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Chapter 5

Assessing physical activity in older 
adults: Required days of trunk 

accelerometer measurements for 
reliable estimation

K.S. van Schooten, S.M. Rispens, P.J.M. Elders, P. Lips, J.H. van Dieën, and 
M. Pijnappels, 2014. Journal of aging and physical activity, Epub ahead of print
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Abstract
We investigated the reliability of physical activity monitoring based on trunk 
accelerometry in older adults and assessed the number of measured days required to 
reliably assess physical activity. Seventy-nine older adults (mean age 79.1±7.9) wore 
an accelerometer (DynaPort MoveMonitor, McRoberts) at the lower back during 
two non-consecutive weeks. Th e duration of locomotion, lying, sitting, standing and 
shuffl  ing, movement intensity, the number of locomotion bouts and transitions to 
standing and the median and maximum duration of locomotion were determined per 
day. Using data of week 2 as reference, intraclass correlations and smallest detectable 
diff erences were calculated over an increasing number of consecutive days from week 
1. Reliability was good to excellent when whole weeks were assessed. Our results 
indicate that a minimum of 2 days of observation are required to obtain an ICC≥0.7 
for most activities, except for lying and median duration of locomotion bouts, which 
required up to 5 days. 
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Introduction
Higher levels of habitual physical activity in older adults are associated with increased 
life expectancy [107] and a decreased risk of disabilities [107-109] and falling [31, 
107, 111, 113]. Consequently, physical activity is often targeted in health and fall 
prevention interventions [2, 3]. In order to assess the eff ect of these interventions, 
it is essential to have valid and reliable measures of physical activity in daily life. 
Moreover, since physical activity and health status are related, an observed decline 
in daily physical activity might signify health issues, and could thus be a potential 
indicator of functional impairments or increased fall risk. 
Questionnaires are the most frequently used method to assess physical activity in daily 
life. Even for validated questionnaires, self-reports of daily activity are subjective and 
can be aff ected by recall bias [115, 116]. Moreover, these questionnaires apparently 
fail to capture irregularly performed physical activity at lower intensities, comprising 
most of the activities in older adults [117, 118]. Alternatively, accelerometry (also 
called actigraphy) can be used to objectively quantify physical activity in daily 
life [120]. Although there is not yet a consensus on the best placement of these 
accelerometers, placement on the hip or lower back is most commonly used for 
monitoring daily activity with a single monitor. Placement on the lower back results 
in left-right symmetric accelerations and appears to be more accurate in the detection 
of falls, bodily orientation, gait characteristics, low level activities and transitional 
activities [115, 116, 174]. Trunk accelerometry with a single accelerometer on the 
lower back can be used to identify diff erent types of physical activities [175-178] and 
quantify spatiotemporal gait characteristics [179].
A diffi  culty in assessing the amount of physical activity is its day-to-day variation 
[122, 123]. Th erefore, to obtain reliable estimates of the amount and type of activity, 
repeated measurements on diff erent days are necessary. Previous studies indicated 
that a minimum of one to six days of measurements are required to obtain reliable 
estimates of walking duration, time in supine orientation, overall intensity of daily 
activities, and energy expenditure expressed in kcal and metabolic equivalent [122-
126]. However, most of these studies did not include older adults. Th e studies 
that did, analyzed a limited selection of variables obtained during day-time only, 
i.e. activity counts, walking duration and time in upright position [122, 123]. 
Night-time activities might provide additional information, as they might pose an 
increased risk of injurious falls [66] and interruptions of sleep might be a marker of 
health issues [180]. Moreover, daily activities exist of more than walking and lying, 
and particularly the quantity and quality of gait and of sit-to-stand and stand-to-
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sit movements have been found to relate to mortality and fall risk [52, 53, 61, 74, 
181].  Although previous research suggests that for total walking duration, time 
spent lying and energy expenditure one to six days of measurements are required, 
the number of days required for reliable assessment of other activities such as the 
number of transitions to standing and total sitting duration remains to be elucidated. 
Th e aim of this study was to investigate the minimum number of days required to 
reliably assess the amount of physical activity using a trunk-mounted accelerometer 
in older adults on a group and individual level. We investigated the total duration of 
locomotion, lying, sitting, standing and shuffl  ing, movement intensity, the number 
of locomotion bouts per day, the median and maximum locomotion bout duration 
within a day, and the number of transitions to standing. 

Methods
Inclusion
Th e present study is part of an ongoing study concerning fall risk assessment in older 
adults (FARAO) performed at the VU University Amsterdam. Participants were 
community dwelling or living in a residential home and were recruited in Amsterdam 
(the Netherlands) and surroundings via general practitioners, pharmacies, hospitals, 
and residential care facilities. Th e inclusion criteria were: (a) being between 65-99 
years of age; (b) a mini mental state examination score  of at least 19 points out 
of 30; (c) the ability to walk 20m without cardiovascular or respiratory symptoms. 
Th e medical ethical committee of the VU medical center approved the protocol 
(#2010/290) and all participants signed informed consent. 

Measurements
One hundred and two participants participated in this study. Descriptive 
characteristics were obtained using the Mini Mental State Examination [182], 16-
item FES-I [183], LASA fall risk profi le [38], and the 30-item Geriatric Depression 
Scale [184]. Th e participants wore a tri-axial accelerometer (DynaPort MoveMonitor, 
McRoberts, Th e Hague, Th e Netherlands) at the lower lumbar spine at the height of 
L5, by use of the supplied elastic belt around their waist. Th e accelerometer was worn 
for two periods of 8 consecutive days, on average 24.6 (SD 14.0) days apart. Th ey 
were instructed to wear the accelerometer at all times, except during water activities 
such as showering. On the fi rst and last day of the two measurement periods, the 
accelerometer was delivered to and collected from the participant; hence the data 
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on these days did not comprise 24-hours of measurements. Th ese fi rst and last days 
were excluded, which left data from 6 consecutive days of 24 hours for analysis. To 
have a valid measure of the amount of daily activity, the accelerometer has to be 
worn during a vast majority of the day [127, 128]. Using the manufacturer’s wear 
detection algorithm, which is based on a threshold on the power of the signal [185], 
non-wearing time per day was detected. Participants were excluded when this wear 
detection algorithm indicated that they wore the accelerometer less than seventy-
fi ve percent of the time each day in accordance with earlier literature [122, 126, 
186, 187]. In Figure 1, the eff ect of exclusion based on a minimum wear criterion is 
shown. We also tested our results with a minimum wear time of ninety percent [127, 
128] as a cut-off  value, and this did not infl uence results (Appendix A). 

Figure 1. Number of participants that complied with the criteria on a specif ic percentage 

wear time per day.

Data analysis
Movement intensity was calculated as the root sum square of the 0.2-10 Hz band-
pass fi ltered accelerations in all three measured directions [188]. Based on the 
manufacturer’s algorithm that uses this movement intensity, as well as frequency 
analysis, step detection, sensor displacement and orientation, the acceleration data 
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were classifi ed into fi ve types of physical activities, i.e. locomotion, lying, sitting, 
standing and shuffl  ing. Th is activity classifi cation algorithm is described in more detail 
in the supplementary materials of Dijkstra et al. [176]. Per day, the total time spent 
in each activity and the average movement intensity were calculated using Matlab 
(version 7.12, Th e MathWorks BV, Natick, USA). In addition, the total number of 
transitions to standing, i.e. sit-to-stand and locomotion-to-stand movements, was 
calculated. For locomotion, the number of steps, number of locomotion bouts, and 
duration of these bouts were also investigated. A typical example of the locomotion 
bout duration within a day is presented in Figure 2, and the median and maximum 
bout durations were investigated in this study. 

Figure 2. Typical example of the distribution of locomotion bout duration within a day.

Statistical analysis
Th e distributions of the physical activity measures were examined and corrected 
when required, using a square root transformation. Descriptive statistics are 
presented without correction for straightforward interpretation. Th e amount 
of physical activity, expressed in the physical activity measures under study, was 
compared between both measurement periods using paired t-tests. To quantify the 
number of days required to obtain a reliable estimate of the amount of physical 
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activity, measured values of physical activity of 1 to 6 days of the fi rst measurement 
period were averaged and compared to the 6-days average of the second period 
by means of intraclass correlation coeffi  cients (ICC(2.1), absolute agreement) and 
corresponding smallest detectable diff erences (SDD) expressed as percentage of the 
mean. Since the amount of daily physical activity does not diff er between days of 
the week in older adults [122, 123], all combinations of 1 to 6 consecutive days 
of the fi rst period were investigated. Th is resulted in an unequal number of ICCs 
and SDDs per number of included days, i.e. 6 combinations for one day, 5 for two 
consecutive days, 4 for three consecutive days, 3 for four consecutive days, 2 for 
fi ve consecutive days, and 1 for six consecutive days. Th ese ICCs and SDDs were 
averaged to investigate the eff ect of number of included days. An ICC exceeding 
0.7 was considered adequate on a group level [189], and was used to identify the 
number of measurement days required to reliably assess each variable. SDDs provide 
information on the within-subject variations, and therefore refl ect reliability on the 
individual level. A saturation of the SDD was taken as indicator of the required 
number of days on an individual level. Statistical signifi cance was set at p<0.05. 

Results
Of the 102 older adults included in this study, 79 participants (77%) wore the 
accelerometer for more than 75% of the time each day and were included in our 
analysis. Th ey wore the accelerometer on average 23.7 hours per day (i.e. 98.5% of 
the time). Th eir characteristics and a summary of their average daily physical activity 
are shown in Table 1. 
Th e amount of daily physical activity in both measurements periods was similar (all 
p ≥0.13 as denoted in Table 1). When comparing both measurement periods, ICCs 
ranged from 0.70 to 0.96, and SDDs ranged from 1.8 to 41.2% (Table 1). 
A minimum of 2 days was required to obtain an ICC exceeding 0.70 for all measures, 
except for total time spent lying and median locomotion bout duration, which 
required a minimum of respectively 3 and 5 days (Figure 3 & Table 2). Th e smallest 
detectable diff erences were relatively large for all measures when only analyzing 1 
day, but improved markedly when including more days and saturated after including 
4 days (Figure 4).
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Table 1: Descriptive characteristics (n=79) and reliability based on two 6-day measurement 

periods. Mean, the average (std) or median [range]; p, p-value of the paired-test of the 

averages of both measurement weeks; ICC, intraclass correlation coeff icient of the 

averages of both measurement weeks; SDD, smallest detectable dif ference expressed 

as percentage of the mean.

Descriptives Mean p ICC SDD

Age (years) 79.1 (7.9)

Height (m) 1.66 (0.09)

Weight (kg) 71.5 (10.6)

BMI (kg/m2) 26.2 (4.1)

Mini Mental State Examination (score) 27.4 (2.7)

Falls Effi  cacy Scale International (score) 22.6 (6.1)

LASA fall risk profi le (score) 7.6 (4.8)

Geriatric Depression Scale (score) 6.1 (4.6)

Grip strength (kg, mean of left and right) 23.6 (8.8)

Sex (female/male) 59/20

Home situation (community-dwelling/
residential care) 56/23

Mobility impairments (no/yes) 55/24

Walking aid (no/yes) 56/23

Daily physical activities

Sitting duration (h) 9.67 [5.50-13.68] 0.28 0.83 3.7

Shuffl  ing duration (h) 0.32 [0.02-1.33] 0.76 0.91 5.8

Lying duration (h) 9.95 [7.11-14.90] 0.39 0.76 3.2

Standing duration (h) 2.43 [0.50-5.75] 0.31 0.93 4.2

Transfers to standing (N) 728 [42-2378] 0.63 0.93 5.1

Locomotion duration (h) 0.95 [0.01-2.94] 0.34 0.91 12.5

Locomotion number of steps (N) 4698 [33-19057] 0.57 0.91 12.9

Locomotion bouts (N) 336 [6-967] 0.13 0.94 11.4

Median of locomotion duration (s) 6 [4-9] 0.73 0.70 1.8

Maximum of locomotion duration (s) 194 [8-1719] 0.19 0.83 41.2

Average movement intensity (m/s2) 0.26 [0.09-1.07] 0.84 0.96 2.6
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Table 2: Test-retest reliability and smallest detectable dif ferences of physical activities, 

when the minimum number of included measurement days resulting in an ICC ≥ 0.7 was 

used. Range of ICCs and SDDs over the available number of combinations of consecutive 

days is given in between brackets.

Daily physical activities N days ICC SDD

Sitting duration 2 0.75 [0.69-0.78] 5.4 [3.2-10.2]

Shuffl  ing duration 1 0.81 [0.78-0.84] 36.3 [10.7-80.0]

Lying duration 3 0.70 [0.56-0.78] 10.6 [3.9-23.4]

Standing duration 1 0.80 [0.75-0.85] 15.3 [5.5-62.9]

Transfers to standing 1 0.86 [0.80-0.89] 30.8 [6.5-103.8]

Locomotion duration 1 0.79 [0.66-0.86] 59.9 [14.3-381.6]

Locomotion number of steps 1 0.77 [0.62-0.86] 71.4 [17.6-452.0]

Locomotion bouts 1 0.86 [0.79-0.91] 31.0 [8.9-172.2]

Median of locomotion duration 5 0.70 [0.70-0.70] 1.9 [1.8-2.1]

Maximum of locomotion duration 2 0.73 [0.69-0.77] 91.1 [31.7-239.4]

Average movement intensity 1 0.90 [0.88-0.93] 20.8 [4.2-78.8]

Figure 3. Intraclass correlation coeff icients (ICC) between measurements with a varying 

number of consecutive days and the reference period of 6 days.



64 | Chapter 5

5

Figure 4. Smallest detectable dif ferences (SDD) expressed in percentage of the mean 

dependent on the number of consecutive days

Discussion
In this study, we investigated the number of days of trunk-mounted accelerometer 
measurements needed to reliably estimate physical activities in older adults. Our 
results indicate that for all physical activity measures under study, a period of 6 
consecutive days of 24 hours results in good to very good reliability. Moreover, we 
found that 2 consecutive days of measurements were suffi  cient to obtain reliable 
results on a group level for all measures, except for the duration of lying and median 
locomotion bout duration. 
To reliably assess the duration of lying, a minimum of 3 consecutive days was 
required. A possible explanation for this higher number of days could be inaccuracy 
of the wearing detection. Since this detection is based on a fi xed threshold [185], 
periods of quiet lying could have been erroneously classifi ed as non-wearing. Indeed, 
57% of the non-wearing periods occurred between 2 periods of lying, had a median 
duration of 18 minutes (interquartile range of 21 minutes), and 72% of those periods 
occurred during nighttime. However, additional analysis, in which all non-wearing 
episodes embedded between lying that lasted less than 50 minutes were considered 
to be lying, did not alter our results. An alternative explanation could be that the 
amount of lying in the daily life of older adults is not very consistent over days, as 
time to go to bed might vary over days. For the reliable assessment of the median 
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duration of locomotion bouts, a minimum of 5 consecutive days was required for 
reliable estimation. Th is relatively large number could be caused by the limited 
variance between subjects, aff ecting ICCs but not SDDs. 
Overall, the SDDs saturated when including 4 or more days, indicating that for 
reliable assessment of daily physical activities on the individual level a minimum of 4 
days would be desirable. Our results indicate that, on an individual level, diff erences 
of 2-41% can be detected. It depends on the minimal clinically relevant diff erences 
whether these are adequate for evaluation purposes on an individual level. All in 
all, the estimated number of days required for reliable estimation of our specifi c 
parameters in a group of older adults is in accordance with earlier research [122, 
123], and slightly lower than has been previously found for younger adults [124-126]. 
To obtain reliable estimates of daily physical activity, it is important that the trunk 
accelerometer is worn during a representative part of the day. In this study, we 
instructed our participants to wear the monitor at all times (except during water 
activities) and analyzed data of participants that wore the accelerometer at least 75% 
of each 24-hour day. Seventy-seven percent of the older adults complied with this 
criterion in both periods, and their data were used for analysis. Th e compliance was 
slightly higher during the fi rst period (86%) when compared to the second period 
(78%), as could be expected. However, week averages of physical activity did not 
diff er, suggesting that participants did not consciously increase their daily activity 
in the fi rst period, because of wearing the accelerometer for the fi rst time. We also 
investigated the infl uence of a diff erent cut-off  value for non-wearing, i.e. a minimum 
of 90% wear time per day. Th is excluded an additional 14 participants, but did not 
aff ect the results (see appendix A). According to the current study, a measurement 
period of 4 days seems advisable. Of the 102 older adults that participated in this 
study, 91% and 89% of the 102 older adults complied with wearing the accelerometer 
at least 75% of the time on 4 days, in periods 1 and 2 respectively, indicating that 
daily-life measurements using trunk-mounted accelerometers are feasible in the 
older population.
For adequate estimation of the amount of daily physical activity, both reliability and 
validity are essential. Validity of the used physical activity classifi cation algorithm 
has been studied in both laboratory [175-178] and home environments [176, 177]. 
Th e mean age of the participants in the study of De Groot & Nieuwenhuizen [175] 
was 33 years, while the mean age in the studies by Langer et al. [178] and Dijkstra 
et al. [176, 177] was over 65, in line with our target population. De Groot and 
Nieuwenhuizen [175] used a reference method based on stopwatch timed instructions 
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to change activity, while Langer et al. [178] and Dijkstra et al. [176, 177] used video 
recordings to time activities performed. Th e classifi cation of locomotion and lying 
was consistently shown to be valid (sensitivity ≥ 80% and specifi city ≥ 76%). For 
sitting and standing results diff ered between studies, De Groot & Nieuwenhuizen 
[175] observed 82% of standing to be erroneously classifi ed as sitting, while Langer et 
al. [178] and Dijkstra et al. [176, 177] observed a fair classifi cation of both sitting and 
standing (i.e., 57-97% correct in the laboratory and 73-83% in a home environment). 
Th e number of repetitions and total durations of standing was very short in the 
study by De Groot & Nieuwenhuizen [175]. Consequently, a limited number of 
misclassifi cations, which may have resulted from errors in the reference method, 
would have had large eff ects. 
To our knowledge, the current study is the fi rst to provide information regarding 
the reliability of diff erent types of physical activities during 24-hr measurements in 
a large group of older adults. Our results therefore contribute in the selection of an 
optimal measurement strategy in terms of measurement days needed, for further 
research and for use in clinical settings. Future research should establish clinical 
relevance by evaluating the eff ect of prevention interventions on physical activity, 
and the use of a decline in daily physical activities as a prognostic factor. Beside 
these strengths, this study also has some limitations. Th e group under study was 
a convenience sample of volunteers, which could have introduced a selection bias 
towards relatively healthy older adults. As a possible result, relatively few males 
where included when compared to females (20 vs. 59), and most participants were 
community-dwelling (56 vs. 23 living in residential care facilities). We observed 
no diff erence between males and females in any of the daily activity measures 
under study. While community-dwelling older adults were overall more active 
than older adults living in residential care facilities, this did not largely infl uence 
our conclusions regarding the number of days required for reliable estimation (see 
Appendix B). Despite the potential selection bias towards healthy older adults, the 
amount of physical activity in the group under study was quite low; only 21% of 
the in total 948 measured days exceeded the recommended 8000 steps/day criteria 
[190]. Daily activities were investigated during two non-consecutive periods of 6 
days. Th is may have led to a conservative error in the estimation of reliability when 
compared to the assessment of two consecutive periods, as variations between the 
measured periods were probably higher due to true individual changes and seasonal 
variations. Although older adults might be less active in winter than in summer, our 
data was averaged over 2 full years and an average over seasons was obtained. Larger 
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studies should investigate whether seasonal changes alter day-to-day variability in 
older adults, as this might aff ect the number of required days for reliable estimates 
of daily physical activity. Results were averaged over all diff erent combinations of 
consecutive days. As a result, precision of the reliability estimates for a lower number 
of included days was higher (a higher number of observations) than that for a higher 
number of included days. However, using this approach, if present, day-to-day 
variations were cancelled out, making our results applicable to all potential start 
days of the measurements.  
In conclusion, our results indicate that a minimum of 2 consecutive days of trunk 
accelerometer measurements were required to reliably assess the total duration of 
locomotion, sitting, standing and shuffl  ing, movement intensity, the number of 
locomotion bouts per day, maximum locomotion bout duration within a day, and the 
number of transitions to standing on a group level. For lying and median locomotion 
bout duration, respectively 3 and 5 days were required. On an individual level, 
measurements of at least 4 consecutive days resulted in a saturation of the smallest 
detectable diff erences.  
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Appendix A
Results when inclusion was based on at least 90% wear time (N=65). 

Table A1: Test-retest reliability and smallest detectable dif ference of physical activities, 

when the minimum number of included measurement days resulting in an ICC ≥ 0.7 was 

used. Range of ICCs and SDDs over the available number of combinations of consecutive 

days is given in between brackets.

Daily physical activities N days ICC SDD

Sitting duration 2 [0.67-0.76] [      3.4-9.5]

Shuffl  ing duration 1 [0.79-0.84] [    9.7-83.6]

Lying duration 3 [0.57-0.77] [    4.3-21.2]

Standing duration 1 [0.74-0.86] [    5.8-97.2]

Transfers to standing 1 [0.82-0.89] [  6.1-117.5]

Locomotion duration 1 [0.65-0.87] [11.8-443.8]

Locomotion number of steps 1 [0.60-0.86] [14.2-527.1]

Locomotion bouts 1 [0.78-0.91] [  6.3-189.9]

Median of locomotion duration 6 [0.65-0.65] [      2.3-2.3]

Maximum of locomotion duration 2 [0.70-0.78] [ 31.9-291.6]

Average movement intensity 1 [0.89-0.94] [    3.8-72.9]






