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Abstract

Background—Little is known about the distribution of activity over the full 24-hour spectrum in
late old age and its association with demographic and health factors. Therefore, we aimed to
evaluate the distribution of physical activity (PA), sedentary behavior and sleep and associated
factors in the elderly population.

Methods—Our study included 1210 participants (51.9% women) aged 70-94 years (mean age
77.5 years, standard deviation (SD): 5.0) from the population-based Rotterdam Study. Participants
wore a triaxial accelerometer (GeneActiv) around the wrist for seven days, between July 2014 and
June 2016. We examined if PA, sedentary behavior and sleep differed by age, sex, body mass
index (BMI), smoking status, alcohol consumption, education, season, functional capacity, marital
status, presence of chronic disease and use of sleep medication.

Results—Mean total PA, expressed in milli-gravity (mg) units, was slightly higher for women
(20.3, SD:5.6) than for men (19.3, SD: 5.2, p<.01). Mean (SD) daily duration spent in sedentary
behavior and light and moderate-to-vigorous PA was 13.3 (1.5) hours/d, 147.5 (31.5) minutes/d
and 75.0 (25.5) minutes/d, respectively, among women; and 13.8 (1.6) hours/d, 140.5 (31.1)
minutes/d and 71.5 (24.5) minutes/d, respectively, among men. Women spent on average 6.7 (SD:
1.1) hours/d sleeping and men 6.6 (1.4) hours/d. Across increasing categories of age and BMI and
in participants with chronic disease and disability, time spent in light and moderate-to-vigorous PA
was decreased. Sedentary time increased across higher strata of BMI and age. Additionally, obese
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men spent slightly more time sleeping than their normal weight counterparts and women spent
slightly less time sleeping in the summer than in spring.

Conclusions—PA and sedentary behavior in the elderly differed by sex, age, BMI, prevalence of
chronic disease and disability, whereas there were no clear patterns for sleep. On average, our
participants spent up to 79.5% of their time awake being sedentary and 7-8% in moderate-to-
vigorous PA. Replacing sedentary behavior with light PA would be a good starting point for those
with the lowest level of PA. Older adults, those with high BMI and worse health could benefit
from targeted interventions to increase PA.
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physical activity; accelerometer; elderly; Rotterdam Study

Introduction

Physical activity (PA) plays a major role in healthy aging, by preventing disease, reducing
disability and improving well-being.1-3 Given the importance of PA in older adulthood,
understanding the levels of PA in elderly adults might provide information for public health
institutions to create targeted recommendations. In epidemiological studies, PA is usually
assessed by questionnaires.4 However, these data are known to be prone to reporting errors
and recall bias, especially for low intensity behaviors.5,6 These limitations may be
exacerbated in older populations, in whom cognitive impairment is more likely.7 Therefore,
accelerometers are increasingly used to measure PA and sedentary behavior objectively.8

To date, several studies objectively assessed PA and sedentary behavior using accelerometers
in adults aged 60 years and over9-19 and examined the associations with demographic and
health factors. It has been shown that PA levels decrease with increasing age9-13,16,19 and
across increasing levels of BMI.9-12,14 Whereas these studies provided useful information,
the associations were often obtained from unadjusted analyses. Moreover, there is limited
information on the 24-hour activity spectrum in the elderly, including PA, sedentary
behavior and sleep. It remains unknown how these factors are interrelated and how they are
distributed across age-groups and other demographic and health factors. In previous studies,
accelerometers have most often been worn on the hip and had to be removed for sleeping.
Wrist-worn devices can be worn day and night, thereby allowing for collection of 24-hour of
activity data, recently shown to be valid indicators of activity energy expenditure.20,21
Additionally, wrist-worn devices have been argued to promote better compliance of device
wear.22

The Rotterdam Study is one of the first large population studies to objectively assess PA in
an elderly population of adults aged 70-94 years using a triaxial accelerometer. The main
aim of this study was to provide a description of objectively measured activity in elderly
adults from the Rotterdam Study, over the complete 24-hour period. Additionally, we
examined the demographic and health factors associated with activity measures in this
cohort.
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Study population

This study was embedded in the Rotterdam Study, a prospective population-based cohort in
the Netherlands. The main aim of this study was to examine the incidence of risk factors for
neurological, cardiovascular, psychiatric, and other chronic diseases. Details of the study
have been published previously.23 For the current study, 1900 successive participants of the
Rotterdam Study were invited to participate, from July 2014 to May 2016, of which 506 did
not consent. For 1210 participants valid data (>1200 min/day) on at least 4 days was
available (See Figure 1).

All subjects gave written informed consent, and the study protocol was approved by the
medical ethics committee of Erasmus University, Rotterdam. Detailed information on the
design of the Rotterdam Study can be found elsewhere.23

Accelerometer-assessed physical activity

All participants were asked to wear a triaxial accelerometer (GeneActiv; Activinsights Ltd,
Kimbolton, Cambridgeshire, UK, http://www.geneactiv.org/) on the non-dominant wrist for
7 consecutive days and nights and to complete a 7-day sleep diary to report overnight sleep
periods. The accelerometer sampled at 50 Hz and as in previous studies18,24,25 acceleration
was expressed relative to gravity (g units; 1 g =9.81 m/s? at this location in the
Netherlands26), since the sensors are calibrated relative to gravity. Calibration error was
estimated based on static periods in the data and corrected if necessary.27

We used two vector magnitude-based measures to quantify the acceleration related to the
movement registered. The first was the Euclidean norm minus 1 g with negative numbers
rounded to zero (ENMO).21 In addition, we calculated the high-pass filtered vector
magnitude (HPFVM), which applies a high-pass filter to the acceleration signal with a cut-
off frequency of 0.2 Hertz, treating gravity as a low-frequency component to be filtered out.
20

Accelerometer data were processed in Python (2.6.6) using the open access PAMPRO
software. Pampro is a software program for the systematic analysis of physical activity data
collected in epidemiological studies.28 Data was extracted from the first wearing day up to
seven days later.

Non-wear time was estimated as time periods where the standard deviation of acceleration in
all three axes fell below 13mg for longer than 1 hour,20 and any non-wear period was
excluded from analyses. The pattern of non-wear time was accounted for by balancing the
weighting of the data according to the diurnal profile.29

Assessment of factors

Information on health behaviors was collected through home interviews or measured at the

study center, as described previously.30,31 Alcohol use was defined as the number of times
drinking alcohol per time unit (i.e. never drinking alcohol; drinking 1-4 per month; drinking
2-4 per week). Education was assessed in line with the International Standard Classification
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of Education and categorized as primary, lower, intermediate and higher education.32
Smoking was divided in three categories: current, former and never. Height and weight were
measured to calculate body mass index (BMI) (kg/m?2) and categorised as normal weight
(<25 kg/m?), overweight (25-30 kg/m?2) and obese (>30 kg/m?). Marital status was defined
as living with a partner or not. Functional capacity was assessed by the Activities of Daily
Living from the Stanford Health Assessment Questionnaire Disability Index (HAQ-DI).33
In accordance with literature we used a HAQ-DI 0.5 =1.0 to define a participant as disabled
and a HAQ-DI = 1.0 to define a participant as severely disabled.34 Use of sleep medication
was obtained from the sleep diary, and used as a binary variable (not in the past 7 days/at
least one day in the past 7 days). The presence of cardiovascular disease (CVD), diabetes
mellitus (DM) and cancer were determined using medical records, to define presence of
chronic disease. The LASA Physical Activity Questionnaire (LAPAQ) was used to
determine total self-reported PA and was expressed in MET-hours-week™L. The questionnaire
included questions on walking, cycling, housekeeping, sports and gardening. Finally, using
the first wearing date of the GeneActiv, we classified the season according to the light
definition, centered at equinoxes (winter: November 6 to February 4, spring: February 5 to
May 6, summer: May 7 to August 5 and autumn: August 6 to November 5.35

Data analysis

Descriptive statistics for continuous PA variables are presented as mean and standard
deviation (SD) or median and interquartile range (IQR) if data were not normally
distributed. We created 9 intervals, to visually evaluate the distribution of time spent in
overall PA, and how it varied by gender and age-group. Additionally, we categorized activity
based on HPFVM in sedentary (<48 mg), light (48 < 154 mg), moderate (154 <389 mg) and
vigorous activity (>389 mg), based on a recent study.20 For the current study, we combined
moderate and vigorous activity in our main analyses. Sleep duration was assessed with a
validated algorithm,36 using information on bed time and awake time from the sleep diary,
and was subtracted from total sedentary behavior.

To describe our data and test differences in average time per day spent in sedentary behavior,
light PA, moderate-to-vigorous PA and sleep across two categories or across three or more
categories of the health-related and socio-demographic variables, we used t-tests and
Analyses of variance (ANOVA), respectively. We further examined the robustness of the
individual associations by mutually adjusting for all demographic and health factors in linear
regression analyses. All determinants were entered as categorical variables and the activity
variables were the outcome variables in these analyses. To evaluate the explained variance
by the determinants, we obtained the adjusted R-squared. We decided a priori to present the
results stratified by sex for comparability with previous and future studies. The average
time/d in each activity level was plotted as a portion of the 1440 minutes of the day to
graphically inspect the distribution of activity levels across age-groups and BMI-groups. The
average time across BMI-groups was adjusted for age.

In sensitivity analyses, we tested whether the health-related and socio-demographic
characteristics differed between men and women, to be able to explain any gender
differences. We also tested whether those participating differed from those not agreeing to
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participate, in regard to baseline characteristics. Furthermore, we repeated the linear
regression analyses stratified by age (older or younger than 80 years), to examine if the
associations in the oldest old (i.e. 80 years or older) were different than in those younger
than 80 years. We also repeated the linear regression analyses stratified by a BMI of 27
kg/m2, the median level in the population.

Analyses were conducted using SPSS software version 20 (IBM SPSS Statistics for
Windows, Armonk, NY: IBM Corp), R version 3.2.1 (R Foundation for Statistical
Computing, Vienna, Austria) and Stata version 14.1 SE (StataCorp LP, College Station,
Texas).37 A double-sided p < 0.05 was considered statistically significant.

Participants who agreed to participate in the study were more often men and less often
disabled than those who did not agree to wear an accelerometer (Supplementary Table 1). In
the total sample of 1200 participants, a total of 71,232 valid days were recorded, in
accordance with an average of 5.9 (SD: 0.4) days per participant. The proportion of males in
the sample was 48.1% and the mean age was 77.5 (SD: 5.0). The median (IQR)
accelerometer wear-time was slightly higher in men registering 154.2 hours (152.6, 156.4)
than in women registering 153.6 hours (151.6, 156.0), p <0.001. Furthermore, participating
women were more often obese or disabled than men, whereas men more often had prevalent
chronic disease (Supplementary Table 2). The proportion of participants who reported
engaging in walking, cycling, housework, gardening and sports in the LAPAQ is shown in
Supplementary Figure 1. Men participated significantly more in cycling and gardening than
women (p<0.05).

Total PA, expressed in mg, was slightly higher for women (20.3, SD:5.5) than for men (19.3,
SD: 5.2, p=0.002). Figure 2 and Figure 3 show the acceleration distribution of time spent in
9 systematic intervals (including time spent sleeping), stratified by sex and age category,
respectively. Women spent less time in the interval with the lowest acceleration (0-100 mg),
and spent more time in each other interval than men. For the age-categories, the oldest age-
group (= 85 years) spent the most time in the lowest interval (0-100 mg) and spent less time
in each other interval.

Mean (SD) time per day spent in sedentary behavior and light and moderate-to-vigorous
intensity PA was 13.3 (1.5) hours/d, 147.5 (31.5) minutes/d and 75.0 (25.5) minutes/d,
respectively, among women (Table 1); and 13.8 (1.6) hours/d, 140.5 (31.1) minutes/d and
71.5 (24.5) minutes/d, respectively, among men (Table 2). Time spent in moderate and
vigorous PA separately and in total sedentary behavior (including sleep) is presented in
Supplementary Table 3 (women) and Supplementary Table 4 (men). Women spent 6.7
hours/d (SD: 1.4) sleeping and men (6.6 hours/d, SD: 1.4), p = 0.12. Men spent significant
more minutes in sedentary behavior (p<0.001) and less time in light (p<0.001) and moderate
PA (p<0.004). The time spent in vigorous PA did not differ significantly between men and
women. The percentage of awake time spent sedentary was 79.5% for men and 78.2% for
women (Supplementary Table 5-6) and 6.9% and 7.4% of the waking time was spent in
moderate-to-vigorous PA in men and women, respectively.
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Table 1 (women) and Table 2 (men) show the results from the univariate analyses (ANOVA
and t-test), and show that PA levels decreased across higher strata of age and BMI and with
worsening health in both men and women. None of the variables was associated with sleep
duration in these analyses. The distribution of the respective activity levels across age-
groups and BMI categories is visually presented in Figure 4 and 5.

Table 3 (women) and Table 4 (men) show the results from the linear regression analyses with
mutual adjustment for all demographic and health factors. The explained variance by the
determinants was highest for moderate-to-vigorous PA in men (16.6%) and women (22.2%).
Factors significantly associated with total PA (expressed in mg) and light and moderate-to-
vigorous PA were age, BMI, functional capacity and prevalent chronic disease. Older
participants, those with higher BMI and those with chronic disease or disability were less
physically active. Moreover, in women, living with a partner was associated with significant
higher levels of total PA and light and moderate-to-vigorous PA and lower time spent
sedentary. Sedentary time increased across higher strata of age and BMI and was higher in
those with chronic disease (women). Regarding sleep duration, obese men spent more hours
sleeping than normal weight men (Table 4) and women spent slightly less time sleeping in
the summer, compared to spring (Table 3).

In sensitivity analyses split by age, we observed that in the oldest old (i.e. 80 years and
older), there were less gender differences and there was no effect of season, compared to
those younger than 80 years (Supplementary Table 7-8). Moreover, in the oldest old,
functional capacity and marital status were not associated with sedentary behavior or PA,
whereas these were associated with activity in participants younger than 80 years. In the
analyses split by BMI, we observed that marital status was not associated with activity in
participants with a BMI < 27 kg/m?2, whereas it was associated with activity in those with
higher BMI (Supplementary Table 9-10). In contrast, smoking status was a determinant of
activity in those with BMI< 27 kg/m? and not in participants with > 27 kg/mZ.

Discussion

The aim of this study was to provide a comprehensive description of objectively measured
activity in old participants from the Rotterdam Study, by socio-demographic characteristics
and other health-related variables. We show that sedentary behavior and light and moderate-
to-vigorous PA vary by age-group, sex, BMI, prevalence of disease and functional capacity,
whereas we observed no clear differences between categories for sleep duration. Overall,
men and women spent 13.8 (79.5%) hours and 13.3 (78.2%) hours of their waking time in
sedentary behavior, respectively, and around 70 minutes of their waking time (7-8%) in
moderate-to-vigorous PA.

When examining differences by age-groups, we found the lowest PA volume in the oldest
age-group (aged = 85 years), which is in accordance with literature indicating that PA
declines with increasing age.9,10,12,16,19 In men and women, the time spent in light,
moderate and vigorous intensity PA declined with age, whereas the absolute time spent
sedentary increased with age. Considering that sleep time was constant across age groups,
the increase in sedentary behavior was at the extent of both light and moderate-to-vigorous
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PA. Since literature indicates that total sleep time decreases with age,38 it is possible that the
algorithm used to detect sleep overestimated sleep time, if participants lay motionless, but
awake, in bed at night.36 If this is the case, older adults were actually sleeping inefficiently
during their time in bed. A better understanding of the distribution of activity across the 24-
hour time span might benefit public health interventions. Since daily PA might enhance
sleep quality,39,40 replacing sedentary behavior with light or moderate activity might
improve PA levels and sleep quality simultaneously. Future studies are required to identify
activities in which elderly adults can engage in to improve PA levels.

In our study, men and women spent around 70 minutes per day in moderate-to vigorous PA.
In similar study populations in Iceland,9 Norway16 and the United Kingdom12 these
numbers were up to 15, 36 and 23 minutes per day, respectively. Comparisons are hampered
by the different study population characteristics (e.g. age), use of different devices and
anatomical placements, the use of counts per minute and the stratification into sedentary
time and light, moderate and vigorous activity by different cut-offs. Consequently, we
cannot be sure whether participants in our study were really more active, or that the different
estimates are the result of the different cut-points. Because the Ommoord district in which
most participants live is a safe neighborhood with opportunity to walk and cycle in a safe
manner, it could be expected that the participants from our study were indeed more active in
comparison to other studies.

In our study, we found higher levels of acceleration in women compared to men, in all age-
groups. This is in contrast with most studies in older adults,9,12,14,41 but in agreement with
two others.11,19 In addition, in the total population, we found that women spent more time
in moderate PA than men. An explanation for the higher activity in women compared to men
might be traditional gender roles, in which women are more involved in household activities
than men. Chen et al. indicated that the discrepancies between the studies might be related to
cultural lifestyle differences.11 Nevertheless, they performed their study among Japanese
elderly and our participants come from a Western population, in which men often are
reported to be more active than women.9,12,14,41 The results from the current study might
be explained by the fact that men more often had chronic disease than women (60.1% vs.
46.5%). However, women were more often disabled and obese than men, both variables
associated with lower PA levels. Another explanation for the difference might be related to
the fact that men reported significantly more cycling than women (47.3% in men versus
33.6% in women) in the current study. A wrist-worn accelerometer is known to
underestimate activities performed with the lower extremities.42 Future studies are needed
to examine whether the observed results reflect a true difference between sexes. Moreover,
more research is needed to be able to identify lower body activities with wrist-worn
accelerometers.

Important correlates of sedentary behavior and PA were BMI, age, functional capacity and
the prevalence of chronic disease in both sexes. Obese individuals had a lower acceleration
and lower levels of light and moderate-to-vigorous PA, compared to their normal weight
counterparts. These results are in agreement with existing data.9-12,14 Moreover, in
women, living with a partner was associated with more time spent in light and moderate-to-
vigorous PA. In sensitivity analyses split by age and BMI, we showed that living with a
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partner was also associated with activity in participants younger than 80 years and in those
with BMI = 27 kg/m2. These results suggest opportunities for focused intervention, targeting
specifically those with higher BMI and age, as well as those suffering from a chronic
condition or disability. The fact that women living with a partner were more active than
those living alone, might indicate that women are more likely to engage in PA socially.
Public health programs might provide opportunities for specific sub-groups with the lowest
levels of PA, including organized PA programs. Furthermore, in sensitivity analyses in the
oldest old, we observed no gender differences for PA levels. However, in these participants,
being obese was associated with larger decreases in light and moderate-to-vigorous PA than
in participants younger than 80 years. Possibly, the additional weight is more of a burden in
the oldest old. This stresses the importance of a healthy weight, even in old age.

This study has several strengths. It is one of the first studies providing a detailed description
of the full intensity distribution of PA in this age-range of participants over the 24-hour
period. Additionally, since the accelerometer device was waterproof and was worn day and
night, we could collect comprehensive information of all activity performed. However, some
limitations also have to be acknowledged. Using raw accelerometer derived data to describe
activity is relatively new and therefore the cut-off points to define intensity of behavior have
not been firmly established. Moreover, as in other studies using objectively measured PA,
not all PA can be accurately captured. For example, cycling or other activities mostly
performed with the legs will be underestimated.42 Additionally, since no method exists for
differentiating between the postural allocations of sitting, standing and lying down from
triaxial wrist acceleration signals in this population, we were unable to distinguish
socializing from driving. Furthermore, we used an algorithm to define sleep, in which we
defined sleep as an absence of change in arm angle greater than 5 degrees for 5 minutes or
more.36 Using another sleep definition may influence estimated sleep time and hence the
sedentary time observed in our participants. Although van Hees et al36 made extensive
effort to validate their algorithm in the Whitehall 11 Study using polysomnography, future
studies are needed to optimize the used algorithm. Another limitation is that we did not have
up-to-date information on cancer, cardiovascular disease and diabetes. Therefore, some
residual confounding might be present and might have resulted in bias towards the null for
those comparisons. Additionally, participants that agreed to participate were less often
disabled and more often men. This might affect the generalizability towards the total
population of older adults. Finally, participants attending these visits of the Rotterdam Study
might have a better health-status than the general population, an issue often occurring in
cohort studies.

In conclusion, in this population based cohort study of elderly individuals, men spent
significantly more time in sedentary behavior and less time in light and moderate-to-
vigorous PA compared to women. However, whereas this difference was significant, it was
of small numeric value, indicating that both men and women spent a high proportion of their
day sedentary. Furthermore, our findings suggest that sedentary behavior and light and
moderate-to-vigorous PA patterns differ according to age, BMI, functional capacity and
presence of disease, whereas sleep duration did not differ according demographic factors
and health behaviors. Replacing sedentary behavior with light PA would be a good starting
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point for those with the lowest level of PA. Older adults, those with high BMI and worse
health could benefit from targeted interventions to increase PA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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1900 Participants invited to participate from July
2014 to June 2016

506 Participants did not want to
participate

A 4

\ 4

1394 Participants

33 Participants excluded with a
malfunctioning device

v

1361 Participants

123 Participants without valid data:

e 18 Participants did not complete
one week of wearing

e 99 Participants with invalid data
i.e. not having 4 days with >1200
minutes/day of data

e 6 Participants lost their device

\4

v
1238 Participants

28 Participants excluded due to
processing error

\ 4
1210 Participants included in the analyses

Figure 1.
Flow chart of participant inclusion for the Rotterdam Studly.
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Figure 3.
Activity distribution of time spent in acceleration (mg) categories (intensity) stratified by

age-group.
Abbreviations: ENMO, The Euclidean norm minus 1 g with negative numbers rounded to
zero; IQR, interquartile range.
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Distribution of activity across the 24-hour period in men and women, according to age-

group
Abbreviations: PA, physical activity
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Figure 5.
Distribution of activity across the 24-hour period in men and women, according to normal

weight, overweight and obesity

Abbreviations: PA, physical activity.

Body mass index was calculated as weight in kilograms divided by height in meters squared.
Categories were defined as normal weight: 18.5 < 25 kg/m?, overweight: 25 < 30 kg/m? and
obese: > 30 kg/m?2,

The average time spent in each activity level was adjusted for age.
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Objectively assessed physical activity subcomponents and sedentary time in women
(n=628), according to characteristics of the study population

Sleep time
(accelerometer)

n Acceleration (mg/day) Sedentary time (h/day) Light PA (min/day) Moderate-vigorous PA (min/day) (h/day)

Total 628 20.3 (5.6) 13.3 (1.5) 147.5 (31.5) 75 (25.5) 6.7 (1.4)
Age-group

70-74 200 22.3(6.2) 13.3 (1.4) 1535 (30.7) 85.2 (27.0) 6.6 (1.2)

75-79 226 202 (5.1) 13.2 (1.6) 147.7 (31.2) 75.0 (23.3) 6.8 (1.4)

80-84 130  18.9 (4.5) 13.4 (1.4) 1445 (30.4) 67.7 (21.0) 6.8 (1.4)

>85 72 175(4.9) 13.6 (1.6) 135.7 (33.1) 59.7 (23.6) 6.9 (1.5)
p <0.001 0.33 <0.001 <0.001 0.19
Education

Primary education 41 181(5.3) 13.7 (1.8) 135.2 (31.9) 64.8 (25.9) 6.7 (1.6)

Lower education 337 20.1(5.1) 13.3(1.4) 147.0 (30.7) 74.5(23.9) 6.8 (1.3)

Intermediate education 163  20.3 (5.9) 13.4 (1.5) 146.0 (30.5) 74.3(26.1) 6.7 (1.3)

Higher education 75 215(6.0) 13.3 (1.5) 157.1 (33.8) 82.2(27.2) 6.5 (1.4)
p 0.02 0.31 0.003 0.004 0.47
Season

Spring 163 20.2(5.2) 13.2 (1.6) 146.7 (31.3) 75.0 (24.7) 6.9 (1.4)

Summer 74 21.3(6.5) 13.4 (1.6) 148.1 (30.9) 78.0 (27.5) 6.6 (1.5)

Autumn 206 19.9 (5.9) 13.3 (1.4) 1455 (32.6) 73.0 (27.1) 6.7 (1.3)

Winter 182 20.3 (5.0) 13.4 (1.4) 149.4 (30.5) 75.4 (23.3) 6.6 (1.3)
p 0.38 0.56 0.67 0.52 0.44
BMI

Normal weight 183 22.4(5.9) 12.8 (1.3) 157.9 (29.9) 84.0 (25.7) 6.9 (1.3)

Overweight 265 20.3(5.4) 13.3 (1.5) 148.2 (30.7) 75.2 (25.4) 6.7 (1.4)

Obese 179 18.2 (4.6) 13.9 (1.5) 136.1 (30.3) 65.7 (21.7) 6.6 (1.4)
p <0.001 <0.001 <0.001 <0.001 0.10
Smoking

Non smoker 282 20.7 (5.6) 13.1 (1.4) 150.8 (31.3) 76.7 (25.5) 6.8 (1.4)

Former smoker 310 20.1(5.5) 135 (1.4) 145.4 (31.4) 74.0 (25.4) 6.6 (1.3)

Current smoker 36 19.0 (5.5) 13.6 (2.0) 139.3(32.1) 70.1 (25.9) 6.7 (1.7)
p 0.14 0.01 0.03 0.22 0.15
Alcohol consumption

Never drinks alcohol 123 19.7 (4.7) 13.3 (1.5) 145.2 (30.3) 72.1(22.9) 6.8 (1.4)

Drinks 1-4 times per 217 19.5(5.2) 13.4 (1.4) 1425 (31.7) 715 (24.5) 6.8 (1.4)
month

Drinks 2-4 times per 288  21.2(6.0) 13.3 (1.6) 152.2 (31.4) 78.8 (26.8) 6.6 (1.3)
week
p 0.001 0.83 0.002 0.002 0.27
Functional capacity

Not disabled 243 215 (5.4) 13.2 (1.3) 152.0 (30.3) 81.1 (25.5) 6.7 (1.3)
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Sleep time
(accelerometer)

n Acceleration (mg/day) Sedentary time (h/day) Light PA (min/day) Moderate-vigorous PA (min/day) (h/day)

Disabled 139 208 (5.7) 13.1 (1.6) 150.6 (29.2) 77.0 (24.5) 6.9 (1.5)

Severely disabled 245 18.9 (5.4) 13.6 (1.5) 141.2 (33.1) 67.8 (24.4) 6.7 (1.3)
p <0.001 0.003 <0.001 <0.001 0.40
Prevalent CVD, DM or cancer

Not present 336 21.3(5.7) 13.1 (1.4) 151.4 (30.7) 79.3 (25.7) 6.8 (1.3)

Present 292 19.1(5.1) 135 (1.5) 143.0 (31.9) 70.0 (24.3) 6.7 (1.4)
p <0.001 0.001 0.001 <0.001 0.42
Marital status

Living alone 309 19.2 (5.4) 135 (1.6) 141.1 (31.9) 69.7 (25.0) 6.8 (1.4)

Living with partner 319 21.3(5.6) 13.2 (1.4) 153.7 (29.9) 80.1 (25.0) 6.7 (1.3)
p <0.001 0.02 <0.001 <0.001 0.41
Sleep medication

Not using any 459 205 (5.3) 13,5 (1.2) 148.9 (31.6) 76.2 (24.8) 6.6 (1.1)
medication

Using on 1 or more 135 19.7 (6.2) 13.7 (1.4) 142.7 (30.1) 71.6 (27.3) 6.5 (1.2)
days/week
p 0.16 0.13 0.04 0.06 0.36

Abbreviations: BMI, body mass index; ENMO, The Euclidean norm minus 1 g with negative numbers rounded to zero; n, number; PA, physical
activity. Body mass index was calculated as weight in kilograms divided by height in meters squared. Categories were defined as normal weight:

18.5<25 kg/mz, overweight: 25 < 30 kg/m2 and obese: = 30 kg/m2.

Results are obtained from t-tests for determinants with two categories and analysis of variance (ANOVA) for determinants with 3 or more
categories. Data are mean (SD).

Total N varies due to variation in the amount of missing data for different covariates.
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Objectively assessed physical activity subcomponents and sedentary time in men (n=582),
according to characteristics of the study population

Acceleration (mg/day)

Sedentary time (h/day)

Light PA (min/day)

Moderate-vigorous PA (min/day)

Sleep time
(accelerometer)
(h/day)

Total
Age-group
70-74
75-79
80-84
>85
p
Education
Primary education

Lower education

582

201
203
130
48

22
146

Intermediate education 224

Higher education
p
Season
Spring
Summer
Autumn
Winter
p
BMmI
Normal weight
Overweight
Obese
p
Smoking
Non smoker
Former smoker
Current smoker
p
Alcohol consumption
Never drinks alcohol

Drinks 1-4 times per
month

Drinks 2-4 times per
week

p
Functional capacity

Not disabled

180

140
64

163
213

167
298
117

127
425
28

66
128

387

302

19.3 (5.2)

20.2 (5.3)
20.0 (4.9)
18.2 (5.0)
16.0 (4.6)
<0.001

17.2 (4.3)
19.3 (5.0)
19.1 (5.2)
19.8 (5.4)
0.16

18.4 (5.0)
20.7 (5.6)
19.7 (5.3)
19.4 (5.0)
0.02

20.6 (5.7)
19.4 (4.8)
17.5 (4.9)
<0.001

19.4 (5.2)
19.4 (5.2)
17.4 (5.5)
0.13

19.7 (6.2)
18.7 (4.9)

19.5 (5.1)

0.27

20.6 (5.0)

13.8 (1.6)

13.8 (1.5)
13.5 (1.7)
13.9 (1.4)
14.2 (1.6)
0.01

13.7 (1.4)
13.8 (1.5)
13.7 (1.7)
13.9 (1.6)
0.81

13.9 (1.6)
13.1 (1.9)
13.8 (1.6)
13.9 (1.3)
0.01

13.5 (1.6)
13.7 (L5)
14.3 (1.8)
<0.001

13.8 (1.5)
13.7 (1.6)
13.8 (1.6)
0.82

13.7 (1.8)
139 (1.7)

13.7 (1.5)

0.64

13.6 (1.5)

1405 (31.1)

140.2 (30.2)
144.2 (30.3)
137.2 (32.0)
134.6 (34.5)
0.11

133.3 (32.7)
140.6 (28.7)
139.9 (32.3)
1417 (31.7)
0.68

136.3 (28.0)
143.9 (32.8)
142.4 (31.8)
140.7 (31.9)
0.27

146.8 (31.3)
140.7 (29.7)
130.6 (32.0)
<0.001

139.6 (27.4)
141.4 (31.7)
129.5 (36.9)
0.14

145.2 (31.2)
134.6 (30.8)

141.7 (31.0)

0.04

145.3 (29.7)
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715 (24.5)

76.0 (25.1)
74.8 (23.3)
65.6 (22.8)
54.5 (21.6)
<0.001

61.8 (19.5)
71.0 (24.3)
71.0 (24.7)
732 (25.1)
0.22

67.7 (23.7)
77.1(26.9)
72.8 (24.9)
71.4 (23.9)
0.07

77.3 (26.9)
71.8 (22.4)
62.4 (23.8)
<0.001

72.0 (24.2)
71.8 (24.5)
62.0 (25.4)
0.12

72.4(30.1)
68.9 (23.1)

72.1(24.0)

0.41

77.5(23.7)

6.6 (1.4)

6.5 (1.3)
6.8 (1.6)
6.6 (1.3)
6.5 (1.4)
0.10

6.9 (1.6)
6.6 (1.4)
6.6 (L5)
6.5 (1.3)
0.38

6.6 (L5)
7.0(18)
6.5 (L5)
65(12)
0.06

6.6 (1.3)
6.7 (1.4)
6.4(L7)
0.16

6.6 (1.4)
6.6 (1.4)
6.8 (1.4)
0.75

6.6 (1.5)
6.6 (1.5)

6.6 (1.4)

0.94

6.6 (1.3)
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Sleep time
(accelerometer)

n Acceleration (mg/day) Sedentary time (h/day) Light PA (min/day) Moderate-vigorous PA (min/day) (h/day)

Disabled 87 18.0(5.2) 13.8 (1.6) 137.2 (32.5) 65.4 (23.5) 6.8 (1.4)

Severely disabled 192 18.0(5.1) 14.0 (1.7) 134.5 (31.6) 64.6 (23.9) 6.6 (1.6)

p <0.001 0.07 <0.001 <0.001 0.49
Prevalent CVD, DM or cancer

Not present 232 205(5.1) 13.7 (1.6) 145.3 (29.0) 76.8 (22.9) 6.6 (1.4)

Present 350 185 (5.1) 13.8 (1.6) 137.2 (32.0) 67.9 (25.0) 6.6 (1.4)
p <0.001 0.16 0.002 <0.001 0.53
Marital status

Living alone 100 185 (5.5) 13.8 (L.7) 138.6 (32.1) 66.7 (26.0) 6.6 (1.5)

Living with partner 481 19.5(5.1) 13.8 (1.6) 140.9 (30.9) 72.4 (24.1) 6.6 (1.4)
p 0.08 0.70 0.51 0.03 0.28
Sleep medication

Not using 504 19.3(5.2) 13.9 (1.4) 140.3 (31.2) 71.4 (24.5) 6.4 (1.1)

Using 53 19.7 (4.8) 13.9 (1.6) 144.9 (28.2) 74 (22.9) 6.4 (1.3)
p 0.62 0.70 0.30 0.45 0.75

Abbreviations: BMI, body mass index; ENMO, The Euclidean norm minus 1 g with negative numbers rounded to zero; n, number; PA, physical
activity. Body mass index was calculated as weight in kilograms divided by height in meters squared. Categories were defined as normal weight:

18.5<25 kg/mz, overweight: 25 < 30 kg/m2 and obese: = 30 kg/mz.

Results are obtained from t-tests for determinants with two categories and analysis of variance (ANOVA) for determinants with 3 or more
categories. Data are mean (SD).

Total N varies due to variation in the amount of missing data for different covariates.
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