the WHO recommendations of 150–300 min/week in

Table 5. Age group (65–69 yrs, 70–74 yrs and 75–80 yrs) average values (±SD) in min/day (A-above) and in %-of-
wear-time (B-below) for various accelerometer parameters in the exercise group. Significant difference (p< 0.0025)

between End-test and either of the two pre-tests, within each age group is marked at each pre-test with �.

A. Minutes Pre-1 (65–69 yrs / 70–74 yrs /

75–80 yrs)

Pre-2 (65–69 yrs / 70–74 yrs /

75–80 yrs)

End (65–69 yrs / 70–74 yrs /

75–80 yrs)

SED-total 620.9 (76.3)�/ 616.8 (63.7) /

601.2 (59.0)

599.9 (61.0) / 616.2 (99.0) /

580.3 (64.1)

568.9 (83.8) / 593.9 (69.3) /

597.7 (101.7)

SED-bouts 270.2 (82.9)�/ 251.6 (75.6) /

262.2 (94.2)

249.6 (71.2)� / 255.2 (93.0) /

251.0 (110.7)

212.4 (90.6) / 224.0 (66.2) /

213.4 (129.9)

LPA 163.2 (34.5)�/ 165.3 (31.5)� /

138.8 (41.8)�
166.4 (31.4)� / 163.6 (30.9)�/

144.7 (40.8)�
196.6 (46.5) / 188.3 (42.6) /

191.9 (67.2)

MVPA 46.4 (17.1)�/ 44.8 (25.9) / 46.5

(30.2)

50.2 (17.0) / 43.4 (24.6) / 48.6

(22.3)

54.9 (20.0) / 46.4 (26.1) / 54.0

(21.0)

Freedson-b. 24.9 (16.9) / 22.5 (18.4) / 24.8

(24.7)

26.3 (16.0) / 20.3 (18.4) / 25.9

(16.1)

23.9 (15.6) / 18.7 (18.4) / 20.7

(9.0)

B. % of wear-

time

Pre-1 (65–69 yrs / 70–74 yrs /

75–80 yrs)

Pre-2 (65–69 yrs / 70–74 yrs /

75–80 yrs)

End (65–69 yrs / 70–74 yrs /

75–80 yrs)

SED-total 74.6 (5.3)� / 74.6 (5.1)� / 76.6

(6.5)�
73.4 (4.5)� / 74.7 (5.4)� / 75.2

(6.5)�
69.3 (6.9) / 71.7 (5.0) / 70.2

(9.4)

SED-bouts 32.4 (9.3)� / 30.4 (9.6) / 33.9

(13.2)�
30.5 (8.4)� / 30.7 (9.6) / 32.9

(14.7)�
25.8 (10.9) / 27.1 (8.0) / 25.8

(15.0)

LPA 19.8 (4.4)� / 20.1 (4.0)� / 17.5

(4.9)�
20.4 (3.7)� / 20.0 (4.0)� / 18.7

(4.8)�
24.0 (6.9) / 22.7 (4.8) / 23.2

(7.8)

MVPA 5.6 (2.1)� / 5.4 (2.9) / 5.8 (3.8) 6.2 (2.2) / 5.3 (2.9) / 6.2 (2.6) 6.8 (2.6) / 5.6 (3.1) / 6.6 (2.8)

Freedson-b. 3.0 (2.0) / 2.7 (2.1) / 3.1 (3.2) 3.3 (2.0) / 2.5 (2.2) / 3.3 (2.0) 2.9 (1.9 / 2.3 (2.2) / 2.5 (1.2)

https://doi.org/10.1371/journal.pone.0274442.t005
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MVPA (or at least 75–150 min/week in vigorous PA) [1,7,13], our findings show that sufficient

mean daily average time values exceeded 150 minutes MVPA weekly in both groups on all test

occasions (Pre-1, Pre-2 and End). Yet, when applying the Freedson-bout criterion (minimum

10 min bouts MVPA), only exercise group Pre-tests 1 and 2 had sufficient time in MVPA, and

a small decrease in the End-test resulted in insufficient time in MVPA-Freedson-bouts. Never-

theless, when counting number of days on which each person reached 30 min of MVPA in

Freedson-bouts at least five days/week, at most 17.4% reached this recommendation in the

Pre-tests and at most 8.7% at the End-test in both groups. However, the previously emphasized

accumulation of MVPA-time in Freedson-bouts of at least 10 min is no longer included in the

new WHO recommendations [7]. For example, mortality risk reductions associated with

MVPA are independent of how activity is accumulated [33]. Moreover, increased time spent

in MVPA have positive associations with numerous health outcomes and increased longevity

in several cross-sectional and longitudinal accelerometer studies (see below).

The amount of time spent in vigorous intensity was very low (about 7 min/week) on all test

occasions for both groups. Very few previous studies have reported older adults´ vigorous

intensity minutes alone; most report MVPA instead. Possibly due to the uncertainty of accel-

erometry measurements at higher intensities, especially in older adults (see below) [12,34].

The control group showed a significant increase in total-PA (VM-cpm) and LPA (min/d

and % wear-time) and a significant decrease in SED-total (min/d and %-wear-time) from Pre-

1-test to End-test. However, the changes were significantly greater in the exercise group than

in the control group for total-PA (VM-cpm) and SED-total (in % wear time). This suggest that

being measured with accelerometers alone may contribute to some PA and SED pattern

improvements, as seen for the control group, and this should be considered in accelerometer

interventions for older adults. A seasonal effect, measuring the end-test later in springtime,

could possibly also have influenced the PA pattern improvements seen in the control and the

exercise group.

Exercise interventions in older adults

A great challenge remains when it comes to the implementation of evidence-based methods to

increase PA- and reduce SED-behavior in older adults. Most previous exercise-interventions

in older adults have been measured with self-reports (which have lower validity), rather than

accelerometer measurements, and reliability measures performed with accelerometers are

lacking (see above, [15]). Furthermore, there is a scarcity of previous accelerometer-assessed

interventions for relatively healthy older adults receiving supervised physical exercise. In this

context, to our knowledge, presented data are the first assessing and showing significant

improvement in several accelerometer-assessed parameters for both SED and PA as well as

total-PA among community dwelling older adults. Also, conducted with inclusion of two pre-

tests and a control group for comparison. A significant improvement of daily mean values
from Pre-1-test to End-test was noted for our exercise group regarding total-PA (VM-cpm

+17%), MVPA (+6 min), LPA (+33 min) SED-total (-36 min) and SED-bouts (-46 min), but

not for Freedson-bouts (MVPA-bouts).

Below we describe some findings from previous accelerometer interventions, including

supervised regular physical exercise for older adults, also with a control group for comparison.

Three supervised physical exercise interventions for elderly found an increase in PAmeasur-

ing one or two daily movement parameters (but not assessing SED-behavior: i) for MVPA

(+39 min/week) only for those insufficiently active at baseline-level (i.e., < 150 min MVPA/

week), but not among older adults in general (2 exercise-sessions/w for 10 weeks, n = 93, using

arm accelerometers) [35]; ii) for LPA (+17 min/d) and MVPA (+7 min/d) via a multilevel PA
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intervention, including supervised group walks (3 months, 70%� 80yrs, n = 300, using hip

accelerometers) [36]; iii) for MVPA (although not reporting the amount of MVPA-change)

with aerobic dance or aerobics (3 sessions/w, 6 months, n = 250, using hip accelerometers

using a lower MVPA-cut-point�1041 cpm) [37].

Conversely, in some supervised exercise interventions (3–11 months) no improvements of

different daily PA intensities and SED-time were observed using accelerometer assessments

[38–41]. Moreover, total energy expenditure did not alter with endurance exercise (3 exercise-

sessions/w for 8 or 14 weeks) [42,43]. Furthermore, total-PA was unchanged (counts/d) during

a 12-week-intervention (2 sessions/w) [44]. In this study, the increase in moderate intensity

during the isolated training-sessions was compensated by a decrease in “non-training-PA”. No

such undesirable compensatory effect was noted in the exercise group in our study.

Among older adults with a special disease an improvement of total-PA (the only presented

PA-intensity parameter) was reported (not for controls) but for i) heart failure patients with

seated exercises (2 sessions/w for 3 months) [45]; ii) those with type-II diabetes with a partly

supervised walking intervention (3 sessions/w, 6 months) [46]; iii) institutionalized elders with

either aerobic or strength training (2 sessions/w, 1 year) [47]. iv) Finally, elderly with obesity,
increased daily MVPA, LPA and step counts (with 18 min, 13 min and about 3000 steps,

respectively) in a weight-loss-intervention, including diet and supervised treadmill walking

exercise (4 sessions/w, 5 months) [48].

Thus, our study is the first to report that supervised exercise twice weekly for healthy com-

munity-dwelling older adults may improve several physical activity and sedentary parameters,

without undesirable compensatory changes.

Methodological considerations

There is some discrepancy between the exercise and the control group regarding mean age

(70.9 vs 73.8 yrs), BMI (25.1 vs 27.2 kg/m2) and number of participants (78 vs 43). There were

also somewhat fewer men than women, and fewer of the oldest age group versus the two youn-

ger age groups. These differences could possibly result from random selection of the controls

versus volunteer participation in the exercise group. However, no significant differences in

daily movement patterns were seen between the exercise group and control group at pre-tests,

suggesting that there was no skewing between the groups at baseline-level.

We recorded SED-bouts in 10-minutes intervals, as in a previous cross-sectional study in

older adults [27]. This interval is slightly smaller than in other cross-sectional investigations,

which for example, recorded 30 min-SED-bouts in older adults [26] and 20 min-SED-bouts in

middle-aged adults [29]. For middle-aged adults, taking several small SED-breaks every 20

minutes, compared to prolonged SED-time, show lower metabolic risks in overweight/obese

[49].

Since both self-reported data and accelerometry have different methodological advantages

and disadvantages, a combination of these two measures might be appropriate to get the clear-

est possible picture of an individual´s PA- and SED-behavior. For instance, accelerometers

may not reflect the advantages of strength training or cycling, and further, they cannot gener-

ally be used in water exercises/swimming (see also above and below).

The validity of accelerometry has previously been studied in different ways. The accelerom-

eter’s ability to predict energy expenditure compared to criterion methods, i.e., double labeled

water or direct or indirect calorimetry has proven to be reasonable and seems to be indepen-

dent on accelerometer make or model [50–53]. Instead, discrepancies between studies validat-

ing different accelerometers are more likely attributable to differences in use of epoch, cut-

points, frequency filters and investigated intensities [54].
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Previous studies have shown good validity when measuring low intensities and SED-behav-

iour. However, when measuring PA, validity is lower with increasing intensity, and especially

low in vigorous intensity (>6 METs) [55]. In our study the exercise group, although receiving

60 min of supervised training sessions (2/w) of mainly moderate-to-high intensity physical

activities, showed low values in time spent in vigorous intensities (7.5 min/week on average

during the last week of the eight-week exercise period). A systematic review published in 2014

regarding accelerometer measurements in older adults concluded that there is no standardiza-

tion regarding cut-points for PA or SED behaviour, but setting the cut-points too high or too

low will markedly affect the results [56]. So far, no real consensus exists regarding cut-points

for PA or SED behavior for older adults [57]. Cut-points for the ActiGraph accelerometer

(GT3X) have previously been developed in laboratory settings for older adults [58]. However,

in their study the epoch length was 1s whereas we used 60 s. These authors suggested the cut-

point for 3 MET (MVPA cut point) at VM 2751 cpm, whereas we set the same cut-point to

VM 2020 [12]. Another study found that postmenopausal women show good agreement for

150 min/w of MVPA with Troiano and Freedson cut-points (�2020cpm and�1952cpm,

respectively), but not with the cut-points used by Copeland & Esliger (�1041cpm) or Sasaki

(�2691cpm) [30]. As described earlier, cut-points are highly dependent on epoch time and

also whether the vertical axis or the vector magnitude (VM) is being used; the different

approaches are not directly comparable [59]. One study investigated cut-points for SED behav-

ior in older adults [60]. We used the limit <100 counts. However, our cut points for both

SED-behaviour and PA-intensities (using the vertical axis acceleration) are in line with many

previously used cut-points. In the present study we were interested to investigate possible

changes in activity patterns during an intervention, therefore using the same cut-points and

epoch on all test occasions was of importance. The cut points were set to reflect resting meta-

bolic energy turnovers (METs) of 1.5–3 METs for LPA and>3 METs for MVPA. This is

potentially problematic when studying older adults where the same energy turnovers is less

likely to represent intensities of a whole adult population (from 18 years+). Further, a certain

absolute MET-/cut-point limit (i.e., MVPA�2020 cpm) may result in different relative intensi-

ties between various older adults depending on each individual´s fitness level. It is more likely

that the cut points for older adults should be set lower for both moderate and vigorous PA due

to age-related decline in fitness. However, in a test–retest design or an intervention design,

studying differences, a comparison can still be made even though the cut points possibly could

be unrepresentative of the true METs.

One study [19], investigated the number of days required for reliable data in older adults,

comparing both the cut-points suggested by Aguilar-Farias et al. [60]) and the commonly used

Freedson cut-points. They reported that for uniaxial accelerometer data 3.0 to 4.9 days are nec-

essary for reliably estimating time spent in SED and PA in older adults when using widely

known cut-points for uniaxial accelerometer data. They also stated that when using cut-points

for VM of triaxial-accelerometer data, 2.5 to 4.5 days was necessary for achieving an ICC of

0.80. Further, there was no evident requirement to include at least one weekend day for reli-

ably estimating PA-intensities and SED-behavior in older adults, as the authors did not

observe a systematic difference in estimates between weekdays and weekend days. However, a

review by Heesch et al.(2018) reported that weekend days should be included for proper accel-

erometer-measured SED and PA parameters in older adults [20]. Weekend days were included

in our study.

Accelerometer measures related to previous reports. In what follows, our present data is

compared to previous reports with older adults (with predominantly similar one-occasion

accelerometer assessments, reported mostly in one unit, either min/d or %-wear time). Our
daily baseline values were for time spent in SED-tot: higher [27,61–73], similar [66,74], and
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lower [75], in SED-bouts: lower [27]; in LPA: higher or similar [39,75,76], and lower

[26,27,63,65,67,70,71,74]; in MVPA: higher [12,26,27,39,62,63,65,67–69,71,73,76,77], similar

[61,70], and lower [74,75]; in VIG: higher [12], and similar [74]. Compared to middle-aged

(50–64 yrs), our older adults showed higher levels in percent (%) for total daily SED-behavior,

less in SED-bouts and LPA, but slightly higher or similar %-values for MVPA [31].

Sex differences

Older women in the present study tended to spend more time in LPA and total-PA (VM-

cpm), and less time sedentary (SED-total and SED-bouts) than older men did at baseline-level,

though the differences were not significant. These results are partly in line with previous accel-

erometer reports of older women spending more time in LPA and less in SED behavior and

MVPA than older men [12,28,64,65,68,69,75,78]. Moreover, there are reports of older women

having slightly more MVPA-time than men [75]. Overall, PA volume has been reported simi-

lar between the sexes [12,68] or slightly higher for either older women [75] or older men [65].

Furthermore, among middle-aged adults (50-64yrs), men spent more time in SED and MVPA

and less time in LPA than women, with no difference between the sexes regarding total-PA

measured as mean cpm [31]. At the End-test we found no significant differences between the

sexes for any investigated parameter.

Age differences

We found no significant age group difference at baseline-level or at the End-test for any

parameter (65-69/70-74/75-80 yrs). Previously, no significant age difference has been shown

in one test occasion, for time in SED behavior, LPA, MVPA or total PA, between age groups

70–80, 60–70 and 49–59 yrs, except when comparing >80yrs with younger age groups, in the

mentioned daily movement parameters [68]. Another study, assessing total PA solely, showed

older participants (80–93 yrs) to be less active than younger participants (65–79 yrs), [79].

However, increased SED-time and decreased LPA- and MVPA-time with advancing age have

also been seen for each 5-years-intervals from 70 to�85 yrs (with more marked changes� 80

yrs) [73,75] and for a group of 60–75 yrs compared to an age group between 18–59 yrs [80]. It

was likewise within different middle-aged groups for time in MVPA and total-PA (60–65 yrs

having lower values than 50–59 yrs), but not for LPA or SED behavior [31].

Accelerometer measures related to health benefits in older adults. In this study signifi-

cant improvements were noted in the exercise group at End-test in accelerometer-assessed

parameters; total-PA (cpm), MVPA, LPA, SED-total and SED-bouts (all in min/d and %-of-

wear-time). These improvements may contribute to improved health in various ways. For

instance, links between positive health outcomes and time spent in SED, LPA, MVPA and total

PA for older adults have been shown in several longitudinal and cross-sectional accelerometer

reports, presented below:

Accelerometer investigations of longevity and improved health with only longitudinal data
have shown that higher SED-time is related to higher mortality in less active middle-aged and

older adults, where 30–40 min of MVPA/d attenuate the association between SED-time and

risk of death [81]. In contrast, a meta-analysis including more than 1 million adult men and

women showed that higher activity with 60–75 min MVPA/d, seem to eliminate the increased

mortality risks linked with high total sitting time (>8h/d) [3]. Shortened SED-time and

increased LPA- and MVPA-durations as objectively measured in elderly people is associated

with better health and a longer life in longitudinal studies [28,71,72]. However, breaking up

SED-time and accumulating MVPA (lasting�10 min) did not alter the relations with mortal-

ity here. Substituting 30 min of SED-time with LPA may reduce the risk of all-cause mortality
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by 11% and reduce the risk of cardiovascular disease by 24% according to another longitudinal

study [28]. Further, replacing 30 min of accelerometer-assessed SED-time with LPA is associ-

ated with a 14% reduced mortality risk in a population of 50–85 years, shown with isotemporal

substitution analyses [77]. Moreover, replacing 10 min SED-time with MVPA is associated

with reduced CVD mortality risk [28]. Like MVPA, total-PA volume is also a strong predictor

of mortality, this is in agreement with findings that LPA can give substantial survival benefits,

highlighting the importance of total-PA and LPA in public health contexts for elderly people

[71]. In the same study, it was shown that SED-time was an essential risk factor of all-cause

mortality and CVD mortality independently of participants achieving the recommended dose

of MVPA. Participants who spent almost 10 h/day sitting down had an over 2.5 times larger

risk of death from any cause than those with only 6.5 sedentary h/day, and this association

remained after adjusting for MVPA.

Accelerometer publications including summarized results from both cross-sectional and
longitudinal studies, have reported that reduced SED-time in older adults is associated with

longevity, better physical and cognitive functions, mental health, quality of life and reduced

cardiometabolic diseases [82]. The authors also stated, in their review, that self-reported tools

underestimated SED-time. The association between objectively measured SED and physical

performance in the elderly is strong and further highlights the importance to reduce SED-time

in order to improve physical function in older adults [83]. Separately accelerometer-assessed

LPA-time and MVPA-time among older adults are associated with less chronic inflammation

[39]. In addition, shortened SED-time and increased LPA- and MVPA-durations are associ-

ated with lower arterial stiffness [84].

Accelerometer studies with cross-sectional data solely have shown significant associations

between MVPA-duration and several health benefits, body composition and walking-speed

tests [74], as well as with mental and psychosocial health and health-related life-quality, physi-

cal fitness, lower aortic arteriosclerosis, osteoporosis, sarcopenia, and components of the meta-

bolic syndrome, especially hypertension and hyperglycemia [64]. In addition, increased SED-

time and fewer breaks are related to decreased physical function, independently of MVPA in

older adults [69]. Furthermore, replacing 30 min of accelerometer-assessed SED-time with

LPA is associated with better physical health and well-being in older adults [63]. These facts

are of great clinical and public health importance, due to the potential of LPA to confer a

higher compliance rate for regular PA [76]. Moreover, reallocating 30 min SED time in bouts

or non-bouts to MVPA is related to lower waist circumference, lower BMI and higher HDL

(high density lipoproteins) levels in older adults with prediabetes and type-II diabetes, and

reallocating time in SED-bouts to LPA is linked to lower waist circumference, shown in iso-

temporal substitution analysis [70]. Such analysis also showed that replacement of 10-minutes

MVPA with either LPA or SED is associated with increased clustered metabolic risk score and

waist circumference among older women [27]. All associations between SED-time and meta-

bolic risk outcomes were lost once variation in total accelerometer counts was adjusted for;

thus, PA and not SED time per se influences clustered metabolic risk in this cross-sectional

study. Furthermore, in older women (65–70 yrs), reallocating 30 min of SED time with LPA or

MVPA is linked to reduced fibrinogen, and with MVPA alone to a lower C-reactive protein

(CRP) [26]. CRP and fibrinogen are related to metabolic and cardiovascular disease (CVD)

(partly via endothelial dysfunction) and to mortality. Further, for middle-aged people, inde-

pendent associations have been shown for metabolic syndrome prevalence for time spent in

SED (odds-ratio 2.38), in LPA (0.50), in MVPA (0.33), and aerobic fitness (0.24) [29].

Thus, daily increase in total-PA, LPA and MVPA and decreases in SED-total and SED-

bouts have positive associations with numerous health outcomes and increased longevity in

several longitudinal and cross-sectional accelerometer studies. Moreover, interventions
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promoting PA can reduce health- and social costs significantly, especially among older adults

and those with poor health caused by physical inactivity [83,85,86]. Even small increases in PA

give substantial health care cost savings and prevention of hospitalization [86]. In the present

study, the exercise group succeeded in significantly improving several PA- and SED- parame-

ters, emphasizing that this type of intervention may contribute to better health in different

ways for older adults. Since large world-wide trends show that a substantial number of people

spend too much time sedentary and are insufficiently active physically, policies to increase

population levels of PA and reduce time spent in sedentary behavior need to be prioritized and

up-scaled urgently.

Strength and limitations

This is the first intervention study including two separate pre-tests performed with accelerom-

eters in older adults showing improvements among several accelerometer-assessed parameters

for both daily movement patterns (Total-PA, MVPA, LPA, MVPA-bouts) and sedentary

behavior (SED-total, SED-bouts) in a supervised exercise intervention for community-dwell-

ing relatively healthy older adults compared to a control group. Such previous interventions

are absent. The more objectively assessment with accelerometers gives more valid estimate of

actual PA- and SED-patterns than self-report methods do. Moreover, a strength is that we

described results in both min/d and %-of-daily-wear-time, whereas most previous publications

generally reported only one of these two units. For instance, the global recommendations for

MVPA are expressed in minutes per week, and for this parameter, we found a significant

improvement for the exercise group in the unit expressed in minutes.

Furthermore, the present data is compared to previous reports regarding supervised exer-

cise interventions in older adults, sex and age groups. In addition, we present information

about proven relationships between accelerometer-assessed parameters and various health

outcomes for older adults in longitudinal and cross-sectional studies. Another strength is that

the present supervised exercise sessions contained a combination of aerobic and resistance

training, which in older adults seems to have a better effect than either training form alone, to

counteract the health negative effects of SED behavior, including cardiovascular, mental and

musculoskeletal functions [2]. Thus, the offered training sessions in the present study are in

harmony with global physical activity guidelines for older adults, regarding including muscle-

strengthening activities at moderate or greater intensity that involve all major muscle groups

on at least two days a week and balance training [1,7,13].

A limitation is that the control group was not randomized in relation to the exercise group.

The participants were recruited for the exercise intervention separately to the control group, a

fact which may have affected the results. However, a control group has often not been included

in previous supervised exercise interventions with accelerometer evaluations in relatively

healthy community-dwelling older adults. The participants in the two groups in this study were

rather comparable. They originated from the same suburb and all were relatively healthy and

had a similar distribution of men and women. In addition, no significant differences in daily

movement patterns were seen between the exercise group and control group at pre-tests, sug-

gesting that there was no skewing between the groups at baseline level. Another limitation with

accelerometer measures is that the type of SED behavior cannot be obtained with the present

method, e.g., if the SED is stationary or sitting, neither if the SED is mentally active or mentally

passive, which will influence mental health in different ways [87]. However, breaking up the

SED-behavior in bouts compared to prolonged sitting is related to improved mental health with

lower symptoms of depression and anxiety in adults [88]. In the present study we found signifi-

cantly decreased time spent both in SED-total and in SED-bouts for the exercise group.
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Conclusions

The current study proposes good test-retest reliability of sensor-based physical activity and

sedentary patterns in older adults prior to a supervised exercise intervention. In the group

exercising twice weekly over eight weeks, we found no evidence for compensatory behaviors at

the End-test, with decrease in any measured physical activity parameter or increase in time

spent sedentary. The exercise- compared to the control-group significantly increased total-PA

and MVPA (min/day), and decreased SED-total and SED-bouts (%-of-total-daily-wear-time),

and SED-bouts (min/day). Thus, older adults participating in eight weeks of supervised physi-

cal activity twice/week improved several PA- and SED-parameters. The results from the pres-

ent study indicate that not only MVPA should be assessed, but also total-PA and LPA, as well

as total-SED-behavior and SED-bouts when evaluating daily movement patterns with acceler-

ometers in older adults, since all these parameters could be affected differently depending on

type of interventions performed and are all independently associated with different health

outcomes.

These findings may contribute to valuable knowledge for future public health strategies to

improve physical activity and sedentary behaviors and thereby health and quality of life in

older adults. As the present-study was based on community-dwelling individuals, further stud-

ies are needed to investigate reliability in other populations. In addition, more studies of exer-

cise intervention are needed to permit comparisons and follow-up measures to see any

possible long-term effects.
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important methodological and analytical assistance, project leaders Evelina Danielsson and

Frida Wagman in Solna municipality for organization and recruitment of participants, Jenny

Carlsson for assistance with measuring the exercise group, and Tim Crosfield for language

revisions.

Author Contributions

Conceptualization: Manne Godhe, Marjan Pontén, Johnny Nilsson, Lena V. Kallings, Eva A.

Andersson.

Data curation: Manne Godhe, Marjan Pontén, Eva A. Andersson.

Formal analysis: Manne Godhe, Marjan Pontén, Eva A. Andersson.

Investigation: Manne Godhe, Marjan Pontén, Johnny Nilsson, Lena V. Kallings, Eva A.

Andersson.

Methodology: Manne Godhe, Marjan Pontén, Johnny Nilsson, Lena V. Kallings, Eva A.

Andersson.

Project administration: Manne Godhe, Eva A. Andersson.

Supervision: Eva A. Andersson.

PLOS ONE Accelerometer reliability to control exercise effect

PLOS ONE | https://doi.org/10.1371/journal.pone.0274442 September 12, 2022 18 / 24

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0274442.s001
https://doi.org/10.1371/journal.pone.0274442


Visualization: Manne Godhe.

Writing – original draft: Manne Godhe, Eva A. Andersson.

Writing – review & editing: Manne Godhe, Marjan Pontén, Johnny Nilsson, Lena V. Kallings,

Eva A. Andersson.

References
1. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al. World Health Organization

2020 guidelines on physical activity and sedentary behaviour. Br J Sports Med. 2020; 54(24):1451–62.

Epub 2020/11/27. https://doi.org/10.1136/bjsports-2020-102955 PMID: 33239350; PubMed Central

PMCID: PMC7719906.

2. Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh MA, Minson CT, Nigg CR, Salem GJ, et al. American

College of Sports Medicine position stand. Exercise and physical activity for older adults. Med Sci

Sports Exerc. 2009; 41(7):1510–30. Epub 2009/06/12. https://doi.org/10.1249/MSS.

0b013e3181a0c95c PMID: 19516148.

3. Ekelund U, Steene-Johannessen J, Brown WJ, Fagerland MW, Owen N, Powell KE, et al. Does physi-

cal activity attenuate, or even eliminate, the detrimental association of sitting time with mortality? A har-

monised meta-analysis of data from more than 1 million men and women. The Lancet. 2016; 388

(10051):1302–10. https://doi.org/10.1016/S0140-6736(16)30370-1 PMID: 27475271

4. Katzmarzyk PT, Lee IM. Sedentary behaviour and life expectancy in the USA: a cause-deleted life table

analysis. Bmj Open. 2012; 2(4). Epub 2012/07/11. https://doi.org/10.1136/bmjopen-2012-000828

PMID: 22777603; PubMed Central PMCID: PMC3400064.

5. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT, et al. Effect of physical inactivity on

major non-communicable diseases worldwide: an analysis of burden of disease and life expectancy.

Lancet. 2012; 380(9838):219–29. Epub 2012/07/24. https://doi.org/10.1016/S0140-6736(12)61031-9

PMID: 22818936; PubMed Central PMCID: PMC3645500.

6. Powell KE, King AC, Buchner DM, Campbell WW, DiPietro L, Erickson KI, et al. The Scientific Founda-

tion for the Physical Activity Guidelines for Americans, 2nd Edition. J Phys Act Health. 2018; 16(1):1–

11. Epub 2018/12/19. https://doi.org/10.1123/jpah.2018-0618 PMID: 30558473.

7. World Health Organization. Physical activity: World Health Organization; 2021 [cited 2021 May 28].

Available from: https://www.who.int/en/news-room/fact-sheets/detail/physical-activity.

8. Chau JY, Grunseit A, Midthjell K, Holmen J, Holmen TL, Bauman AE, et al. Sedentary behaviour and

risk of mortality from all-causes and cardiometabolic diseases in adults: evidence from the HUNT3 pop-

ulation cohort. Br J Sports Med. 2015; 49(11):737–42. Epub 2013/05/15. https://doi.org/10.1136/

bjsports-2012-091974 PMID: 23666019.

9. Matthews CE, George SM, Moore SC, Bowles HR, Blair A, Park Y, et al. Amount of time spent in seden-

tary behaviors and cause-specific mortality in US adults. Am J Clin Nutr. 2012; 95(2):437–45. Epub

2012/01/06. https://doi.org/10.3945/ajcn.111.019620 PMID: 22218159; PubMed Central PMCID:

PMC3260070.

10. Thorp AA, Owen N, Neuhaus M, Dunstan DW. Sedentary behaviors and subsequent health outcomes

in adults a systematic review of longitudinal studies, 1996–2011. Am J Prev Med. 2011; 41(2):207–15.

Epub 2011/07/20. https://doi.org/10.1016/j.amepre.2011.05.004 PMID: 21767729.

11. Skelton DA HJ, Leask CF. Sedentary Behaviour and Ageing. In: Leitzmann MF, Jochem C, Schmid D,

editors. Sedentary behaviour epidemiology. Springer; 2017.

12. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical activity in the United

States measured by accelerometer. Med Sci Sports Exerc. 2008; 40(1):181–8. Epub 2007/12/20.

https://doi.org/10.1249/mss.0b013e31815a51b3 PMID: 18091006.

13. Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, Galuska DA, et al. The physical activity

guidelines for Americans. Jama. 2018; 320(19):2020–8. https://doi.org/10.1001/jama.2018.14854

PMID: 30418471

14. Westerterp KR. Daily physical activity and ageing. Curr Opin Clin Nutr Metab Care. 2000; 3(6):485–8.

Epub 2000/11/21. https://doi.org/10.1097/00075197-200011000-00011 PMID: 11085835.

15. Falck RS, McDonald SM, Beets MW, Brazendale K, Liu-Ambrose T. Measurement of physical activity

in older adult interventions: a systematic review. Br J Sports Med. 2016; 50(8):464–70. Epub 2015/08/

16. https://doi.org/10.1136/bjsports-2014-094413 PMID: 26276362.

16. Eckert KG, Lange MA. Comparison of physical activity questionnaires for the elderly with the Interna-

tional Classification of Functioning, Disability and Health (ICF)–an analysis of content. Bmc Public

Health. 2015; 15(1):1–11. https://doi.org/10.1186/s12889-015-1562-3 PMID: 25884355

PLOS ONE Accelerometer reliability to control exercise effect

PLOS ONE | https://doi.org/10.1371/journal.pone.0274442 September 12, 2022 19 / 24

https://doi.org/10.1136/bjsports-2020-102955
http://www.ncbi.nlm.nih.gov/pubmed/33239350
https://doi.org/10.1249/MSS.0b013e3181a0c95c
https://doi.org/10.1249/MSS.0b013e3181a0c95c
http://www.ncbi.nlm.nih.gov/pubmed/19516148
https://doi.org/10.1016/S0140-6736%2816%2930370-1
http://www.ncbi.nlm.nih.gov/pubmed/27475271
https://doi.org/10.1136/bmjopen-2012-000828
http://www.ncbi.nlm.nih.gov/pubmed/22777603
https://doi.org/10.1016/S0140-6736%2812%2961031-9
http://www.ncbi.nlm.nih.gov/pubmed/22818936
https://doi.org/10.1123/jpah.2018-0618
http://www.ncbi.nlm.nih.gov/pubmed/30558473
https://www.who.int/en/news-room/fact-sheets/detail/physical-activity
https://doi.org/10.1136/bjsports-2012-091974
https://doi.org/10.1136/bjsports-2012-091974
http://www.ncbi.nlm.nih.gov/pubmed/23666019
https://doi.org/10.3945/ajcn.111.019620
http://www.ncbi.nlm.nih.gov/pubmed/22218159
https://doi.org/10.1016/j.amepre.2011.05.004
http://www.ncbi.nlm.nih.gov/pubmed/21767729
https://doi.org/10.1249/mss.0b013e31815a51b3
http://www.ncbi.nlm.nih.gov/pubmed/18091006
https://doi.org/10.1001/jama.2018.14854
http://www.ncbi.nlm.nih.gov/pubmed/30418471
https://doi.org/10.1097/00075197-200011000-00011
http://www.ncbi.nlm.nih.gov/pubmed/11085835
https://doi.org/10.1136/bjsports-2014-094413
http://www.ncbi.nlm.nih.gov/pubmed/26276362
https://doi.org/10.1186/s12889-015-1562-3
http://www.ncbi.nlm.nih.gov/pubmed/25884355
https://doi.org/10.1371/journal.pone.0274442


17. Prince SA, Adamo KB, Hamel ME, Hardt J, Connor Gorber S, Tremblay M. A comparison of direct ver-

sus self-report measures for assessing physical activity in adults: a systematic review. Int J Behav Nutr

Phys Act. 2008; 5(1):56. Epub 2008/11/08. https://doi.org/10.1186/1479-5868-5-56 PMID: 18990237;

PubMed Central PMCID: PMC2588639.

18. Strath SJ, Brage S, Ekelund U. Integration of physiological and accelerometer data to improve physical

activity assessment. Med Sci Sports Exerc. 2005; 37(11 Suppl):S563–71. Epub 2005/11/19. https://doi.

org/10.1249/01.mss.0000185650.68232.3f PMID: 16294119.

19. Sasaki JE, Junior JH, Meneguci J, Tribess S, Marocolo Junior M, Stabelini Neto A, et al. Number of

days required for reliably estimating physical activity and sedentary behaviour from accelerometer data

in older adults. J Sports Sci. 2018; 36(14):1572–7. Epub 2017/11/11. https://doi.org/10.1080/02640414.

2017.1403527 PMID: 29125022.

20. Heesch KC, Hill RL, Aguilar-Farias N, van Uffelen JGZ, Pavey T. Validity of objective methods for mea-

suring sedentary behaviour in older adults: a systematic review. Int J Behav Nutr Phys Act. 2018; 15

(1):119. Epub 2018/11/28. https://doi.org/10.1186/s12966-018-0749-2 PMID: 30477509; PubMed Cen-

tral PMCID: PMC6260565.

21. Hart TL, Swartz AM, Cashin SE, Strath SJ. How many days of monitoring predict physical activity and

sedentary behaviour in older adults? Int J Behav Nutr Phy. 2011; 8(1):1–7. https://doi.org/10.1186/

1479-5868-8-62 PMID: 21679426

22. Barone Gibbs B, Brach JS, Byard T, Creasy S, Davis KK, McCoy S, et al. Reducing sedentary behavior

versus increasing moderate-to-vigorous intensity physical activity in older adults: a 12-week random-

ized, clinical trial. Journal of aging and health. 2017; 29(2):247–67. https://doi.org/10.1177/

0898264316635564 PMID: 26944808

23. Fanning J, Porter G, Awick EA, Wojcicki TR, Gothe NP, Roberts SA, et al. Effects of a DVD-delivered

exercise program on patterns of sedentary behavior in older adults: a randomized controlled trial. Prev

Med Rep. 2016; 3:238–43. Epub 2016/07/16. https://doi.org/10.1016/j.pmedr.2016.03.005 PMID:

27419021; PubMed Central PMCID: PMC4929237.

24. French DP, Olander EK, Chisholm A, Mc Sharry J. Which behaviour change techniques are most effec-

tive at increasing older adults’ self-efficacy and physical activity behaviour? A systematic review. Annals

of behavioral medicine. 2014; 48(2):225–34. https://doi.org/10.1007/s12160-014-9593-z PMID:

24648017

25. Cooper C, Gross A, Brinkman C, Pope R, Allen K, Hastings S, et al. The impact of wearable motion

sensing technology on physical activity in older adults. Exp Gerontol. 2018; 112:9–19. Epub 2018/08/

14. https://doi.org/10.1016/j.exger.2018.08.002 PMID: 30103025; PubMed Central PMCID:

PMC6436091.

26. Nilsson A, Bergens O, Kadi F. Physical Activity Alters Inflammation in Older Adults by Different Intensity

Levels. Med Sci Sports Exerc. 2018; 50(7):1502–7. Epub 2018/02/21. https://doi.org/10.1249/MSS.

0000000000001582 PMID: 29462102.

27. Nilsson A, Wåhlin-Larsson B, Kadi F. Physical activity and not sedentary time per se influences on clus-

tered metabolic risk in elderly community-dwelling women. PLoS One. 2017; 12(4):e0175496. https://

doi.org/10.1371/journal.pone.0175496 PMID: 28388679

28. Dohrn IM, Kwak L, Oja P, Sjostrom M, Hagstromer M. Replacing sedentary time with physical activity: a

15-year follow-up of mortality in a national cohort. Clin Epidemiol. 2018; 10:179–86. Epub 2018/02/09.

https://doi.org/10.2147/CLEP.S151613 PMID: 29416378; PubMed Central PMCID: PMC5790069.

29. Ekblom O, Ekblom-Bak E, Rosengren A, Hallsten M, Bergstrom G, Borjesson M. Cardiorespiratory Fit-

ness, Sedentary Behaviour and Physical Activity Are Independently Associated with the Metabolic Syn-

drome, Results from the SCAPIS Pilot Study. PLoS One. 2015; 10(6):e0131586. Epub 2015/06/30.

https://doi.org/10.1371/journal.pone.0131586 PMID: 26120842; PubMed Central PMCID:

PMC4486454.

30. Diniz TA, Rossi FE, da Costa Rosa CS, Mota J, Freitas-Junior IF. Moderate-to-vigorous physical activity

among postmenopausal women: Discrepancies in accelerometry-based cut-points. J Aging Phys Activ.

2017; 25(1):20–6. https://doi.org/10.1123/japa.2015-0193 PMID: 27118824

31. Ekblom-Bak E, Olsson G, Ekblom O, Ekblom B, Bergstrom G, Borjesson M. The Daily Movement Pat-

tern and Fulfilment of Physical Activity Recommendations in Swedish Middle-Aged Adults: The SCAPIS

Pilot Study. PLoS One. 2015; 10(5):e0126336. Epub 2015/05/15. https://doi.org/10.1371/journal.pone.

0126336 PMID: 25970580; PubMed Central PMCID: PMC4430167.

32. Keadle SK, Shiroma EJ, Kamada M, Matthews CE, Harris TB, Lee I-M. Reproducibility of accelerome-

ter-assessed physical activity and sedentary time. American journal of preventive medicine. 2017; 52

(4):541–8. https://doi.org/10.1016/j.amepre.2016.11.010 PubMed Central PMCID: PMC28062274.

PMID: 28062274

PLOS ONE Accelerometer reliability to control exercise effect

PLOS ONE | https://doi.org/10.1371/journal.pone.0274442 September 12, 2022 20 / 24

https://doi.org/10.1186/1479-5868-5-56
http://www.ncbi.nlm.nih.gov/pubmed/18990237
https://doi.org/10.1249/01.mss.0000185650.68232.3f
https://doi.org/10.1249/01.mss.0000185650.68232.3f
http://www.ncbi.nlm.nih.gov/pubmed/16294119
https://doi.org/10.1080/02640414.2017.1403527
https://doi.org/10.1080/02640414.2017.1403527
http://www.ncbi.nlm.nih.gov/pubmed/29125022
https://doi.org/10.1186/s12966-018-0749-2
http://www.ncbi.nlm.nih.gov/pubmed/30477509
https://doi.org/10.1186/1479-5868-8-62
https://doi.org/10.1186/1479-5868-8-62
http://www.ncbi.nlm.nih.gov/pubmed/21679426
https://doi.org/10.1177/0898264316635564
https://doi.org/10.1177/0898264316635564
http://www.ncbi.nlm.nih.gov/pubmed/26944808
https://doi.org/10.1016/j.pmedr.2016.03.005
http://www.ncbi.nlm.nih.gov/pubmed/27419021
https://doi.org/10.1007/s12160-014-9593-z
http://www.ncbi.nlm.nih.gov/pubmed/24648017
https://doi.org/10.1016/j.exger.2018.08.002
http://www.ncbi.nlm.nih.gov/pubmed/30103025
https://doi.org/10.1249/MSS.0000000000001582
https://doi.org/10.1249/MSS.0000000000001582
http://www.ncbi.nlm.nih.gov/pubmed/29462102
https://doi.org/10.1371/journal.pone.0175496
https://doi.org/10.1371/journal.pone.0175496
http://www.ncbi.nlm.nih.gov/pubmed/28388679
https://doi.org/10.2147/CLEP.S151613
http://www.ncbi.nlm.nih.gov/pubmed/29416378
https://doi.org/10.1371/journal.pone.0131586
http://www.ncbi.nlm.nih.gov/pubmed/26120842
https://doi.org/10.1123/japa.2015-0193
http://www.ncbi.nlm.nih.gov/pubmed/27118824
https://doi.org/10.1371/journal.pone.0126336
https://doi.org/10.1371/journal.pone.0126336
http://www.ncbi.nlm.nih.gov/pubmed/25970580
https://doi.org/10.1016/j.amepre.2016.11.010
http://www.ncbi.nlm.nih.gov/pubmed/28062274
https://doi.org/10.1371/journal.pone.0274442


33. Saint-Maurice PF, Troiano RP, Matthews CE, Kraus WE. Moderate-to-vigorous physical activity and

all-cause mortality: do bouts matter? Journal of the American Heart Association. 2018; 7(6):e007678.

https://doi.org/10.1161/JAHA.117.007678 PMID: 29567764

34. Fehling PC, Smith DL, Warner SE, Dalsky GP. Comparison of accelerometers with oxygen consump-

tion in older adults during exercise. Med Sci Sports Exerc. 1999; 31(1):171–5. Epub 1999/02/02. https://

doi.org/10.1097/00005768-199901000-00026 PMID: 9927026.

35. Towne SD Jr, Li Y, Lee S, Smith ML, Han G, Quinn C, et al. Physical activity and associated medical

cost savings among at-risk older adults participating a community-based health & wellness program.

PLoS one. 2018; 13(6):e0198239. https://doi.org/10.1371/journal.pone.0198239 PMID: 29894478

36. Kerr J, Rosenberg D, Millstein RA, Bolling K, Crist K, Takemoto M, et al. Cluster randomized controlled

trial of a multilevel physical activity intervention for older adults. Int J Behav Nutr Phys Act. 2018; 15

(1):32. Epub 2018/04/04. https://doi.org/10.1186/s12966-018-0658-4 PMID: 29609594; PubMed Cen-

tral PMCID: PMC5879834.

37. Gothe NP, Ehlers DK, Salerno EA, Fanning J, Kramer AF, McAuley E. Physical Activity, Sleep and

Quality of Life in Older Adults: Influence of Physical, Mental and Social Well-being. Behav Sleep Med.

2020; 18(6):797–808. Epub 2019/11/13. https://doi.org/10.1080/15402002.2019.1690493 PMID:

31713442; PubMed Central PMCID: PMC7324024.

38. MacRae PG, Asplund LA, Schnelle JF, Ouslander JG, Abrahamse A, Morris C. A walking program for

nursing home residents: effects on walk endurance, physical activity, mobility, and quality of life. J Am

Geriatr Soc. 1996; 44(2):175–80. Epub 1996/02/01. https://doi.org/10.1111/j.1532-5415.1996.tb02435.

x PMID: 8576508.

39. Nicklas BJ, Beavers DP, Mihalko SL, Miller GD, Loeser RF, Messier SP. Relationship of Objectively-

Measured Habitual Physical Activity to Chronic Inflammation and Fatigue in Middle-Aged and Older

Adults. J Gerontol A Biol Sci Med Sci. 2016; 71(11):1437–43. Epub 2016/07/07. https://doi.org/10.

1093/gerona/glw131 PMID: 27382039; PubMed Central PMCID: PMC5055652.

40. Opdenacker J, Boen F, Coorevits N, Delecluse C. Effectiveness of a lifestyle intervention and a struc-

tured exercise intervention in older adults. Prev Med. 2008; 46(6):518–24. Epub 2008/04/15. https://doi.

org/10.1016/j.ypmed.2008.02.017 PMID: 18405960.

41. Wanigatunga AA, Tudor-Locke C, Axtell RS, Glynn NW, King AC, McDermott MM, et al. Effects of a

Long-Term Physical Activity Program on Activity Patterns in Older Adults. Med Sci Sports Exerc. 2017;

49(11):2167–75. Epub 2017/10/19. https://doi.org/10.1249/MSS.0000000000001340 PMID:

29045323; PubMed Central PMCID: PMC5653284.

42. Goran MI, Poehlman ET. Endurance training does not enhance total energy expenditure in healthy

elderly persons. American Journal of Physiology-Endocrinology And Metabolism. 1992; 263(5):E950–

E7. https://doi.org/10.1152/ajpendo.1992.263.5.E950 PMID: 1443128

43. Morio B, Montaurier C, Pickering G, Ritz P, Fellmann N, Coudert J, et al. Effects of 14 weeks of progres-

sive endurance training on energy expenditure in elderly people. Br J Nutr. 1998; 80(6):511–9. Epub

1999/04/22. https://doi.org/10.1017/s0007114598001603 PMID: 10211049.

44. Meijer EP, Westerterp KR, Verstappen FT. Effect of exercise training on total daily physical activity in

elderly humans. Eur J Appl Physiol Occup Physiol. 1999; 80(1):16–21. Epub 1999/06/15. https://doi.

org/10.1007/s004210050552 PMID: 10367718.

45. Witham MD, Gray JM, Argo IS, Johnston DW, Struthers AD, McMurdo ME. Effect of a seated exercise

program to improve physical function and health status in frail patients� 70 years of age with heart fail-

ure. The American journal of cardiology. 2005; 95(9):1120–4. https://doi.org/10.1016/j.amjcard.2005.

01.031 PMID: 15842989

46. Sung K, Bae S. Effects of a regular walking exercise program on behavioral and biochemical aspects in

elderly people with type II diabetes. Nurs Health Sci. 2012; 14(4):438–45. Epub 2012/06/09. https://doi.

org/10.1111/j.1442-2018.2012.00690.x PMID: 22676205.

47. Lobo A, Carvalho J, Santos P. Effects of Training and Detraining on Physical Fitness, Physical Activity

Patterns, Cardiovascular Variables, and HRQoL after 3 Health-Promotion Interventions in Institutional-

ized Elders. Int J Family Med. 2010; 2010:486097. Epub 2010/01/01. https://doi.org/10.1155/2010/

486097 PMID: 22332008; PubMed Central PMCID: PMC3275997.

48. Nicklas BJ, Gaukstern JE, Beavers KM, Newman JC, Leng X, Rejeski WJ. Self-monitoring of spontane-

ous physical activity and sedentary behavior to prevent weight regain in older adults. Obesity (Silver

Spring). 2014; 22(6):1406–12. Epub 2014/03/04. https://doi.org/10.1002/oby.20732 PMID: 24585701;

PubMed Central PMCID: PMC4037357.

49. Dunstan DW, Kingwell BA, Larsen R, Healy GN, Cerin E, Hamilton MT, et al. Breaking up prolonged sit-

ting reduces postprandial glucose and insulin responses. Diabetes Care. 2012; 35(5):976–83. Epub

2012/03/01. https://doi.org/10.2337/dc11-1931 PMID: 22374636; PubMed Central PMCID:

PMC3329818.

PLOS ONE Accelerometer reliability to control exercise effect

PLOS ONE | https://doi.org/10.1371/journal.pone.0274442 September 12, 2022 21 / 24

https://doi.org/10.1161/JAHA.117.007678
http://www.ncbi.nlm.nih.gov/pubmed/29567764
https://doi.org/10.1097/00005768-199901000-00026
https://doi.org/10.1097/00005768-199901000-00026
http://www.ncbi.nlm.nih.gov/pubmed/9927026
https://doi.org/10.1371/journal.pone.0198239
http://www.ncbi.nlm.nih.gov/pubmed/29894478
https://doi.org/10.1186/s12966-018-0658-4
http://www.ncbi.nlm.nih.gov/pubmed/29609594
https://doi.org/10.1080/15402002.2019.1690493
http://www.ncbi.nlm.nih.gov/pubmed/31713442
https://doi.org/10.1111/j.1532-5415.1996.tb02435.x
https://doi.org/10.1111/j.1532-5415.1996.tb02435.x
http://www.ncbi.nlm.nih.gov/pubmed/8576508
https://doi.org/10.1093/gerona/glw131
https://doi.org/10.1093/gerona/glw131
http://www.ncbi.nlm.nih.gov/pubmed/27382039
https://doi.org/10.1016/j.ypmed.2008.02.017
https://doi.org/10.1016/j.ypmed.2008.02.017
http://www.ncbi.nlm.nih.gov/pubmed/18405960
https://doi.org/10.1249/MSS.0000000000001340
http://www.ncbi.nlm.nih.gov/pubmed/29045323
https://doi.org/10.1152/ajpendo.1992.263.5.E950
http://www.ncbi.nlm.nih.gov/pubmed/1443128
https://doi.org/10.1017/s0007114598001603
http://www.ncbi.nlm.nih.gov/pubmed/10211049
https://doi.org/10.1007/s004210050552
https://doi.org/10.1007/s004210050552
http://www.ncbi.nlm.nih.gov/pubmed/10367718
https://doi.org/10.1016/j.amjcard.2005.01.031
https://doi.org/10.1016/j.amjcard.2005.01.031
http://www.ncbi.nlm.nih.gov/pubmed/15842989
https://doi.org/10.1111/j.1442-2018.2012.00690.x
https://doi.org/10.1111/j.1442-2018.2012.00690.x
http://www.ncbi.nlm.nih.gov/pubmed/22676205
https://doi.org/10.1155/2010/486097
https://doi.org/10.1155/2010/486097
http://www.ncbi.nlm.nih.gov/pubmed/22332008
https://doi.org/10.1002/oby.20732
http://www.ncbi.nlm.nih.gov/pubmed/24585701
https://doi.org/10.2337/dc11-1931
http://www.ncbi.nlm.nih.gov/pubmed/22374636
https://doi.org/10.1371/journal.pone.0274442


50. Trost SG, McIver KL, Pate RR. Conducting accelerometer-based activity assessments in field-based

research. Med Sci Sports Exerc. 2005; 37(11 Suppl):S531–43. Epub 2005/11/19. https://doi.org/10.

1249/01.mss.0000185657.86065.98 PMID: 16294116.

51. Bassett DR Jr, Rowlands AV, Trost SG. Calibration and validation of wearable monitors. Medicine and

science in sports and exercise. 2012; 44(1 Suppl 1):S32. https://doi.org/10.1249/MSS.

0b013e3182399cf7 PMID: 22157772

52. Hendelman D, Miller K, Baggett C, Debold E, Freedson P. Validity of accelerometry for the assessment

of moderate intensity physical activity in the field. Med Sci Sports Exerc. 2000; 32(9 Suppl):S442–9.

Epub 2000/09/19. https://doi.org/10.1097/00005768-200009001-00002 PMID: 10993413.

53. Plasqui G, Westerterp KR. Physical activity assessment with accelerometers: an evaluation against

doubly labeled water. Obesity (Silver Spring). 2007; 15(10):2371–9. Epub 2007/10/11. https://doi.org/

10.1038/oby.2007.281 PMID: 17925461.

54. Hislop JF, Bulley C, Mercer TH, Reilly JJ. Comparison of epoch and uniaxial versus triaxial accelerome-

ters in the measurement of physical activity in preschool children: a validation study. Pediatr Exerc Sci.

2012; 24(3):450–60. Epub 2012/09/14. https://doi.org/10.1123/pes.24.3.450 PMID: 22971560.

55. Kelly LA, McMillan DG, Anderson A, Fippinger M, Fillerup G, Rider J. Validity of actigraphs uniaxial and

triaxial accelerometers for assessment of physical activity in adults in laboratory conditions. BMC Med

Phys. 2013; 13(1):5. Epub 2013/11/28. https://doi.org/10.1186/1756-6649-13-5 PMID: 24279826;

PubMed Central PMCID: PMC4175111.

56. Gorman E, Hanson HM, Yang PH, Khan KM, Liu-Ambrose T, Ashe MC. Accelerometry analysis of

physical activity and sedentary behavior in older adults: a systematic review and data analysis. Eur Rev

Aging Phys Act. 2014; 11(1):35–49. Epub 2014/04/26. https://doi.org/10.1007/s11556-013-0132-x

PMID: 24765212; PubMed Central PMCID: PMC3990855.

57. Migueles JH, Cadenas-Sanchez C, Ekelund U, Delisle Nystrom C, Mora-Gonzalez J, Lof M, et al. Accel-

erometer Data Collection and Processing Criteria to Assess Physical Activity and Other Outcomes: A

Systematic Review and Practical Considerations. Sports Med. 2017; 47(9):1821–45. Epub 2017/03/18.

https://doi.org/10.1007/s40279-017-0716-0 PMID: 28303543; PubMed Central PMCID: PMC6231536.

58. Santos-Lozano A, Santin-Medeiros F, Cardon G, Torres-Luque G, Bailon R, Bergmeir C, et al. Acti-

graph GT3X: validation and determination of physical activity intensity cut points. Int J Sports Med.

2013; 34(11):975–82. Epub 2013/05/24. https://doi.org/10.1055/s-0033-1337945 PMID: 23700330.

59. Keadle SK, Shiroma EJ, Freedson PS, Lee IM. Impact of accelerometer data processing decisions on

the sample size, wear time and physical activity level of a large cohort study. Bmc Public Health. 2014;

14(1):1210. Epub 2014/11/26. https://doi.org/10.1186/1471-2458-14-1210 PMID: 25421941; PubMed

Central PMCID: PMC4247661.

60. Aguilar-Farias N, Brown WJ, Peeters GM. ActiGraph GT3X+ cut-points for identifying sedentary behav-

iour in older adults in free-living environments. J Sci Med Sport. 2014; 17(3):293–9. Epub 2013/08/13.

https://doi.org/10.1016/j.jsams.2013.07.002 PMID: 23932934.

61. Paw MJCA, van Poppel MN, van Mechelen W. Effects of resistance and functional-skills training on

habitual activity and constipation among older adults living in long-term care facilities: a randomized

controlled trial. BMC geriatrics. 2006; 6(1):1–9. https://doi.org/10.1186/1471-2318-6-9 PMID: 16875507

62. Hagstromer M, Oja P, Sjostrom M. Physical activity and inactivity in an adult population assessed by

accelerometry. Med Sci Sports Exerc. 2007; 39(9):1502–8. Epub 2007/09/07. https://doi.org/10.1249/

mss.0b013e3180a76de5 PMID: 17805081.

63. Buman MP, Hekler EB, Haskell WL, Pruitt L, Conway TL, Cain KL, et al. Objective light-intensity physi-

cal activity associations with rated health in older adults. Am J Epidemiol. 2010; 172(10):1155–65. Epub

2010/09/17. https://doi.org/10.1093/aje/kwq249 PMID: 20843864; PubMed Central PMCID:

PMC3004766.

64. Aoyagi Y, Shephard RJ. Sex differences in relationships between habitual physical activity and health in

the elderly: practical implications for epidemiologists based on pedometer/accelerometer data from the

Nakanojo Study Archives of gerontology and geriatrics. 2013; 56(2):327–38. https://doi.org/10.1016/j.

archger.2012.11.006 PMID: 23312568

65. Arnardottir NY, Koster A, Van Domelen DR, Brychta RJ, Caserotti P, Eiriksdottir G, et al. Objective mea-

surements of daily physical activity patterns and sedentary behaviour in older adults: Age, Gene/Envi-

ronment Susceptibility-Reykjavik Study. Age Ageing. 2013; 42(2):222–9. Epub 2012/11/03. https://doi.

org/10.1093/ageing/afs160 PMID: 23117467; PubMed Central PMCID: PMC3575120.

66. Jefferis BJ, Sartini C, Shiroma E, Whincup PH, Wannamethee SG, Lee IM. Duration and breaks in sed-

entary behaviour: accelerometer data from 1566 community-dwelling older men (British Regional Heart

Study). Br J Sports Med. 2015; 49(24):1591–4. Epub 2014/09/19. https://doi.org/10.1136/bjsports-

2014-093514 PMID: 25232029; PubMed Central PMCID: PMC4363289.

PLOS ONE Accelerometer reliability to control exercise effect

PLOS ONE | https://doi.org/10.1371/journal.pone.0274442 September 12, 2022 22 / 24

https://doi.org/10.1249/01.mss.0000185657.86065.98
https://doi.org/10.1249/01.mss.0000185657.86065.98
http://www.ncbi.nlm.nih.gov/pubmed/16294116
https://doi.org/10.1249/MSS.0b013e3182399cf7
https://doi.org/10.1249/MSS.0b013e3182399cf7
http://www.ncbi.nlm.nih.gov/pubmed/22157772
https://doi.org/10.1097/00005768-200009001-00002
http://www.ncbi.nlm.nih.gov/pubmed/10993413
https://doi.org/10.1038/oby.2007.281
https://doi.org/10.1038/oby.2007.281
http://www.ncbi.nlm.nih.gov/pubmed/17925461
https://doi.org/10.1123/pes.24.3.450
http://www.ncbi.nlm.nih.gov/pubmed/22971560
https://doi.org/10.1186/1756-6649-13-5
http://www.ncbi.nlm.nih.gov/pubmed/24279826
https://doi.org/10.1007/s11556-013-0132-x
http://www.ncbi.nlm.nih.gov/pubmed/24765212
https://doi.org/10.1007/s40279-017-0716-0
http://www.ncbi.nlm.nih.gov/pubmed/28303543
https://doi.org/10.1055/s-0033-1337945
http://www.ncbi.nlm.nih.gov/pubmed/23700330
https://doi.org/10.1186/1471-2458-14-1210
http://www.ncbi.nlm.nih.gov/pubmed/25421941
https://doi.org/10.1016/j.jsams.2013.07.002
http://www.ncbi.nlm.nih.gov/pubmed/23932934
https://doi.org/10.1186/1471-2318-6-9
http://www.ncbi.nlm.nih.gov/pubmed/16875507
https://doi.org/10.1249/mss.0b013e3180a76de5
https://doi.org/10.1249/mss.0b013e3180a76de5
http://www.ncbi.nlm.nih.gov/pubmed/17805081
https://doi.org/10.1093/aje/kwq249
http://www.ncbi.nlm.nih.gov/pubmed/20843864
https://doi.org/10.1016/j.archger.2012.11.006
https://doi.org/10.1016/j.archger.2012.11.006
http://www.ncbi.nlm.nih.gov/pubmed/23312568
https://doi.org/10.1093/ageing/afs160
https://doi.org/10.1093/ageing/afs160
http://www.ncbi.nlm.nih.gov/pubmed/23117467
https://doi.org/10.1136/bjsports-2014-093514
https://doi.org/10.1136/bjsports-2014-093514
http://www.ncbi.nlm.nih.gov/pubmed/25232029
https://doi.org/10.1371/journal.pone.0274442


67. Rosenberg DE, Gell NM, Jones SM, Renz A, Kerr J, Gardiner PA, et al. The Feasibility of Reducing Sit-

ting Time in Overweight and Obese Older Adults. Health Educ Behav. 2015; 42(5):669–76. Epub 2015/

03/22. https://doi.org/10.1177/1090198115577378 PMID: 25794518; PubMed Central PMCID:

PMC4578639.

68. Berkemeyer K, Wijndaele K, White T, Cooper AJ, Luben R, Westgate K, et al. The descriptive epidemi-

ology of accelerometer-measured physical activity in older adults. Int J Behav Nutr Phys Act. 2016; 13

(1):2. Epub 2016/01/08. https://doi.org/10.1186/s12966-015-0316-z PMID: 26739758; PubMed Central

PMCID: PMC4704380.

69. Gennuso KP, Thraen-Borowski KM, Gangnon RE, Colbert LH. Patterns of sedentary behavior and

physical function in older adults. Aging Clin Exp Res. 2016; 28(5):943–50. Epub 2015/05/30. https://doi.

org/10.1007/s40520-015-0386-4 PMID: 26022448.

70. Rossen J, Buman MP, Johansson UB, Yngve A, Ainsworth B, Brismar K, et al. Reallocating bouted sed-

entary time to non-bouted sedentary time, light activity and moderate-vigorous physical activity in adults

with prediabetes and type 2 diabetes. PLoS One. 2017; 12(7):e0181053. Epub 2017/07/29. https://doi.

org/10.1371/journal.pone.0181053 PMID: 28753626; PubMed Central PMCID: PMC5533318.
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