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Abstract

Sedentary time (too much sitting) is increasingly being recognized as a distinct health risk
behavior. This paper reviews the reliability and validity of self-report and device-based
sedentary time measures and provides recommendations for their use in population-based
studies. The focus is on instruments that have been used in free-living, population-based
research in adults. Data from the 2003-06 National Health and Nutrition Examination Survey
are utilized to compare the descriptive epidemiology of sedentary time that arises from the
use of different sedentary time measures. A key recommendation from this review is that,
wherever possible, population-based monitoring of sedentary time should incorporate both
self-report measures (to capture important domain- and behavior-specific sedentary time
information) and device-based measures (to measure both total sedentary time and patterns of

sedentary time accumulation).



Introduction

Sedentary behaviors are those pursuits undertaken while awake that involve sitting or
reclining and that result in little or no physical activity energy expenditure — typically 1 to 1.5
times the resting metabolic rate.>> Common sedentary behaviors include sitting or lying
down while watching television, using a computer, or driving. Sedentary time can be
measured in three ways: (1) in terms of these specific behaviors (e.g. television viewing
time); (2) the amount of sedentary time occurring in a specific domain (e.g. work, leisure,
domestic, transport); and, (3) the overall sedentary time across the day. As the term
“sedentary” encompasses both sitting and reclining, the broader term sedentary is used in this

article, except when sitting is specifically measured.

This paper provides an overview of current methods used to measure sedentary time in free-
living, population-based research in adults. The first section provides information on the
reliability and validity of self-report measures, and extends from previous reviews® to
encompass multiple domains of sedentary time. The second section describes device-based
measures, with a particular focus on the interpretation and validity of data from the Actigraph
activity monitor. The final section uses data from the U.S. National Health and Nutrition
Examination Survey (NHANES) to provide an example of how the descriptive epidemiology

of sedentary time may differ depending on how it is measured.

Section 1: Self-report Measurement of Sedentary Time

Overall sedentary time can be assessed with either a single item (sometimes asked separately
for weekend and weekdays), or by summing responses for the various behaviors or domains
(composite measure). Key self-report methods used are questionnaires (self-administered or
interviewer-administered), behavioral logs, and short-term recalls. Questionnaires are a

popular method® because they can be implemented on a large scale, are relatively



inexpensive, and do not alter the behavior under investigation.* However, as with physical
activity assessment,* ® questionnaires that seek to assess habitual levels of sedentary behavior

are susceptible to random and systematic reporting errors.

Short-term recalls (e.g. 24-hour recall) and behavioral logs* can reduce some of these
reporting errors, such as long-term averaging. Traditionally, the disadvantages of behavioral
logs (participant burden, systematic reporting errors and administration costs) have limited
their use in population-based research. However, new approaches and technologies can
reduce costs. For example, the National Cancer Institute has developed, and is currently
testing, an internet-based instrument for population surveillance of both active and sedentary

behaviors.®

Reliability and Validity of Self-Report Measures of Sedentary Time

The usefulness of a self-report measure is dictated to a large extent by the properties of test-
retest reliability and criterion validity.” A summary of test-retest reliability®3® and criterion
validity® 11 15,1722, 28,29, 34-40 findings for self-report measures of overall and domain-
specific sedentary time is provided in Tables 1 and 2. Depending on the available
information, the intra-class correlation (ICC), Spearman’s rho (p) or Pearson’s correlation
coefficient (r) are reported. Systematic differences between self-report and criterion

measures, when reported,® 1°-22:3437 gre summarized in the text.

Reliability studies

Reliability studies have varied in terms of recall period (from three days® 12325 to 3
months?#), administration method (telephone or interview), and target population, making it
difficult to compare their findings. Accordingly, the strength of association between test and

retest measures varied widely across studies (Table 1). The majority of self-reported



sedentary time measures showed moderate-to-high correlations, a magnitude comparable to
results reported for physical activity measures,*! indicating acceptable to good test-retest
reliability. Stronger reliability was generally observed for sedentary behaviors that tend to be
done on a regular basis and for prolonged periods of time, such as sitting at work and TV

viewing time, than for less regularly performed behaviors, such as travel or other sitting.

Most questions about leisure-time® and workplace sitting'® ** asked about typical patterns of
behavior. In comparison, the overall sitting measures asked either about typical behavior!! 14
17 or about sitting in the last seven days.® 1118 23.2527 N difference between these two
methods was found in a review of measures of non-occupational sitting time® and in a
comparison of two versions of the International Physical Activity Questionnaire (IPAQ;

“typical’ or ‘last 7 days’).1!

Validity studies

As detailed in Table 2, the validity of most questionnaire measures of sedentary time has
been assessed against behavioral logs or accelerometers. However, these are not ‘gold
standard’ measures of sedentary time, having their own errors and biases. To date, the most
robust criterion employed has been combined hip-mounted accelerometer and behavioral log

data.® %"

The validity of the IPAQ single-item question used to assess overall sitting time has been
extensively examined in a number of countries with participants of varying age (18-65
years).® I This measure has mostly had low-to-moderate correlations with a criterion of
accelerometer-derived sedentary time,% 7. 18 comparable in magnitude to those reported for
interviewer-administered physical activity measures (Figure 1).** While composite measures

of sedentary time have also only shown low-to-moderate correlations with accelerometer-



derived sedentary time (Figure 1),1* 212228 total sitting time tends to be lower when assessed
by a single-item (4.35-7.92 hrs/day)® > *3 than those by composite measures (7.25-9.80
hrs/day).*? 1921 While direct comparison is hampered by the use of varying criterion
measures, mode of administration, and target populations, correlations tended to be higher for
domain-specific measures than for overall sedentary measures (Table 2) — particularly for
screen time,® computer use,'® 2 work,'® and TV viewing time.® 3¢ Collectively, results
suggest it may be more difficult to recall the time spent sitting during the entire day than the

time spent sedentary for specific behaviors or in different domains.

Findings from the relatively few studies that have reported on absolute agreement are mixed,
with reports of both overestimation?® 3* 3537 and underestimation®® 2% 22 of sitting time
compared with criterion measures. The sitting time reported for TV viewing, screen time and
eating were typically underestimated compared to device-based measures of these same
behaviors.® % For example, on average, people report half an hour less TV viewing time than
is recorded by the criterion measure,*® and the wide limits of agreement showed large

discrepancies between self-report and the criterion at the individual level.

Summary and Recommendations for Future Research with Self-Report
Measures

The reliability and validity of available self-report measures of sedentary time are highly
variable but often at a level comparable to physical activity measures. The available evidence
suggests many sedentary time measures have acceptable measurement properties (i.e.
adequate test-retest and relative agreement with criterion measures) for establishing cross-
sectional associations with health outcomes, but not necessarily for assessing changes over

time in cohort and intervention studies. The evidence on absolute agreement is sparse, and



shows only limited agreement against criterion measures that are less than ideal & 19223437 |
the only study to examine responsiveness to change, questionnaire-assessed sitting performed

as well as accelerometer-assessed sedentary time.??

More work is also required to assess: nuances associated with mode of questionnaire
administration (e.g., interviewer vs. self-administration); different response formats (e.qg.,
continuous or categorical); the time-frame of assessment (e.g., short-term, such as past day or
last 7 days, versus habitual patterns such as typical day, usual week, or past year); and, to
ascertain how these factors impact sedentary time estimates. Importantly, several achievable
improvements to study design could improve understanding of the measurement properties.
Much research to date has been conducted (either wholly or in part) with university
samples?® 223044 or with particular population sub-groups, including overweight adults,®
middle-aged women,*® and young men.*® Research also needs to focus on general populations
and sub-populations for whom reliability and validity might be affected by issues of literacy,
cognition, language and less ‘regular’ patterns of some sedentary behaviors (e.g. parents with
young children or shift workers). Furthermore, improved criterion measures (see Section 2)
are now available that could be used, with concomitant collection of behavioral log data
where behavior- or domain-specific measures are required. Device-based measures specific
to particular behaviors, such as the electronic TV monitor (which monitors user-specific TV

viewing time),*® may also be useful.

Section 2: Device-Based measures of Sedentary Time
Given the errors associated with self-report, the ideal measure of sedentary time would:
e Dbe accurate and reliable across different population groups;

e distinguish between sleep, reclining, sitting and standing;



e distinguish between different domains and specific behaviors;
e Dbe low cost, have low participant burden, and be able to be worn continuously for
extended periods of time;

e produce data that are easily analysed and interpreted and can be provided in real-time.
No such instrument currently exists. To date, the main instrument used to derive sedentary
time in population-based studies is the hip-mounted uniaxial Actigraph accelerometer (model
7164), using one-minute data collection epochs.*> %6 In this paper, unless otherwise specified,
the term “Actigraph activity monitor” refers to this particular model (7164), placement (hip),
and epoch length (one minute). This device has been shown to provide reliable, valid, and
stable measurements of physical activity when compared with other measures of functional
capacity.*’ It can also provide information about total sedentary time and the manner in
which sedentary time is accumulated, both of which have shown associations with health
outcomes.*® *° The primary aim of this section was to describe the collection, analysis and
interpretation of data from the Actigraph activity monitor. We also have reported its validity
when compared with two other device-based measures of sedentary time: the Intelligent
Device for Energy Expenditure and Activity (IDEEA) monitor,> and the activPAL activity
monitor.>! Both instruments have been reported to have high accuracy for determining body
position as compared to direct observation,* °! though neither have yet been used in

population monitoring of sedentary time.

Collection, Analysis, and Interpretation of Actigraph Activity Monitor Data

Collection
Accelerometers measure time-varying changes in force.>? Activity levels are typically

recorded as counts, which are then summed over a user-specified time frame, or epoch. There



are several considerations when using accelerometers in field-based research that have been
reported in detail, °3°° including accelerometer type, days of wear, and epoch length.
Population-based studies utilising accelerometers have typically used Actigraph activity

monitors, had a 7-day wear protocol, and used a one-minute epoch.*® 465657

Analysis and interpretation

Once data are collected there are several analytic decisions, including cut-points, wear time,
and data cleaning, to ensure that data can be meaningfully interpreted. Although the most
accurate cut-point is yet to be established, counts per minute (cpm) of <100 are typically

classified as sedentary time. 1579

Wear time is a particularly important consideration. Participants are typically instructed to
wear the monitor during “waking hours”, and to remove it for any water-based activity. As
suggested by physical activity research, a minimum time of wear is generally required (for
example, 10 hours per day®® and four days of wear including a weekend day®®). Even so,
individual wear time is highly variable and ‘missing data’ are usually indistinguishable from
sleeping time, which should be excluded from sedentary time calculations. This introduces
measurement error. In population-based studies, wear time for Actigraph activity monitors is
usually estimated by automated programs, designed to detect long periods of low (mostly
zero) counts.>® However, this can misclassify sedentary time as non-wear, and vice-versa.5!
Methods of correcting for wear time include reporting sedentary time as a percentage of wear

time, statistical adjustment in regression models, and using the residuals method.%?

Sedentary time data derived from the Actigraph activity monitor are typically reported either
as average hours per day or as a percentage of total wear time. The manner of sedentary time
accumulation provides important additional information, such as the length and intensity of

each sedentary bout or the number of interruptions (breaks) in sedentary time.*8:4°



Furthermore, as data are date and time stamped, there is potential for more detailed
examination of both sedentary time and patterns during specific time periods, such as during

work hours.

Validity of the Actigraph Activity Monitor to Measure Sedentary Time

Following is a description of two studies led by co-author Charles Matthews that examined
the validity of sedentary time derived from the Actigraph activity monitor (<100 cpm) against

the criterion of the IDEEA monitor and the activPAL activity monitor.

Accelerometer vs. IDEEA monitor

Participants (n=19, mean age 40.1 years) concurrently wore the Actigraph activity monitor
and IDEEA monitor for two days®® for the same amount of time on average (both 13.2
hours/day, SD 2.15). Sedentary time was similar for the accelerometer (8.63 hours/day, SD
1.90) and the IDEEA (8.53 hours/day, SD 1.86), and the two measures were highly correlated

(p=0.59).°° This initial field study supported the use of the <100 cpm threshold for estimating

sedentary time. 1% 63

Accelerometer vs. activPAL

In a second study, 86 participants (87% women; mean age 52.7, SD 8.6 yrs) simultaneously
wore an Actigraph activity monitor and activPAL for seven consecutive days. For this
analysis, only valid days that had similar estimated wear times for both devices (x 30
minutes) were considered. Sedentary time derived from the Actigraph activity monitor (<100
cpm) was compared with that from the activPAL (sitting and lying down) over an average of
4.5 observed days per person, and an average wear time of 14.3 hours per day (SD=1.5) for

each device.
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On average, recorded sedentary time was lower for the Actigraph activity monitor (8.7
[SD=1.6] hrs/d, or 60.9%) than for the activPAL (9.0 [SD=1.8] hrs/d, or 63.4%; both
p=0.01), but the correlation between the measures was relatively high (p=0.76, p < 0.01).
Interestingly, Bland-Altman analysis® (Figure 2) showed a small mean difference (-0.34 hrs)
and wide 95% limits of agreement (2.11 to -2.79 hrs). This indicates that the Actigraph
activity monitor has minimal bias overall, but can both substantially over and underestimate

sedentary time compared with the activPAL.

These two validity studies imply that Actigraph activity monitors provide useful estimates of
sedentary time in the population and that they are sufficiently accurate to rank individuals by
their level of sedentary time. The width of the limits of agreement observed warrants further
study and suggests some caution is required when using indirect measures of sedentary time
derived from only body motion. Instruments that measure body position more directly may be

preferable in studies that require precise and accurate measures of sedentary time.

Recommendations for Future Research with Device-Based Measures

The incorporation of Actigraph activity monitor measures into the 2003/04 and 2005/06
NHANES was an important development in the field of physical activity and sedentary time
research. With data from over 14,000 participants, it demonstrated the feasibility and utility
of using these devices on a large scale. The inclusion of device-based measures in current®®: %
and future national health surveys will enable cross-country comparisons of levels of physical
activity and sedentary time, as well as the ability to monitor population trends in these

behaviors.
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More sophisticated systems for measuring time spent in different postures (e.g. sitting vs.
standing/upright) using more direct measures of body position have recently been
developed.>® 515789 |n addition, new approaches for translating more densely sampled data
from hip-mounted accelerometers (e.g., 1 or 10 second epochs; raw data) to classify different
types of behavior are also on the horizon.”®? These new instruments and analytic approaches
appear to provide more accurate and precise estimates of time spent in sedentary behaviors
than were reported with the Actigraph 7164 activity monitor. There is also now the potential
for the integration of multiple information sources, such as accelerometry, inclinometers,

physiological monitors, global position system (GPS) technology, and behavioral logs.

In summary, key directions for future research in device-based measures of time spent
sedentary are:

e studies to inform “best practice” for collection, analyses, reporting of device-based
sedentary-time data including monitor placement (s) and wear time (both daily and
number of days);

e developing analytical and modelling techniques to appropriately summarize the data
for different population groups (for example children; older adults);

e examining how measurement errors in the instruments vary according to the type of
instrument employed and how results from surveillance and association studies may,
or may not, be affected;

e developing products that are more affordable, have relatively low participant burden,

can integrate multiple information sources, and provide contextual information.
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Section 3: Descriptive Epidemiology of Sedentary Time in the United States
as Measured by Self-Report and by Accelerometry

In 2003/04 and 2005/06, the large, population-representative NHANES included both self-
report (global sitting time, TV viewing time, computer time) and device-based
(accelerometer) measures of sedentary time. These data provide the unique opportunity to
examine, within one sample, the descriptive epidemiology of sedentary time in the U.S. using
a variety of measures. Rather than reporting the relationship between the various sedentary
measures (which has been described previously’®), the aim of this section is to examine
similarities and differences between the measures in the patterning of sedentary time by

gender, race/ethnicity and age.

Methods

The relevant NHANES methods are described in at http://www.cdc.gov/nchs/nhanes.htm.*®

The National Centre for Health Statistics Ethics Review Board approved the protocols and
written informed consent was obtained. For this study, 2003-2006 data from adult
participants (>20 years) were used. The study did not vary in protocol and had high response

rates across this period.*®

Self-report sedentary time measures

In the household interviews, participants were asked to report the time they spent watching
TV or videos (TV time) and using a computer or playing computer games (computer use) on
an average day over the last 30 days. The categorical responses were collapsed into three

dichotomous sedentary markers: TV time, computer use, and screen time (combined TV time
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and computer use). Cut-points were >2 hours per day for TV, >1 hour per day for computer
use, and >3 hours for screen time. These were based on the availability of sufficient
responses in all sub-populations, low rates of computer use in older age groups, and values
used in previous research.’® Participants were also asked to best describe their usual daily
activities (i.e. work, domestic activities, or general activities throughout the day). The
response options were collapsed into a dichotomous variable sitting, which was yes if the
respondent answered yes to the first option (“sitting during the day and not walking about

very much”) or no if the respondent answered yes to any of the remaining options.

Accelerometer-derived sedentary time

An accelerometer (Actigraph model 7164; Actigraph, LLC, Fort Walton Beach, Florida) was
worn on the right hip during waking hours (except for water-based activities) for seven days.
Data cleaning and automated wear time estimation was undertaken as previously described.®
Daily sedentary time (<100 cpm) were calculated and standardized for wear time using the
residuals method.®? Data are reported as averages for valid days (>10 hours wear, counts
<20,000, monitor returned in calibration), limited to participants who provided at least four

valid days of observation.”

Statistical analysis

Data were analysed in STATA version 11.0 (College Station, TX, Stata Corporation), with
statistical significance set at p<0.05. Data were pooled from 2003-2006 to obtain sufficient
numbers for stratified analyses. No significant changes (2003/04 to 2005/06) were observed.

Self-report TV time and computer use data were available for 10,012 adults, self-report
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sitting data were available for 10,009, and >4 days of valid accelerometer data were available

for 6,235.

Mean accelerometer-derived sedentary time (hours per day) and the prevalence of sitting, >2
hours per day TV time, >1 hour per day computer use, and >3 hours per day screen time were
compared across gender, race/ethnicity categories (self-reported non-Hispanic white,
Mexican American, and non-Hispanic black), and 10-year age bands using marginal means
from linear (accelerometer) or population marginal probabilities from logistic (self-report)
regression models. In view of the complex survey design, and to ensure population
representativeness, all models used linearized variance estimation and, except when testing
interactions, were weighted for selection probabilities and non-response. The weights
provided by NHANES were further reweighted to correct for the large amount of

missing/invalid accelerometer data.” The data are population representative.

Results

Gender differences

After adjusting for age and race/ethnicity, there were statistically significant gender
differences in all measures of sedentary time, with the direction and magnitude of the
difference depending on the measure. For the domain-specific measures, prevalence was
lower in women than men for high TV time (64.9 [95% CI 63.0, 66.8]% vs. 69.2 [67.6,
70.7]%, p<0.001), computer use (27.1[25.1, 29.1]% vs. 31.3 [27.9, 32.8]%, p=0.034), and
screen time (48.3 [46.2, 50.3]% vs. 52.0 [49.7, 54.4]%, p=0.012). However, more women
than men reported sitting for most of the day (26.2 [24.4, 28.0]% vs. 21.5 [20.1, 22.9]%,

p<0.001). This was consistent with the accelerometer findings (mean 8.50 [8.41, 8.59]
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hrs/day in women versus 8.35 [8.25, 8.45] hrs/day in men, p=0.006), though the magnitude of

this difference was relatively small.

Race/ethnicity differences

After adjusting for age and gender, Mexican Americans were significantly less sedentary
(p<0.05) than non-Hispanic whites and non-Hispanic blacks according to all sedentary time
measures, with the exception of high TV time. Here, the prevalence was similar for Mexican
Americans (69.0 [66.3, 71.5]%) and non-Hispanic whites (67.6 [65.8, 69.3]%, p=0.383), but
significantly higher for non-Hispanic blacks (79.1 [75.7, 82.5]%, p<0.01). Compared with
non-Hispanic whites, non-Hispanic blacks also had a higher prevalence of high screen time
(51.1 [48.6, 53.7]% vs. 65.8 [61.8, 69.7]%, p<0.001), but these two racial/ethnic groups did

not differ significantly for any other measure.

Age differences

Figure 3 shows (A) the mean and (B) the prevalence estimates of the sedentary time measures
by age group (adjusted for gender and race/ethnicity). With the exception of computer use
(where prevalence decreased with age), mean sedentary time and prevalence estimates tended
to increase with age, but with a decrease between the 20-29 and 30-39 year age groups for all

measures except sitting (which increased steadily with age).

Figure 4 expands on Figure 3 by showing the mean (A & B) and the prevalence (C-H)
estimates of the sedentary time measures by racial/ethnic group across age categories
separately for men and for women. Among men, age trends in sedentary time differed
significantly across racial/ethnic groups according to accelerometer-derived sedentary time
(F(df: 10, 21)=3.24, p=0.01), but not according to the self-report measures (p>0.1). Among
women, the age trends differed significantly by race/ethnicity according to the self-report

measures (sitting, screen time, TV time, and computer use; all p<0.05), but not the
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accelerometer-derived measure (p>0.1). Screen time results (omitted) were very similar to

TV time. For a complete summary of results, please refer to Supplementary Tables 1 and 2.

Summary

In summary, the sedentary measures were consistent to some extent in identifying
populations comparatively more or less sedentary, with older (60+) adults generally the most
sedentary, and Mexican Americans generally the least sedentary. However, these subgroup
differences are not apparent if only a single sedentary time measure is assessed. For example,
if NHANES had measured only TV time, then the strong and largely consistent differences
between Mexican Americans and non-Hispanic whites would not have been observed. If only
accelerometer-derived sedentary time had been measured, then important differences in
specific sedentary behaviors between men and women and across the lifespan would not have
been seen. Thus, wherever possible, both domain-specific and overall measures of sedentary
time (preferably device-based) should be assessed. Furthermore, the inclusion of time spent

sedentary in other domains, such as work and travel, should also be considered.

Conclusions

This paper provides an overview of the reliability and validity of current self-report and
device-based (primarily the Actigraph activity monitor) population-based measures of time
spent sedentary. The 2003-2006 NHANES was utilized as an example of how various

measures of sedentary time identify different population as ‘at-risk’.

Given that both self-report and device-based instruments capture important aspects of
sedentary behavior, it is recommended that wherever possible, both measures should be used

for population-monitoring of sedentary time. For self-report measures, monitoring should
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extend beyond measures of overall sitting to include the various domains. The battery of
questions should be succinct, consistent in their terminology and administration (to allow
comparison across time, and across different populations), and based on reliable and valid
measures. Device-based measures should be affordable, distinguish between various postures,
have relatively low participant burden, and where possible, integrate multiple sources of
information that provide greater context for the behaviors observed. This paper identified key

research directions for the development and refinement of such measures.
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Figure Legends

Figure 1: Correlations (r or p) of self-report sitting time assessed by a single-item (circles) or
as a composite total (four items or more, triangles) with accelerometer-derived sedentary
time. Reference lines indicate typical correlations of moderate and vigorous physical activity
(interviewer-administered) with accelerometer measures.*! *partial correlations, adjusted for
age, marital status, white or non-white ethnicity, number of children, and highest level of
education.

Figure 2: Bland Altman Plot of agreement between activPAL and accelerometer-derived
(<100 counts per minute) sedentary time (hours).

Figure 3. Device-based (a) and self-reported (b) measures of sedentary time across age
categories in US adults >20 years (NHANES 2003-2006). Data are reported as mean or
prevalence (95% ClI).

Figure 4. Prevalence (95% CI) of self-reported TV viewing > 2 hours/day (a,b), computer use
>1hour/day (c,d), sitting (e,f) and mean (95% CI) accelerometer-measured sedentary time
(9;h) across age categories in US men (a,c,e,g) and women (b,d,f,h) >20 years by

race/ethnicity (NHANES 2003-2006).

20



References

1. Owen N, Healy GN, Matthews CE, Dunstan DW. Too much sitting: the population
health science of sedentary behavior. Exerc Sport Sci Rev 2010;38(3):105-113.

2. Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, et al.
Compendium of physical activities: an update of activity codes and MET intensities.
Med Sci Sports Exerc 2000;32(9 Suppl):S498-504.

3. Clark BK, Sugiyama T, Healy GN, Salmon J, Dunstan DW, Owen N. Validity and
reliability of measures of television viewing time and other non-occupational sedentary
behaviour of adults: a review. Obes Rev 2009;10(1):7-16.

4. Sallis JF, Saelens BE. Assessment of physical activity by self-report: status, limitations,
and future directions. Res Q Exerc Sport 2000;71(2 Suppl):S1-14.

5. Klesges RC, Eck LH, Mellon MW, Fulliton W, Somes GW, Hanson CL. The accuracy of
self-reports of physical activity. Med Sci Sports Exerc 1990;22(5):690-697.

6. Schatzkin A, Subar AF, Moore S, Park Y, Potischman N, Thompson FE, et al.
Observational epidemiologic studies of nutrition and cancer: the next generation (with
better observation). Cancer Epidemiol Biomarkers Prev 2009;18(4):1026-1032.

7. Bauman A, Phongsavan P, Schoeppe S, Owen N. Physical activity measurement -- a
primer for health promotion. Promot Educ 2006;13(2):7-109.

8. Matton L, Wijndaele K, Duvigneaud N, Duquet W, Philippaerts R, Thomis M, et al.
Reliability and validity of the Flemish Physical Activity Computerized Questionnaire in
adults. Res Q Exerc Sport 2007;78(4):293-306.

9. Rosenberg DE, Bull FC, Marshall AL, Sallis JF, Bauman AE. Assessment of sedentary
behavior with the International Physical Activity Questionnaire. J Phys Act Health

2008;5(Suppl 1):S30-44.

21



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kolbe-Alexander TL, Lambert EV, Harkins JB, Ekelund U. Comparison of two methods
of measuring physical activity in South African older adults. J Aging Phys Act
2006;14(1):98-114.

Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, et al.
International physical activity questionnaire: 12-country reliability and validity. Med Sci
Sports Exerc 2003;35(8):1381-1395.

Miller R, Brown W. Steps and sitting in a working population. Int J Behav Med
2004;11(4):219-224.

Zhang M, Xie X, Lee AH, Binns CW. Sedentary behaviours and epithelial ovarian
cancer risk. Cancer Causes Control 2004;15(1):83-89.

McCormack G, Giles-Corti B, Milligan R. The test-retest reliability of habitual incidental
physical activity. Aust N Z J Public Health 2003;27(4):428-433.

Fjeldsoe BS, Marshall AL, Miller YD. Measurement properties of the Australian
Women's Activity Survey. Med Sci Sports Exerc 2009;41(5):1020-1033.

Brownson RC, Chang JJ, Eyler AA, Ainsworth BE, Kirtland KA, Saelens BE, et al.
Measuring the environment for friendliness toward physical activity: A comparison of
the reliability of 3 questionnaires. Am J Public Health 2004;94(3):473-483.

Trinh OT, Nguyen ND, van der Ploeg HP, Dibley MJ, Bauman A. Test-retest
repeatability and relative validity of the Global Physical Activity Questionnaire in a
developing country context. J Phys Act Health 2009;6(Suppl 1):S46-53.

Kurtze N, Rangul V, Hustvedt BE. Reliability and validity of the international physical
activity questionnaire in the Nord-Trondelag health study (HUNT) population of men.
BMC Med Res Methodol 2008;8:63.

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):1094-1102.

22



20.

21.

22,

23.

24,

25.

26.

27.

Besson H, Brage S, Jakes RW, Ekelund U, Wareham NJ. Estimating physical activity
energy expenditure, sedentary time, and physical activity intensity by self-report in
adults. Am J Clin Nutr 2010;91(1):106-114.

Chinapaw MJ, Slootmaker SM, Schuit AJ, van Zuidam M, van Mechelen W. Reliability
and validity of the Activity Questionnaire for Adults and Adolescents (AQUAA). BMC
Med Res Methodol 2009;9:58.

Gardiner PA, Clark BK, Healy GN, Eakin EG, Winkler EAH, Owen N. Measuring older
adults' sedentary time: reliability, validity and responsiveness. Med Sci Sports Exerc
2011;Epub ahead of print.

Macfarlane DJ, Lee CC, Ho EY, Chan KL, Chan DT. Reliability and validity of the
Chinese version of IPAQ (short, last 7 days). J Sci Med Sport 2007;10(1):45-51.
Wareham NJ, Jakes RW, Rennie KL, Mitchell J, Hennings S, Day NE. Validity and
repeatability of the EPIC-Norfolk Physical Activity Questionnaire. Int J Epidemiol
2002;31(1):168-174.

Deng HB, Macfarlane DJ, Thomas GN, Lao XQ, Jiang CQ, Cheng KK, et al. Reliability
and validity of the IPAQ-Chinese: the Guangzhou Biobank Cohort study. Med Sci Sports
Exerc 2008;40(2):303-307.

Papathanasiou G, Georgoudis G, Papandreou M, Spyropoulos P, Georgakopoulos D,
Kalfakakou V, et al. Reliability measures of the short International Physical Activity
Questionnaire (IPAQ) in Greek young adults. Hellenic J Cardiol 2009;50(4):283-294.
Rutten A, Ziemainz H, Schena F, Stahl T, Stiggelbout M, Auweele YV, et al. Using
different physical activity measurements in eight European countries. Results of the
European Physical Activity Surveillance System (EUPASS) time series survey. Public

Health Nutr 2003;6(4):371-376.

23



28.

29.

30.

31.

32.

33.

34.

35.

36.

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

Salmon J, Owen N, Crawford D, Bauman A, Sallis JF. Physical activity and sedentary
behavior: a population-based study of barriers, enjoyment, and preference. Health
Psychol 2003;22(2):178-188.

Pettee KK, Ham SA, Macera CA, Ainsworth BE. The reliability of a survey question on
television viewing and associations with health risk factors in US adults. Obesity
2009;17(3):487-493.

Macfarlane D, Chan A, Cerin E. Examining the validity and reliability of the Chinese
version of the International Physical Activity Questionnaire, long form (IPAQ-LC).
Public Health Nutr 2011;14(3):443-450.

Criniere L, Lhommet C, Caille A, Lecomte P, Oppert J-M, Jacobi D. Reproducibility and
validity of the French version of the long International Physical Activity Questionnaire in
patients with type 2 diabetes. J Phys Act Health 2011;Epub ahead of print.

Evenson KR, McGinn AP. Test-retest reliability of adult surveillance measures for
physical activity and inactivity. Am J Prev Med 2005;28(5):470-478.

Hagstromer M, Ainsworth BE, Oja P, Sjostrom M. Comparison of a subjective and an
objective measure of physical activity in a population sample. J Phys Act Health
2010;7(4):541-550.

Loney T, Standage M, Thompson D, Sebire SJ, Cumming S. Self-report vs. objectively
assessed physical activity: Which is right for public health? J Phys Act Health
2011;8(1):62-70.

Otten JJ, Littenberg B, Harvey-Berino JR. Relationship between self-report and an

objective measure of television-viewing time in adults. Obesity 2010;18(6):1273-1275.

24



37.

38.

39.

40.

41.

42.

43.

44,

Clark B, Thorp A, Winkler E, Gardiner P, Healy G, Owen N, et al. Validity of self-report
measures of workplace sitting time and breaks in sitting time. Med Sci Sports Exerc
2011;Epub ahead of print.

Bull FC, Maslin TS, Armstrong T. Global physical activity questionnaire (GPAQ): nine
country reliability and validity study. J Phys Act Health 2009;6(6):790-804.

Ekelund U, Sepp H, Brage S, Becker W, Jakes R, Hennings M, et al. Criterion-related
validity of the last 7-day, short form of the International Physical Activity Questionnaire
in Swedish adults. Public Health Nutr 2006;9(2):258-265.

Hagstromer M, Oja P, Sjéstrém M. The International Physical Activity Questionnaire
(IPAQ): a study of concurrent and construct validity. Public Health Nutr 2006;9(6):755-
762.

van Poppel MN, Chinapaw MJ, Mokkink LB, van Mechelen W, Terwee CB. Physical
activity questionnaires for adults: a systematic review of measurement properties. Sports
Med 2010;40(7):565-600.

Thorp AA, Healy GN, Owen N, Salmon J, Ball K, Shaw JE, et al. Deleterious
associations of sitting time and television viewing time with cardiometabolic risk
biomarkers: Australian Diabetes, Obesity and Lifestyle (AusDiab) study 2004-2005.
Diabetes Care 2010;33(2):327-334.

Proper KI, Cerin E, Brown WJ, Owen N. Sitting time and socio-economic differences in
overweight and obesity. Int J Obes 2007;31(1):169-176.

Wallace LS, Buckworth J, Kirby TE, Sherman WM. Characteristics of exercise behavior
among college students: application of social cognitive theory to predicting stage of

change. Prev Med 2000;31(5):494-505.

25



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Centers for Disease Control and Prevention (CDC), National Center for Health Statistics
(NCHS). National Health and Nutrition Examination Survey Data. 2003-2004, 2005-
2006 [cited 2009 30th May]; Available from: http://www.cdc.gov/nchs/nhanes.htm
Hagstromer M, Oja P, Sjostrom M. Physical activity and inactivity in an adult population
assessed by accelerometry. Med Sci Sports Exerc 2007;39(9):1502-1508.

Trost SG, Ward DS, Moorehead SM, Watson PD, Riner W, Burke JR. Validity of the
computer science and applications (CSA) activity monitor in children. Med Sci Sports
Exerc 1998;30(4):629-633.

Healy GN, Dunstan DW, Salmon J, Cerin E, Shaw JE, Zimmet PZ, et al. Breaks in
sedentary time: beneficial associations with metabolic risk. Diabetes Care
2008;31(4):661-666.

Chastin SF, Granat MH. Methods for objective measure, quantification and analysis of
sedentary behaviour and inactivity. Gait Posture 2010;31(1):82-86.

Zhang K, Pi-Sunyer FX, Boozer CN. Improving energy expenditure estimation for
physical activity. Med Sci Sports Exerc 2004;36(5):883-889.

Grant PM, Ryan CG, Tigbe WW, Granat MH. The validation of a novel activity monitor
in the measurement of posture and motion during everyday activities. Br J Sports Med
2006;40(12):992-997.

Chen KY, Bassett DR, Jr. The technology of accelerometry-based activity monitors:
current and future. Med Sci Sports Exerc 2005;37(11 Suppl):S490-500.

Trost SG, Mclver KL, Pate RR. Conducting accelerometer-based activity assessments in
field-based research. Med Sci Sports Exerc 2005;37(11 Suppl):S531-543.

Matthews CE, Hagstromer M, Pober DM, Bowles HR. Best practices for using physical

activity monitors in population-based research. Med Sci Sports Exerc In Press.

26



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Murphy SL. Review of physical activity measurement using accelerometers in older
adults: considerations for research design and conduct. Prev Med 2009;48(2):108-114.
Tremblay M, Wolfson M, Gorber SC. Canadian Health Measures Survey: rationale,
background and overview. Health Rep 2007;18(Suppl.):7-20.

Healy GN, Dunstan DW, Salmon J, Cerin E, Shaw JE, Zimmet PZ, et al. Objectively
measured light-intensity physical activity is independently associated with 2-h plasma
glucose. Diabetes Care 2007;30(6):1384-1389.

Ekelund U, Griffin SJ, Wareham NJ. Physical activity and metabolic risk in individuals
with a family history of type 2 diabetes. Diabetes Care 2007;30(2):337-342.

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 J
Epidemiol 2008;167(7):875-881.

Healy GN, Matthews CE, Dunstan DW, Winker EAH, Owen N. Sedentary time and
cardio-metabolic biomarkers in US adults: NHANES 2003-06. Eur Heart J
2011;32(5):590-597.

Winkler EAH, Gardiner PA, Clark BK, Matthews CE, Owen N, Healy GN. Identifying
sedentary time using automated estimates of accelerometer wear time. Br J Sports Med
2011;Epub ahead of print.

Willett W, Stampfer MJ. Total energy intake: implications for epidemiologic analyses.
Am J Epidemiol 1986;124(1):17-27.

Treuth MS, Schmitz K, Catellier DJ, McMurray RG, Murray DM, Almeida MJ, et al.
Defining accelerometer thresholds for activity intensities in adolescent girls. Med Sci
Sports Exerc 2004;36(7):1259-1266.

Bland JM, Altman DG. Statistical methods for assessing agreement between two

methods of clinical measurement. Lancet 1986;1(8476):307-310.

27



65.

66.

67.

68.

69.

70.

71.

72,

73.

Colley RC, Garriguet D, Janssen I, Craig CL, Clarke J, Tremblay MS. Physical activity
of Canadian adults: Accelerometer results from the 2007 to 2009 Canadian Health
Measures Survey. Health Rep 2011;22(1):4-11.

Joint Health Surveys Unit. The Health Survey for England 2008. VVolume 1: Physical
activity and fitness. Leeds: The Information Centre for Health and Social Care; 2009.
Manohar C, McCrady S, Pavlidis IT, Levine JA. An accelerometer-based earpiece to
monitor and quantify physical activity. J Phys Act Health 2009;6(6):781-7809.

Harris AM, Lanningham-Foster LM, McCrady SK, Levine JA. Nonexercise movement
in elderly compared with young people. Am J Physiol Endocrinol Metab
2007;292(4):E1207-E1212.

Levine J, Melanson EL, Westerterp KR, Hill JO. Tracmor system for measuring walking
energy expenditure. Eur J Clin Nutr 2003;57(9):1176-1180.

Bonomi AG, Goris AH, Yin B, Westerterp KR. Detection of type, duration, and intensity
of physical activity using an accelerometer. Med Sci Sports Exerc 2009;41(9):1770-
1777.

Pober DM, Staudenmayer J, Raphael C, Freedson PS. Development of novel techniques
to classify physical activity mode using accelerometers. Med Sci Sports Exerc
2006;38(9):1626-1634.

Staudenmayer J, Pober D, Crouter S, Bassett D, Freedson P. An artificial neural network
to estimate physical activity energy expenditure and identify physical activity type from
an accelerometer. J Appl Physiol 2009;107(4):1300-1307.

Clark BK, Healy GN, Winkler EA, Gardiner PA, Sugiyama T, Dunstan DW, et al.
Relationship of television time with accelerometer-derived sedentary time: NHANES.

Med Sci Sports Exerc 2011;43(5):822.

28



74.

75.

Dunstan DW, Salmon J, Owen N, Armstrong T, Zimmet PZ, Welborn TA, et al. Physical
activity and television viewing in relation to risk of undiagnosed abnormal glucose
metabolism in adults. Diabetes Care 2004;27(11):2603-9.

Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical activity
in the United States measured by accelerometer. Med Sci Sports Exerc 2008;40(1):181-

188.

29



Table 1: Reliability coefficients for questionnaire measures of waking time spent in sedentary

behaviors

Type of Questionnaire

Name of Questionnaire

(if available)

Range of correlation

coefficients

Test-retest periods

OVERALL

Single item measures

Composite measure of sitting

(sum of multiple domains)

DOMAIN-SPECIFIC
Leisure-time

TV Viewing

TV viewing and computer

use

Computer use

IPAQ, short form

WAIPAQ
St Louis Instrument
GPAQ

IPAQ, long form

AWAS
RPAQ*
AQUAA
SBQ

Other questionnaire

NHANES

EPAQ-2

SBQ

Other questionnaires

WAIPAQ

FPACQ
Other questionnaires
NHANES

SBQ

p=0.18-0.95%-11.26.27
1CC=0.80-0.9718.23.25
ICC=0.79*
1CC=0.3716
p=0.50-0.69%
p=0.28-0.93% 11
ICC=0.65-0.71 3L 32
ICC=0.421
1CC=0.76%
1CC=0.60%
ICC=0.77-0.85%

ICC=0.52?

ICC=0.32%

r=0.75-0.78%
ICC=0.83-0.86%
1CC=0.42-0.8213 19, 22,29, 30

ICC=0.88"

ICC=0.76-0.93%
ICC=0.54"2
ICC=0.69%

ICC=0.80-0.83%

3 days - 3 weeks

10 days
7-21 days
2 weeks - 2 months

3 -10 days

7 days

14 days
14 days
2 weeks

7 days

9-30 days
3 months
2 weeks
1-11weeks

10 days

2 weeks
1 week
9-30 days

2 weeks
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Other questionnaires ICC=0.59-0.79% 2220 1 week-11 days

Other sitting SBQ ICC=0.48-0.93% 2 weeks
FPACQ ICC=0.14-0.748 2 weeks
Other questionnaires ICC=0.04-0.81121322.28 1-11 weeks
p=0.25-0.381°
Work
Workplace sitting SBQ ICC=0.64-0.77%8 2 weeks
Other questionnaires ICC=0.76-0.86%> 13 10 1-11 weeks
Workplace computer use WAIPAQ ICC=0.93 10 days
Travel
All travel SBQ ICC=0.72-0.76% 2 weeks
Other questionnaires ICC= 0.40-0.541% 22 11 days
p=0.31-0.6019
Travel for leisure Other questionnaires ICC=0.85% 1 week
Travel for work St Louis Instrument ICC=0.29% 7 to 21days
Other questionnaires ICC=0.54"2 1 week

Other sitting includes listening to music, reading, meals, telephone, socialising, relaxing, and
hobbies.

*Questionnaire includes sleep in sedentary time.

ICC: intra-class correlation; p: Spearman’s rho. IPAQ : International Physical Activity
Questionnaire, WAIPAQ: Western Australian Physical Activity Questionnaire, GPAQ:
Global Physical Activity Questionnaire, AWAS : Australian Women’s Activity Survey,
RPAQ: Recent Physical Activity Questionnaire, AQUAA : Activity Questionnaire for Adults
and Adolescents, SBQ: Sedentary Behavior Questionnaire, NHANES: National Health and
Nutrition Examination Survey, EPAQ-2: EPIC (European Prospective Investigation into
Cancer) Physical Activity Questionnaire, FPACQ: Flemish Physical Activity Computerised

Questionnaire
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Table 2: Validity coefficients for questionnaire measures of waking time spent in sedentary

behaviors

Type of

Questionnaire

Name of
Questionnaire (if

available)

Range of correlation

coefficients

Criterion measure

OVERALL
Single item

measures

Composite measure
of sitting (sum of

multiple domains)

IPAQ, short form

IPAQ, short form

IPAQ, short form

GPAQ

IPAQ, long form

IPAQ, long form

AWAS

RPAQ*

AQUAA

SBQ

Other

p=0.07-0.61% 11

r=0.16%

p=0.4418

p=0.18%

p=-0.02-0.401738

p = 0.14-0.49° 11,3440

p=0.75%

p=0.321

p=0.27%

p=0.15%

r=-0.02-0.18%,

adjusted for socio-

demographic

characteristics

p=0.3022

accelerometer (Actigraph 7164),
<100cpm

combined position and activity monitor
(ActiReg), METS 1-3

combined accelerometer and heart-rate
monitor (Actiheart), METS 1-1.8
accelerometer (Actigraph GT1M, MTI),
<100cpm

accelerometer (MTI), <100cpm

activity log

accelerometer (Actigraph 7164),
<100cpm

combined heart rate and activity monitor
(Actiheart), <2 METS

accelerometer (Actigraph 7164),
<699cpm

accelerometer (Actigraph 7164),

<100cpm

accelerometer (Actigraph GT1M),
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Leisure-time

TV Viewing

TV viewing and
computer use
Computer Use

Other sitting

Work

Workplace sitting

Travel

All travel

Travel for leisure

questionnaire

Other

questionnaires

FPACQ

FPACQ (eating)

Other

questionnaires

Other

questionnaires

p=0.30-0.6119 2

p=0.54%

r=0.69-0.838

p=0.60-0.7419.2°

r=0.13-0.56 &

p =0.20-0.421% 29

p =0.13-0.74%

r=0.39%

p =0.15-0.6419

p =0.40%

<100cpm

activity log

electronic monitor which records time TV
is on when personal code is entered
triaxial accelerometer (RT3) combined
with activity log

activity log

triaxial accelerometer (RT3) combined
with activity log

activity log

activity log

accelerometer (Actigraph GT1M),

<100cpm; combined with activity log

activity log

activity log

Other sitting includes listening to music, reading, meals, telephone, socialising, relaxing, and

hobbies.

*Questionnaire includes sleep in sedentary time.

p: Spearman’s rho; r: Pearson’s correlation coefficient. IPAQ : International Physical Activity

Questionnaire, GPAQ: Global Physical Activity Questionnaire, AWAS : Australian

Women’s Activity Survey, RPAQ: Recent Physical Activity Questionnaire, AQUAA :

Activity Questionnaire for Adults and Adolescents, SBQ: Sedentary Behavior Questionnaire,

FPACQ: Flemish Physical Activity Computerised Questionnaire

33



	Measurement of Adults’ Sedentary Time in Population-Based Studies
	Address correspondence to: Genevieve Healy, PhD, The University of Queensland, School of Population Health, Cancer Prevention Research Centre, Herston Rd, Herston, QLD Australia 4006. E-mail: g.healy@uq.edu.au.
	Abstract
	Introduction
	Section 1: Self-report Measurement of Sedentary Time
	Reliability and Validity of Self-Report Measures of Sedentary Time
	Reliability studies
	Validity studies

	Summary and Recommendations for Future Research with Self-Report Measures
	Section 2: Device-Based measures of Sedentary Time
	Collection, Analysis, and Interpretation of Actigraph Activity Monitor Data
	Collection
	Analysis and interpretation

	Validity of the Actigraph Activity Monitor to Measure Sedentary Time
	Accelerometer vs. IDEEA monitor
	Accelerometer vs. activPAL

	Recommendations for Future Research with Device-Based Measures
	Section 3: Descriptive Epidemiology of Sedentary Time in the United States as Measured by Self-Report and by Accelerometry
	Methods
	Self-report sedentary time measures
	Accelerometer-derived sedentary time
	Statistical analysis

	Results
	Gender differences
	Race/ethnicity differences
	Age differences

	Summary
	Conclusions
	Acknowledgements
	Figure Legends
	References

