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Abstract

Background: The aim of this study was to assess the effect of day of the week and wearing a device (reactivity)
on objectively measured physical activity (PA) in older people.

Methods: Walking duration as a measure for PA was recorded from 1333 German community-dwelling older
people (≥65 years, 43.8% women) over 5 days using accelerometers (activPAL). Least-square means of PA with
95%-confidence intervals (95%-CI) from multi-level analysis were calculated for each day of the week and each
measurement day (days after sensor attachment).

Results: Walking duration on Sundays was significantly lower compared to working days (Sunday vs. Monday-
Friday: − 12.8 min (95%-CI: − 14.7; − 10.9)). No statistically significant difference compared to working days was
present for Saturdays. The linear slope for measurement day and walking duration was marginal and not statistically
significant.

Conclusions: Studies using PA sensors in older people should assess Sundays and working days to adequately
determine the activity level of the participants.
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Introduction
The beneficial effects of a physically active life style on
various health outcomes have been investigated in many
studies [1]. Low levels of physical activity (PA) are nega-
tively associated with several health-related parameters
and phenotypes, such as cardiovascular disease, cancer,
diabetes, obesity, bone mineral density, and self-perceived
well-being [2–4]. During the last decade, body-worn
sensors, including accelerometers, have provided objective
measurements of real-life PA [5]. However, several
methodological aspects have to be considered to precisely

assess the amount of PA and to interpret the results cor-
rectly [6, 7]. Besides others, day of the week and measure-
ment day (number of days after sensor attachment) may
affect results of PA measurements. It has been observed
that people are more active at the beginning of a measure-
ment period due to the fact that their activity is recorded
[8–11]. This phenomenon is called reactivity to the device.
Furthermore, physical activity might not be distributed
equally across the week. Several studies reported less
activity on the weekend compared to working
days [11–13].
Especially in older people, reactivity to the device and

the effect of day of the week on PA have not been inves-
tigated in large cohorts, yet. Therefore, the aim of the
study was to analyse the association between day of the
week and measurement day with daily walking duration
in a cohort of older people aged 65 years and older.
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Methods
Study population
The ActiFE-Ulm (Activity and Function in the Elderly in
Ulm) study is a population-based cohort study in older
people ≥65 years, randomly selected in Ulm and adjacent
regions in Southern Germany. Exclusion criteria were:
being in residential care, severe deficits in cognition or
serious German language difficulties. Between March
2009 and April 2010, 1506 eligible individuals agreed to
participate and underwent baseline assessments. The
study has been previously described in detail [14]. All
participants provided written informed consent, the
Ethics Committee of the University of Ulm had
approved the study (application no. 318/08 and 50/12)
and the study have conformed to the principles
embodied in the Declaration of Helsinki.

Physical activity measurement
PA at baseline was measured using a validated uni-axial ac-
celerometer (activPAL, PAL Technologies Ltd., Glasgow,
UK) [15]. The sensor was sealed against water and attached
to the thigh using an adhesive tape. Participants were
instructed to wear the sensor over 24 h for seven consecu-
tive days. Only days with activity measurements over the
full 24 h were considered as a valid day and included in the
analysis. Accordingly, the first and the last day of each as-
sessment period were excluded as well as all participants
without a valid measurement on a Sunday.
The sensor data was downloaded and processed using

a proprietary software from the device manufacturer.
Based on the acceleration data, the provided algorithm
detects upright posture as well as walking patterns and
classified the time-stamped activities into three categor-
ies: (1) lying or sitting, (2) standing and (3) walking. The
duration of walking at each day served as outcome
measure for PA in this study.

Statistical analysis
Daily walking duration was calculated for each participant
and for each available day in minutes (min) per day. Day
of the week and measurement day served as independent
variables. When discussing day of the week, all days except
Saturdays and Sundays were defined as ‘working days’. In
all analyses, PA was estimated using multi-level analyses
with the subjects on the second-level and measured days
on the first-level. For each category, the least-square
means with 95%-confidence intervals (95%-CI) of daily
walking duration were estimated. All analyses were
adjusted for sex, age and weather conditions (daily max-
imum temperature) as well as for day of the week or
measurement day if it was not the main independent
variable of the analysis [16]. Calculations were performed
using SAS 9.4 and R 3.4.0.

Results
The study population consisted of 1333 participants (43.8%
women) at baseline with a mean age of 75.5 years (SD =
6.5) (Table 1). Overall 7511 complete days of PA measure-
ments were analysed. More than 90% of the participants
had at least 5 measurement days.
Figure 1a shows the relationship between day of the

week and daily walking duration. Daily walking duration
was significantly lower on Sundays compared to all other
days of the week. The mean difference between Sundays
and working days (Monday-Friday) was − 12.8 min (95%-
CI: − 14.7; − 10.9). No statistically significant difference
compared to working days was present for Saturdays.
The linear slope for measurement day and walking

duration (Fig. 1b) was − 0.32 min per day (95%-CI:
− 0.80; 0.14).

Discussion
In this cohort of older persons, we found a statistically sig-
nificant decrease of walking duration on Sundays, which
was more than 10% lower, compared to working days. A
difference of walking duration with measurement day
(reactivity) was not observed.
Our results confirmed previous findings in different

age cohorts that the amount of PA is less on weekends
compared to working days [11–13, 17]. In older people
Sunday seems to be the most inactive day, as clearly seen
in our study. However, we did not find a statistically
significant decrease in PA on Saturdays. In Germany,
shopping, visit of public authorities, a hairdresser, a

Table 1 Characteristics of study population

Baseline (n = 1333)

Female, n (%) 584 (43.8)

Age (years), mean (SD) 75.5 (6.52)

BMI (kg/m2), mean (SD) 27.6 (4.14)

Self-reported comorbidity, n (%)

Cardiovascular disease 333 (25.0)

Cancer 239 (17.9)

Diabetes 185 (13.9)

Total days measured, n 7511

Persons with ≥5 days measured, n (%) 1216 (91.2)

Average daily walking duration (min), mean (SD)

Monday 104.2 (48.3)

Tuesday 105.8 (49.5)

Wednesday 108.3 (49.0)

Thursday 108.1 (49.9)

Friday 105.2 (47.8)

Saturday 104.4 (49.8)

Sunday 92.5 (49.5)

n number, SD standard deviation
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bank, or similar operations are not possible on Sundays.
This might decrease out-of-home time and thereby lead
to the observed decreased walking duration on Sundays.
Regarding reactivity to PA measurement the pre-

viously available data have been collected in children,
adolescents and middle aged adults and showed incon-
sistent results [8, 10, 11, 18, 19]. An experimental study
in younger adults found that PA was 19% lower if parti-
cipants were not informed about the function of the
sensor and the aim of the measurement, suggesting re-
activity to PA measurement in case of the knowledge of
the purpose and aim of being under observation [20].
The findings in our cohort suggest that reactivity is not
problematic in older people. However, this might be
device-specific as the attachment method and size of the
activPAL is relatively unobtrusive compared to other de-
vices [21].
The major strengths of our study are the large

population-based cohort of older people and the large
number of measurement days over 24 h. The main limi-
tation is that the participants were only measured on
seven consecutive days. The duration might be too short
to observe significant reactivity.

Conclusions
Studies using sensor-based measurement of PA in older
people should include Sundays and working days in the
assessment period to adequately determine the activity
level of the participants. Furthermore, reactivity does not
seem to be clinically relevant by the used measurement
device in this cohort of older people.
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