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Abstract 

Introduction Scarce evidence is available about the minimum number of valid days wearing the activPAL3 to obtain 
a precise estimate of sedentary behaviour (SB) and awake‑time movement behaviours (ATMB) in nursing home (NH) 
residents. The study aimed to determine the minimum number of valid days required for accurately estimate SB 
and ATMB using the activPAL3 device in NH residents. It also investigated how the starting point of a day (the 24‑h 
period) impacted reliability.

Methods Participants wore an activPAL3 for 7 consecutive days. The data was classified in two‑time blocks (00:00 
Ante Meridiem (AM)—00:00 AM midnight vs 12:00 Post Meridiam (PM) ‑12:00 PM midday) and the sample was strati‑
fied into two groups according to their capacity to stand and walk, to examine if timing of sampling or physical 
functioning affected minimum wear time. SB, ATMB, sociodemographic, and health‑related variables were collected. 
Sensitivity of the time‑blocks were tested through the dispersion frequencies and differences between blocks 
through Kolmogorov–Smirnov test for normality; parametric variables through two‑related means T‑test and Wil‑
coxon test for non‑parametric data. Reliability was assessed with the Cronbach’s Alpha and the intra‑class correlation 
coefficient (ICC), using a one‑factor model estimating the reliability for each measurement day loading in the same 
latent factor.

Results Ninety‑five NH residents (81.1% women; age = 85.8 ± 7.2 years) were included. The midnight block had higher 
reliability, sensitivity and no statistically significant differences between days were found. At least three consecutive 
days of monitoring were necessary to achieve a reliability of ICC ≥ 0.8 for those NH residents able to stand and walk 
and six days for those unable.

Conclusions NH residents who are able to stand and walk require a minimum of three consecutive days wear‑
ing the device, while those who are unable require at least six days due to their highly homogenous daily routines 
and sensitivity to PA events. Regardless of the activPAL3 recording start time, data processing should reference 
the midnight time block.
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Introduction
The current predictions for Europe’s demographic trends 
show that in 2050, the demographic pyramid will be 
heavily aged; health and social expenditure will represent 
a challenge for all the governments and societies world-
wide to support older adults’ care needs [1]. One modifi-
able health-related risk factor with consequences that are 
associated with an increase in healthcare expenditure is 
sedentary behaviour (SB) [2]. SB can be defined as any 
waking behaviour characterized by an energy expendi-
ture ≤ 1.5 Metabolic Equivalent Task (MET) while in a 
sitting, reclining or lying posture [3]. In recent decades, 
SB has gained popularity as a risk factor for various 
health-related conditions such as cardiovascular diseases, 
hypertension, cancer, metabolic disorders like type 2 dia-
betes, dyslipidemia, and all-cause mortality [4–7].

It is important to distinguish between prolonged epi-
sodes of SB and short episodes of interrupted SB by brief 
episodes of physical activity (PA) or postural changes [8]. 
Although evidence is limited, results indicate that break-
ing up prolonged SB episodes offers cardiometabolic 
benefits [9–12]. On the other hand, for uninterrupted SB 
episodes, each additional hour of SB per day increases 
overall mortality risk by 2%, and by 5% for those spending 
over 7 h a day in SB, regardless of how much PA is under-
taken [7]. However, while for some health outcomes the 
effect of moderate PA appears to be independent of SB, 
moderate PA can modify the harmful effects of pro-
longed SB, through factors like level, duration, intensity, 
or time spent in PA [13]. For example, approximately 60 
to 75 min of moderate PA per day are needed to offset the 
adverse health effects of prolonged SB episodes [14, 15].

This is significant in the context of aging, as PA levels 
decline and SB increases with age, creating a vicious cycle 
where the physical capacity loss induced by SB and physi-
cal inactivity leads to more SB and increased mortality 
risk [16, 17]. Older individuals experience more func-
tional limitations due to chronic diseases or multimor-
bidity situations than the rest of the population, leading 
to the accumulation of prolonged and uninterrupted SB 
episodes [13, 18–21]. Among the entire population, older 
adults are the most sedentary, and as age increases, the 
accumulation of time spent in SB gradually rises, while 
the time spent in weight-bearing activities proportionally 
decreases [22, 23]. Moreover, in older individuals, there 
is evidence linking high levels of SB with an accelerated 
aging process, frailty, urinary incontinence, musculoskel-
etal disorders like osteoporosis, and mental disorders like 
dementia, depression, and anxiety [24–29].

However, within older populations, nursing home 
(NH) residents are the least active and accumulate the 
highest percentage of prolonged and uninterrupted SB 
bouts compared to community-dwelling seniors [22–24, 

30–34]. The daily activity of a NH resident consists of 
spending between 71 and 98% of their daytime in SB, 
accumulated in uninterrupted periods of approximately 
60 min based on their level of dependency, 20% engaged 
in light-intensity PA typically related to self-care activi-
ties, eating, or mobility, and the remaining 1% in moder-
ate to vigorous-intensity PA (MVPA) [31, 35–37].

To assess SB in older adults, objective methods, 
such as accelerometers, and subjective methods, like 
self-reported questionnaires, are used. However, self-
reported questionnaires on SB time among older adults 
exhibit an average underestimation of 4.6 h per day. 
When compared to objective methods, subjective meth-
ods are inaccurate and unreliable in assessing SB among 
the older adults [38–40].For these reasons, there has been 
a growing interest in validating activity devices to objec-
tively measure PA and SB in this population [40, 41]. One 
of the most used devices and considered the gold stand-
ard to assess SB in different populations is the activPAL 
(Pal Technologies, UK). The activPAL collects accelerom-
eter-derived information about thigh inclination that is 
highly accurate in identifying lying, sitting, and upright 
positions and has been validated in laboratory and in free 
living conditions in older adults [42–44]. According to 
the literature, the recommendations to use the activPAL 
in older adults are to employ a 24-h wearing protocol for 
at least 7 days [45]. However, scarce evidence is currently 
available about the minimum number of valid days wear-
ing the activPAL necessary to obtain an accurate estimate 
of SB, and when the device must start recording in NH 
residents to obtain reliable data of their SB and awake-
time movement behaviours (ATMB) [33].

Furthermore, one of the determinants for methodolog-
ical reliability on recorded data with the activPAL3 relies 
on the compliance in wearing the device continuously for 
several days by the NH population. Wearing devices for 
many days could be difficult for those residents with cog-
nitive impairment, because they might tend to forget why 
they are wearing the device and may take it off [46]. Pre-
vious evidence suggests that NH employees in Catalonia 
work in understaffed and overworked conditions. Being 
actively included in a research study and tasked with 
monitoring the devices could add to their already high 
daily workload and contribute to burnout, potentially 
leading to the loss of devices. Additionally, the device’s 
attachment to the resident’s skin may cause problems to 
more vulnerable skin, irritations or allergies, which the 
NH staff would have to manage [47].

One processing decision that is required for activ-
ity monitor data acquired using a continuous 24-h 
wear protocol, is to define the day to be used for analy-
sis [45]. Many studies use a calendar day (24 h from the 
fixed time of midnight), but an alternative is to select a 
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person-oriented day (e.g., from time of waking until 
the time of waking the next day). The person-centred 
approach reflects the actual behaviour of the participant, 
but this can introduce additional inter participant vari-
ability as time between subsequent wake times may not 
be exactly 24 h [45]. Pragmatic aspects of study design, 
such as staff availability, may influence the selection of a 
start time for fixed 24-h periods for analysis. For exam-
ple, a study where the monitor was attached in a morning 
and worn continuously until the afternoon of the same 
day the following week, would be able to analyse seven 
24-h periods starting at midday, but only six 24-h periods 
starting at midnight. It is currently not known whether 
there is a statistical difference in reporting of ATMB and 
SB when using different starting times of a day as the unit 
of analysis.

Therefore, the aims of the current study were to deter-
mine the number of valid days to obtain an accurate esti-
mate of SB and the ATMB using the activPAL3 monitor 
and to explore whether the start point of a day (24-h 
period) influenced reliability in NH residents.

Materials and methods
Design
Data were collected in a cross-sectional study in five NHs 
of Osona county (Central Catalonia, Spain), from Janu-
ary 2020 until March 2020 (when data collection had to 
stop due to the COVID-19 pandemic). This is a validation 
study which used the baseline data from the OsoNaH 
Project that aimed to evaluate the association between 
urinary incontinence and SB among NH residents 
[48], registered in Clinical Trials (NCT04297904) and 
approved by the Ethics and Research Committee of the 
University of Vic – Central University of Catalonia (refer-
ence number 92/2019).

Participants
We included NH residents (males and females) aged 
65 years or older and who lived in the permanently in the 
institutions. Individuals in a coma, palliative care, (prog-
nosis of short life), hospitalised were excluded. Signed, 
informed, consent was received either from the resident 
themselves or their legal guardian.

Procedures
The initial contact with the NH involved email and 
phone communication to explain the project and address 
inquiries. Subsequently, interested NH directors received 
the information sheet and consent forms. Consent was 
formally obtained from participating NH directors. 
Afterward, resident lists were obtained, and individu-
als were chosen based on inclusion/exclusion criteria. 
Using IBM SPSS Statistics software (2021 Version 28.0. 

IBM Corp.: Armonk, NY, USA)., a randomization pro-
cess was conducted, and selected residents or their legal 
guardians were informed and provided informed con-
sent upon agreement. NH staff who agreed also signed 
informed consent. Participants were informed of their 
right to interrupt or discontinue assessments due to 
fatigue, as well as the option to withdraw from the study 
without explanation. The research team underwent train-
ing, following standardized procedures, with inter-rater 
reliability assessed using Kappa and interclass correlation 
coefficient (ICC) on data from 20 residents. ICC scores 
exceeded 0.75 for all physical tests. The results for these 
20 residents were excluded from the final study sample. 
Following reliability calibration, a pilot study was con-
ducted with a distinct sample of 36 residents, whose data 
were included in the analysis.

Sociodemographic and health related variables such 
as age and sex, were obtained from the NH records and 
checked with the NH staff. Functional status was meas-
ured using the modified Barthel Index by Shah et  al. 
without the continence items [49]. Continence status was 
assessed using Section H of Minimum Data Set version 
3.0 [50]. Physical performance was examined using the 
Short Performance Physical Battery (SPPB) and finally, 
cognitive status was assessed using the Pfeiffer Scale [51, 
52]. The NH residents sample were stratified in 2 groups 
according to whether they were able or unable to stand 
and walk. The classification of the groups was based 
on the answers from the NH staff when the team asked 
them about residents capabilities on standing and walk-
ing (those able to stand and walk with technical support 
such as walkers, braces, and crutches were considered to 
be capable), and confirmed by the SPPB. Those classified 
by the NH staff as unable to stand and walk and with a 
SPPB score of 0, were assigned to the unable group and 
those considered able by the NH staff were assigned to 
the able group.

The participants wore an activPAL3 activity monitor 
(PAL Technologies Ltd., Glasgow, UK) size: 53 × 35 × 7 
mm; weight: 15g, with a triaxial accelerometer sampling 
at 20 Hz with a range of ± 2 g. The activPAL is considered 
the gold standard to assess SB and has been validated in 
laboratory and in free living conditions in older adults 
[42–44]. The device was worn on the anterior medial part 
of the right thigh. The device was sealed with a flexible 
nitrile cover and adhered to the skin with a hypoaller-
genic adhesive dressing (TegadermTM Roll, 3MTM) to 
provide waterproof protection, which allowed the partic-
ipants to wear the device continuously without removal 
for showering or sleeping. The monitor was programmed 
to start recording at a later time after the research 
appointment (usually 12:00 PM) and set to record for 
7 days. The device captured the data continuously 
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following the 24 h protocol during both awake and sleep-
ing time, for 7 consecutive days and then was removed by 
the researcher.

Accelerometer data processing
ActivPAL3 data were downloaded from the device to a 
laptop using the manufacturer’s software (PALconnect, 
V8.12.6.118, PAL Technologies Ltd., Glasgow, UK). Data 
were inspected by two experts using the visual tools in 
the manufacturer’s software (PALanalysis, V8.11.8.74, 
PAL Technologies Ltd., Glasgow, UK) to identify poten-
tial non-wear, data loss from monitor malfunction or the 
battery stopping early. The data and time where moni-
tor wear/data collection stopped and the reasons for any 
data loss were recorded for each participant. Time in bed 
was initially identified using the automated algorithm 
in the manufacturer’s software (the CREA algorithm). 
The automated selection was then inspected visually by 
two researchers, and wake and bed times were adjusted 
through visual identification from the posture data rep-
resented on the time in bed adjustments section (e.g., sit-
ting/lying, standing or stepping).

Data were exported for the activPAL software in the 
event format (continuous periods of a single activity) cat-
egorised using the original algorithm (VANE algorithm; 
data categorised as sit/lie, stand or step). Additional data 
processing was conducted using a custom excel macro 
(known as the HSC analysis program, developed by Dr 
Philippa Dall (co-author) and Professor Malcolm Granat, 
School of Health and Life Sciences, Glasgow Caledonian 
University) [53]. For each participant, individual step 
events were aggregated into walking events, and upright 
events were created as an aggregate of contiguous stand-
ing and walking events. The wake and bed times were 
used to isolate waking activity (events were split at the 
wake/bed time). Data was then organised into two dif-
ferent definitions of days (time-blocks) for analysis. Each 
time-block consisted of 24-h periods: the midnight time 
block from 00:00 AM to 00:00 AM and midday time 
block from 12:00 PM to 12:00 PM. Events were split at 
the start/end times of each day. Participants wore the 
monitor on eight calendar days, putting it on in the 
morning of day 1 and taking it off in the afternoon of day 
8. When the monitor was worn per protocol, this allowed 
analysis of six days in the midnight time block (from day 
2 until day 7), and seven days in the midday time block 
(from 12:00 PM on day 1 until 12:00 PM on day 8).

Outcome measures
Outcome measures were calculated for each day in each 
time-block. The SB variables extracted were: 1) absolute 
time in SB in hours, 2) % of time awake in SB, 3) number 
of SB bouts < 30 min, 4) absolute time spent in bouts < 30 

min, 5) % of time awake in bouts < 30 min, 6) number of 
SB bouts between 30–60 min, 7) absolute time spent in 
bouts between 30–60 min, 8) % of time awake in bouts 
between 30–60 min, 9) number of SB bouts > 60 min, 
10) absolute time spent in bouts > 60 min, 11) % of time 
awake in bouts > 60 min and 12) average duration of SB 
bouts in minutes. The awake time movement behaviour 
(ATMB) extracted variables were: 13) hours awake, 14) 
standing duration in hours, 15) % of time awake standing, 
16) walking duration in hours, 17) % of time awake walk-
ing, 18) absolute time upright (a combination of stand-
ing and walking) in hours, 19) % of time awake upright 
and 20) number of sit to stand transitions (when a sitting 
event was followed by a standing event).

Statistical analysis
Data was reported in the main analysis as a progression 
from the first day of measurement to the last. To control 
for any weekday/weekend possible effect on the data, a 
parallel analysis was made with the data reordered by the 
weekdays (Monday to Sunday), where both time blocks 
included weekends, and the averages were calculated to 
control any weekday/weekend possible effect on the data.

Statistical analysis was conducted using IBM SPSS Sta-
tistics software (2021 Version 28.0. IBM Corp.: Armonk, 
NY, USA). Each possible endpoint is described overall, 
separated by capacity to walk (see below) and by time-
block. Distribution of values for each endpoint were 
tested for normality using a Kolmogorov–Smirnov statis-
tic and compared by time-blocks using a repeated meas-
ures t-test or the Friedman test, depending on whether 
normality was met. A more accurate study on the dif-
ferences in sensitivity to movements between the two 
time-blocks considered (0:00 AM -00:00 AM vs- 12:00 
PM -12:00 PM) was carried out considering variations 
in average changes through the five days of measure-
ment. First, considering only the matching days of the 
week (n = 74) and second considering all available days 
as sequential data gathering (n = 95). A generalized linear 
model with mixed effects was used, including a random 
effect for individual variations. These analyses take into 
account that each individual scores around a personal 
baseline along time observations.

To assess the variability of the weekdays and week-
ends, the days according to the calendar were taken and 
entered into the random effects model (not reported). 
In order to assess the minimum number of days wear-
ing the activPAL3 was needed to attain maximum reli-
ability, a one-factor model estimating the reliability for 
each measurement day loading in the same latent factor 
(congeneric model) was used [54]. This model was fit-
ted separately for each one of the variables considered. 
The model assumed that every subject could have had 
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a different random mean and every day had a different 
error variance. An improvement in the model fit was 
considered according to a statistically significant increase 
in the comparative chi-square goodness of fit statistic 
(p < 0.05) and an increase in the goodness of fit statistics 
as the Comparative fit index (CFI), and the Tucker–Lewis 
index (TLI) larger than 0.05, while the root mean square 
error of approximation (RMSEA) should stay near 0.05. 
The reliability of the measurements was assessed with 
the Cronbach’s Alpha and the ICC. The threshold of reli-
ability was set at > 0.80 indicating high reliability, and 0.90 
indicating very high reliability [55]. Models not including 
random effects were also considered (not reported).

Regarding the minimum number of days advisable to 
ensure an adequate reliability for each time block, data 
was assessed using the ICC. A threshold reliability was 
set between 0.80 and 0.89 indicating high reliability, 
and ≥ 0.90 indicating very high reliability, and the mini-
mum number of days needed was found. A repeated 
measures t-test was used to assess differences in the ICC 
between the first two days. Further validation evidence 
were searched by analysing separately individuals with-
out capacity to stand and walk and individuals with no 
limitation. Average measurement reliability for the two 
first days was estimated using ICC (assuming a parallel 
measurements model with a random effect for individu-
als) for those residents able to stand and walk and those 
unable to do so, and the 95% confidence interval was 

also computed. Additional measurement days were then 
added until the values of 0.8 and 0.9 for the ICC were 
reached (corresponding to good and very good reliability 
thresholds, respectively).

Results
Sample characteristics
The final sample included 95 residents, mostly women 
(81.1%), with a mean age of 85.8 ± 7.2 years old. Figure 1 
shows the flow chart of the sampling process.

Up to 81.8% of residents had moderate to severe 
restrictions for all activities of daily living, physical per-
formance disability (57.9%), moderate to severe cog-
nitive impairment (62.2%) and urinary incontinence 
(69.5%). Regarding sample stratification by their capac-
ity to stand and walk, no discrepancies were found 
between the answers from the NH staff and the results 
of the SPPB. The participants able to stand and walk were 
slightly more than half of the sample (57.9%), compared 
with those unable (42.1%). The group able to stand and 
walk had fewer activities of daily living limitations, lower 
cognitive impairment and were more continent than the 
group unable to stand and walk. Regarding the SB and 
ATMB variables, both groups spent more time in SB than 
standing or stepping. As expected, the able group walked 
more, and sat less, than the unable group, who spent 
almost all their waking time in SB. Table 1 shows detailed 

Fig. 1 Flowchart of the sampling process of NH residents with the activPAL3



Page 6 of 17Farrés‑Godayol et al. European Review of Aging and Physical Activity           (2023) 20:19 

Table 1 Socio‑demographic, physical and psycho‑cognitive characteristics of the residents

Variable Total (n = 95) Capacity to stand and walk groups

Able (n = 55) Unable(n = 40)

Age (mean, SD) 85.85 ± 7.24 84.82 ± 6.09 87.28 ± 8.44

Sex n, (%)

 Male 18 (19.0%) 12 (21.8%) 6 (15.0%)

 Female 77 (81.1%) 43 (78.2%) 34 (85.0%)

ADL limitations (Barthel) n, (%)

 Independent 5 (5.3%) 5 (9.1%) 0

 Slight dependency 16 (16.8%) 16 (29.1%) 0

 Moderate dependency 36 (37.9%) 31 (56.4%) 5 (12.5%)

 Severe dependency 38 (40.0%) 3 (5.5%) 35 (87.5%)

Cognitive state (Pfeiffer) n, (%)

 Normal mental function 20 (21.1%) 18 (32.7%) 2 (5.0%)

 Mild cognitive impairment 14 (14.7%) 12 (21.8%) 2 (5.0%)

 Moderate cognitive impairment 20 (21.1%) 12 (21.8%) 8 (20.0%)

 Severe cognitive impairment 39 (41.1%) 12 (21.8%) 27 (67.5%)

 Unknown 2 (2.1%) 1 (1.8%) 1 (2.5%)

Urinary Incontinence (MDS) n, (%)

 Always continent 29 (30.5%) 27 (49.1%) 2 (5.0%)

 Occasionally incontinent 30 (31.6%) 19 (34.5%) 11 (27.5%)

 Frequently incontinent 13 (13.7%) 2 (3.6%) 11 (27.5%)

 Always incontinent 23 (24.2%) 7 (12.7%) 16 (40.0%)

Physical performance (SPPB) n, (%)

 Robustness 5 (5.3%) 5 (9.1%) 0

 Prefrailty 11 (11.6%) 11 (20.0%) 0

 Frailty 22 (23.2%) 22 (40.0%) 0

 Disability 55 (57.9%) 15 (27.3%) 40 (100.0%)

 Unknown 2 (2.1%) 2 (3.6%) 0

 Score (mean, SD) 3.10 ± 3.40 5.43 ± 2.7 0

SB and ATMB variables (mean, SD)

 Hours awake (h) 12.49 ± 1.81 13.39 ± 1.39 11.25 ± 1.58

 Standing duration (h) 1.80 ± 2.05 2.89 ± 2.04 0.29 ± 0.66

 % time awake standing 13.4 ± 14.5 21.3 ± 14.1 2.6 ± 5.3

 Walking duration (h) 0.42 ± 0.55 0.72 ± 0.56 0.01 ± 0.04

 % time awake walking 3.2 ± 4.5 5.5 ± 4.7 0.1 ± 0.2

 Absolute time upright (h) 2.22 ± 2.41 3.61 ± 2.26 0.31 ± 0.70

 % time awake upright (h) 16.70 ± 17.51 26.85 ± 16.19 0.80 ± 5.54

 Number of sit to stand transitions 24.14 ± 19.91 35.73 ± 18.31 8.20 ± 6.41

 Absolute time in SB (h) 10.26 ± 2.10 9.77 ± 2.29 10.93 ± 1.60

 % time awake in SB 83.3 ± 17.5 73.1 ± 16.2 97.2 ± 5.5

 Number of SB bouts < 30 min (h) 19.22 ± 18.92 29.51 ± 18.57 5.08 ± 5.57

 Absolute time spent in bouts < 30 min (h) 1.74 ± 1.62 2.75 ± 1.40 0.35 ± 0.47

 % time awake in bouts < 30 min 13.2 ± 12.0 20.5 ± 10.5 3.2 ± 4.0

 Number of SB bouts between 30–60 min 2.35 ± 2.23 3.84 ± 1.70 0.30 ± 0.75

 Absolute time spent in bouts between 30–60 min (h) 1.65 ± 1.53 2.65 ± 1.22 0.28 ± 0.51

 % time awake in bouts between 30–60 min 12.4 ± 11.0 19.6 ± 8.4 2.6 ± 4.6

 Number of SB bouts > 60 min 2.58 ± 1.06 2.44 ± 1.18 2.78 ± 0.86

 Absolute time spent in bouts > 60 min (h) 6.86 ± 3.86 4.36 ± 2.79 10.30 ± 2.05

 % time awake in bouts > 60 min 57.7 ± 34.5 33.1 ± 22.2 91.5 ± 12.6

 Average duration of SB bouts (min) 73.90 ± 94.11 24.46 ± 29.57 141.87 ± 109.31

SD Standard deviation, MDS Minimum Data Set 3.0, SPPB Short Physical Performance Battery, SB Sedentary behaviour, ATMB Awake time movement behaviour, h 

Hours, min Minutes, % Percentage
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information about the socio-demographic, physical and 
psycho-cognitive characteristics of the sample.

Time block eligibility
There were no statistically significant differences between 
time blocks (midday time block: 12:00 PM to 12:00 PM; 
midnight time block: 00:00 AM to 00:00 AM) in ten of 
the analysed variables. Statistically significant differences 
were found in the other ten variables: number of sit to 
stand transitions and SB time distribution between time 
blocks; specifically, in the number, length, percentage of 
duration of the SB bouts and in the average duration of 
SB bouts (Table 2).

The results of the sensitivity of the measurements 
through the dispersion frequencies (Table  3) showed 
that for 10 variables the midnight time block had more 
sensitivity (wider range) than the midday time block. 
The midday time block showed more sensitivity on their 
measurements for nine variables. Finally, for the data 
of 1 variable, both time blocks had the same sensitivity. 
These results showed that the midnight time block had 
a slightly more measurement sensitivity of the variables 
than midday time block.

Only two variables (number of SB bouts > 60 min and 
the average duration of SB bouts in minutes) had statisti-
cally significant differences between time blocks averages. 
The rest of the variables showed no statistically signifi-
cant differences between time blocks averages. None of 
the variables showed statistically significant differences 
between the six days for each time block (Table 4).

Reliability of the time blocks data and number of days 
required
Variability of the weekdays and weekends showed small 
but significant differences in the day effect between 
Monday and Sunday, due to variability among individu-
als (results not reported). For the single first day meas-
ure, a very high reliability (ICC > 0.90) was reached in six 
variables for the midnight blocks and four from the mid-
day block, and a high reliability (ICC > 0.80) was reached 
in five variables in the midnight block (Table  5). Even 
although some measures had a good reliability from a 
single day, they did not always show a stable average over 
time. Considering the first two days, a very high reliabil-
ity was reached in ten variables for the midnight blocks 
and five from the midday block, and a high reliability in 

Table 2 Results from SB and ATMB variables processed by time blocks

KS Kolmogorov–Smirnov, SB Sedentary behaviour, ATMB Awake time movement behaviour, Midnight Midnight time block, Midday Midday time block, IQR 
Interquartile range, h Hours, min Minutes, % Percentage
a  Two‑related means T‑test mean difference
b  Mean ± standard deviation
*  Statistically significant (p < 0.05)

Variables Midnight
(median ± IQR)

Midday
(median ± IQR)

Normality
KS

Z difference P value

Hours awake (h) 12.49 ± 1.81b 12.46 ± 1.80b .200 ‑.028a .438

Standing duration (h) 0.87 ± 2.66 0.85 ± 2.62  < .001 ‑.279 .780

% time awake standing 8.03 ± 20.61 7.59 ± 20.16  < .001 ‑.102 .919

Walking duration (h) 0.26 ± 0.73 0.26 ± 0.65  < .001 ‑.072 .943

% time awake walking 2.09 ± 4.94 2.07 ± 4.88  < .001 ‑.158 .874

Absolute time upright (h) 1.28 ± 3.45 2.29 ± 3.51  < .001 ‑.294 .769

% time awake upright 11.49 ± 27.04 11.23 ± 27.62  < .001 ‑.056 .955

Number of sit to stand transitions 21.16 ± 29.50 21.33 ± 29.17  < .001 ‑5.368  < .001*

Absolute time in SB (h) 10.63 ± 2.41 10.61 ± 2.29 .001 ‑.795 .427

% time awake in SB 88.50 ± 27.04 88.76 ± 27.62  < .001 ‑.056 .955

Number of SB bouts < 30 min 16.16 ± 25.33 15.66 ± 26.0  < .001 ‑3.932  < .001*

Absolute time spent in bouts < 30 min (h) 1.43 ± 2.63 1.52 ± 2.70  < .001 ‑6.658  < .001*

% time awake in bouts < 30 min 10.57 ± 18.74 12.54 ± 19.23  < .001 ‑6.658  < .001*

Number of SB bouts between 30–60 min 2.33 ± 4.0 2.33 ± 4.00  < .001 ‑.858 .391

Absolute time spent in bouts between 30–60 min (h) 1.62 ± 2.84 1.55 ± 2.75  < .001 ‑2.704 .007*

% time awake in bouts between 30–60 min 11.99 ± 20.71 11.92 ± 20.50  < .001 ‑2.993 .003*

Number of SB bouts > 60 min 2.33 ± 1.33 2.83 ± 1.50  < .001 ‑4.041  < .001*

Absolute time spent in bouts > 60 min (h) 6.47 ± 7.72 6.35 ± 7.63  < .001 ‑5.473  < .001*

% of time awake in bouts > 60 min 54.39 ± 72.61 52.18 ± 71.79  < .001 ‑6.161  < .001*

Average duration of SB bouts (min) 29.14 ± 99.10 29.53 ± 80.89  < .001 ‑6.832  < .001*
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Table 3  Sensitivity of the measurements results through dispersion frequencies of the data from the two‑time blocks

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

Min Max Min Max Min Max Min Max Min Max Min Max

Hours awake

 Midday 5.73 16.88 7.03 18.33 7.12 16.80 6.85 16.60 2.00 16.00 7.63 18.28

 Midnight 5.87 21.32 6.68 16.72 5.33 19.28 6.07 16.55 6.97 17.07 4.58 16.70

Standing duration (h)

 Midday 0 11.86 0 11.04 0 10.70 0 9.49 0 9.18 0 9.19

 Midnight 0 11.55 0 10.77 0 11.15 0 10.54 0 8.41 0 9.80

% time awake standing

 Midday 0.0 82.57 0.0 76.93 0 75.12 0 65.89 0 62.71 0 61.73

 Midnight 0.0 79.64 0.0 74.98 0 78.06 0 73.94 0 54.46 0 65.84

Walking duration (h)

 Midday 0 2.53 0 2.74 0 2.48 0 2.94 0 2.59 0 3.38

 Midnight 0 3.22 0 2.99 0 2.32 0 2.77 0 2.61 0 3.39

% time awake walking 

 Midday 0 25.0 0 21.90 0 18.59 0 24.10 0 21.70 0 29.90

 Midnight 0 27.68 0 24.19 0 17.65 0 20.73 0 23.22 0 30.24

Absolute time upright (h)

 Midday 0 12.45 0 11.54 0 11.19 0 9.92 0 9.67 0 9.68

 Midnight 0 12.12 0 11.29 0 11.60 0 11.00 0 9.23 0 10.31

% time awake upright

 Midday 0 86.49 0 80.42 0 78.50 0 75.24 0 66.06 0 66.89

 Midnight 0 83.59 0 78.59 0 81.22 0 77.20 0 66.88 0 69.30

Number of it to stand transitions

 Midday 2 155 2 118 2 132 2 133 2 93 2 122

 Midnight 1 141 1 130 1 116 1 159 1 102 1 104

Absolute time in hours of SB (h)

 Midday 1.94 15.89 2.81 16.57 3.06 15.31 2.80 15.50 1.96 14.88 3.75 15.85

 Midnight 2.38 15.63 3.08 15.61 2.68 16.97 3.14 15.45 3.69 14.94 4.03 15.60

% time awake in SB

 Midday 13.51 100 19.58 100 21.50 100 24.76 100 33.94 100 33.11 100

 Midnight 16.41 100 21.41 100 18.78 100 22.80 100 33.12 100 30.70 100

Number of SB bouts < 30 min

 Midday 0 154 0 117 0 130 0 131 0 92 0 122

 Midnight 0 141 0 129 0 113 0 159 0 100 0 103

Absolute time spent in bouts < 30 min (h)

 Midday 0 8.34 0 6.24 0 6.59 0 7.32 0 6.70 0 8.20

 Midnight 0 6.53 0 6.44 0 6.52 0 6.83 0 6.26 0 6.68

% time awake in bouts < 30 min (h)

 Midday 0 58.26 0 45.24 0 50.06 0 57.85 0 56.02 0 56.14

 Midnight 0 56.47 0 51.09 0 53.03 0 53.73 0 47.98 0 48.11

Number of SB bouts between 30–60 min

 Midday 0 8 0 9 0 10 0 10 0 10 0 8

 Midnight 0 11 0 7 0 8 0 9 0 11 0 8

Absolute time spent in bouts 30–60 min

 Midday 0 6.07 0 6.33 0 7.03 0 7.02 0 6.88 0 6.31

 Midnight 0 7.18 0 4.89 0 6.07 0 6.32 0 8.05 0 5.70

% time awake in bouts between 30–60 min

 Midday 0 43.33 0 48.33 0 44.90 0 52.55 0 46.19 0 45.58

 Midnight 0 49.12 0 47.45 0 41.03 0 40.99 0 47.15 0 41.99
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three variables in the midnight block. However, for one 
variable in the midday block reliability was less than an 
ICC 0.80. About two thirds of the variables had higher 
values of reliability for the midnight time block than for 
the midday time block. When considering only the time 
block with higher reliability for each variable, no statis-
tically significant differences between the two first days 
were found. Across all the variables, a minimum of four 
days was needed to achieve an ICC of 0.80, and more 
than six days for an ICC of 0.90.

Stratification of the sample and number of days required
Participants were grouped by mobility to explore the 
minimum number of days required within the midnight 
time block. The midnight time block variables did not 
have any statistically significant differences between the 
days but did have higher reliability and showed higher 
measurement sensitivity than the midday block. Within 
the more capable group, between 2 and 3 days of meas-
urement was required to reach a reliability of an ICC 
0.80. However, for the less capable group 2–6 days was 
needed to reach a reliability of 0.80. Finally, to reach a 
reliability ≥ 0.90, both groups needed more than six days. 
Table  6 shows more information about the minimum 
days required.

Discussion
This study aimed to determine the minimum number of 
days of activPAL3 monitoring required to reliably exam-
ine SB and ATMB in NH residents and the best time 
blocks in which to process the data. Our findings indi-
cate that a minimum of 3 consecutive days wearing the 

activPAL3 device is required to achieve high reliability 
for those residents with capacity to stand and walk, and 
6 consecutive days for those residents unable to stand 
and walk across a range of SB and ATMB variables. We 
also found that processing data from midnight to mid-
night was more reliable than processing from midday to 
midday.

The minimum number of days required to adequately 
measure SB and ATMB in NH residents may be depend-
ent on a number of factors, including the monitor used 
and outcome measures explored, and the actual levels 
and variability between individuals in daily patterns of SB 
and ATMB.

Edwarson et al. noted that a person-oriented approach 
to analysis of SB and ATMB data can be behaviourally 
relevant, but that in community-dwelling adults and 
older adults person-oriented day durations (from one 
wake time to the next) are not always 24 h long [45]. In 
other words, people may wake up at different times each 
day, which may be accentuated in working age adults by 
differences between week (working) and weekend (non-
work) days. Farias-Aguilar et al. found in a community-
dwelling working-age adult population, differences in 
intra-individual variability between weekdays and week-
end days, in that there was slightly less variability in SB 
and activity behaviours on weekends compared to week-
days [56]. However, person-oriented day duration and 
intra-individual and inter-individual variability between 
days of the week for NH residents are likely to be differ-
ent from that of the working adult population. This is 
because NH residents spend most of their day lying or 
sitting during their daily activities, particularly related to 

Table 3  (continued)

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

Min Max Min Max Min Max Min Max Min Max Min Max

Number of SB bouts between > 60 min

 Midday 0 6 0 7 0 6 0 6 0 5 0 6

 Midnight 0 7 0 6 0 6 0 7 0 6 0 6

Absolute time spent in bouts > 60 min

 Midday 0 14.23 0 14.0 0 13.87 0 14.17 0 13.23 0 13.46

 Midnight 0 13.47 0 14.1 0 14.12 0 13.36 0 14.55 0 14.04

% time awake in bouts between > 60 min

 Midday 0 100 0 100 0 100 0 100 0 100 0 100

 Midnight 0 100 0 100 0 100 0 100 0 100 0 100

Average duration of SB bouts in minutes

 Midday 2.69 330.0 3.05 420.0 3.55 416.0 2.90 366.0 4.38 360.0 2.57 360.5

 Midnight 2.75 660.0 2.72 699.0 4.18 847.0 2.58 720.0 3.80 719.0 3.33 722.0

Block time in bold indicates the more sensitive time block for each outcome measure

Min Minimum value of data dispersion, Max Maximum value of data dispersion, Midnight Midnight time block, Midday Midday time block, h Hours, min Minutes, % 
Percentage
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mobility and feeding [37]. In most NHs the daily routines 
are set by the institution management and there is a high 
level of control by staff, shaping residents’ daily routines 
[37, 57]. In line with our findings, Buckley et al. and Airlie 
et al. found that there was no difference in most outcome 
measures between weekdays and weekend days in NH 
residents [58, 59]. Therefore, for this population, it may 
not be necessary to include a weekend day in the assess-
ment period, and older NH residents are not bound to a 
typical weekday/weekend week structure. Considering 
that the daily routines of NH residents are strongly con-
ditioned, we suggest that their person-oriented day dura-
tions are likely to approximate to 24 h long (similar wake 
times each day) without significant differences between 
weekdays and weekends.

Most recent studies using the activPAL3 device report 
the choice of a 24-h wear protocol, meaning the moni-
tor is worn continuously including overnight, but there 
is a lack of consensus on many other protocol decisions 
such as timing of starting to wear the monitor, what 
time blocks, and reporting on data processing decisions 
such as when data is processed [33, 46, 60]. This lack of 
consistency can potentially lead to discrepancies in data 
interpretation and make comparisons between studies 
difficult. For example, Reid et  al. measured activity pat-
terns among older adults in residential aged care using 
the activPAL3, they reported using a 24-h protocol for 
7 days, but do not report the starting hour of the moni-
toring period or if the data of the first and last days were 
composed from partial days or were whole days [33]. 
Bootsman et al. also reported, using a 24-h wear protocol, 
with the activPAL3 in older adults living in residential 
aged care facilities for five days. They reported that the 

Table 4 Fixed effects ANOVA results between time blocks

Variable F P value

Awaking hours (h)

 Between time blocks .055 .814

 Between days .644 .666

Standing duration (h)

 Between time blocks .008 .930

 Between days .411 .841

% time awake standing

 Between time blocks .001 .972

 Between days .419 .835

Walking duration (h)

 Between time blocks .010 .921

 Between days .113 .990

% time awake walking

 Between time blocks .001 .972

 Between days .419 .835

Absolute time upright (h)

 Between time blocks .010 .922

 Between days .311 .906

% time awake upright

 Between time blocks .002 .968

 Between days .294 .916

Number of sit to stand transitions

 Between time blocks .237 .627

 Between days .263 .933

Absolute time in SB (h)

 Between time blocks .007 .933

 Between days .356 .878

% time awake in SB

 Between time blocks .002 .968

 Between days .294 .916

Number of SB bouts < 30 min

 Between time blocks .088 .766

 Between days .283 .922

Absolute time spent in bouts < 30 min (h)

 Between time blocks 1.015 .314

 Between days .443 .819

% time awake in bouts between < 30 min (h)

 Between time blocks 1.445 .230

 Between days .419 .835

Number of SB bouts between 30–60 min

 Between time blocks .326 .568

 Between days .715 .612

Absolute time spent in bouts 30–60 min

 Between time blocks .385 .535

 Between days .714 .613

% time awake in bouts between 30–60 min

 Between time blocks .556 .456

 Between days .767 .574

Table 4 (continued)

Variable F P value

Number of SB bouts between > 60 min

 Between time blocks 3.926 .048*

 Between days .497 .779

Absolute time spent in bouts > 60 min

 Between time blocks .645 .422

 Between days .184 .969

% time awake in bouts between > 60 min

 Between time blocks .515 .473

 Between days .120 .988

Average duration of SB bouts (min)

 Between time blocks 7.867 .005*

 Between days .471 .798

F F statistic, h Hours, min Minutes, % Percentage
*  Statistically significant (p < 0.05)



Page 11 of 17Farrés‑Godayol et al. European Review of Aging and Physical Activity           (2023) 20:19  

participant started wearing the monitor during the day, 
but that measurement only started at midnight, which 
was to minimize potential differences in movement 
behaviours during the first few hours of wear [60]. In a 

study measuring SB of community-dwelling older adults 
with the activPAL3, Dall et al. reported programming the 
monitor to start recording immediately with a record-
ing duration of 14  days and that the monitor was then 

Table 5 The minimum days reliability between the time blocks

ICC Intra‑class correlation coefficient, Midnight Midnight time block, Midday Midday time block, h Hours, min Minutes, % Percentage
*  Statistically significant (p < 0.05)

Variable Time block First day First two days Minimum days to 
achieve ICC of 0.80

Minimum days 
to achieve ICC of 
0.90ICC ICC P value

Awaking hours (h) Midday .754 .860 .311 2 3

Midnight .747 .852 .511 2 3

Standing duration (h) Midday .956 .978 .294 1 1

Midnight .929 .963 .550 1 1

% time awake standing Midday .942 .970 .260 1 1

Midnight .931 .964 .945 1 1

Walking duration (h) Midday .910 .953 .480 1 1

Midnight .925 .961 .556 1 1

% time awake walking Midday .906 .951 .377 1 1

Midnight .908 .952 .749 1 1

Absolute time upright (h) Midday .963 .981 .451 1 1

Midnight .944 .971 .462 1 1

% time awake upright Midday .956 .978 .418 1 1

Midnight .948 .973 .862 1 1

Number of sit to stand transitions Midday .918 .957 .073 1 1

Midnight .923 .960 .872 1 1

Absolute time in SB (h) Midday .797 .887 .198 2 3

Midnight .821 .901 .843 1 2

% time awake in SB Midday .956 .978 .418 1 1

Midnight .973 .973 .862 1 1

Number of SB bouts < 30 min Midday .908 .952 .169 1 2

Midnight .916 .956 1.000 1 2

Absolute time spent in bouts < 30 min (h) Midday .864 .927 .696 1 2

Midnight .887 .940 .631 1 2

% time awake in bouts < 30 min Midday .829 .906 .644 1 2

Midnight .852 .920 .575 1 2

Number of SB bouts between 30–60 min Midday .695 .820 .042* 2 4

Midnight .785 .880 .268 2 3

Absolute time spent in bouts 30–60 min Midday .707 .828 .037* 2 4

Midnight .787 .881 .210 2 3

% time awake in bouts between 30–60 min Midday .659 .795 .040* 3 4

Midnight .761 .864 .435 2 3

Number of SB bouts between > 60 min Midday .487 .655 .714 4  > 6

Midnight .457 .628 .777 4  > 6

Absolute time spent in bouts > 60 min Midday .865 .928 .613 1 2

Midnight .892 .943 .717 1 2

% of time awake in bouts between > 60 min Midday .918 .957 .163 1 1

Midnight .926 .961 .799 1 1

Average duration of SB bouts (min) Midday .774 .873 .060 2 3

Midnight .870 .930 .318 1 2
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put on the participant at an unspecified later date and 
time [46]. The protocol specified the devices were taken 
off from the ninth day of wear onwards at an unspecified 
time. Data was then processed into midnight-to-mid-
night time blocks to extract 7 days of data each 24-h long 

and starting at the same time. Our study supports their 
choice of midnight time blocks for analysis, as they offer 
greater sensitivity and showed no statistically significant 
differences between days. This was perhaps surprising, as 
the analysis covers the same activity of each individual, 

Table 6 The minimum days required for reliable SB and ATMB results stratified by their stand and walk capacity

ICC Intra‑class correlation coefficient, CI Confidence Interval, h Hours, min Minutes, % Percentage, > 6 more than 6 days

Variable Stand and walk 
capacity

First 2 days Minimum days to 
achieve ICC of 0.80

Minimum days 
to achieve ICC of 
0.90

ICC (95% CI)

Awaking hours (h) Able .782 (.656–0.774) 3 5

Unable .821 (.662‑.906) 2 4

Standing duration (h) Able .941 (.898‑.965) 2 2

Unable .940 (.887‑.968) 2 2

% time awake standing Able .945 (.905‑.968) 2 2

Unable .904 (.819‑.949) 2 2

Walking duration (h) Able .936 (.890‑.962) 2 2

Unable .953 (.911‑.975) 2 2

% time awake walking Able .926 (.873‑.957) 2 2

Unable .914 (.838‑.955) 2 2

Absolute time upright (h) Able .947 (.909‑.969) 2 2

Unable .946 (.897‑.971) 2 2

% time awake upright Able .954 (.921‑.973) 2 2

Unable .912 (.834‑.953) 2 2

Number of sit to stand transitions Able .948 (.911‑.970) 2 2

Unable .704 (.441‑.844) 3 6

Absolute time in SB (h) Able .918 (.859‑.952) 2 2

Unable .808 (.637‑.898) 2 4

% time awake in SB Able .954 (.921‑.973) 2 2

Unable .912 (.834‑.953) 2 2

Number of SB bouts < 30 min Able .948 (.910‑.969) 2 2

Unable .671 (.378‑.826) 3  > 6

Absolute time spent in bouts < 30 min (h) Able .905 (.838‑.945) 2 2

Unable .717 (.465‑.850) 3  > 6

% time awake in bouts < 30 min Able .891 (.814‑.937) 2 3

Unable .623 (.287‑.801) 4  > 6

Number of SB bouts between 30–60 min Able .778 (.619‑.870) 3  > 6

Unable .564 (.176‑.769) 5  > 6

Absolute time spent in bouts 30–60 min Able .792 (.644‑.879) 3  > 6

Unable .497 (.049‑.734) 5  > 6

% time awake in bouts between 30–60 min Able .791 (0.641–0.878) 3  > 6

Unable .446 (‑0.047–0.707) 6  > 6

Number of SB bouts between > 60 min Able .698 (0.483–0.824) 3  > 6

Unable .379 (‑0.174–0.672) 5  > 6

Absolute time spent in bouts > 60 min Able .901 (.830‑.942) 2 2

Unable .774 (.574‑.881) 3 4

% time awake in bouts between > 60 min Able .913 (.851‑.949) 2 2

Unable .759 (.544‑.872) 3 5

Average duration of SB bouts (min) Able .754 (.578‑.857) 3 5

Unable .913 (.836‑.954) 2 2
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and the only difference between time-blocks is that the 
midnight time block more usually represents a single 
person-oriented day (e.g. going to sleep before midnight 
on the day that you woke up on), than a composite from 
two person-oriented days (midday to sleep time on one 
day and the wake time to midday of the following day). 
It is unclear whether analysing a true person-oriented 
approach (wake time to wake time) would also represent 
a reliable method, or how these results would translate to 
a community-dwelling population, where more diversity 
of the timing of wake and sleep would be likely.

To the best of the authors’ knowledge, the study by Reid 
et al. is the only one that examines the minimum require-
ments for obtaining reliable estimates in older adults 
residing in care homes in Australia using the activPAL3 
device for measurement [33]. Reid et  al. explored three 
standard outcome measures, and found it would take 5 to 
11 days to estimate sitting time, 5 to 10 days for standing 
time, and 7 to 15 days for stepping time to achieve an ICC 
of 0.8 to 0.9. In contrast, for those three outcome meas-
ures, our study required a minimum of 2 to 4 days. Even 
across the full range of outcome measures we explored, 
the minimum days required were 3 for residents with 
the capacity to stand and walk and 6 for those who were 
unable to stand and walk. These are considerably shorter 
than the minimum days required by Reid et al. [33]. Par-
ticipants in the two studies appear to be reasonably simi-
lar, in terms of mean age, 84.2 and 85.8, although some of 
the potentially more frail NH residents (individuals with 
pacemakers, behavioural issues, uncommunicable deaf-
ness or diagnosed severe dementia) were excluded from 
Reid’s study, but included in ours. Therefore, the main rea-
son for differences in minimum number of days required 
between the two studies might be due to different sample 
sizes (n = 31, in Reid et al. vs n = 95 in the current study). 
Indeed, when we calculated the reliability stratified into 
two walking capacity groups, compared with the entire 
sample, the reduction in sample size resulted in a loss of 
heterogeneity, which affected the reliability of the results. 
Consequently, more days were needed to ensure an ICC 
of 0.8 or 0.9, to reach more accurate and reliable measure 
of the variable being studied.

Buckley et al., in 2020, explored the minimum reliable 
days of device wearing for walking activity in a sample 
of 257 NH residents in New Zealand, measured using a 
different device (Axivity AX3 device, worn on the lower 
back) [58]. Data was recorded across 8 days, and divided 
into 7  days for analysis using the half days on the first 
and eighth day of measurement. Although the start time 
of the days was not reported, this is functionally simi-
lar to our midday time block. Buckley et al. focused on 
walking and assessed volume variables of total walk 
time, total steps and total number of walking bouts and 

pattern variables, including mean walking bout length. 
Results were presented for the whole group, number of 
days required ranged from 2 to 5  days across all vari-
ables, and stratified by level of care, the dementia level 
of care ranged from 1 to 3 days, the intermediate ranged 
from 2 to 7 days, and the high level of care ranged from 
2 to 6 days. Although the device used and the variables 
explored were different, our results are in line with their 
range of minimum days. Also, in line with our find-
ings, the number of days of measurement required for 
volume-based metrics was lower than those for pattern-
based metrics. Buckley et al., also classified their sample 
in groups according to their level of care, whereas we 
grouped participants according to their physical capac-
ity to stand and walk. The number of days required for 
measurement for those who were able to stand and 
walk in our study [2, 3] was similar to the dementia care 
group [1–3], whereas the days required for the group 
who could not mobilise in our study [2–6] was similar 
to both the intermediate care group [2–7] and the high 
care group [2–6]. However, when it comes to issues of 
dementia, level of care does not necessarily equate to 
ability to mobilise. Indeed, individuals in the high care 
group showed better cognition status according to the 
Montreal Cognitive Assessment (MoCA) than both the 
intermediate and the dementia level of care groups, but 
had worse physical function assessed using the Time Up 
and Go (TUG). Also, as a group, those with the demen-
tia level of care had the best physical function. In com-
parison, our results showed that the more disabled 
group had both a higher physical and cognitive impair-
ment (68% with severe cognitive impairment) compared 
with the able to stand and walk group (23% with severe 
cognitive impairment). This suggests that it is the influ-
ence of physical performance capacity, rather than the 
cognitive status, that determined how many days of 
measurement are required, potentially because all of the 
variables assessed in both studies are related to physical 
performance. Another possible reason why a more phys-
ically impaired group might need more days to guaran-
tee the reliability of data is the high homogeneity of their 
daily routines and their sensitivity to PA. These residents 
spend almost all of their waking hours in SB and their PA 
bouts are typically limited to the same daily routine (e.g., 
toilet, hygiene, or feeding) and depend on the availability 
of NH staff and their assistance. Therefore, any PA bout 
outside of their daily routine would become unusual 
(e.g., if a resident requires assistance due to an incon-
tinence event). This isolated PA bout would be enough 
to make a large difference in both the volume and pat-
tern of PA between days, thus reducing the reliability of 
the data. Consequently, more days of assessment may be 
needed to reach higher reliability values.
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In a similar manner, Airlie et al. (2022) determined the 
minimum number of days of wear and optimal wear time 
criteria required to assess PA and SB, measured using a 
different device (ActiGraph wGT3X + worn on the right 
hip), in a sample of 91 NH residents in the United King-
dom with preserved mental capacity [59]. Data were 
recorded over the course of 7  days. Although the start-
ing time of recording was not reported, it was mentioned 
that the first monitoring day was excluded if the moni-
tor was administered after 1 PM. This implies that they 
did take into consideration the starting time of recording 
with the device and excluded data from the first moni-
toring day if it began after 1 PM. Moreover, they used 
data from half-days, but they did not employ data from 
half-days with less than 4 h of wear time, similar to our 
midday time block. However, they did not follow a 24-h 
protocol, as the NH residents were instructed to remove 
the device before engaging in any water-based activities. 
Instead, they utilized a diary log for wear time, where res-
idents were required to report the day, time, and reason if 
they removed the device. Furthermore, the procedure for 
completing the activity log was clarified to the staff, who 
were also requested to provide assistance where neces-
sary. However, the method by which they obtained awake 
time and excluded night time data is not reported.

The results from Airlie et  al. indicated that estimates 
of accelerometer outcomes as counts per day, counts per 
minute, PA time in minutes, and SB time in minutes, did 
not significantly differ by monitoring day (weekdays or 
weekend) like our results and Buckley’s., and the accel-
erometer outcomes were equivalent regardless of the 
employed minimum daily wear time criterion. This sug-
gests that accelerometer outcomes are consistent and 
reliable in NH population. Additionally, the study exam-
ined the impact of the number of monitoring days on the 
reliability of accelerometer outcomes. Results showed 
that estimates of counts per minute were equivalent 
regardless of the number of monitoring days. However, 
for counts per day and PA time, only estimates based on 
at least 6 monitoring days were considered equivalent 
to estimates based on 7 monitoring days. These findings 
suggest that a 7-day monitoring protocol remains advis-
able to ensure reliable estimates of PA and SB.

The requirement for a 7-day monitoring protocol can 
be attributed to the fact that nearly half of the sample 
consisted of dependent individuals, and the analysis was 
conducted by considering both dependent and independ-
ent residents together. When comparing these results to 
our findings, the initial analysis of minimum days of reli-
ability did not involve stratifying the sample, leading to 
the reporting of more than six days required in one vari-
able. However, after stratifying the sample based on their 
capacity to stand and walk, the more impaired group 

indicated a greater need for assessment days across mul-
tiple variables when compared to those with the ability to 
stand and walk. These findings further support the previ-
ously suggested hypothesis that the influence of physical 
performance capacity, rather than cognitive status, deter-
mines the necessary number of measurement days.

The minimum number of days wearing the activPAL3 
has been explored in a few other populations, includ-
ing asymptomatic female adolescents, working adults, 
middle age women and adults and older adults receiv-
ing hemodialysis. Female adolescents (n = 195, with a 
mean age of 15.7 (SD = 0.9) years old), assessed using a 
7-day monitoring period, required a minimum of 12 days 
to achieve a reliability of ≥ 0.8 for the variables time 
spent sitting or lying, standing time, light PA (LPA), and 
moderate-to-vigorous PA (MVPA), while 21  days were 
necessary for assessing the number of steps [61]. Work-
ing adults (n = 90, with a mean age of 39.1 (SD = 12.43) 
years old), assessed using a 7-day monitoring period, 
required a minimum of 5 days (with at least 1 weekend 
day included) to achieve a reliability of 0.8 for the vari-
ables sitting or lying time, standing time, and stepping 
time, while transitions to standing required at least 
3 days [56]. Middle age women (n = 68, with a mean age 
of 52 (SD = 8) years old), assessed during a 7-day moni-
toring period, required a minimum of 4 days an ICC of 
0.80 for the variables sitting or lying time and LPA and 
9 days were needed for an ICC > 0.9 [62]. For adults and 
older adults receiving hemodialysis (n = 70, with a mean 
age of 55.9 (SD = 15.7) years old), assessed during a 7-day 
monitoring period, required a minimum of one dialysis 
day and two non-dialysis days for an ICC of 0.80 for the 
variables of waking hours, percentage of time spent sit-
ting or lying, percentage of waking time spent standing, 
the number of transitions to standing per hour, number 
of steps taken per day, number of steps taken per minute 
and energy expenditure per minute [63]. In general, as the 
participants in these studies get older, the number of days 
required to wear the activPAL gets lower. However, it is 
likely that it is how age impacts daily routine, and thus 
intra- and inter-individual variability, that may be impor-
tant [56, 63]. This is supported by the study of individuals 
receiving haemodialysis, where it was suggested that days 
with and without dialysis, which likely had very different 
patterns of activity were included in the measurement 
period. Prescott et al.’s also suggested that comorbidities, 
and lower levels of functional independence, can lead 
to lower inter- and intra-individual variability [63]. Our 
findings suggest that variability is affected mainly by the 
high level of schedule control exercised by NH staff in 
residents’ daily routines and also by the participants’ abil-
ity to stand and walk. Moreover, in those who are unable 
to stand and walk, the variability would also be affected 
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by their dependency to the NH staff and their assistance 
for their daily routines [37, 57].

Our study has several limitations. One limitation of 
this study is sample size as data collection was stopped 
in March 2020 due to the covid-19 outbreak. However, 
the sample size of 95 in this study is larger than, or simi-
lar to, other studies exploring minimum number of days 
of wear [33, 56, 62, 63]. The final sample analysed was 
51% of those invited to take part in the study, which may 
not be representative of all NH residents. Also, the sam-
ple is specific only to NHs in Catalonia (Spain), which 
have their own politics, characteristics and context, and 
may not be generalisable to NHs elsewhere. The study 
was based on 7  days of activPAL3 measurement, so we 
can only report on up until < 6  days of wear. We found 
a high reliability (ICC > 0.8) for all variables explored 
within 7 days, but a longer period of assessment would be 
required to explore the number of days required to attain 
a very high reliability (ICC > 0.9) for some of the vari-
ables, in particular those exploring the pattern of SB. The 
limited availability of devices in the project meant that 
assessment was started for residents on different days of 
the week. Another potential limitation was the inability 
to use a diary log to document waking times, bedtimes, 
and napping within the NH population. During the pilot 
study, the team attempted to instruct the residents on 
how to complete the diary correctly. However, at the end 
of the assessment, after seven days of wearing the activ-
PAL device, none of the residents returned their com-
pleted diaries to the research team. Subsequently, we 
sought input from NH staff, but their responses, though 
provided, were general and inaccurate for all residents 
(e.g. everyone getting up at 9:00 AM and going to bed 
at 10:00 PM). Due to the lack of compliance among NH 
residents, we decided to discontinue the use of diaries 
and instead focused on analyzing heat maps within the 
activPAL software to determine waking and bedtime pat-
terns. Because of this decision and the absence of con-
textual information from the objective measurements 
provided by the activPAL, we were unable to identify any 
instances of napping or sleeping during waking hours 
for NH residents, especially those who were bedridden. 
In conclusion, we included all data from waking times to 
bedtimes, acknowledging that in certain cases, the sed-
entary behavior data might be somewhat inflated. Finally, 
we excluded variables related to the number of steps 
taken, due to the risk of the activPAL3 not recording 
steps in residents with a very low gait speed (< 1.5 km/h) 
[64]. On the other hand, our study has several strengths. 
Firstly, the results can help improve compliance with 
wearable devices among the NH population by reducing 
the required wearing time, thereby avoiding loss of both 
the device and data [33, 58]. To our knowledge, this is the 

first study to assess data eligibility based on time block 
distribution using the activPAL3 device, and to stratify 
the sample by residents’ capacity to stand and walk in 
NHs. Additionally, our study provides information on the 
minimum number of days required for each variable indi-
vidually, allowing researchers to choose and select vari-
ables according to their specific needs. Finally, our study 
offers pragmatic solutions for researchers working with 
the gold standard activPAL3 device and those seeking to 
evaluate interventions aimed at reducing prolonged sed-
entary bouts and promoting PA among NH residents.

Conclusions
This study suggests that a minimum of 3 consecutive days 
wearing the activPAL3 device is required for those NH resi-
dents with capacity to stand and walk, to achieve high reli-
ability, and 6 consecutive days for those with the ones who 
require help to mobilize, to gather reliable data of SB and 
ATMB variables. The midnight time block as the reference 
for data processing and removing the half days is recom-
mended, regardless of the activPAL3 recording start time. 
This information can be useful for future research assessing 
SB and time-awake movement behaviours in NH residents.

Abbreviations
AM  Ante Meridiem
ATMB  Awaking‑time movement behaviours
CFI  Comparative fit index
ICC  Intra‑class correlation coefficient
LPA  Light physical activity
MoCA  Montreal Cognitive Assessment
MVPA  Moderate‑to‑vigorous physical activity
NH  Nursing home
PA  Physical activity
PM  Post Maridiem
RMSEA  Root mean square error of approximation
SB  Sedentary behaviour
SD  Standard deviation
SPPB  Short Performance Physical Battery
TLI  Tucker–Lewis index
TUG   Time Up and Go

Acknowledgements
The authors want to thank the participating nursing homes.

Authors’ contributions
PF: Supervision, Conceptualization, Methodology, Formal analysis, Writing – 
Original draft preparation, Visualization, Writing – review & editing and Funding 
acquisition. MR: Methodology, Data Curation, Formal analysis, Writing – Original 
draft preparation, Visualization and Writing – review & editing. PD: Conceptu‑
alization, Methodology, Formal analysis, Writing – Original draft preparation, 
Visualization, Writing – review & editing and Funding acquisition. DS: Writing – 
Original draft preparation, Visualization and Writing – review & editing. EM: Writ‑
ing – review & editing. JJ: Conceptualization, Writing – Original draft preparation 
and Writing – review & editing. MG: Conceptualization, Methodology, Writing 
– Original draft preparation, Visualization and Writing – review & editing.

Funding
This work was supported by the Hestia Chair from Universitat Internacional de 
Catalunya (grant number BI‑CHAISS‑2019/003) and the research grant from 
the Catalan Board of Physiotherapists Code R03/19.



Page 16 of 17Farrés‑Godayol et al. European Review of Aging and Physical Activity           (2023) 20:19 

Availability of data and materials
The datasets used and/or analysed during this study are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Approved by the Ethics and Research Committee of the University of Vic – 
Central University of Catalonia (reference number 92/2019). Signed informed 
consent was gained from all the resident or his/her legal guardian and the 
nursing homes staff members who participate in the project.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests, and the funders had 
no role in the design of the study; in the collection, analyses, or interpretation of 
data; in the writing of the manuscript; or in the decision to publish the results.

Author details
1 Research group on Methodology, Methods, Models and Outcomes of Health 
and Social Sciences, Faculty of Health Sciences and Welfare, Centre for Health 
and Social Care Research (CESS), University of Vic‑Central University of Catalo‑
nia (UVic‑UCC), C. Sagrada Família, 7, Vic 08500, Spain. 2 Institute for Research 
and Innovation in Life Sciences and Health in Central Catalonia (IRIS‑CC), 
Vic, Spain. 3 Department of Social Psychology and Methodology, Psychology 
Faculty, Universidad Autónoma de Madrid, Madrid, Spain. 4 Research Centre 
for Health (ReaCH), School of Health and Life Sciences, Glasgow Caledo‑
nian University, Glasgow, UK. 5 Blanquerna Faculty of Psychology, Education 
and Sport Sciences, Ramon Llull University, Barcelona, Spain. 6 Blanquerna 
Faculty of Health Sciences, Ramon Llull University, Barcelona, Spain. 

Received: 6 April 2023   Accepted: 24 September 2023

References
 1. Eurostat EU. Statistics explained. 2023. Population structure and ageing. 

Disponible a: https:// ec. europa. eu/ euros tat/ stati stics‑ expla ined/ index. 
php? title= Popul ation_ struc ture_ and_ ageing.

 2. Nguyen P, Le LKD, Ananthapavan J, Gao L, Dunstan DW, Moodie M. 
Economics of sedentary behaviour: a systematic review of cost of ill‑
ness, cost‑effectiveness, and return on investment studies. Prev Med. 
2022;156:106964.

 3. Tremblay MS, Aubert S, Barnes JD, Saunders TJ, Carson V, Latimer‑Cheung AE, 
et al. Sedentary Behavior Research Network (SBRN) ‑ terminology consensus 
project process and outcome. Int J Behav Nutr Phys Act. 2017;14(1):1–17.

 4. Patterson R, McNamara E, Tainio M, de Sá TH, Smith AD, Sharp SJ, et al. 
Sedentary behaviour and risk of all‑cause, cardiovascular and cancer 
mortality, and incident type 2 diabetes: a systematic review and dose 
response meta‑analysis. Eur J Epidemiol. 2018;33(9):811–29.

 5. Duran AT, Romero E, Diaz KM. Is sedentary behavior a novel risk factor for 
cardiovascular disease? Curr Cardiol Rep. 2022;24(4):393–403.

 6. Figueiró TH, Arins GCB, Santos CESD, Cembranel F, de Medeiros PA, 
d’Orsi E, et al. Association of objectively measured sedentary behavior 
and physical activity with cardiometabolic risk markers in older adults. 
PLoS One. 2019;14(1):e0210861.

 7. Chau JY, Grunseit AC, Chey T, Stamatakis E, Brown WJ, Matthews CE, 
et al. Daily sitting time and all‑cause mortality: a meta‑analysis. PLoS 
One. 2013;8(11):e80000.

 8. Owen N, Healy GN, Dempsey PC, Salmon J, Timperio A, Clark BK, et al. 
Sedentary behavior and public health: integrating the evidence and iden‑
tifying potential solutions. Annu Rev Public Health. 2020;41(1):265–87.

 9. Diaz KM, Goldsmith J, Greenlee H, Strizich G, Qi Q, Mossavar‑Rahmani 
Y, et al. Prolonged, uninterrupted sedentary behavior and glyce‑
mic biomarkers among US Hispanic/Latino Adults: The HCHS/SOL 
(Hispanic Community Health Study/Study of Latinos). Circulation. 
2017;136(15):1362–73.

 10. Saunders TJ, Atkinson HF, Burr J, MacEwen B, Skeaff CM, Peddie MC. 
The acute metabolic and vascular impact of interrupting pro‑
longed sitting: a systematic review and meta‑analysis. Sports Med. 
2018;48(10):2347–66.

 11. Benatti FB, Ried‑Larsen M. The effects of breaking up prolonged 
sitting time: a review of experimental studies. Med Sci Sports Exerc. 
2015;47(10):2053–61.

 12. Henson J, Davies MJ, Bodicoat DH, Edwardson CL, Gill JMR, Stensel DJ, 
et al. Breaking up prolonged sitting with standing or walking attenu‑
ates the postprandial metabolic response in postmenopausal women: 
a randomized acute study. Diabetes Care. 2016;39(1):130–8.

 13. Biswas A, Oh PI, Faulkner GE, Bajaj RR, Silver MA, Mitchell MS, et al. 
Sedentary time and its association with risk for disease incidence, 
mortality, and hospitalization in adults: a systematic review and meta‑
analysis. Ann Intern Med. 2015;162(2):123–32.

 14. Ekelund U, Steene‑Johannessen J, Brown WJ, Fagerland MW, Owen N, 
Powell KE, et al. Does physical activity attenuate, or even eliminate, the 
detrimental association of sitting time with mortality? A harmonised 
meta‑analysis of data from more than 1 million men and women. 
Lancet. 2016;388(10051):1302–10.

 15. Panahi S, Tremblay A. Sedentariness and health: is sedentary behavior 
more than just physical inactivity? Front Public Health. 2018;6:258.

 16. Kim Y, Lee E. The association between elderly people’s sedentary 
behaviors and their health‑related quality of life: focusing on com‑
paring the young‑old and the old‑old. Health Qual Life Outcomes. 
2019;17(1):131.

 17. Rezende LFM, Sá TH, Mielke GI, Viscondi JYK, Rey‑López JP, Garcia LMT. 
All‑cause mortality attributable to sitting time: analysis of 54 countries 
worldwide. Am J Prev Med. 2016;51(2):253–63.

 18. Palleschi L, Galdi F, Pedone C. Acute medical illness and disability in the 
elderly. Geriatr Care. 2018;4(3):62–64.

 19. Walker RL, Greenwood‑Hickman MA, Bellettiere J, LaCroix AZ, Wing D, 
Higgins M, et al. Associations between physical function and device‑
based measures of physical activity and sedentary behavior patterns in 
older adults: moving beyond moderate‑to‑vigorous intensity physical 
activity. BMC Geriatr. 2021;21(1):216.

 20. Zemedikun DT, Gray LJ, Khunti K, Davies MJ, Dhalwani NN. Patterns of 
multimorbidity in middle‑aged and older adults: an analysis of the UK 
biobank data. Mayo Clin Proc. 2018;93(7):857–66.

 21. Fong JH. Disability incidence and functional decline among older adults 
with major chronic diseases. BMC Geriatr. 2019;19(1):323.

 22. Rosenberg D, Walker R, Greenwood‑Hickman MA, Bellettiere J, Xiang Y, 
Richmire K, et al. Device‑assessed physical activity and sedentary behav‑
ior in a community‑based cohort of older adults. BMC Public Health. 
2020;20(1):1256.

 23. Čukić I, Shaw R, Der G, Chastin SFM, Dontje ML, Gill JMR, et al. Cogni‑
tive ability does not predict objectively measured sedentary behavior: 
evidence from three older cohorts. Psychol Aging. 2018;33(2):288–96.

 24. Farrés‑Godayol P, Jerez‑Roig J, Minobes‑Molina E, Yildirim M, Molas‑Tuneu 
M, Escribà‑Salvans A, et al. Urinary incontinence and its association with 
physical and psycho‑cognitive factors: a cross‑sectional study in older peo‑
ple living in nursing homes. Int J Environ Res Public Health. 2022;19(3):1500.

 25. Kehler DS, Theou O. The impact of physical activity and sedentary behav‑
iors on frailty levels. Mech Ageing Dev. 2019;180:29–41.

 26. McMichan L, Dick M, Skelton DA, Chastin SFM, Owen N, Dunstan DW, 
et al. Sedentary behaviour and bone health in older adults: a systematic 
review. Osteoporos Int. 2021;32(8):1487–97.

 27. Rodríguez‑Gómez I, Mañas A, Losa‑Reyna J, Rodríguez‑Mañas L, Chastin 
SFM, Alegre LM, et al. Associations between sedentary time, physical 
activity and bone health among older people using compositional data 
analysis. PLoS One. 2018;13(10):e0206013.

 28. Yan S, Fu W, Wang C, Mao J, Liu B, Zou L, et al. Association between 
sedentary behavior and the risk of dementia: a systematic review and 
meta‑analysis. Transl Psychiatry. 2020;10(1):112.

 29. Hallgren M, Nguyen TTD, Owen N, Vancampfort D, Smith L, Dunstan 
DW, et al. Associations of interruptions to leisure‑time sedentary 
behaviour with symptoms of depression and anxiety. Transl Psychiatry. 
2020;10(1):128.

 30. Chan CS, Slaughter SE, Jones CA, Ickert C, Wagg AS. Measuring activity 
performance of older adults using the activPAL: a rapid review. Health‑
care (Basel). 2017;5(4):94.

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Population_structure_and_ageing
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Population_structure_and_ageing


Page 17 of 17Farrés‑Godayol et al. European Review of Aging and Physical Activity           (2023) 20:19  

 31. Parry S, Chow M, Batchelor F, Fary RE. Physical activity and seden‑
tary behaviour in a residential aged care facility. Australas J Ageing. 
2019;38(1):E12–8.

 32. Gale CR, Čukić I, Chastin SF, Dall PM, Dontje ML, Skelton DA, et al. 
Attitudes to ageing and objectively‑measured sedentary and walking 
behaviour in older people: the Lothian Birth Cohort 1936. PLoS One. 
2018;13(5):e0197357.

 33. Reid N, Eakin E, Henwood T, Keogh JWL, Senior HE, Gardiner PA, et al. 
Objectively measured activity patterns among adults in residential aged 
care. Int J Environ Res Public Health. 2013;10(12):6783–98.

 34. Giné‑Garriga M, Dall PM, Sandlund M, Jerez‑Roig J, Chastin SFM, Skelton 
DA. A pilot randomised clinical trial of a novel approach to reduce seden‑
tary behaviour in care home residents: feasibility and preliminary effects 
of the GET READY study. Int J Environ Res Public Health. 2020;17(8):2866.

 35. Barber SE, Forster A, Birch KM. Levels and patterns of daily physical activ‑
ity and sedentary behavior measured objectively in older care home 
residents in the United Kingdom. J Aging Phys Act. 2015;23(1):133–43.

 36. Leung KCW, Sum KWR, Yang YJ. Patterns of sedentary behavior among 
older adults in care facilities: a scoping review. Int J Environ Res Public 
Health. 2021;18(5):2710.

 37. den Ouden M, Bleijlevens MHC, Meijers JMM, Zwakhalen SMG, Braun SM, 
Tan FES, et al. Daily (in)activities of nursing home residents in their wards: 
an observation study. J Am Med Dir Assoc. 2015;16(11):963–8.

 38. Chastin SFM, Dontje ML, Skelton DA, Čukić I, Shaw RJ, Gill JMR, et al. Sys‑
tematic comparative validation of self‑report measures of sedentary time 
against an objective measure of postural sitting (activPAL). Int J Behav 
Nutr Phys Act. 2018;15(1):21.

 39. Sansano‑Nadal O, Wilson JJ, Martín‑Borràs C, Brønd JC, Skjødt M, Caserotti 
P, et al. Validity of the sedentary behavior questionnaire in European older 
adults using English, Spanish, German and Danish versions. Meas Phys 
Educ Exerc Sci. 2022;26(1):1–14.

 40. Webster KE, Zhou W, Gallagher NA, Smith EML, Gothe NP, Ploutz‑Snyder R, 
et al. Device‑measured sedentary behavior in oldest old adults: a system‑
atic review and meta‑analysis. Prev Med Rep. 2021;23:101405.

 41. Berendsen BAJ, Hendriks MRC, Meijer K, Plasqui G, Schaper NC, Savelberg 
HHCM. Which activity monitor to use? Validity, reproducibility and user 
friendliness of three activity monitors. BMC Public Health. 2014;14:749.

 42. Edwardson CL, Rowlands AV, Bunnewell S, Sanders J, Esliger DW, Gorely T, 
et al. Accuracy of posture allocation algorithms for thigh‑ and waist‑worn 
accelerometers. Med Sci Sports Exerc. 2016;48(6):1085–90.

 43. Kozey‑Keadle S, Libertine A, Lyden K, Staudenmayer J, Freedson PS. 
Validation of wearable monitors for assessing sedentary behavior. Med 
Sci Sports Exerc. 2011;43(8):1561–7.

 44. Klenk J, Büchele G, Lindemann U, Kaufmann S, Peter R, Laszlo R, et al. 
Concurrent validity of activPAL and activPAL3 accelerometers in older 
adults. J Aging Phys Act. 2016;24(3):444–50.

 45. Edwardson CL, Winkler EAH, Bodicoat DH, Yates T, Davies MJ, Dunstan 
DW, et al. Considerations when using the activPAL monitor in field‑based 
research with adult populations. J Sport Health Sci. 2017;6(2):162–78.

 46. Dall PM, Skelton DA, Dontje ML, Coulter EH, Stewart S, Cox SR, et al. 
Characteristics of a protocol to collect objective physical activity/seden‑
tary behavior data in a large study: seniors USP (understanding sedentary 
patterns). J Meas Phys Behav. 2018;1(1):26–31.

 47. Fité‑Serra AM, Gea‑Sánchez M, Alconada‑Romero Á, Mateos JT, Blanco‑
Blanco J, Barallat‑Gimeno E, et al. Occupational precariousness of nursing 
staff in Catalonia’s public and private nursing homes. Int J Environ Res 
Public Health. 2019;16(24):4921.

 48. Farrés‑Godayol P, Jerez‑Roig J, Minobes‑Molina E, Yildirim M, Goutan‑Roura 
E, Coll‑Planas L, et al. Urinary incontinence and sedentary behaviour in 
nursing home residents in Osona, Catalonia: protocol for the OsoNaH 
project, a multicentre observational study. BMJ Open. 2021;11(4):1–8.

 49. Shah S, Vanclay F, Cooper B. Improving the sensitivity of the Barthel Index 
for stroke rehabilitation. J Clin Epidemiol. 1989;42(8):703–9.

 50. Klusch L. The MDS 3.0 and its impact on bladder and bowel care. Provider. 
2012;38(6):33, 35, 37 passim.

 51. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, 
et al. A short physical performance battery assessing lower extrem‑
ity function: association with self‑reported disability and prediction of 
mortality and nursing home admission energetic cost of walking in older 
adults view project IOM committee on cognitive agi. Artic J Gerontol. 
1994;49(2):85–94.

 52. de la Iglesia JM, Herrero RD, Vilches MCO, Taberne CA, Colomer CA, Luque 
RL. Spanish language adaptation and validation of the Pfeiffer’s question‑
naire (SPMSQ) to detect cognitive deterioration in people over 65 years 
of age. Med Clin (Barc). 2001;117(4):129–34.

 53. Dall PM, Ellis SLH, Ellis BM, Grant PM, Colyer A, Gee NR, et al. The influence 
of dog ownership on objective measures of free‑living physical activity 
and sedentary behaviour in community‑dwelling older adults: a longitu‑
dinal case‑controlled study. BMC Public Health. 2017;17(1):496.

 54. Geiser C, Hintz F, Burns GL, Servera M. Longitudinal structural equation 
modeling of personality data. In: The handbook of personality dynamics 
and processes. 2021. p. 949–84.

 55. Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation 
coefficients for reliability research. J Chiropr Med. 2016;15(2):155–63.

 56. Aguilar‑Farias N, Martino‑Fuentealba P, Salom‑Diaz N, Brown WJ. How 
many days are enough for measuring weekly activity behaviours with the 
ActivPAL in adults? J Sci Med Sport. 2019;22(6):684–8.

 57. Schweighart R, O’sullivan JL, Klemmt M, Teti A, Neuderth S. Wishes and 
needs of nursing home residents: a scoping review. Healthc Switz. 
2022;10(5):1–29.

 58. Buckley C, Cavadino A, Din SD, Lord S, Taylor L, Rochester L, et al. Quanti‑
fying reliable walking activity with a wearable device in aged residential 
care: how many days are enough? Sens Switz. 2020;20(21):1–12.

 59. Airlie J, Forster A, Birch KM. An investigation into the optimal wear time 
criteria necessary to reliably estimate physical activity and sedentary 
behaviour from ActiGraph wGT3X+ accelerometer data in older care 
home residents. BMC Geriatr. 2022;22(1):136.

 60. Bootsman NJM, Skinner TL, Lal R, Glindemann D, Lagasca C, Peeters 
GMEE (Geeske). The relationship between physical activity, and physical 
performance and psycho‑cognitive functioning in older adults living in 
residential aged care facilities. J Sci Med Sport. 2018;21(2):173–8.

 61. Dowd KP, Purtill H, Harrington DM, Hislop JF, Reilly JJ, Donnelly AE. 
Minimum wear duration for the activPAL professional activity monitor in 
adolescent females. Pediatr Exerc Sci. 2017;29(3):427–33.

 62. Barreira TV, Hamilton MT, Craft LL, Gapstur SM, Siddique J, Zderic TW. 
Intra‑individual and inter‑individual variability in daily sitting time and 
MVPA. J Sci Med Sport. 2016;19(6):476–81.

 63. Prescott S, Traynor JP, Shilliday I, Zanotto T, Rush R, Mercer TH. Minimum 
accelerometer wear‑time for reliable estimates of physical activity and 
sedentary behaviour of people receiving haemodialysis. BMC Nephrol. 
2020;21(1):230.

 64. Stenbäck V, Leppäluoto J, Leskelä N, Viitala L, Vihriälä E, Gagnon D, et al. 
Step detection and energy expenditure at different speeds by three 
accelerometers in a controlled environment. Sci Rep. 2021;11(1):1–10.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Determining minimum number of valid days for accurate estimation of sedentary behaviour and awake-time movement behaviours using the ActivPAL3 in nursing home residents
	Abstract 
	Introduction 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Design
	Participants
	Procedures
	Accelerometer data processing
	Outcome measures
	Statistical analysis

	Results
	Sample characteristics
	Time block eligibility
	Reliability of the time blocks data and number of days required
	Stratification of the sample and number of days required

	Discussion
	Conclusions
	Acknowledgements
	References


