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Association Between Employment Status and Obijectively
Measured Physical Activity and Sedentary Behavior—The
Maastricht Study
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Pieter C. Dagnelie, PhD, Simone J.S. Sep, PhD, and Annemarie Koster, PhD

Objective: To examine the association between employment status and
physical activity and sedentary behavior. Methods: We included 2045
participants from The Maastricht Study, who used a thigh-worn accelerom-
eter. We compared time spent sedentary, standing, stepping, and higher
intensity physical activity between participants with different employment
status (non-employed or low-, intermediate- or high-level occupation) with
analysis of variance. Results: Participants in low-level occupations were
less sedentary and standing and stepping more than those in other occupa-
tional categories and non-employed participants. Among the employed, the
differences were mostly observed on weekdays, whereas the differences in
sedentary time and standing between those in low-level occupations and non-
employed participants were evident both on weekdays and weekend days.
Conclusions: Those in low-level occupational category were less sedentary
and more active than non-employed and those in other occupational catego-
ries, especially on weekdays.

Keywords: accelerometer, activity domains, employment, physical activity,
sedentary behavior, work
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Learning Objectives

e Discuss current knowledge of changes in occupation-related
physical activity and sedentary time, including differences by
occupational level.

e Summarize the new findings on sedentary time and physical
activity by occupational level, including any differences for
working days versus weekend days.

e Discuss the implications for interventions to address physical
activity and sedentary behavior.

hysical inactivity and sedentary behavior can occur in three

activity domains, namely work, leisure, and transport."> They
represent independent risk factors for adverse health outcomes such
as coronary heart disease and type 2 diabetes.>* Although occupa-
tion-related physical activity has decreased markedly in recent
decades,’ it is still estimated that work accounts for about 40%
of the time spent in moderate-to-vigorous physical activity.® On the
other hand, work done in sitting position has become very common’
and among those with sedentary jobs, work can greatly contribute to
total daily sitting time.®

Levels of physical activity and sedentariness vary between
different socioeconomic and occupational level categories. Several
studies have shown that highly educated people and those with high
income spend more total or leisure time in physical activity than
people with lower education or income."*!° However, when occu-
pational level is used as a measure of socioeconomic status, the
association becomes less clear'® or is even reversed, with people in the
lower-level occupational levels accumulating more total physical
activity than people in the high-level occupational category.'!

The literature on physical activity and sedentary behavior
across different socioeconomic or occupational categories has mostly
relied on self-reported measures,”~'! which have low precision and
are prone to bias.'>'? Furthermore, non-working adults, who form a
large part of the general population, have typically been excluded
from these studies.’ Excluding the non-employed could lead to
underestimation of occupational differences, since non-working
adults often belong to the lower-level occupational categories.'*

A few studies have reported objectively measured physical
activity and sedentary behavior on weekdays and weekend days in
relatively small samples of specific occupational groups, such as
office®!>~'® or construction'* workers or both,' office and customer
service employees,?’ nurses”! or police officers.?> One study investi-
gated objectively measured occupational activity for self-reported
occupational categories in a nationally representative sample, but it
did not focus on differences between weekdays and weekend days.>
Thus, there was a need for a study including a large sample of both
non-employed and employed participants from various occupations
and including measurements on weekdays and weekend days.

To address this gap in the literature, we used 7-day measure-
ments with thigh-worn activPAL3™ (PAL Technologies, Glasgow,
UK) accelerometers in a large sample that included both
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non-employed and employed people. The aim of the study was to
examine the association between employment status and objectively
measured sedentary behavior and physical activity, on average days as
well as on weekdays and weekend days. We also examined
the differences in activity levels between week and weekend
days within and between employment statuses, using weekdays to
approximate physical activity during working days and weekend
days to estimate physical activity during non-working days. Our
hypothesis was that those in the low-level occupational category
would accrue less sedentary time and more physical activity on
weekdays than those in higher-level occupational categories whereas
those in the high-level occupational category would engage in more
physical activity on weekend days than those in low-level
occupational category.

METHODS

Participants

We used data from The Maastricht Study, a prospective
population-based observational cohort study. The rationale and
methodology have been described elsewhere.”* Briefly, the study
focuses on the etiology, pathophysiology, complications and comor-
bidities of type 2 diabetes mellitus (T2DM) and is characterized by
an extensive phenotyping approach. Eligible for participation were
all individuals aged between 40 and 75 years and living in the
southern part of the Netherlands. Participants were recruited
through mass media campaigns and from the municipal registries
and the regional Diabetes Patient Registry via mailings. Recruit-
ment was stratified according to known T2DM status, with an
oversampling of individuals with T2DM, for reasons of efficiency.

The present report includes cross-sectional data from the first
2778 participants, who completed the baseline survey between
November 2010 and September 2013 and who were offered accel-
erometers. The examinations of each participant were performed
within a time window of 3 months. We excluded participants who had
missing information on non-employment subgroup, occupational
category, or the covariates (age, sex, diabetes status, and presence
of mobility limitations, n = 501) or who did not have a minimum of 4
valid days of accelerometer data (n = 232), leaving 2045 people in the
analyses. The study has been approved by the institutional medical
ethics committee (NL31329.068.10) and the Minister of Health,
Welfare and Sports of the Netherlands (Permit131088—-105234-
PG). All participants gave written informed consent.

Assessment of Physical Activity and Sedentary
Behavior

Daily activity levels were measured using the activPAL
physical activity monitor (PAL Technologies). The activPAL3™ is
a small (53 x 35 x 7mm), lightweight (15 g) triaxial accelerometer
that records movements along the vertical, anteroposterior and
mediolateral axes, and also determines posture (sitting or lying,
standing, and stepping) based on acceleration information. The
device was attached directly to the skin on the front of the right
thigh with transparent 3M Tegaderm™ tape (3M, St. Paul, MN),
after the device had been waterproofed using a nitrile sleeve.
Participants were asked to wear the accelerometer for 8 consecutive
days, without removing it at any time. To avoid inaccurately
identifying non-wear time, participants were asked not to replace
the device after they had removed it. Data were uploaded using the
activPAL software and processed using customized software written
in MATLAB R2013b (MathWorks, Natick, MA). Data from the first
day were excluded from the analysis because participants performed
physical function tests at the research center after the device was
attached. In addition, data from the final wear day providing less
than or equal to 14 waking hours of data were excluded from the
analysis. Participants were included if they provided at least 4 valid

3TM

(more than or equal to 10hours of waking data) days, including
minimum of 1 valid weekday and 1 valid weekend day.

The total sedentary time was based on the sedentary postures
(sitting or lying), and calculated as the percentage (%) of time spent
in a sedentary positions during waking time per day. Percentage was
used instead of absolute time because waking wear time differed
between participants with different employment status and between
weekdays and weekend days. The method used to determine waking
time has been described elsewhere.>> The total standing time was
based on the standing posture, and calculated as the proportion of
time spent standing during waking time per day. The total amount of
stepping was based on the stepping posture, and calculated as the
proportion of time spent stepping during waking time per day.
Stepping time (physical activity) was further classified into higher-
intensity physical activity (HPA, % of minutes with a step frequency
more than 110 steps/min during waking time).?® The daily means
were averaged over all valid days, weekdays (from Monday through
Friday), and weekend days (Saturday and Sunday) to obtain the
proportion of time spent at each activity level for average days,
weekdays, and weekend days.

Assessment of Employment Status

Employment status was assessed with a questionnaire. Par-
ticipants were asked to classify their current employment status as
self-employed, working for the government, salaried worker, dis-
abled, rentier, retired, homemaker, unemployed, or ““other.”” Those
who selected the disabled, rentier, retired, homemaker, or unem-
ployed options were classified as currently non-employed. Those in
the ““other” category were excluded from the analysis because their
employment status could not be confirmed. Those who reported
being self-employed, salaried workers, or working for the govern-
ment were further classified as currently employed, and their
occupational category was identified based on the question “What
category is your job?”’ and categorized as low (including response
options “‘unskilled” [including, eg, cleaners, waitresses], ““skilled”
[including, eg, plumbers and construction workers] and ‘““lower-
level employee”), intermediate or high level, or self-employed.

Covariates

Age and sex were derived from questionnaires. Diabetes
status was assessed by an oral glucose tolerance test.>* The presence
of mobility limitations (some trouble walking or not able to walk
during the past week) or the absence of such limitations (no trouble
walking during the past week) was assessed by the EuroQol-5D
questionnaire. Level of education was derived from the question-
naires and categorized as low, intermediate, or high. Health behav-
ioral factors were also derived from the questionnaires. Smoking
status was categorized as never, former, or current smoker, and
alcohol consumption as none, low (less than or equal to 14 or less
than or equal to seven alcoholic drinks per week for men and
women, respectively) or high (more than 14 or more than 7 alcoholic
drinks per week for men and women, respectively). A research
assistant measured the participants’ body weight and height at the
research center, and body-mass index (BMI, kg/m?) was calculated
from this information. Frequency of shiftwork was assessed by
asking “Did/do you have to work different shifts?”.

Data Processing and Analysis

Normally distributed descriptive variables were summarized
as means with standard deviations (SD), variables with skewed
distribution as medians and interquartile ranges (IQR) and categor-
ical variables as numbers and percentages. We compared baseline
characteristics between non-employed participants and participants
in different occupational categories by one-way analysis of variance
(ANOVA, continuous, normally distributed variables), Kruskal—
Wallis test (continuous variables with skewed distribution) and chi-
squared test (categorical variables).
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TABLE 1. Descriptive Characteristics of the Study Sample, Stratified by Employment Status

Low Occupational Intermediate High
Total Non-Employed Category Occupational Occupational Self-Employed

Variable (n =2045) (n =1200) (n=110) Category (n=128) Category (n=308) (n=299) P
Age, mean years (SD) 60.2 (8.0) 64.3 (6.3) 53.8 (5.9 54.4 (7.0) 53.6 (6.0) 55.0 (6.3) <0.0001
Male sex, n (%) 1037 (51) 604 (50) 60 (55) 54 (42) 135 (44) 184 (62) <0.0001
Level of education” <0.0001

Low, n (%) 650 (32) 510 (43) 55 (50) 19 (15) 59 (19) 7Q2)

Intermediate, n (%) 565 (28) 285 (24) 46 (42) 61 (48) 131 (43) 42 (14)

High, n (%) 819 (40) 396 (33) 8(7) 47 (37) 118 (38) 250 (84)
Type 2 diabetes, n (%) 534 (26) 379 (32) 30 (27) 23 (18) 45 (15) 57 (19) <0.0001
Mobility limitation, n (%) 316 (15) 243 (20) 15 (14) 15 (12) 24 (8) 19 (6) <0.0001
Number of valid accelerometer 7(6to7) 7(6t07) 7(6to7) 6(6to7) 7(6to7) 7 (6to7) 0.005

wear days, median (IQR)

Daily waking wear time, mean 942 (53) 934 (54) 945 (50) 951 (51) 955 (48) 958 (49) <0.0001

minutes (SD)

IQR, interquartile range; SD, standard deviation.
*Missing information from 11 participants.

First, we compared the time spent sedentary, standing, step-
ping, and in HPA between non-employed participants and partic-
ipants in the low-, intermediate-, or high-level occupational
categories, on average days during the entire week (ANOVA), on
weekdays (repeated measures ANOVA), and weekend days
(repeated measures ANOVA), and compared the weekdays and
weekend day activity levels within these groups (repeated measures
ANOVA). Second, we repeated the analyses focusing on the non-
employed, and examined differences across the non-employed
subgroups: retired, homemakers, disabled, unemployed, and rent-
iers. The results are shown as adjusted means and their 95%
confidence intervals (CI) for the proportion of waking wear time
spent being sedentary, standing, stepping, and in HPA. The models
were adjusted for age, sex, presence of diabetes, and presence of
mobility limitations. We also conducted sensitivity analyses adjust-
ing additionally for (1) education and (2) health behavioral factors:
smoking status, alcohol consumption, and BMI. As a third sensi-
tivity analysis to account for uncertainties regarding our assumption
that weekdays represented working days and weekend days

represented non-working days, we repeated the weekdays versus
weekend day comparisons excluding those who were employed and
reported doing shiftwork often or always (n = 100), or who did not
provide information on shiftwork (n=9). Since we found no
interactions between sex and overall sedentary time or physical
activity, we present all the analyses for men and women combined.
All the analyses were performed using SAS 9.4 statistical software
(SAS Institute Inc., Cary, NC).

RESULTS

Table 1 presents the descriptive characteristics of the partic-
ipants by employment status. Mean (SD) age of all participants was
60.2 (8.0) years, and mean (SD) daily waking wear time over valid
days for the entire week was 942 minutes (53). Non-employed
participants were generally older and were more likely to have
diabetes and mobility limitations than the employed. The 733 par-
ticipants excluded due to missing information were slightly younger
(mean age 59.5 years, SD 8.6), included about equal proportions of
men (53%), were more likely to have a low educational level (40%),

TABLE 2. Percentage of Waking Time, With 95% Confidence Interval (Cl), Spent Sedentary, Standing, Stepping and in
Higher-Intensity Physical Activity on Average Days, Weekdays and Weekend Days by Employment Status

Intermediate
Non-Employed Low Occupational Occupational High Occupational Self-Employed
(n =1200) Category (n=110) Category (n =128) Category (n =308) (n=299)
Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI P

Average day

Sedentary 62.1 614 628 56.7 549 58.6 62.7 609 64.4 62.5 612 637 63.5 623 64.8 <0.0001

Standing 26.4 259 270 30.3 289 318 26.5 252 279 26.0 250 269 25.6 246 266 <0.0001

Stepping 11.5 112 11.8 13.0 122 138 10.8 10.1  11.6 11.6 11.0 121 10.9 103 114  <0.0001

HPA 1.9 1.7 2.0 2.1 1.8 2.5 1.6 1.3 1.9 2.3 2.0 2.5 2.0 1.8 22 0.003
Weekday

Sedentary 61.5 60.7 622 555 535 575 62.6 60.8 64.5 62.7 614 640 64.3 629 656 <0.0001

Standing 26.8 262 274 31.1 29.5 326 26.6 25.1  28.0 25.8 248 269 252 242 263  <0.0001

Stepping 11.7 114 121 134 126 143 10.8 100 11.6 11.4 109 120 10.5 99 11.1  <0.0001

HPA 1.9 1.8 2.1 2.1 1.8 2.5 1.6 1.3 2.0 2.3 2.1 2.6 2.0 1.8 2.3 0.003
Weekend day

Sedentary 63.4 62.6 643 60.0 577 622 62.4 604 645 61.9 604 634 61.6 60.1  63.1 0.03

Standing 25.6 250 263 28.3 26.5  30.0 26.7 250 283 26.1 250 273 26.5 253 277 0.07

Stepping 10.9 106 113 11.8 10.8 127 10.9 100 118 11.9 113 126 11.9 112 125 0.02

HPA 1.7 1.6 1.9 2.1 1.6 2.5 1.5 1.1 1.9 22 1.9 2.5 2.0 1.6 23 0.03

The models have been adjusted for age, sex, presence of diabetes, and presence of mobility limitations. HPA, higher-intensity physical activity.
*P value for overall differences between different employment status.
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and were more likely to have diabetes (41%) and mobility limitations
(21%) than the 2045 who were included in the analysis.

Time spent sedentary and at different activity levels, stratified
by employment status, is presented in Table 2, for average days and
for weekdays and weekend days. Overall, those in the low-level
occupational category were less sedentary and spent more time
standing and stepping than those in other occupational categories
and those who were non-employed. Furthermore, those in the high-
level occupational category engaged in more HPA than those in the
intermediate occupational category or non-employed participants,
although the latter difference was no longer significant in the second
sensitivity analysis, adjusting the model additionally for health
behavioral factors (Supplemental Digital Content Tables S1 and
S2, http://links.Jlww.com/JOM/A405).

The above differences in total physical activity and sedentary
time between employment groups stemmed mostly from weekdays
(Table 2). Participants in low-level occupational category were less
sedentary and spent more time standing and stepping than those in
other occupational categories and non-employed participants on
weekdays. In addition, participants in high-level occupational cate-
gory were more sedentary than non-employed on weekdays, and
non-employed participants and those in the high-level occupational
category spent more time stepping than self-employed on weekdays.
Furthermore, those in the high-level occupational category had
more HPA than non-employed participants and those in the inter-
mediate occupational category on weekdays. We observed only few
differences on weekend days: those in the low-level occupational
category were less sedentary and spent more time standing than non-
employed participants and those in the high-level occupational
category had more HPA than those in the intermediate occupational
category (Table 2). The main result remained robust in the three
sensitivity analyses, with additional adjustments to the models
(Supplemental Digital Content Tables S1, S2, http://links.
Iww.com/JOM/A405) and excluding those who had shiftwork
(Supplemental Digital Content Table S3, http://links.lww.com/
JOM/A405): those in the low-level occupational category were less
sedentary and more active than all the other participants on week-
days but not on weekend days.

Physical activity and sedentary time during weekdays and
weekend days for each employment status are depicted in Fig. 1,
with statistically significant differences marked by an asterisk. Non-
employed participants and those in the low-level occupational
category were less sedentary and spent more time standing and
stepping during weekdays than during weekend days. Non-
employed participants engaged in more HPA on weekdays than
on weekend days. The reverse pattern was observed in the self-
employed and high occupational category participants. Both self-
employed participants and those in high occupational category were
more sedentary and spent less time stepping on weekdays than on
weekend days. In addition, self-employed participants also spent
less time standing on weekdays than on weekend days.

The percentages of time spent sedentary, standing, stepping
and in HPA on average days among the non-employed participants are
presented in Table 3. Homemakers were less sedentary than retired
and disabled participants. In addition, homemakers spent more time
standing than retired and disabled participants and rentiers.

DISCUSSION

In this cross-sectional study, we objectively assessed the time
spent sedentary and at different activity levels on weekdays and
weekend days, among Dutch adults with different employment
status. We found a clear pattern showing that those in the low-level
occupational category were less sedentary and more active than all
the other groups. Among the employed participants, the differences
in activity levels between occupational categories were observed for
total time and weekdays, but not for weekend days, suggesting that

occupational physical activity was the driving factor of the differ-
ences between employed people.

Other studies have also demonstrated that blue-collar work-
ers and those working in retail, >’ =% construction,'® or agriculture™
are less sedentary and more active than other employees on working
days. In our study, this difference in weekday activity levels was also
reflected in total physical activity, which was higher among those in
the low-level occupational category than among the others. Similar
findings have been reported regarding police officers compared with
higher ranking police staff,?* retail and blue collar workers com-
pared with office and university workers,> and construction work-
ers compared with employees of financial service providers or
research institutes.'® Thus, although people with low socioeconomic
status generally have poorer health than those with higher sta-
tus,'*?" those in the low-level occupational category may still
paradoxically be more physically active and less sedentary than
those in the higher-level occupational categories. This emphasises
the need for further research into occupational differences in
physical activity and sedentary behavior using objective measures.
Furthermore, such research should take into account that some types
of occupational physical activity, such as heavy lifting, may also be
harmful 3?~3

We did not find differences in activity levels between occu-
pational categories on weekend days. This is in contrast to a
systematic review showing that those employed in non-manual
occupations had more leisure-time physical activity than those in
manual occupations.' The discrepancy might be explained by
different outcome measures: we used objective measurement of
physical activity and used weekends as a proxy for leisure time,
whereas the studies included in the systematic review mainly relied
on self-reports and the questions were specifically about leisure
time. Our findings are in line with those of other studies using
objective measures to compare persons with active versus sedentary
jobs*33 or police officers versus higher-ranking police staff,**
which revealed differences in physical activity on working days,
but not on non-working days.

The weekdays versus weekend day differences, where non-
employed participants and those in the low-level occupational cate-
gory were less sedentary and more active during weekdays than on
weekend days, while self-employed participants were more sedentary
and less active on weekdays than on weekend days, are in accordance
with some previous studies. Swiss workers in the moderate and high
occupational intensity groups>® and Australian blue collar workers,
technicians, and scientists®® were more active on weekdays than
weekend days, while the opposite was reported for Swiss workers
in low occupational intensity grougs‘m and office workers from the
UK, Singapore,'” and Australia.>*° Conversely, we found very few
differences between weekdays and weekend days among those in the
intermediate or high-level occupational categories, which is in agree-
ment with studies among British office-workers, whether including
both sexes '® or only women.'®

Apart from differences between those in the low-level occu-
pational category and the non-employed, the activity levels were
fairly similar for non-employed and employed participants. This is
contrast to several other studies using objective methods to assess
physical activity. For example, in an American study, employed men
were more active than non-employed healthy men, although such a
difference was not found among women.** Furthermore, employed
people had a higher step count than unemployed persons in
Belgium,*® and also when compared with homemakers and disabled
persons in Finland.”’ Additionally, British retirees were found to be
less sedentary and more active than employed people.*® The differ-
ences between our findings and those of previous studies could be
explained by the variety of subgroups included in our non-working
category, with homemakers being less sedentary and more active
than disabled and retirees.
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stepping and in higher-intensity physical activ-
ity, by employment status, on weekdays and
weekend days. Solid bars represent % of time 0 - )
on weekdays and hatched bars % of time on Non- Low Intermediate High Self-
weekend days. Statistically significant differen- employed e'zgt'gég‘;m eg;‘;'aogrgfy”t e'zgt'gég}‘;nt employed

ces between weekdays and weekend days in
each subgroup are marked with *.

Strengths of this study include the objective measurement of
both sedentary time and time spent at different activity levels, using
a thigh-worn accelerometer, as well as the ability to distinguish
between weekdays and weekend day activity levels, and the diverse
study sample, which included a wide variety of occupational
categories and non-employed people. Thigh-worn accelerometers
provide reliable measurement of sedentary time, and enable

© 2018 American College of Occupational and Environmental Medicine

m\Week BWeekend

distinguishing between sitting and standing time.*® Furthermore,
accelerometers provide detailed information on activity over time,
allowing comparison of activity between weekdays and weekend
days. Including the non-employed resulted in a broader assessment
of occupational category, although the currently non-employed
could have been previously employed in many different
occupational categories.
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TABLE 3. Percentage of Waking Time, With 95% Confidence Interval (Cl), Spent Sedentary, Standing, Stepping, and in
Higher-Intensity Physical Activity, on Average Days, for the Non-Employed. The Models have been Adjusted for Age, Sex,
Presence of Diabetes, and Presence of Mobility Limitations

Retired Homemaker Disabled Unemployed Rentier
(n=1704) (n=233) (n=136) (n=174) (n=53)
Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI P

Sedentary 62.9 619 638 60.1 58.7 615 63.6 619 654 62.0 595 644 64.0 614 665 0.003
Standing 259 252 266 28.1 27.0 292 252 238  26.6 27.1 252 290 24.7 2277 267  0.001
Stepping 11.2 10.8 11.6 11.8 11.2 12.5 11.1 104 119 11.0 9.9 12.0 11.3 10.2 125 043
HPA 1.8 1.7 2.0 1.9 1.6 2.1 1.6 1.3 2.0 1.8 1.3 2.2 1.8 1.3 23 083

HPA, higher-intensity physical activity.
“P value for overall differences between different employment status.
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