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Purpose: We evaluated the validity and sensitivity to change of a workplace questionnaire to assess
sedentary behavior (SB) during and outside work.

Methods: Participants wore an activPAL and completed an SB questionnaire at two time points (baseline
and 3-month follow-up). Ecological momentary assessments were used to assess workplace location (at
desk vs. away from desk). Intraclass correlation coefficients, mean difference, root of mean square error,
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Keywords: ) kappa agreement, and Bland-Altman plots assessed validity. Sensitivity to change after 3 months of
Sedentary behavior . . d usi h dardized eff .
Workplace intervention was assessed using the standardized effect size.

Results: Data from 546 participants (age = 45.1 + 16.4 years, 24.9% males, 72.7% white) were analyzed.
Intraclass correlation coefficients ranged from 0.08 to 0.23. SB was overestimated d (95% CI)[] by 47.9
(39.2, 56.6) min during work hours but underestimated for both non—work hours and nonworkdays
by —38.3 (—47.4, 29.1) and —106.7 (124.0, —89.5) min, respectively. Participants slightly underestimated
SB by —3.4 (—12.6, 5.7)% when at their desk but overestimated SB by 2.8 (2.4, 8.0)% when not at their
desk. The questionnaire demonstrated similar standardized effect size (>0.6) to the activPAL for
sedentary and standing time.

Conclusions: Agreement between the questionnaire and activPAL was on par with other self-report
measures. The questionnaire yielded valid estimates of at/away from desk SB and was sensitive to change.

Questionnaire

Published by Elsevier Inc.

Introduction

Excess sedentary behavior (SB), defined as any seated/lying
positions with low energy expenditure, has deleterious effects on
cardiometabolic and other key health parameters independent of
time spent being physically active [1—-5]. As office-based employees
spend ~66% of their total work time being sedentary [6], the
workplace has emerged as a logical setting for interventions tar-
geting SB [7—9]. Although objective measures of SB exist, they are
not always feasible in workplace epidemiologic and health
behavior studies and do not provide the contextual information
needed to inform public health guidelines [10]. Thus, self-report
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remains an important method of measurement for physical activ-
ity and SB [11].

In contrast to physical activity that is structured and purposeful,
SB is ubiquitous, habitual, and socially reinforced. These charac-
teristics significantly increase the cognitive load associated with
recall that ultimately leads to inaccurate self-reporting [12]. A
number of self-report measurement tools have been developed to
measure SB ranging from a single-item questionnaire to question-
naires. Two systematic reviews evaluated these tools in terms of
their reliability (i.e., repeatability of measurement) and validity (i.e.,
accuracy in relation to a criterion measure) [12,13]. Results from
these reviews indicated wide variability in the reliability of these
questionnaires with overall reliability ranging from (intraclass
correlation coefficient) 0.18 to 0.95 and domain-specific reliability
ranging from 0.04 to 0.93. Furthermore, these questionnaires often
have poor to moderate validity (spearman rho ranging from 0.02 to
0.83) with a significant amount of underestimation (—0.5
to —6 hours per day). In addition, very few questionnaires had been


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:matthew.buman@asu.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.annepidem.2019.01.002&domain=pdf
www.sciencedirect.com/science/journal/10472797
https://doi.org/10.1016/j.annepidem.2019.01.002
https://doi.org/10.1016/j.annepidem.2019.01.002
https://doi.org/10.1016/j.annepidem.2019.01.002

M,J.L. Toledo et al. / Annals of Epidemiology 31 (2019) 62—68 63

developed to assess the context of these behaviors in the work-
place. For example, the Occupational Sitting and Physical Activity
Questionnaire measures the total time spent sitting, standing,
walking, or doing heavy labor at work [14] but does not assess the
context of these activities (e.g., desk-based vs. non—desk based
tasks). Furthermore, most of these questionnaires have been vali-
dated using accelerometry [15—17], which does not distinguish
between sitting and standing activities [18], and none to our
knowledge validate the context of SB in the workplace.

Another important metric in evaluating the usefulness of an
instrument is its ability to measure change over time. The sensi-
tivity to change index is valuable in providing researchers with an
estimate of the minimum detectable change in the target behavior
using the instrument. Unfortunately, few questionnaires have been
evaluated in their ability to detect clinically important changes over
time (sensitivity to change) [19]. This is important considering the
proliferation of interventions that target SB in the workplace. A
questionnaire that can measure context-specific SB that occurs in
the workplace is valuable to help tailor interventions and better
evaluate outcomes of these interventions.

This study aimed to evaluate the overall validity and sensitivity
to change of a researcher-developed workplace SB questionnaire in
assessing total SB during (1) work hours, (2) non—work hours on
workdays, and (3) nonworkdays. Furthermore, we aimed to provide
preliminary evidence to establish the validity of the tool in
measuring context-specific SB (i.e., desk-based) in the workplace.

Methods
Study design and participants

Participants were drawn from an ongoing group randomized
trial of 24 worksites in the greater Minneapolis/St. Paul and
Phoenix metropolitan areas aimed at reducing SB and increasing
light-intensity physical activity in the workplace. Participants were
eligible if they meet all of the following criteria: (1) >18 years old,
(2) able to safely reduce sitting and increase light physical activity
(LPA), (3) working full time, (4) not currently pregnant, (5) pre-
dominant worksite occupation being seated office work, (6) not
currently using a sit-stand workstation, (7) willing to have a sit-
stand workstation, and (8) willing to be randomized to an inter-
vention arm. The study design and protocol has been published
elsewhere [20]. Worksites were randomized to one of two active
behavioral interventions: (1) multicomponent intervention (e.g.,
support from worksite leaders and advocates, signage, and e-
newsletters) to decrease sitting and increase standing and LPA at
work or (2) multicomponent intervention to decrease sitting and
increase standing and LPA at work along with the use of a sit-stand
workstation. The intervention took place over 12 months, although
only data from the baseline and 3-month time points (collected
from January 2016 to January 2017) were included in these ana-
lyses. All study procedures were approved by the institutional re-
view boards of the associated institutions and written consent was
obtained from each participant before participation.

Criterion measure of sedentary and more active behaviors

Objective measures of sitting, standing, and moving time were
derived from the activPAL microaccelerometer, which is a valid and
reliable device [21—23]. The devices were waterproofed, and par-
ticipants were instructed to wear it on the midline of their right
thigh for seven consecutive days. Collected data were processed
into events of sitting, standing, or moving (i.e., stepping) using the
activPAL software (activPAL version 7.2.32, PAL Technologies Ltd,
Scotland, UK). Sleep intervals, workday arrival and departure times,

and nonworkdays were self-reported using an electronic daily log.
All wake time measured by the activPAL as lying/seated was
considered sedentary. The remaining wake time periods were then
classified as either standing or moving events by the activPAL de-
vice. All sitting, standing, and moving behaviors were summed to
obtain total time spent in that respective activity and expressed in
minutes per day (min/day). Times excluded from this wake-time
analysis included (1) continuous sitting or standing behavior
more than 6 hours as indicated by the activPAL (considered
non—wear time); (2) all days with <10 hours of valid wear time;
and (3) participants with only one valid day of activPAL wear.

Stand and Move at Work sedentary behavior questionnaire

Expert feedback on an existing SB questionnaire designed to
measure total and domain-specific sitting time of working adults
was obtained [16]. Recommended adaptations were incorporated
into the new questionnaire, which required participants to (1)
categorize sitting time into three time periods (i.e. work-hours
during workdays, non—work hours during workdays, and non-
workdays); (2) estimate the percentage of their time spent sitting,
standing, or moving during work hours; (3) estimate the percent-
age of their day spent at, and away from, their desk; and (4) esti-
mate time spent sitting in transportation, watching TV, using
computer, internet, or electronic games, and sitting for other pur-
poses during non—work hours on both workdays and nonworkdays
(see Appendix A in the supplemental materials for full
questionnaire).

Participants completed the questionnaire on the last (seventh)
day of the baseline and 3-month assessment time points. Using the
questionnaire, total sitting time was calculated for the three
distinct periods: (1) work hours, (2) non—work hours on workdays,
and (3) nonworkdays. Sitting, standing, and moving time during
work hours was calculated by summing the time spent sitting (at
their desk and away from their desk), during a typical workday,
multiplied by the number of workdays in a typical week. To
calculate sedentary time for both non—work hours on workdays
and nonworkdays, respectively, all reported sitting time during
transportation, watching TV, computer/internet/electronic games,
and sitting for other purposes was summed, separately, for each of
these two non—work periods. All data were expressed as average
minutes spent on these behaviors in a typical day.

Ecological momentary assessment

Ecological momentary assessment (EMA) was used to estimate
validity of the self-reported desk-based behaviors on a subsample
of the study participants (n = 45). The EMA method had been
shown to be a valid method in assessing sedentary and more active
behaviors in adults [24—26]. The EMA questions (see Appendix B)
were designed to derive participant workplace location (i.e., at desk
vs. away from desk) and their momentary activity (i.e., sitting vs.
standing vs. moving). Participants completed an EMA questionnaire
at three random times per day (morning, midday, and end of the
day) on seven random days during a 14-day period (includes the 7
days that they were wearing the activPAL device). The percentage
of the time that participants reported as sitting, standing, or
moving at or away from their desk was used as an estimate of time
spent in each behavior.

Statistical analyses
Data were summarized using means, SDs, frequencies, and

percentages. Time spent in each behavior was calculated from both
activPAL and questionnaire data. Time was standardized to an 8-
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hour day for work hours and non—work hours on workdays
(totaling 16 hours on workdays), and a 16-hour day on non—work
days. Analyses were performed using SAS (SAS 9.4, SAS Institute
Inc., Cary, NC).

Validity was evaluated by comparing the reported sedentary
and physical activity values to activPAL-measured sedentary
time for work time, non—work time on workdays, and non-
workdays. Agreement between the two measures was assessed
through single-measure with absolute definition intraclass cor-
relation coefficient using the two-way random effects model.
Validity was considered poor, moderate, or strong when corre-
lation coefficients were <0.4, 0.4—0.8, or >0.8, respectively [27].

Bias estimates including mean difference (d) and root of mean

- - - p
square error (RMSE - \/E (Questlonnall;e—actlvPAL) ) were used to

quantify overall agreement. Kappa statistics was evaluated to
assess the capability of the questionnaire to distinguish partici-
pants at different activity quartiles.

The Bland-Altman method was used to evaluate the agreement
between the two measurement methods. Heteroscedasticity in the
data was examined visually and confirmed through the methods
outlined by Fernandez [28]. Modified Bland-Altman plots were
created where the differences between measurement methods
were expressed as the percentage of their mean.

To estimate sensitivity to change, the standardized effect size
(SES) method [29,30] was used to determine whether observed
changes in the behavior from baseline to follow-up were larger
than the observed natural variability in baseline scores. A signifi-
cant change in behavior measured by the activPAL device was
defined as either a change of at least 30 minutes in standardized
sitting and standing time during any of the three defined time
periods or a change of at least 10 minutes of moving time during
work hours only. Only those who significantly changed their
behavior (as measured with activPAL) were included in this aspect
of the analyses. A sensitivity analysis was also conducted to
determine if there were systematic differences in reporting accu-
racy between those participants who significantly changed their
behavior and those that did not. The ratio between the mean
change from baseline to follow-up and the SD at baseline were
calculated for each activity category and used to quantify sensitivity
to change. The change score from the baseline to 3-month time
point from the activPAL was plotted against the questionnaire
change score.

Results

Data from 546 participants were included in the analysis after
excluding those with missing questionnaires and invalid activPAL
data. The demographics and SB variables (measured by activPAL) of
these participants are presented in Table 1. Participants were
predominately middle-aged, female, non-Hispanic white, and
overweight. On an average work day, participants spent 331.9(77.9)
mins/8-h day, 111.5 (74.9) mins/8-h day, and 36.9 (16.3) mins/8-h
day on sedentary, standing, and moving behaviors.

Criterion validity

Table 2 shows the agreement between the questionnaire and
activPAL data for sitting, standing, or moving during the three
distinct time periods. During work hours, sedentary time was
overestimated (47.9 [39.2, 56.6] mins), standing time was under-
estimated (—61.3 [-68.7, —53.9] mins), and time moving was
overestimated (13.4 [9.5, 17.3] mins). During non—work hours on
both workdays and nonworkdays, participants tended to

Table 1
Participant demographics (n = 546)

Demographic variable Mean (SD)/percentage

Age (y) 451 + 164
Gender”
Male 24.9 (136/546)
Female 73.3 (400/546)
Race'

Non-Hispanic white 72.7 (397/546)

Hispanic white 7.3 (40/546)
African-American 4.4 (24/546)
Asian 5.9 (32/546)
Others 4.8 (26/546)
BMI (kg-m~—2) 293+73
Sedentary time
Work hours (mins per 8 h) 3319+ 779
Non—work hours (mins per 8 h) 300.9 + 55
Non—work days (mins per 16 h) 584.1 + 121.6
BMI = body mass index.
" 10 participants did not report sex.
27 participants did not report race.
underestimate sedentary time (—383 [-474, 29.1] mins

and —106.7 [-124.0, —89.5] mins, respectively). Further examina-
tion of the accuracy by sex revealed similar overall trend with
males being slightly more accurate at reporting behaviors during
work hours (see Supplemental Table 2). Kappa analysis between
the two methods revealed poor agreement with kappas ranging
from 0.05 to 0.16 (Supplemental Table 1).

Visual inspection of the Bland-Altman plots (Fig. 1) suggested
significant heteroscedasticity and trends. For all activity categories,
the no-difference line fell well within 2 SD limits of agreement with
mean percent bias ranging from —84.6% to 13.4%. A slight, but
significant, positive trend was observed for mean percentage bias of
standing (b = 0.29, p < 0.001) and moving time (b = 2.06, p < 0.001)
during work hours, sedentary time during non—work hours
(b = 040, p < 0.001), and sedentary time during nonworkdays
(b =0.17, p < 0.001).

To approximate the overall accuracy of the EMA questionnaire,
we compared the proportion of sitting, standing, and moving time
reported on EMA to the activPAL. The results indicated minimal bias
13.1(6.3, 19.8)%, —5.0 (—11.5, 1.5)%, and —8.1 (8.9, —7.2)% for
sitting, standing, and moving behaviors during work hours. The
questionnaire-reported percentage of time spent sedentary,
standing, and moving at and away from the desk was then
compared to the values reported in the EMA (Table 2). While at
their desk, participants slightly underestimated both SB and
standing with mean differences of —3.4 (-12.6, 5.7)%, RMSE = 30.4
and -2.5 (-7.0, 2.0)%, RMSE = 15.0, respectively, and slightly
overestimated moving behavior by 4.3 (2.3, 6.3)%, RMSE = 7.8.
When away from their desk, participants slightly overestimated SB
by 2.8 (—2.4, 8.0)%, RMSE = 17.3, and moving by 6.3 (4.0, 8.7)%,
RMSE = 10.1, while standing time was underestimated by —7.5
(—11.6, —3.6)%, RMSE = 15.5.

Sensitivity to change

Only 393 participants were included in this analysis based on
their behavior change over time (see Table 3 and Fig. 2). Results
from our sensitivity analysis revealed that there was no significant
difference in the reporting accuracy between participants who
changed their behavior and those who did not. The changes in
sedentary and standing behavior during work hours from the
activPAL were positively associated with the change in behavior
from the questionnaire (r = 0.50, P < .001 and r = 0.57, P < .001,
respectively; Fig. 2). This relationship was not observed for moving
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Accuracy and bias estimate of the Stand and Move at Work sedentary behavior questionnaire (n = 546)

65

Behavior

Questionnaire (X+SD) Criterion (X+SD) (activPAL or EMA) Mean difference” (95% CI) RMSE'

Work hours (mins per 8 h period)

Sedentary 379.3 + 82.1 332.6 +78.1 46.7 (38.1,55.4) 114.7

Standing 50.2 + 54.7 110.6 + 74.8 —60.3 (—67.6, —53) 106.9

Moving 50.4 + 49.1 36.8 + 16.2 13.6(9.8,17.4) 48.0
At desk (%)

Sedentary 67 + 22 70.5 £ 22.8 —3.4(-126,5.7) 304

Standing 55+94 834+114 -25(-7,2) 15.0

Moving 43 +6.5 0+0 43(2.3,6.3) 7.8
Not at desk (%)’

Sedentary 134+ 133 104 + 16 2.8(-24,8) 17.3

Standing 34+49 10.7 £ 125 -7.5(-11.6, -3.4) 15.5

Moving 63+79 0+0 6.3 (4, 8.7) 10.1
Non—work hours®’ (mins per 8-h period) 263.4 + 104.8 301.1 + 54.6 —37.7 (—46.7, 28.6) 1153
Nonworkdays® (mins per 16-h period) 476.6 + 194.2 582 + 119.7 —105.6 (—122.7, —88.5) 2248

EMA = Ecological momentary assessment; RMSE = root of mean square error.

* Mean difference (questionnaire—activPAL) of standardized values to an 8-hour period for work hours and non—work hours on workdays and a 16-hour period for

nonworkdays.
¥ Root mean square error.

+ Compared to reported percentage of time spent in each behavior using ecological momentary assessment.
¥ Non—work hour and nonworkday values are time spent on sedentary behavior only.

behaviors during work hours or SB outside work. Self-reported
mean changes in behaviors were consistently of greater magni-
tude compared with changes measured by the activPAL device
(Table 3). However, the variability in baseline scores among par-
ticipants was also consistently higher compared to the objective
method, except for sitting and standing behaviors during work
hours. The SES for sedentary and standing behaviors during work
hours were higher (SES ranges from 1.06 to 1.95) for the ques-
tionnaire compared to activPAL. Poor SES (ranges from 0.01 to 0.06)
were obtained from the activPAL and questionnaire for moving
during work hours and SB on non—work hours during work days
and nonworkdays. Similar directions of change in the summary
score for the activPAL and questionnaire were observed for each

behavior and distinct time period, except for moving behaviors
during work hours (mean difference was 14 min per day
vs. —0.4 min per day for the questionnaire and activPAL,
respectively).

Discussion

The purpose of this study was to determine the validity and
sensitivity to change of a workplace questionnaire among seden-
tary working adults and provide initial evidence of its validity in
measuring desk-based SB. Our analysis revealed similar validity
with other self-report questionnaires [13,31,32]; however, this tool
shows additional promise in terms of sensitivity to change and
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Fig. 1. Bland-Altman plots between the activPAL and the Stand and Move at Work sedentary behavior questionnaire. (A—C) Agreement in sedentary, standing, and moving time,
respectively, during work hours. (D and E) Agreement in sedentary time during non—work hours on workdays and nonworkdays, respectively. The x-axis represents average
between the two measures, and y-axis is the ratio between the difference and average expressed as percentage.
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Table 3
Sensitivity to change of the Stand and Move at Work sedentary behavior questionnaire (n = 393)
Variable % Substantial change’ Mean difference’ (95% CI) (mins per 8 h or 16 h period) SD' SES®
Work hours
Sedentary 65.4%
Questionnaire —84.9 (—99.9, —69.8) 80.0 1.06
activPAL —53.4 (-66.1, —40.8) 79.1 0.68
Standing 62.8%
Questionnaire 83.9 (71.3,96.5) 43.0 1.95
activPAL 57.0 (44.6, 69.4) 774 0.74
Moving 36.4%
Questionnaire 14 (-9.2,12.1) 59.0 0.02
activPAL -0.4(-4.3,34) 19.8 0.02
Non—work hours 48.9%
Sedentary
Questionnaire -13.5(-334,6.3) 103.4 0.13
activPAL -3.6(-13.3,6.2) 55.5 0.06
Nonworkdays 84.0%
Sedentary
Questionnaire 2.6 (—23.6, 28.7) 193.4 0.01
activPAL 2.7 (-14.2,19.5) 122.3 0.02

LPA = light physical activity; MVPA = moderate to vigorous physical activity; SES = standardized effect size.
" Percentage of participants who decreased by at least 30 min per day for sedentary activity, increased by at least 30 min per day of LPA or 10 min per day of MVPA based on

activPAL.
¥ Mean change in score from baseline to follow-up.
+ SD is a measure of variability in baseline participant scores.

% Standardized effect size (SES) is calculated as (mean change/SD), with direction of change removed.

ability to assess context-specific form of workplace sitting (i.e., at
desk vs. away from desk).

A review of newly developed self-report measures of physical
activity and SB revealed a median validity coefficient (Spearman p)
of 0.23 for SB and 0.30 for total activities [33]. However, these re-
sults were not unexpected considering that using self-report for
absolute measurement of sedentary and more active behaviors
have traditionally been difficult [12,34]. Despite this, the Bland-
Altman plots suggest that this questionnaire has acceptable

-
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bias estimates for sedentary and more active behaviors are rela-
tively modest with narrow confidence intervals during work hours,
which suggest more accurate estimates of these biases. Although
the kappa agreement between the two methods was poor, sug-
gesting significant degree of misclassification between quartiles of
behavior, most of the misclassifications occurred between the
middle quartiles (quartiles 2 and 3). This finding suggests that the
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Fig. 2. Sensitivity to change of the Stand and Move at Work sedentary behavior questionnaire (n = 393). (A—C) The agreement in change from baseline to 3-mos follow-up in
sedentary, standing, and moving time, respectively, during work hours. Agreement in change in sedentary time during non—work hours on workdays is displayed in (D) and
nonworkdays in (E). The x-axis represents change as measured by the activPAL, and y-axis is change as measured by the survey. The gridlines represent +30 mins of change of
sedentary and standing behaviors or +10 mins of change for moving behavior. SES is the standardized effect size calculated by dividing the mean change from baseline to 3 mos by

the baseline SD.
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questionnaire can distinguish between the most and least seden-
tary participants.

In addition, our analysis of the context-specific workplace be-
haviors revealed only slight underestimation/overestimation for
sedentary and more active behaviors that occur at and away from
their desk. It should be noted that EMA is also a self-report measure
and is subjected to certain degree of error. Future studies should
evaluate this aspect of the questionnaire using objective tools (e.g.,
proximity sensors). Nevertheless, no other studies have evaluated
the validity of self-report tools in assessing desk-based SB, which is
valuable for evaluating large-scale workplace interventions. As
such, this new questionnaire appears to have promising utility for
large epidemiologic and intervention studies of SB.

The sensitivity to change results indicated consistently higher
change score values and lower baseline variability than the activ-
PAL device on sedentary and standing behaviors during work
hours. As such, we observed higher SES scores between the two
measurement methods for these behaviors during work hours. This
may be partly due to the participants perceiving their work as being
highly sedentary with less opportunity for standing or moving at
work. The baseline scores from the questionnaire were more vari-
able for moving behaviors during work hours and for sitting be-
haviors during both non—work hours on workdays and
nonworkdays, which is reflected by the corresponding SES scores.
Regardless, the mean change scores for both the activPAL and the
questionnaire had similar trends in the standing and moving cat-
egories, suggesting that, at the very least, these measures agree on
the overall direction of change for each of the behaviors. A limita-
tion of this study is that our sensitivity to change estimates re-
flected the size of the reported change in behavior compared with
the natural variability of baseline scores only in participants who
substantially changed their behavior according to the activPAL
device. This method allowed us to examine sensitivity in the
context of change in group behavior. A different method of
assessing sensitivity to change within individuals has been outlined
in a past study and should be further evaluated [30].

One strength of this study is the large sample size. Participants
were recruited from a total of 24 worksites across two distinct
metropolitan areas (i.e. Phoenix and Minneapolis/St. Paul) from
three different sectors (i.e. academic, government, and industry),
allowing for a fairly representative sample of desk-based workers.
In addition, the activPAL device was used as the criterion measure,
which allowed for the comparison of the self-report measure to a
valid measure of posture and light-intensity physical activity. The
SES of both measures enabled us to determine the instrument's
ability to detect changes in our target behavior over time, which is
of principle use in any self-report measure of behavior [19].

Conclusion

Our results suggest that the Stand and Move at Work sedentary
behavior questionnaire has similar validity to most self-report in-
struments. The questionnaire yielded valid estimates of at-desk
versus away from desk SB and is sensitive to change in a manner
similar to an objective measure of sitting. These results suggest the
usefulness of the questionnaire in studies aimed at evaluating in-
terventions targeted at changing these specific behaviors. In addi-
tion, this new instrument could be used as a tool to capture
context-specific forms of SB.

Acknowledgment
This study was funded by the National Institute of Health

[RO1CA198971]. The authors would like to thank Barbara Ains-
worth, Bronwyn Clark, Paul Gardiner, Jennifer Huberty, Brigid

Lynch, Fabien Riviere, and Elisabeth Winkler for their assistance in
questionnaire development.

Supplementary data

Supplementary data associated with this article can be found in
the online version at https://doi.org/10.1016/j.annepidem.2019.01.
002.

References

Barone Gibbs B, Pettee Gabriel K, Reis P, Jakicic JM, Carnethon MR, Sternfeld B.

Cross-sectional and longitudinal associations between objectively measured

sedentary time and metabolic disease: the coronary artery risk development

in young adults (CARDIA) study. Diabetes Care 2015;38(10):1835—43.

Katzmarzyk PT, Church TS, Craig CL, Bouchard C. Sitting time and mortality

from all causes, cardiovascular disease, and cancer. Med Sci Sports Exerc

2009;41(5):998—1005.

Matthews CE, Moore SC, Sampson ], Blair A, Xiao Q, Keadle SK, et al. Mortality

benefits for replacing sitting time with different physical activities. Med Sci

Sports Exerc 2015;47(9):1833—40.

Ekelund U, Steene-Johannessen ], Brown W], 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.

Sedentary Behavior Research Network. Standardized use of the terms

“sedentary” and “sedentary behaviours”. Appl Physiol Nutr Metab 2012;37(3):

540-2.

Matthews CE, Chen KY, Freedson PS, Buchowski MS, Beech BM, Pate RR, et al.

Amount of time spent in sedentary behaviors in the United States, 2003-2004.

Am ] Epidemiol 2008;167(7):875—81.

Neuhaus M, Eakin EG, Straker L, Owen N, Dunstan DW, Reid N, et al. Reducing

occupational sedentary time: a systematic review and meta-analysis of evi-

dence on activity-permissive workstations. Obes Rev 2014;15(10):822—38.

Healy G, Lawler S, Thorp A, Neuhaus M, Robson E, Owen N, et al. Reducing

prolonged sitting in the workplace, an evidence review: full report. Creating

Healthy Workplace Evidence Review Series. 2012. https://espace.library.uq.

edu.au/view/UQ:355204. [Accessed 24 January 2018].

Shrestha N, [jaz S, Kukkonen-Harjula KT, Kumar S, Nwankwo CP. Workplace

interventions for reducing sitting at work. In: Shrestha N, editor. Cochrane

Database of Systematic Reviews, vol. 1. Chichester, UK: John Wiley & Sons,

Ltd; 2015. CD010912.

[10] Sylvia LG, Bernstein EE, Hubbard JL, Keating L, Anderson EJ. Practical guide to
measuring physical activity. ] Acad Nutr Diet 2014;114(2):199—-208.

[11] Hidding LM, Altenburg TM, Mokkink LB, Terwee CB, Chinapaw MJ]M. Sys-
tematic review of childhood sedentary behavior questionnaires: what do we
know and what is next? Sports Med 2017;47:677—99.

[12] Healy GN, Clark BK, Winkler EAH, Gardiner PA, Brown W], Matthews CE.
Measurement of adults' sedentary time in population-based studies. Am ]
Prev Med 2011;41(2):216—27.

[13] Dall PM, Coulter EH, Fitzsimons CF, Skelton DA, Chastin S, Seniors USP Team.
TAxonomy of self-reported sedentary behaviour tools (TASST) framework for
development, comparison and evaluation of self-report tools: content analysis
and systematic review. BMJ Open 2017;7(4):e013844.

[14] Chau ]JY, van der Ploeg HP, Dunn S, Kurko ], Bauman AE. Validity of the
occupational sitting and physical activity questionnaire. Med Sci Sports Exerc
2012;44(1):118-25.

[15] Marshall AL, Miller YD, Burton NW, Brown WJ. Measuring total and domain-
specific sitting: a study of reliability and validity. Med Sci Sports Exerc
2010;42(6):1094—102.

[16] Chau JY, van der Ploeg HP, Dunn S, Kurko J, Bauman AE. A tool for measuring
workers' sitting time by domain: the workforce sitting questionnaire. Br ]
Sports Med 2011;45(15):1216—22.

[17] Rosenberg DE, Norman GJ, Wagner N, Patrick K, Calfas K], Sallis JF. Reliability
and validity of the sedentary behavior questionnaire (SBQ) for adults. | Phys
Act Health 2010;7(6):697—705.

[18] 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.

[19] Guyatt G, Walter S, Norman G. Measuring change over time: assessing the
usefulness of evaluative instruments. ] Chronic Dis 1987;40(2):171-8.

[20] Buman MP, Mullane SL, Toledo M]J, Rydell SA, Gaesser GA, Crespo NC, et al. An
intervention to reduce sitting and increase light-intensity physical activity at work:
design and rationale of the ‘stand & move at work’ group randomized trial. Contemp
Clin Trials 2017;53:11-9.

[21] Aminian S, Hinckson EA. Examining the validity of the ActivPAL monitor in

measuring posture and ambulatory movement in children. Int J Behav Nutr

Phys Act 2012;9:119.

[1

2

3

[4

(5

(6

[7

8

[9


https://doi.org/10.1016/j.annepidem.2019.01.002
https://doi.org/10.1016/j.annepidem.2019.01.002
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref1
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref1
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref1
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref1
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref1
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref2
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref2
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref2
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref2
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref3
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref3
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref3
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref3
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref4
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref4
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref4
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref4
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref4
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref4
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref5
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref5
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref5
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref5
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref6
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref6
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref6
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref6
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref7
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref7
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref7
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref7
https://espace.library.uq.edu.au/view/UQ:355204
https://espace.library.uq.edu.au/view/UQ:355204
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref9
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref9
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref9
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref9
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref9
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref10
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref10
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref10
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref11
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref11
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref11
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref11
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref12
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref12
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref12
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref12
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref13
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref13
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref13
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref13
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref14
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref14
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref14
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref14
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref15
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref15
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref15
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref15
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref16
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref16
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref16
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref16
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref17
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref17
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref17
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref17
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref18
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref18
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref18
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref18
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref19
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref19
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref19
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref20
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref20
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref20
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref20
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref20
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref20
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref21
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref21
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref21

68

[22]

[23]

[24]

[25]

[26]

[27]

[28]

M,J.L. Toledo et al. / Annals of Epidemiology 31 (2019) 62—68

Dowd KP, Harrington DM, Donnelly AE. Criterion and concurrent validity of
the activPAL™ professional physical activity monitor in adolescent females.
PLoS One 2012;7(10):e47633.

Ryan CG, Grant PM, Tigbe WW, Granat MH. The validity and reliability of a novel
activity monitor as a measure of walking. Br ] Sports Med 2006;40(9):779—84.
Mabher JP, Rebar AL, Dunton GF. Ecological momentary assessment is a feasible
and valid methodological tool to measure older adults' physical activity and
sedentary behavior. Front Psychol 2018;9:1485.

Dunton GF, Liao Y, Kawabata K, Intille S. Momentary assessment of adults’
physical activity and sedentary behavior: feasibility and validity. Front Psy-
chol 2012;3:260.

Knell G, Gabriel KP, Businelle MS, Shuval K, Wetter DW, Kendzor DE.
Ecological momentary assessment of physical activity: validation study. ] Med
Internet Res 2017;19(7):e253.

Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing rater reliability.
Psychol Bull 1979;86(2):420.

Fernandez R, Fernandez G. Validating the bland-Altman method of agreement.
https://www.lexjansen.com/wuss/2009/pos/POS-Fernandez.pdf. [Accessed 22
September 2018].

[29]

[30]

[31]

[32]

(33]

(34]

Chastin SFM, Winkler EAH, Eakin EG, Gardiner PA, Dunstan DW, Owen N, et al.
Sensitivity to change of objectively-derived measures of sedentary behavior.
Meas Phys Educ Exerc Sci 2015;19(3):138—47.

Beaton DE, Bombardier C, Katz JN, Wright JG, Hays R, Tugwell P, et al.
A taxonomy for responsiveness. ] Clin Epidemiol 2001;54(12):1204—17.
Hekler EB, Buman MP, Haskell WL, Conway TL, Cain KL, Sallis JF, et al. Reli-
ability and validity of CHAMPS self-reported sedentary-to- vigorous intensity
physical activity in older adults. ] Phys Act Health 2012;9:225—-36.

Gennuso KP, Matthews CE, Colbert LH. Reliability and validity of two self-
report measures to assess sedentary behavior in older adults. ] Phys Act
Health 2015;12:727-32.

Helmerhorst HJ, Brage S, Warren ], Besson H, Ekelund U, Wareham N, et al.
A systematic review of reliability and objective criterion-related validity
of physical activity questionnaires. Int ] Behav Nutr Phys Act 2012;9(1):
103.

Strath SJ, Kaminsky LA, Ainsworth BE, Ekelund U, Freedson PS, Gary RA, et al.
Guide to the assessment of physical activity: clinical and research applica-
tions: a scientific statement from the American Heart Association. Circulation
2013;128(20):2259-79.


http://refhub.elsevier.com/S1047-2797(18)30666-5/sref22
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref22
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref22
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref22
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref23
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref23
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref23
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref24
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref24
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref24
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref25
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref25
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref25
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref26
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref26
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref26
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref27
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref27
https://www.lexjansen.com/wuss/2009/pos/POS-Fernandez.pdf
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref29
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref29
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref29
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref29
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref30
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref30
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref30
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref31
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref31
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref31
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref31
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref32
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref32
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref32
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref32
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref33
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref33
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref33
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref33
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref34
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref34
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref34
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref34
http://refhub.elsevier.com/S1047-2797(18)30666-5/sref34

M,J.L. Toledo et al. / Annals of Epidemiology 31 (2019) 62—68 68.e1

Appendix

Supplemental Table 1
Accuracy and bias estimate of the Stand and Move at Work sedentary behavior
questionnaire (n = 546).

Behavior Kappa agreement (95% CI)
Work hours
Sedentary 0.13 (0.08, 0.18)
Standing 0.14 (0.08, 0.19)
Moving 0.16 (0.11, 0.22)
Non—work hours (sedentary) 0.05 (0.01, 0.1)
Non—workdays (sedentary) 0.12 (0.06, 0.17)
Supplemental Table 2
Accuracy and bias estimate of the Stand and Move at Work sedentary behavior questionnaire (n = 546) by gender
Behavior Female Male
Questionnaire Criterion Mean difference” RMSE' Questionnaire Criterion Mean difference’ RMSE!
(X+SD) (X+SD) (95% CI) (X+SD) (X+SD) (95% CI)
Work hours (mins per 8 h period)
Sedentary 3763 +£86.6 327.1 +81.1 49.1(38.2,60.0) 1233 3852 +67.7 3485 +68 37.2 (24.6, 49.9) 843
Standing 514 +57.7 1163 +78.1 —64.6(-73.8, -55.5) 115.1 484 +45.38 94.1 + 63.1 —46.2 (-56.7, —35.7) 78.1

Moving 52.3 + 51 36.7 +16.1  15.6(10.9, 20.2) 50.3 46.5+43.5 37.4 +16.7 9.0 (2.2,15.8) 41.7
Non—work hours’ (mins per 8 h period) 262.9 + 106.6 299.2 + 54.5 —36.2 (—47, —25.4) 118.0 262.8 +100.3 305.6 + 556  —43.0(-59.5, -26.4) 108.1
Nonworkdays® (mins per 16 h period) 489.2 + 195.6 580.6 + 118 -91.6 (-112.1, —=71.1) 222.7 4373 +179.5 581.5 + 124.8 —144.2 (-174.1, -114.2) 227.6

RMSE = root of mean square error.

" Mean difference (questionnaire—activPAL) of standardized values to an 8-hour period for work hours and non—work hours on workdays and a 16-hour period for
nonworkdays.

 Root mean square error.

¥ Non—work hour and nonworkday values are time spent on sedentary behavior only.
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