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Abstract
Background: Research has clearly demonstrated that excess time spent on sedentary behavior (SB) increases health
risks in the population. However, the lack of information on the context of SB in the population prevents a detailed
understanding of sedentary lifestyles. The purpose of this study was to characterize the context of SB in a representative
sample of adults and to examine differences across various socio-demographic indicators.
Methods: A diverse sample of 1442 adults (ages 20–71 year) completed an interviewer-administered 24-h activity recall
to provide detailed information about the time, type and location of the previous day’s activities. All reported activities
were matched with MET scores from the Compendium of Physical Activity but only SB (i.e., METS < 1.5) were extracted
for the present analyses.
Results: The reported SB were broadly distributed across 5 primary location categories (Work: 27.5 %, Community:
24.8 %, Home/Indoor: 20.5 %, Home/Outdoor: 15.8 %, and Transportation: 11.3 %). Patterns of SB allocations varied
considerably across different socio-demographic indicators indicating the extreme variability in SB in the population.
Conclusions: The findings provide unique insights about the context of SB at the population level, and can serve as a
guide for developing intervention/policy studies to reduce sedentary time and minimize disparities in SB.
Keywords: Sedentary behavior, Epidemiology, Context

Background
Evidence indicates that US adults, on average, spend
nearly 8 h a day (~55 % of their waking time) being
sedentary [1]. Excessive time on sedentary behaviors
(SB) is associated with adverse health outcomes, such as
mortality rates [2, 3], obesity [4, 5], cardiovascular diseases
[6], diabetes [7], and metabolic syndrome [8]. In addition,
substantial evidence [9–11] reveals that SB has detrimental effects on various health indicators, irrespective of
accumulation of physical activity (PA). Current efforts by
public health researchers have focused on ways to assess
* Correspondence: Youngwon.Kim@mrc-epid.cam.ac.uk
1
Department of Kinesiology, Iowa State University, Ames, IA, USA
2
MRC Epidemiology Unit, University of Cambridge School of Clinical
Medicine, Cambridge, UK

overall sedentary time (and relations to health outcomes);
however, a fundamental gap in knowledge is the lack of
understanding of the social and environmental context of
SB in the population.
Several seminal studies have emphasized the necessity
of understanding specific patterns of SB [12] and PA
[13, 14] in order to develop more effective intervention
strategies. Behavioral epidemiology frameworks specifically recommend the sequential collection of evidence to
optimally inform the development of behavioral interventions [15, 16]. Keys in these models are to better understand the nature and context of the underlying behaviors
so that effective interventions can be developed. While
considerable research has been performed to understand
the context of PA [17–19] relatively little is known about
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the context of SB. This lack of evidence on the contextual
profiles of SB is due, in large part, to the inabilities of traditional measurement tools to assess context of SB (and
PA) [20]. Researchers have increasingly relied on objective
measurement tools (e.g., accelerometers and inclinometers) to study both PA and SB. While these are useful for
capturing time spent in PA and SB, they cannot capture
the specific context of behavior (e.g., types and location).
Short term recall measures such as the 24 h recall
(24PAR) offer considerable potential to study context
since it is possible to capture detailed information about
individual behavior in a systematic way and with reasonable accuracy [21]. However, to date, there are limited data
available to characterize the nature of SB in populationbased samples [17].
The present study helps to fill this gap by characterizing the context of SB in a representative sample of
adults collected through a large population survey, called
the Physical Activity Measurement Survey (PAMS-R01
HL91024-01A1). The PAMS project focused on characterizing PA behavior [22, 23], but the design and measures provide considerable value for also understanding
the type, location and context of SB in the population.
Therefore, the specific purposes of the study were to
characterize the context (type and location) of the most
frequently reported SBs and to evaluate the variation
according to socio-demographic indicators in this representative sample of adults.

Methods
Study design

The PAMS project collected replicate, single-day measures of behavior (using both subjective and objective
tools) from a representative sample of over 1400 adults
within four ethnically diverse Iowa counties. Participants
were contacted through a random digit dialing method
(i.e., random selection) with the following inclusion criteria: 20–75 years of age, ability to walk and to perform
recall interviews in either English or Spanish. Once recruited, the participants were asked to wear an armband
monitor on one randomly selected day and complete a
24PAR interview the following day to recall the specific
activities performed on the previous day. The same set
of data collection procedures was undertaken on another
randomly selected day at least 3 weeks after this first assessment. To facilitate the data collection, staff members
made two visits to participants’ homes. Specifically, the
first visit occurred before the randomly selected day to
obtain informed consent, measure demographic variables, and distribute armband monitors, and the second
visit occurred after the randomly selected day to collect
the armband monitors used. Data in the overall PAMS
project were collected over a 2-year time span to capture
the inherent variability in behavioral patterns across
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seasons. Additional detail on the overall study design,
the sampling procedure and the data collection protocol
is available [19, 22–24].
Ethics, consent and permissions

This study was approved by the Institutional Review
Board of Iowa State University, and each participant
signed informed consent prior to participation. This was
done on the initial visit to participants’ homes, which
occurred the day before.
Instrument

The 24PAR is an interviewer-administered measurement
tool designed to provide detailed insights about the specific
behaviors performed in a 24-h period. The 24PAR has been
shown to have high utility and validity, with correlation
coefficients > 0.83 (relative to various pattern-recognition
technologies) reported from previous validation work
[23, 25]. The 24PAR in the present study was administered over the telephone using a Computer Assisted
Telephone Interviewing by a trained and supervised data
collection team. Respondents were asked to recall the
previous day’s activities across four distinct time blocks
(i.e., Midnight-6 am, 6 am-Noon, Noon-6 pm and
6 pm-Midnight) in episodes of at least 5 min. Telephone
interviewers used the Blaise program during the 24PAR
interviews in order to identify each reported activity in a
given series of activity codes. The appropriate activity
would then be chosen from the provided list. Participants
were allowed to report a single activity type per time
block. Reported activities that could not be located from
the list were recorded in text during the interviews, but
added to the list as new activity codes after the interviews.
The participants provided the purpose and location of all
activities performed but only the 5 location codes were
used in the present study (Work/Volunteer, Home/indoor,
Home/outdoor, Transportation, and Community) codes
since the purpose codes captured similar information for
SB activities. The interviewers received extensive training
prior to the start of the study as well as on-going monitoring by leaders of the team to ensure consistency in data
collection procedures among the different interviewers.
Data reduction

The context and duration of the reported activities on
the 24PAR were aggregated by day to create summary
files that included a MET score and location code for
each reported activity for each participant. The reported
minutes were tabulated for each participant to ensure the
total accumulated minute equals 1440 (i.e., 60 min × 24 h).
For the present report, data were restricted to activities with
MET scores ≤ 1.5 (Based on a reduced set of Compendium
of PA codes [26]) since this is the established criterion for
SB [27]. Activities with assigned MET scores > 1.5 (i.e., light,
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moderate, and vigorous intensity) were excluded as were
periods of reported sleeping and napping. The refined data
were merged with participants’ demographic data based on
participants’ ID. Socio-demographic variables in the dataset
included gender (female and male), age group (20–29 years,
30–39 years, 40–49 years, and 50–71 year), weight status
defined by BMI (normal weight, overweight and obese),
ethnicity (White, Black, and Other), education background
(less than high school, some college/post high school, and
college/graduate), and income level (less than $25,000, from
$25,000 up to $75,000, and more than $75,000). Data from
Trial 2 were not used in the analyses because results were
highly similar to those from Trial 1 [19, 23]. Data from the
armband monitor were not reported in this study because
it does not provide context information of SB.
Statistical analyses

Time allocations across the five location codes were
calculated. The rankings of the 20 frequently reported
sedentary activities were determined on the basis of the
number of participants that reported the activities at
least once in a given day. For each of the top 20 most
frequently occurring SBs, average daily reported minutes
per person were calculated. Multiple one-way Analyses
of Variance (ANOVA) analyses with the Bonferonni
adjustment (α = 0.05) were performed to evaluate differences in time allocations between varying levels of each
demographic variable across the five location codes. The
Jackknife variance estimation method was used to calculate standard errors [28]. Calculated sampling weights
were applied to all analyses to account for the complex
sampling methodology of the PAMS project. Data
management and statistical analyses were performed
in STATA/SE Version 12 for Windows (StataCorp LP,
College Station, TX).

Results
A sample of 1648 participants in the PAMS project satisfied the eligibility criteria. However, 1501 participants
remained in the final data set since 147 were excluded
for the following reasons: choosing not to participate
(n = 141), death (n = 1), relocation (n = 3) and/or becoming pregnant (n = 2). The sample of 1501 participants produced 2981 data cases. However, 149 observations were
deleted for the following reasons: data entry errors with
24PAR (n = 18), missing 24PAR data (n = 13), outliers on
24PAR (n = 7) or problematic data from armband monitors (n = 111). The final reduced dataset of 2832 cases was
obtained from a unique sample of 1468 participants (1442
from Trial 1 and 1397 from Trial 2), but the analysis for
the current study was based on only 1442 participants
(from Trial 1). Specific characteristics of the participants
are summarized in Table 1. A total of 27 different types of
sedentary activities were reported by the participants. The
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Table 1 Socio-demographic characteristics and reported
sedentary time of the participants (n = 1442) included
Variables

Values

Sedentary
time, hours

Gender
Female, %

50.6 (1.8)

7.5 (0.2)

Male, %

49.3 (1.8)

7.8 (0.2)

Age (yrs)

46.2 (0.4)

20–29 years,%

8.2 (1.0)

6.7 (0.5)

30–39 years, %

22.4 (1.7)

7.4 (0.3)

40–49 years, %

34.5 (1.8)

7.7 (0.2)

50–71 year, %

35.0 (1.5)

8.0 (0.1)

Body Mass Index (BMI)

29.9 (0.3)

Normal Weight, %

25.2 (1.6)

7.7 (0.3)

Overweight, %

32.6 (1.7)

7.7 (0.2)

Obese, %

42.2 (1.8)

7.7 (0.2)

Ethnicity
White, %

88.6 (1.3)

7.7 (0.1)

Black, %

6.9 (0.9)

8.0 (0.6)

Other, %

4.5 (1.0)

6.9 (0.8)

Education Background
Less than high school, %

3.1 (0.6)

6.6 (0.7)

High school diploma/some college, %

50.1 (1.8)

7.4 (0.2)

College/graduate school, %

46.8 (1.8)

8.1 (0.2)

Less than $25,000, %

13.5 (1.1)

7.8 (0.3)

From $25,000 up to $75,000, %

43.8 (1.8)

7.2 (0.2)

More than $75,000, %

42.7 (1.9)

8.1 (0.2)

Income Level

All values were weighted to account for the complex sampling design. Values
in parenthesis represent standard errors unless otherwise indicated

average self-reported daily sedentary time of the total
population was 7.7 h. Time spent sedentary increased as
the age range increased: 6.7 h for 20–29 years, 7.4 h for
30–39 years, 7.8 h for 40–49 years and 8.0 h for 50–
71 year. Females (7.5 h) spent less time being sedentary
compared with males (7.8 h).
Figure 1 shows the top 20 most frequently reported
sedentary activities along with corresponding average
daily sedentary minutes per activity per person; the bubble
sizes are proportional to the reported sedentary minutes (as
shown above the bubbles). The most commonly reported
sedentary activity was ‘sit eating’ (n = 1351), followed
by ‘sit watching television’ (n = 1096), ‘sit talking on
phone’ (n = 760) and ‘sit computer use’ (n = 760). Of the 20
sedentary activities, 15 (including ‘riding in a airplane, car,
van, or truck’ and ‘riding a bus’) involved a form of ‘sitting’
in the definition. When ranked by the volume of sedentary
time, the top three activities were ‘sit computer use’
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Fig. 1 The top 20 most frequently reported sedentary activities. Note: The rank was determined based on the number of participants that
reported a sedentary activity at least once in the previous day. The bubble size represents the average daily sedentary time (minutes/day) per
activity per person (as shown above the bubbles). All values were weighted to account for the complex sampling design

(138.1 min/day), ‘sit watching television’ (129.0 min/day),
and ‘sit attend a movie/program/event/concert/meeting’
(115.0 min/day). The top 3 sedentary activities by location
categories were: ‘sit eating’ (n = 356), ‘sit computer
use’ (n = 335) and ‘sit talking on phone’ (n = 185) for
Work, ‘sit eating’ (n = 1195), ‘sit watching TV/DVD/Video’
(n = 1072), and ‘sit computer use’ (n = 519) for Home/
Indoor, ‘sit talking on phone’ (n = 28), ‘watering lawn
or garden’ (n = 24), and ‘sit praying or meditating/waiting
quietly’ (n = 20) for Home/Outdoor, ‘riding in airplane/
car/van/truck’ (n = 231), ‘riding a bus’ (n = 19) and ‘sit talking on phone’ (n = 8) for Transportation, and ‘sit eating’
(n = 337), ‘sit talking on phone’ (n = 293) and ‘sit praying
or meditating/waiting quietly’ (n = 177) for Community.
In regards to the location categories, the overall time allocations were 27.5 % for Work, 24.8 % for Community,
20.5 % for Home/Indoor, 15.8 % for Home/Outdoor, and
11.3 % for Transportation. Figure 2 specifically shows time
allocations of the 5 location categories by 6 different

socio-demographic variables. Females reported significantly
greater time spent being sedentary during transportation
(P = 0.046) and in the community (P = 0.021) than males.
Older individuals (ages 50–71 year) reported significantly
greater sedentary time at Home/Indoor (P values ranging
from <0.001 to 0.003), but less sedentary time at
Work (P = 0.006) and Community (P = 0.035), compared
with younger individuals. White people reported a significantly larger time allocation at Work (P = 0.003) compared
with Black people. Individuals with relatively higher education levels exhibited significantly larger sedentary time
spent at Work (Ps < 0.001), but smaller sedentary time at
Home/Indoor and Outdoor (Ps ranging from <0.001 to
0.003), compared with those with lower education levels.
Individuals with higher income levels reported significantly larger sedentary time spent at Work (Ps < 0.001),
but less sedentary time at Home/Indoor (Ps < 0.001) and
Outdoor (P = 0.035), in comparison with individuals with
lower income levels.
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Fig. 2 Time allocations of five location codes (Work, Home/Indoor, Home/Outdoor, Transportation, and Community) across six socio-demographic
variables. Note: Significant differences are indicated by combinations of ‘A’, ‘B’, and ‘C’. All values were weighted to account for the
complex sampling design

Discussion
There has been considerable interest in understanding
the specific context in which SB and PA occur [13, 14].
Research on this topic, however, has been limited by the
inability of traditional measurement tools (i.e., accelerometers, long-term recall methods) to capture contextual information. The PAMS study was designed specifically to
address this gap and to improve the utility of self-report
data for public health research [22]. The established

24PAR protocol [23, 29] was refined to capture contextual
variables, which enabled us to obtain detailed insights
about the specific types and location of SB and its
disparities by socio-demographic status in a representative sample of adults.
A previous study by Tudor-Locke et al. [17] that examined SB (and PA) patterns from the American Time
Use Survey (ATUS) reported similar rankings of predominant sedentary activities in a large population
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sample. For example, they reported the same general
rankings for eating (Rank 1), TV viewing (Rank 2), and
other sedentary activities (i.e., cell-phone use, talking,
transportation sedentary activities, etc.) as reported
herein. The ATUS used a similar type of 24PAR (and the
activities were also coded with the same Compendium
codes), but a unique advantage of the present study is
that we were able to provide insights about the location
information of the reported activities. The patterns were
somewhat different than those reported in Keadle et al.
study [30] utilizing the traditional computerized version
of the 24PAR [25]. For example, the Keadle et al. study [30]
found the Work/School category (130.7 min) accounted
for most of the total reported sedentary time, with substantially smaller sedentary minutes spent at Home (59.8 min)
and in the Community (39.5 min). In the current study, we
found 36 % of total sedentary time to be explained by the
Home category, followed by 27.5 % at Work, 24.8 % in the
Community and 11.3 % during Transportation. The differential patterns of time allocations between this study and
the Keadle et al. [30] study may be attributable to the difference in the types of location categories. However, the
major difference is likely that Keadle et al. [30] used a convenient sample of 15 adults (aged 18–75years) whereas the
current study utilized a representative sample of over 1400
adults that were randomly selected through a multi-stage
sampling procedure. The Keadle et al. study [30] provided
evidence to support the validity of the reported 24PAR
location (and purpose) codes so it was not designed
with the same goal as the PAMS project.
A unique advantage of the present study is that it also
demonstrates that individuals with different levels of
socio-demographic indicators exhibited differential patterns of SB as well as different contextual explanations
for where (i.e., location) the participants spent time sedentary. The findings, in general, yielded intuitive findings
for comparisons across the 6 socio-demographic variables but some examples are noteworthy. For example,
younger individuals (i.e., 20–29 years) reported less sedentary time at ‘work’, but more sedentary time at ‘Home/
Indoor’ compared with older individuals (40–49 years).
This may be because younger individuals may be less
likely to be employed at sedentary jobs (compared with
older adults). The larger allocation for the Home/Indoor
category may reflect younger individuals’ greater interest
in popular sedentary activities such as playing video
games, using computers and/or watching TV, all of
which are likely to occur at home. Similar comparisons
were observed for the other socio-demographic indicators (i.e., Ethnicity, Education and Income). For example,
individuals that are white or with higher levels of academic background (i.e., college graduates) and/or income (i.e., from $75,000 up to $100,000) reported being
more sedentary‘at work’ and less sedentary at home
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(compared with those that are black or with lower levels
of academic background and/or income). These findings
clearly suggest that the appreciation of the specific context is critical for understanding the complex behavioral
aspects of SB at the population level.
A few intervention studies have adopted contextspecific approaches in order to reduce sedentary time and
mitigate disparities of SB across various adult populations.
For example, Schuna et al. [31] found that the intervention group that used treadmill desks for 3 months at a
workplace led to reductions in sedentary time (in addition
to increased physical activity) compared with the control
group that worked in usual working conditions. Another
intervention study by Lakerveld et al. [32] reported no significant differences in sedentary time between the intervention group (that received counseling about adopting
healthy lifestyles) and control group (that received only
brochures) at the 6-, 12- and 24-month follow-up. However, they found variation of intervention effects by academic background in the intervention group: for example,
increases in sedentary time for individuals that finished
secondary school. Rosenberg et al. [33] found significant
decreases in sitting time and increases in sit-to-stand
transitions as assessed with the activPal, and significant
decreases in overall sedentary time as well as increases
in physical activity time as assessed with the Actigraph
in an 8-week theory-based intervention with 25 overweight/obese older adults (mean age of 71.4 years).
While these intervention studies suggest the effectiveness of context-specific intervention approaches in reducing sedentary time, additional research is needed to
test these effects with longer follow-up terms and in a
larger sample of adults.
The current study is not without limitations. We used
only a MET-derived criterion (≤1.5MET) to define SB,
which is the same methodology used in the previous
study by Tudor-Locke et al. [17]. However, the definition
of SB suggested by the Sedentary Behaviour Research
Network [34] incorporates a posture component (i.e., sitting or reclining) in addition to the energy expenditure
component (i.e., ≤1.5MET). By this definition, 1 of the
top 20 sedentary activities (‘Stand quietly, stand waiting
in line’) would not have been classified as a SB. Applying
the same principle, 4 of the top 20 light (i.e., >1.5MET)
activities (e.g., ‘driving light truck’ [n = 1191], ‘sit deskwork/
paperwork/writing’ [n = 281], ‘sit child care’ [n = 158] and
‘sit play with child’ [n = 132]) would have been categorized
as sedentary activities. Another limitation is that the
results from this study might not be generalizable to the
entire US adult population, given that the participants
were recruited from a single state of the US. However, the
reported daily sedentary time (i.e., 7.7 h/day) matched the
national average of sedentary time (estimated by an
objective monitor) in US adults [1]. This may suggest that
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our sample shares similar characteristics with the whole US
adult population. Moreover, the telephone-administered
24PAR used herein has not been directly validated for
assessing context of SB. However, the previous validation
study [23] found it to have acceptable agreement relative to an armband monitor in estimating energy expenditure. Moreover, context information captured by
a computerized-24PAR (analogous to the telephonebased 24PAR) was relatively comparable with context
information measured by direct observation [30].

Conclusions
The present study provided comprehensive context information of SB (i.e., types and location) to advance
understanding about SB in adults. The findings provide
breakdowns of the time spent in different categories but
the more notable finding is the diverse range in profiles
across the various socio-demographic groups. These findings may have value for understanding disparities of SB
and health in the population. Evidence from this study
can serve as a fundamental framework for designing and
implementing future intervention studies aimed at reducing sedentary time at the population level.

Page 7 of 8

8.

9.

10.

11.

12.
13.
14.

15.

16.

17.

18.
Competing interests
The authors declare that they have no competing interests.

19.

Authors’ contributions
YK managed, analyzed and interpreted the data collected from the PAMS
project, and drafted the manuscript. GW conceptualized and designed the
PAMS project, and provided critical reviews on the manuscript. Both authors
approved the final version of the manuscript.

20.

Acknowledgment
The PAMS project was supported by a grant from the National Institutes of
Health (R01 HL91024-01A1). However, the National Institute of Health did not
play any role in designing, collecting, analyzing and/or interpreting the data
collected from the PAMS project as well as in the writing and submission of
this manuscript for publication.

22.

21.

23.

24.

Received: 4 August 2015 Accepted: 1 December 2015
25.
References
1. 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):875–81.
2. Matthews CE, George SM, Moore SC, Bowles HR, Blair A, Park Y, et al.
Amount of time spent in sedentary behaviors and cause-specific mortality
in US adults. Am J Clin Nutr. 2012;95(2):437–45.
3. Chau JY, Grunseit A, Midthjell K, Holmen J, Holmen TL, Bauman AE, et al.
Sedentary behaviour and risk of mortality from all-causes and cardiometabolic
diseases in adults: evidence from the HUNT3 population cohort. Br J Sports
Med. 2013.
4. Chau JY, van der Ploeg HP, Merom D, Chey T, Bauman AE. Cross-sectional
associations between occupational and leisure-time sitting, physical activity
and obesity in working adults. Prev Med. 2012;54(3–4):195–200.
5. Dunton GF, Berrigan D, Ballard-Barbash R, Graubard B, Atienza AA. Joint
associations of physical activity and sedentary behaviors with body mass index:
results from a time use survey of US adults. Int J Obes. 2009;33(12):1427–36.
6. Ford ES, Caspersen CJ. Sedentary behaviour and cardiovascular disease:
a review of prospective studies. Int J Epidemiol. 2012;41(5):1338–53.
7. Dunstan DW, Salmon J, Healy GN, Shaw JE, Jolley D, Zimmet PZ, et al.
Association of television viewing with fasting and 2-h postchallenge plasma

26.

27.

28.
29.

30.

31.

32.

glucose levels in adults without diagnosed diabetes. Diabetes Care.
2007;30(3):516–22.
Dunstan DW, Salmon J, Owen N, Armstrong T, Zimmet PZ, Welborn TA,
et al. Associations of TV viewing and physical activity with the metabolic
syndrome in Australian adults. Diabetologia. 2005;48(11):2254–61.
Stamatakis E, Hamer M, Tilling K, Lawlor DA. Sedentary time in relation to
cardio-metabolic risk factors: differential associations for self-report vs
accelerometry in working age adults. Int J Epidemiol. 2012;41(5):1328–37.
Wijndaele K, Orrow G, Ekelund U, Sharp SJ, Brage S, Griffin SJ, et al. Increasing
objectively measured sedentary time increases clustered cardiometabolic risk:
a 6 year analysis of the ProActive study. Diabetologia. 2013.
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):1384–9.
Owen N, Leslie E, Salmon J, Fotheringham MJ. Environmental determinants of
physical activity and sedentary behavior. Exerc Sport Sci Rev. 2000;28(4):153–8.
Haskell WL. Physical activity by self-report: a brief history and future issues.
J Phys Act Health. 2012;9 Suppl 1:S5–S10.
Troiano RP, Pettee Gabriel KK, Welk GJ, Owen N, Sternfeld B. Reported
physical activity and sedentary behavior: why do you ask? J Phys Act Health.
2012;9 Suppl 1:S68–75.
Sallis JF, Owen N, Fotheringham MJ. Behavioral epidemiology: a systematic
framework to classify phases of research on health promotion and disease
prevention. Ann Behav Med. 2000;22(4):294–8.
Welk G. Introduction and overview of physical activity assessments. In: Welk
G, editor. Physical activity assessments for health-related research.
Champaign: Human Kinetics; 2002. p. 7.
Tudor-Locke C, Johnson WD, Katzmarzyk PT. Frequently reported activities
by intensity for U.S. Adults: the american time use survey. Am J Prev Med.
2010;39(4):e13–20.
Van Domelen DR, Koster A, Caserotti P, Brychta RJ, Chen KY, McClain JJ, et al.
Employment and physical activity in the U.S. Am J Prev Med. 2011;41(2):136–45.
Welk GJ, Kim Y. Context of physical activity in a representative sample of
adults. Med Sci Sport Exer. 2015;47(10):2102–10.
Healy GN, Clark BK, Winkler EAH, Gardiner PA, Brown WJ, Matthews CE.
Measurement of Adults’ sedentary time in population-based studies. Am J
Prev Med. 2011;41(2):216–27.
Atkin AJ, Gorely T, Clemes SA, Yates T, Edwardson C, Brage S, et al. Methods
of measurement in epidemiology: sedentary behaviour. Int J Epidemiol.
2012;41(5):1460–71.
Nusser SM, Beyler NK, Welk GJ, Carriquiry AL, Fuller WA, King BM. Modeling
errors in physical activity recall data. J Phys Act Health. 2012;9 Suppl 1:S56–67.
Welk GJ, Kim Y, Stanfill B, Osthus DA, Calabro MA, Nusser SM, et al. Validity
of 24-h physical activity recall: physical activity measurement survey. Med
Sci Sports Exerc. 2014;46(10):2014–24.
Physical Activity and Health Promotion Research Group-Physical Activity
Measurement Survey (PAMS) Study http://www.physicalactivitylab.org/
physical-activity-measurement-study.html October 15th, 2015.
Calabro MA, Welk GJ, Carriquiry AL, Nusser SM, Beyler NK, Mathews CE.
Validation of a computerized 24-hour physical activity recall (24PAR) instrument
with pattern-recognition activity monitors. J Phys Act Health. 2009;6(2):211–20.
Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett Jr DR,
Tudor-Locke C, et al. 2011 compendium of physical activities: a second
update of codes and MET values. Med Sci Sports Exerc. 2011;43(8):1575–81.
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):105–13.
Fuller WA. Sampling statistics; section 4.2.2. New York: Wiley; 2009.
Matthews CE, Ainsworth BE, Hanby C, Pate RR, Addy C, Freedson PS, et al.
Development and testing of a short physical activity recall questionnaire.
Med Sci Sports Exerc. 2005;37(6):986–94.
Keadle SK, Lyden K, Hickey A, Ray EL, Fowke JH, Freedson PS, et al.
Validation of a previous day recall for measuring the location and purpose
of active and sedentary behaviors compared to direct observation. Int J
Behav Nutr Phys Act. 2014;11.
Schuna Jr JM, Swift DL, Hendrick CA, Duet MT, Johnson WD, Martin CK,
et al. Evaluation of a workplace treadmill desk intervention: a randomized
controlled trial. J Occup Environ Med. 2014;56(12):1266–76.
Lakerveld J, Bot SD, van der Ploeg HP, Nijpels G. The effects of a lifestyle
intervention on leisure-time sedentary behaviors in adults at risk: The Hoorn
Prevention Study, a randomized controlled trial. Prev Med. 2013;57(4):351–6.

Kim and Welk BMC Public Health (2015) 15:1218

Page 8 of 8

33. Rosenberg DE, Gell NM, Jones SM, Renz A, Kerr J, Gardiner PA, et al. The
feasibility of reducing sitting time in overweight and obese older adults.
Health Educ Behav. 2015;42(5):669–76.
34. Barnes J, Behrens TK, Benden ME, Biddle S, Bond D, Brassard P, et al. Letter
to the editor: standardized use of the terms “sedentary” and “sedentary
behaviours”. Appl Physiol Nutr Me. 2012;37(3):540–2.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

