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Objectives:  The  purpose  of this  study  was  to determine  the number  of monitoring  days  needed  to  reliably
measure  weekly  activity  behaviours  with  the  ActivPAL  (AP) monitor  in  adults.
Design: Cross-sectional  study.
Methods:  Participants  (90  adults  (51.1%  men);  age  =  39.1  ± 12.43 years)  wore  an  AP for  7 consecutive
days. Mean  time  spent  sitting/lying,  standing  and  stepping  per  day, and  mean  number  of  transitions  from
sitting  to standing  per  day were  calculated  for  each  participant  using  7 days  of  monitoring  (reference).
Estimates  for  these  activities  were  also  derived  from  a combination  of  randomly  selected  days  (from  1
to  6 days),  and  randomly  selected  weekdays  and  weekend  days,  and  compared  with  the  reference  using
ANOVA, correlation  coefficients  and  Bland-Altman  methods  Spearman–Brown  Prophecy  Formula,  based
on Intraclass  correlation  of  0.8,  was  used  to  predict  the  minimum  number  of days  needed  to  represent
activity  behaviours  as measured  with  the  AP.
Results: At least  five  days  of  monitoring  were  necessary  to achieve  a reliability  of  0.8  for  all  postures  and
transitions.  Correlation  coefficients  between  estimates  derived  from  any  combination  of  5 days  and  the
reference  were  high  (rho  = 0.96–0.98).  When  using  a combination  of weekdays  and  weekend  days,  mean

biases  were  comparable  with  those  shown  by  any  combination  of  days,  but 95%  limits  of  agreement  were
narrower.
Conclusions:  When  using  the  AP  for  a week,  data  from  a combination  of  any  5 days  provided  reliable
estimates  of  all activities  and  transitions  per  day,  but  more  precise  estimates  were  achieved  if  at  least  1
weekend day  was  included.

© 2018 Sports  Medicine  Australia.  Published  by  Elsevier  Ltd.  All  rights  reserved.
ractical implications

Data from at least 5 days of monitoring are needed to obtain
eliable estimates of sitting/lying, standing, and stepping times and
ransitions to standing, when using the AP in adults for a week.

More precise estimates can be obtained if data from at least one
eekend day and four weekdays are included.

Sitting/lying behaviour was less variable day-to-day than stand-
ng, stepping and transitions to standing.

Intra-individual variability in activity behaviours tended to be
maller on weekend days than on weekdays.
∗ Corresponding author.
E-mail address: nicolas.aguilar@ufrontera.cl (N. Aguilar-Farias).
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440-2440/© 2018 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserve
1. Introduction

Promotion of physical activity and reduction of sedentary
behaviour are key actors in promoting better health across the
lifespan.1 However, the way  these activity behaviours are accrued
in everyday life is highly variable, both within and between
individuals.2 Objective measurement tools such as accelerometers
have some advantages when compared against self-report meth-
ods as they capture the variable nature of activity across days
or seasons,3 and show stronger relationships between physical
behaviours and health outcomes.4

The ActivPAL 3TM� (AP; Pal Technologies, UK) is a very accu-
rate accelerometer for measuring activity behaviours, including

5
postures and transitions from sitting to standing and stepping. It
has been used in large studies and in different populations, includ-
ing, for example, healthy people and cancer patients.6,7 Although
researchers have provided technical recommendations for data

d.
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ollection,8 extraction9,10 and reporting,8,10 little is known about
he minimum number of days of monitoring required for provid-
ng reliable estimates of different activity behaviours when using
he AP in adults.8 In order to better capture ‘usual’ behaviour,

ost researchers have asked participants to wear the AP for seven
onsecutive days.8 However, as participants do not always wear
evices according to instructions, due to forgetfulness, discomfort,
r loss of the monitor, it is important to assess whether fewer days
f monitoring can provide accurate estimates of the time spent in
ctivity, sitting/lying and standing behaviours.

The purpose of this study was to determine the number of
onitoring days needed to achieve reliable estimates of weekly sit-

ing/lying, standing, stepping, and transitions, with the AP monitor
n working adults.

. Methods

A cross-sectional study was conducted with a sample of working
dults. Participants were recruited through posters, emails and calls
o different worksites in Temuco, Chile. Participants aged 18 and
ver were included in the study and the only exclusion criterion was
eing a wheelchair user. The sample was part of a validation study
hat tested the concurrent validity of a questionnaire and the AP. A
arget sample size of 100 participants was used to ensure stability
f the variance-covariance matrix based on the recommendations
or this type of study.11,12 The sample included participants from
ifferent sectors: public transport, schools, childcare, healthcare,
igher education, sales and administration, among others. All par-
icipants signed a consent form approved by the ethics committee
f the Universidad de La Frontera.

Participants were visited twice in their workplaces. The first visit
ncluded measurement of sociodemographic and physical charac-
eristics. Weight and height were measured with a scale (Seca 803,
ermany) and stadiometer (Seca 213, Germany), respectively, to
alculate body mass index (BMI; weight/height2). Each participant
as provided with an AP to be worn for the next 7 consecutive
ays. Participants received instructions on how to wear the device
nd were requested to maintain their normal activities during the
onitoring week. The volunteers were asked to complete a log-

ook to include sleeping (time of going to bed and going to sleep)
nd awake hours (time of waking up and time of getting up) for
ach day of monitoring.

The AP was sealed with a nitrile cot and attached to the
id-anterior area of the right thigh with a hypoallergenic and

ransparent tape (TegadermTM Roll, 3MTM) to provide waterproof
rotection. This allowed participants to wear the AP continuously
ithout removal for showering or sleeping. Each participant was
rovided with a set of adhesive tapes and cots to replace them when
eeded. The AP, a light (10 gr) and small device (23.5 × 43 × 5 mm),

s an accelerometer and inclinometer for detecting postures,
specially sitting and lying.5 This instrument has shown mini-
al  differences with direct observation for detecting sitting time

0–3%)5,13 and is more sensitive to change than other objective
easurement tools such as the ActiGraph GT3X.13

A second visit was agreed with each participant on the eighth
ay of monitoring to recover the AP, and for completion of a ques-
ionnaire about compliance and wearing issues.

The APs were initialized and downloaded with ActivPALTM Pro-
essional Software, v7.2.32 Research Edition (Pal Technologies Ltd.,
013). Accelerometer data were extracted from the event files that

nclude a chronological list of all continuum intervals (bouts), with

he time each interval began and duration of sitting/lying, stand-
ng and stepping during the monitoring frame. A semi-automated
lter was created to exclude sleeping time, based on information

rom log-books and recorded AP activity. Waking times were based
 Medicine in Sport 22 (2019) 684–688 685

on the first standing bout followed by stepping, within a ±30-min
range of the time reported in the log-book. When the first standing
bout was out of that window (i.e. awake, but stayed in bed while
reading a book or watching TV), the reported time in the log-book
was used as waking time. A similar procedure was used to detect
going to sleep time, using the last sitting/lying bout within a ±30-
min window of the reported time in the log-book. After sleeping
hours were removed, total wear time per day was calculated. Based
on previous large studies conducted in adults, data from partici-
pants with at least 10 h of AP data per day on 7 days were considered
for the following analyses.8,14

For each participant, total duration of sitting/lying, standing and
stepping behaviours, and total number of transitions, were calcu-
lated. The average weekly duration, based on 7 days for each of
these variables, was used as reference. For comparison purposes,
averages for each activity behaviour, and transitions, were calcu-
lated for different combinations (1–6 days) of randomly selected
days using Stata’s random-number generator command (Stata-
Corp. College Station, TX, USA). Combinations of randomly selected
weekdays and weekend days were also created. These averages
included a combination of any weekday (1–5 days) and one week-
end day, and any weekday (1–4 days) and two weekend days. For
these estimates, averages for both weekdays and weekend days
were calculated independently to derive the total weekly time
spent in different behaviours and number of transitions, using the
following equation: (5* mean weekday + 2* mean weekend day)/7.

To describe the study sample, means and standard deviations
were presented for continuous variables, and percentages for cat-
egorical variables. The different combinations of estimates for
activity behaviours and transitions were compared with the refer-
ence using one-way ANOVA with post-hoc Tukey tests, correlation
coefficients (Spearman or Pearson depending on distribution)
and Bland–Altman methods, to examine mean biases (accuracy)
and limits of agreement (precision).15,16 The Spearman–Brown
Prophecy Formula, based on an Intraclass correlation (ICC) of 0.8,
was used to predict the minimum number of days needed to rep-
resent mean total sitting/lying, standing and stepping times, and
transitions per day. The use of an ICC of 0.8 is not an absolute crite-
rion, but it decreases correlations between estimates by 10%.17,18

The Formula was as follows: n = [ICCd (1ICCd)]*[(1-ICCe)/ICCe],
where n = number of days needed, ICCd = desired level of reliability
(0.80) and ICCe = estimated level of reliability.2,19 The calculation
was conducted with the sbrowni command in Stata. Mean inter-
individual variability was  calculated for each activity behaviour
for all days, weekdays, and weekend days, as the ratio of the root
mean squared error (RMSE) to the mean of each activity behaviour
(dependent variable).20 All data cleaning and statistical analyses
were completed using Stata version 13 (StataCorp. College Station,
TX, USA). The level of significance was set at p < 0.05. The funding
organization had no role in the analysis, interpretation, reviewing
or writing of the manuscript.

3. Results

In total 101 volunteers participated in the study, and 90 (51.1%
men; age = 39.1 ± 12.43 years) provided accelerometer data on
7 valid days (lost:1, forgot: 9, skin irritation: 1). There were
no sociodemographic differences, between those who  did and
did not provide 7 days of valid data. Mean total time spent in
different activities was 554.9 ± 130.15 min/day for sitting/lying,
297.8 ± 85.43 min/day for standing, and 126.1 ± 42.99 min/day

for stepping. Overall, men  tended to sit/lie more than women
(584.2 min/day vs 524.3 min/day, p = 0.03). Women spent more
time standing than men  (318.9 min/day vs 277.6 min/day, p = 0.02).
On weekend days, men  had longer waking times than women
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Table 1
Socio-demographic and movement characteristics of the participants.

Variable Total (n = 90) Men  (n = 46) Women  (n = 44) p

Age (mean, SD) years 39.1 (12.43) 39.4 (12.61) 38.8 (12.37) 0.82
Body  mass index (%)

Normal 31.1 13.0 50.0 0.001
Overweight 47.8 58.7 36.4
Obese 21.1 28.3 13.6

Marital status (% married/de facto) 40.0 52.2 27.3 0.02
Educational level (%)

No formal education after school 18.9 30.4 6.8 0.02
University degree, certificate or diploma 50.0 43.5 56.8
Postgraduate 31.1 26.1 36.4

Occupation (%)
Administration 11.1 17.4 4.6 0.01
Education 46.7 30.5 63.6
Health 18.9 8.7 29.5
Drivers 11.1 21.7 0.0
Other 12.2 21.7 2.3

Self-rated health (%)
Fair 16.7 17.4 15.9 0.66
Good  54.4 50.0 59.1
Very  good/excellent 28.9 32.6 25.0

Objectively measured activity behaviours
Overall week

Waking time (mean, SD) min/day 978.8 (75.46) 986.5 (73.25) 970.8 (77.73) 0.32
Sitting/lying time (mean, SD) min/day 554.9 (130.15) 584.2 (138.45) 524.3 (114.54) 0.03
Standing time (mean, SD) min/day 297.8 (85.43) 277.6 (86.12) 318.9 (80.31) 0.02
Stepping time (mean, SD) min/day 126.1 (42.99) 124.7 (51.15) 127 (32.92) 0.76
Transitions to standing (mean, SD) 74.9 (27.26) 71.2 (29.58) 78.9 (24.33) 0.18

Weekdays
Waking time (mean, SD) min/day 997.6 (94.09) 998.3 (72.91) 996.8 (94.09) 0.93
Sitting/lying time (mean, SD) min/day 554.5 (137.95) 579.3 (144.39) 528.7 (127.39) 0.08
Standing time (mean, SD) min/day 311.7 (98.27) 289.5 (98.00) 334.9 (94.11) 0.03
Stepping time (mean, SD) min/day 131.3 (49.70) 129.6 (57.56) 133.2 (40.47) 0.73
Transitions to standing (mean, SD) 77.6 (30.45) 73.5 (36.10) 81.8 (22.77) 0.19

Weekend days
Waking time (mean, SD) min/day 932.0 (113.03) 957.0 (114.79) 905.7 (113.03) 0.03
Sitting/lying time (mean, SD) min/day 555.9 (149.09) 596.5 (165.87) 513.5 (116.65) 0.01
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Standing time (mean, SD) min/day 263.0 (85.62) 

Stepping time (mean, SD) min/day 113.0 (47.87) 

Transitions to standing (mean, SD) 68.4 (28.30) 

957.0 min/day vs 905.7 min/day, p = 0.03), but they accumu-
ated more sitting/lying time than women (596.5 min/day vs
13.5 min/day, p = 0.01). More details about the demographic char-
cteristics of the sample and times spent in different behaviours
re shown in Table 1.

Based on the Spearman–Brown Prophecy Formula, five or more
ays of monitoring with the AP were necessary to achieve a reli-
bility of 0.8 for all activity behaviours in these working adults.
itting/lying, standing and stepping time required at least 5 days of
onitoring, while transitions to standing required at least 3 days.
o differences were observed on the number of days when run-
ing separate analyses for men  and women. Also, no statistical
ifferences were observed between any combinations of days for
he mean estimates of standing, stepping and transitions, but for
itting/lying, inclusion of only 1 random day underestimated this
ehaviour by 30.9 min/day (p = 0.028). When comparing estimates
f activity behaviours and transitions derived from different com-
inations of days with the reference (Table 2), higher correlation
oefficients were observed for estimates that included more days.
ean biases across different combinations and the reference for

ach activity behaviour and transitions were similar. However, pre-
ision increased (i.e. narrower limits of agreement) as the number
f combined days increased.

When using a combination of any 5 days for estimating time
pent in different activity behaviours and transitions, correlation

oefficients ranged from 0.96 to 0.97 (Table 2). Overall, accuracy
as similar for each behaviour. Estimates for stepping time were
ore precise than those for sitting/lying time in absolute terms

±20 min/day vs ±70 min/day, respectively), but comparable in rel-
247.9 (84.20) 278.8 (85.16) 0.09
112.6 (52.58) 113.4 (43.00) 0.94
65.5 (23.06) 71.5 (32.90) 0.32

ative terms (approximately ±15%). When deriving transitions to
standing from any 5 days, the mean bias (compared with the ref-
erence) was  only −0.4 transitions/day (95% Limits of agreement
(LoA): −10.1–9.2).

Similar correlation coefficients, accuracy and precision were
observed for each estimate, when results derived from combina-
tions of 5 days that included either one or two weekend days
were compared. However, the LoAs for standing time derived
from combinations that included two weekend days, were wider
than those estimated from only one weekend day (±50 min/day vs
±35 min/day, respectively). Intra-individual variability for activity
behaviours on all days was lowest for sitting/lying 4.9%, and highest
for stepping (9.4%) (Table 3). Variation was  slightly less on weekend
days than on weekdays for all behaviours.

4. Discussion

In this sample of working adults, a minimum of any 5 days
of AP monitoring was required to reliably estimate activity
behaviours. Accuracy was  comparable across different combina-
tions of days, but precision increased as the number of monitoring
days increased. Intra-individual variability for activity behaviours
ranged from 4.9% to 9.3% on all days, but variation was  slightly less
on weekend days than on weekdays.

To our knowledge, this is the first study to examine the mini-

mum  number of days needed for providing reliable estimates, not
only for sedentary behaviour (sitting and lying down), but also
for standing, stepping and transitions, using the AP in adults. A
previous study conducted only with women reported that four
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Table  2
Correlation coefficients and mean biases for different combinations of days and 7 days (reference) of activity monitoring with the ActivPAL in working adults. (N = 90).

Combination
of days

Sitting/lying time Standing time Stepping time Transitions to standing

Pearson’s
correlation
coefficient

Mean bias
(min/day, 95% LoA)

Spearman’s
correlation
coefficient

Mean bias
(min/day, 95% LoA)

Spearman’s
correlation
coefficient

Mean bias
(min/day, 95% LoA)

Spearman’s
correlation
coefficient

Mean bias
(transitions/day,
95% LoA)

Any 1 day 0.71 0.0 (−221.6; 221.6) 0.66 2.2 (−153.7; 158.0) 0.75 0.0 (−79.0; 79.0) 0.74 3.3 (−33.4; 40.0)
Any  2 days 0.83 −11.8 (−136.1; 112.6) 0.79 3.7 (−97.8; 105.2) 0.83 2.0 (−53.4; 57.4) 0.87 1.0 (−23.0; 25.0)
Any  3 days 0.92 −7.0 (−123.4; 109.3) 0.89 −2.4 (−78.7; 73.8) 0.89 0.4 (−41.4; 42.2) 0.91 0.9 (−18.1; 20.0)
Any  4 days 0.95 −4.8 (−100.1; 90.4) 0.91 0.2 (−58.1; 58.5) 0.93 1.7 (−27.3; 30.8) 0.92 −0.4 (−13.3; 13.0)
Any  5 days 0.97 −2.9 (−72.3; 66.5) 0.96 −3.0 (−49.5; 43.6) 0.97 0.8 (−22.4; 24.0) 0.96 −0.4 (−10.1; 9.2)
Any  6 days 0.99 −2.3 (−38.2; 33.6) 0.98 −0.5 (−26,0; 25.0) 0.99 −0.4 (13.6; 12.7) 0.99 −0.1 (−6.3; 6.1)
1  wd  + 1 we 0.86 −4.0 (−163.8; 155.8) 0.79 6.2 (−87.4; 100.0) 0.86 −1.5 (−49.4; 46.5) 0.85 −0.3 (−23.4; 22.8)
2  wd  + 1 we  0.92 −9.5 (−135.1; 116.1) 0.91 1.5 (−67.7; 70.8) 0.92 −0.1 (−32.4; 32.2) 0.91 0.1 (−16.5; 16.7)
3  wd  + 1 we  0.96 −6.6 (−101.4; 88.2) 0.95 −0.8 (−55.6; 53.9) 0.96 2.1 (−26.0; 30.2) 0.95 0.5 (−10.9; 11.9)
4  wd  + 1 we  0.98 −5.0 (−68.2; 58.2) 0.96 2.8 (−32.2; 37.8) 0.97 2.1 (−26.0; 30.2) 0.97 0.8 (−8.3; 9.8)
5  wd  + 1 we  0.99 −4.4 (−52.0; 46.3) 0.98 4.1 (−20.6; 28.8) 0.99 3.3 (−12.1; 18.7) 0.99 1.2 (−5.4; 7.9)
1  wd  + 2 we  0.90 0.3 (148.8; 149.4) 0.84 2.1 (−95.8; 100.0) 0.85 −1.2 (−50.0; 48.0) 0.90 1.8 (−20.7; 24.3)
2  wd  + 2 we  0.94 −5.1 (−116.3; 106.0) 0.93 −2.6 (−69.1; 64.0) 0.92 −1.5 (−32.0; 29.0) 0.92 0.3 (−15.1; 15.6)
3  wd  + 2 we  0.97 −2.3 (−76.8; 72.2) 0.96 −5.0 (−54.0; 43.7) 0.97 −0.17 (−24.0; 24.0) 0.97 0.0 (−9.9; 9.8)
4  wd  + 2 we  0.99 −0.7 (−39.7; 38.3 0.98 −1.3 (−26.0; 23.2) 0.99 −0.4 (−14.4; 14.0) 0.98 −0.2 (−6.8; 6.4)

Abbreviations: LoA: limits of agreement; wd:  weekday; we: weekend day.

Table 3
Intra-individual variabilitya in activity behaviours as measured with the ActivPAL in working adults within a week. (N = 90).

Sitting/lying Standing time Stepping time Transitions to standing

Variation on all days (%) 4.9 9.2 9.4 9.3
Variation on weekdays (%) 4.9 9.3 9.4 9.8
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Variation on weekend days (%) 4.4 7

a Variability was estimated as the ratio of the root mean squared error (RMSE) to

ays were necessary to provide reliable measures of time spent in
edentary behaviour and moderate-to-vigorous PA with the AP.21

tudies conducted in adults with the ActiGraph have reported sim-
lar results to ours in a sample of Danish office workers,2 but a
tudy of Norwegian students and academics found at least seven
ays were required to achieve a reliability of 0.80 when wearing
n ActiGraph accelerometer for 21 days as reference.22 Studies of
ther age groups have shown different results, reflecting the vari-
bility of sitting and stepping patterns across the lifespan.23,24 For
xample, a study conducted with the AP in adolescent girls found
ore days were required to achieve a reliability of ≥0.8 for estimat-

ng time spent in different behaviours (≥15 days) or counting daily
teps (≥21 days).24 These differences may  be partially explained by
he higher intra-individual variability in daily patterns of activity in
dolescents than in working adults.2,24 In the present study, intra-
ndividual variability was smaller than in other studies of adults.2,21

he findings support the need for age-specific protocols for data
xtraction and analysis with the AP, as similarly shown by previous
esearch for other devices.23,25

Correlation values were very high for combinations of days and
he reference for the different estimates (>0.8 for combinations of 2
r more days). This is partially explained by the low intra-individual
ariability observed in this sample (<10%), which would increase
xchangeability or comparability between days without greatly
ffecting relationships. Furthermore, estimates derived from com-
inations of any 5 days that included at least one weekend day,
howed higher accuracy for each physical behaviour and transi-
ions to standing (about 1% difference with the total estimate) than
hose with fewer days. This 1% bias may  be an acceptable trade
ff when deciding whether to include data from participants who
ompleted only 5 instead of 7 days in a protocol. However, precision

hould be always considered, especially when using these methods
or assessing change or dose-response relationships in association
r in intervention studies, as dispersion is larger when using fewer
ays.
8.6 7.4

ean of each activity behaviour ((RMSE/mean estimate)*100).

Our findings suggest that for overall weekly estimations, a com-
bination of any 4 weekdays with at least one weekend day may
be preferred, as this combination had narrower LoAs, especially for
standing, when compared with other combinations. In the current
study, if we had used the ‘any’ 5-day inclusion criterion, we would
have increased wearing compliance by 5% (i.e. reduced invalid data
from 11 to 6 out of 101 participants) while providing accurate
determinations, which may be relevant in larger studies.

Although recruitment was  not probabilistic, the sample was
diverse in terms of age, occupations and activity behaviours. Also,
demographic characteristics such as nutritional status and edu-
cational level were comparable with national data for working
populations.26 This is important, as most validation studies have
been conducted in office or university settings, in participants with
similar activity patterns,2,5,27 which limits extrapolation of the
results to other populations. Although we used a 24/7 protocol for
the AP, wear compliance among participants was high.

The study has some limitations. Recruitment was  not weighted
to account for seasonal variance in PA patterns, but data collection
covered most of the year, except for part of January and February
(summer holidays). Following recommended protocols for the AP,
participants were monitored only for 7 consecutive days.8 We
acknowledge that this reference period may  not reflect habitual
activity behaviours,22,28,29 but only reflect movement patterns dur-
ing the week of measurement.30 For pragmatic reasons, a one week
measurement period is commonly used in intervention studies.

Also, our recommendation (to use a minimum of 5 days monitor-
ing) only applies when data from complete days or at least 10 h/day
are available, as variability may  change if only a portion of each day
is monitored. If estimates of ‘usual’ behaviour over a period longer
than one week are required, 5 days of monitoring may be insuf-

ficient to capture the true variability. We  recommend that future
studies designed to assess intra-individual variability should mon-
itor participants in different periods of the year, so that seasonal
variance can be assessed.
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. Conclusion

When using the AP in adults, a combination of any 5 days was
eeded to reliably estimate weekly time spent in sedentary, stand-
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eekend day are included.
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