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Abstract

Background

Accelerometer-based activity monitors are widely used in research and surveillance appli-

cations for quantifying sedentary behavior (SB) and physical activity (PA). Considerable re-

search has been done to refine methods for assessing PA, but relatively little attention has

been given to operationalizing SB parameters (i.e., sedentary time and breaks) from accel-

erometer data - particularly in relation to health outcomes. This study investigated: (a) the

accrued patterns of sedentary time and breaks; and (b) the associations of sedentary time

and breaks in different bout durations with cardiovascular risk factors.

Methods

Accelerometer data on 5,917 adults from the National Health Examination and Nutrition

Survey (NHANES) 2003–2006 were used. Sedentary time and breaks at different bout du-

rations (i.e., 1, 2–4, 5–9, 10–14, 15–19, 20–24, 25–29, and�30-min) were obtained using a

threshold of<100 counts per minute. Sedentary time and breaks were regressed on cardio-

vascular risk factors (waist circumference, triglyceride, and high-density lipoprotein choles-

terol) and body mass index across bout durations.

Results

The results revealed that the majority of sedentary time occurred within relatively short bout

durations (�70% and�85% for<5-min and<10-min, respectively). The associations of

sedentary time and breaks with health outcomes varied depending on how bout time was

defined. Estimates of SB parameters based on bout durations of 5 min or shorter were asso-

ciated with reduced cardiovascular risk factors while durations longer than 10-min were

generally associated with increased risk factors.
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Conclusions

The present study demonstrates that the duration of sedentary bouts should be further con-

sidered when operationalizing the SB parameters from accelerometer data. The threshold

of 5 minutes to define a bout is defensible, but a 10 minute threshold would provide a more

conservative estimate to clearly capture the prolonged nature of sedentary behavior. Addi-

tional research is needed to determine the relative sensitivity and specificity of

these thresholds.

Introduction
The health benefits of physical activity (PA) are well established [1] but a paradigm shift in PA
field is now challenging researchers to think about the independent effects of sedentary behav-
ior (SB). This shift evolved from a rapidly growing body of evidence indicating that SB may
contribute to individual health risks even if people are physically active [2,3]. According to
Owen et al. [4], SB refers to “. . . behaviours for which energy expenditure is low, including pro-
longed sitting time in transit, at work, at home and in leisure time” (p. 82). The Sedentary Be-
havior Research Network has also proposed definitions of SB that capture both posture (i.e.,
sitting/reclining) and low levels of energy expenditure (1.0 to 1.5 METs) [5]. These distinctions
make conceptual sense to characterize SB as being distinct from physically inactive [6,7], but
have proven difficult to operationalize and apply in practice.

One challenge in studies employing objective monitors such as the Actigraph is that posture
cannot be readily determined. This makes it impossible to distinguish light-intensity PA (e.g.,
standing still) from SB [8,9]; however, multi-sensor monitors and new Actigraph versions with
gyroscopes may enable this in the future. A more fundamental challenge that has received far
less attention is how to quantify the duration of SB. Definitions of SB emphasize time spent in
“prolonged” sitting time, but most studies to date have captured total sedentary time without
consideration to how it was accumulated. For example, one widely used approach to describe
sedentary time from Actigraph accelerometer data is to count every single minute where activi-
ty counts are less than the threshold for SB [10–14]. However, this method clearly does not
take the prolonged aspect of the definition of SB into account. The complexity of this issue was
first described in the seminal study by Healy et al. [15] that demonstrated that breaks in seden-
tary time (defined as interruptions in sedentary time) could explain differences in cardio-meta-
bolic and inflammatory risk biomarkers [12,15]. The authors implied that people who engaged
in the same overall amount of sedentary time could have experienced distinct health-related is-
sues depending on how their sedentary time was accumulated. This finding sparked consider-
able interest in the study of SB as it demonstrated that breaking up prolonged sedentary time
needs to be factored into evaluations of health risk as well as interventions designed to change
behavior [6,16]. Unfortunately, there is presently no consensus on the best way to operationa-
lize and quantify breaks in sedentary time from accelerometer data. Healy et al. [15] originally
described breaks in sedentary time as an absolute number of transitions from sedentary to ac-
tive phase; however, this approach has been questioned due to ambiguity of its measurement
properties [9,12] and has led the researchers to wonder if it is a pattern of how sedentary time
is accumulated or global measure of breaks that matter more for health [17,18]. One study
using the National Health and Nutrition Examination Survey (NHANES) 2003–2006 acceler-
ometer data [19] took breaks in SB into account to evaluate associations with metabolic syn-
drome. The authors operationally defined the sedentary bout as a period of time at least>5
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minute with activity counts<100 cpm with 1 allowable minute outside the threshold; however,
this definition/criteria has not been empirically tested or evaluated.

The present study fills that gap by examining the impact of sedentary time and breaks cap-
tured using different bout durations. The specific purposes were: 1) to examine the accrued
patterns of sedentary time and breaks; and 2) to evaluate the sedentary time and breaks in dif-
ferent bout durations in relation to health outcomes, including cardiovascular risk factors. The
study is directly responsive to recommendations for continued research on definitions and
measurement of SB [20]. The specific focus on examining sedentary bouts of varying duration
in relation to health biomarkers can extend our practical understanding of SB [21] and contrib-
ute to future research and intervention development.

Methods

Survey Data and Study Sample
The data for the present study were obtained from the NHANES 2003–2004 and 2005–2006.
The NHANES provides cross-sectional data for a national representative sample of the US ci-
vilian non-institutionalized population selected by a complex multistage probability sampling
scheme. The survey measured broad areas of health-related outcomes through household in-
terviews and physical examinations at the mobile examination center (MEC). The original sur-
vey protocols were approved by the National Center for Health Statistics (NCHS) Research
Ethics Review board, and informed consent was obtained from all participants.

Among participants who visited the MEC, all ambulatory participants (� 6 years) were eli-
gible for accelerometer measures. The Actigraph accelerometer (model 7164) was used to ob-
tain objective measures of PA. Participants were instructed to wear the accelerometer on their
right hip during waking hours across 7 consecutive days, with the exception of when engaging
in any water-based activities (e.g., bathing or swimming). Activity counts that represent inte-
grated acceleration information of ambulatory movements were recorded in minute-by-minute
intervals. A detailed description of the NHANES data can be found at www.cdc.gov/nchs/
nhanes.htm.

A total of 9,151 adults (�18 years) provided accelerometer data. After excluding those
with missing values for one or more of the cardiovascular risk factors [with an exception of
fasting sub-component, triglyceride (TG)] or covariates examined in this study, or with in-
sufficient valid accelerometer data (refer to later section), the final sample consisted of 5,917
adults (2,941 male and 2,976 female) which included a fasting sub-sample of 2,663 who provid-
ed TG measure. The final sample was demographically different from the excluded sample
(n = 3,234) by gender [unweighted x2 (1) = 26.97, p<.001] and race/ethnicity [unweighted
x2 (3) = 25.70, p<.001] but similar with respect to family income levels [unweighted x2 (3) = 0.84,
p = .840].

Accelerometer-based SBMeasures
An automated SAS macro provided by NCHS was used for quality control and to identify non-
wear times. Non-wear time is defined as intervals of at least 60 minutes of 0 activity counts
(i.e., no movement), with allowance for up to 2 consecutive minutes of activity counts between
0 and 100 [22]. After removing the non-wear times from accelerometer data, the following SB
parameters were extracted for each measurement day using the traditional algorithms as previ-
ously described in the literature [15,23]:

1. sedentary time—a minute where activity counts are<100 cpm;
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2. sedentary break—a transition point from a sedentary (<100 cpm) to active phase
(�100 cpm);

3. sedentary bout—a duration of continuous sedentary time (i.e., sedentary event);

4. mean intensity—the average activity counts within each sedentary bout.

In addition, because we aimed to explore accrued patterns of sedentary time and breaks,
particularly focusing on sedentary bout durations, all SB measures were extracted within the re-
spective bout durations of 1-min, 2–4 min, 5–9 min, 10–14 min, 15–19 min, 20–24 min, 25–29
min, and�30-min in addition to total accrued quantities.

All SB measures obtained for each measurement day were then averaged across only valid
days (i.e., 10 or more hours of wear time), to represent the average measures of SB per day. Par-
ticipants with 4 or more valid days are included in the analysis. In addition, because sedentary
time or breaks are influenced by accelerometer wear times [23], the least-square adjustment for
wear times was made for all SB measures using the residuals obtained from linear regression
models where SB measures were regressed on wear times [12,24].

Cardiovascular Risk Factors and Other Covariates
The primary purpose of this study was to evaluate the impact of different measures of seden-
tary time on health outcomes after taking sedentary bout durations into account. Three mea-
sures of cardiovascular risk factors were examined in this study [TG (mg/dL), waist
circumference (WC) (cm), and high-density lipoprotein cholesterol (HDL-C) (mg/dL)] since
previous studies with NHANES data have reported significant associations with SB measures
[12,19]. In addition, body mass index (BMI) (kg/m2) was also obtained as there is still contro-
versy in regards to its relationship with SB measures in the NHANES data [14].

The average time spent in moderate-to-vigorous-intensity PA (MVPA), based on a modi-
fied 10-min bout condition (i.e., a minimum of 8 out of 10 consecutive minutes of MVPA),
across valid days was obtained from accelerometer data using the threshold of�2020 cpm
[22]. Demographic characteristics of the participants including age (years), sex, race/ethnicity
(Non-Hispanic White, Non-Hispanic Black, Mexican American, and Other Hispanic/other
races), and family income (<$15k, $15k-34.9k, $35k-64.9k,�$65k) were also used as covari-
ates in the statistical model (See Table 1 for descriptive statistics).

Statistical Analyses
To explore the accumulation patterns of SB measures, descriptive statistics as well as the pro-
portions (%) of accrued sedentary time and breaks within each bout duration were estimated.
Univariate normality of sedentary time and breaks within each bout duration were examined
by the skewness and kurtosis statistics in order to assure the use of parameterized linear models
for sequential steps.

To evaluate the measurement properties of accrued sedentary time and breaks across a set
of bout durations, bivariate correlation analyses with total sedentary time and breaks were per-
formed using a mean of uncorrected item-total correlation analysis. Item-total correlation
analysis is a well-known statistical approach for evaluating the construct validity of measure-
ment at the item level [25]. In this study, we assumed that the sedentary time and breaks within
each bout duration were the sub-items that consisted of total sedentary time and breaks, re-
spectively. A positive and relatively high correlation coefficient of�.40 [25] was expected for
each of the correlation analyses. In addition, bivariate correlation analyses for pairs of seden-
tary time and breaks at each bout duration were conducted as the secondary analysis to aid in
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better understanding of the practical significance of sedentary breaks after taking bout dura-
tions into account.

Lastly, separate linear regression models were fitted for each bout duration in order to evalu-
ate the measurement properties of sedentary time and breaks within each bout duration in rela-
tion to cardiovascular risk factors after controlling for covariates. In this analysis, total
sedentary time or breaks were not adjusted in each regression model due to the fact that the
separate independent associations of the sub-components of total measure with the dependent
variable may be unreliably estimated when total measure is adjusted in the model [26,27].

All statistical analyses were performed using SURVEY procedures in SAS v9.3 (SAS Insti-
tute Inc, Cary, NC) to account for the complex sampling designs in the NHANES. Four-year
sample weights were calculated using the 2-year sample weights of the NHANES 2003–2004
and 2005–2006 cycles. To account for a selection bias by inclusion criteria of this study, 4-year
sample weights were recalculated based on sample weights in the NHANES 2003–2006 data
after taking age, gender, and racial/ethnic groups into account. For the analyses of fasting sub-
component measure (i.e., TG), four-year fasting sub-sample weights were used. A prior signifi-
cance level was set at p<.05 for all statistical analyses.

Results
Descriptive statistics for accrued SB measures are presented in Table 2. US adults spent an av-
erage of 482.88 minutes per day in sedentary time, which were accumulated over an average of
93.02 (SE = .31) sedentary bouts. The majority of sedentary behaviors was observed within
bout durations of<10 minutes (Sedentary bout: 1-min = 36.30%, 2–4 min = 33.27%, and 5–9
min = 15.53%). Similarly, of the 92.41 total sedentary breaks, the majority of sedentary breaks
were also detected within bout durations of 1-min (36.54%), 2–4 min (33.65%), and 5–9 min
(15.56%).

Bivariate correlation analyses of sedentary time and bout durations revealed negative rela-
tionships for durations of 1-min and 2–4 min (r = -.64 and r = -.24, respectively) and a positive

Table 1. Descriptive Statistics of Outcome Variables across Demographic Characteristics among US Adults.

% (SE) Waist Circumference (cm) HDL-C (mg/dL) BMI (kg/m2) MVPA (mins�day-1) Fasting sub-sample

% (SE) Triglycerides (mg/dL)

Total (n = 5,917) 95.43 (.40) 54.36 (.32) 27.75 (.17) 7.38 (.37) (n = 2,667) 144.37 (3.35)

Gender

Male 48.43 (.61) 98.30 (.53) 48.52 (.32) 27.63 (.19) 9.00 (.47) 48.90 (1.02) 158.50 (3.85)

Female 51.57 (.61) 92.73 (.50) 59.85 (.49) 27.87 (.23) 5.86 (.35) 51.70 (1.02) 131.17 (4.29)

Race

Non-Hispanic White 71.17 (2.23) 96.15 (.48) 54.29 (.36) 27.66 (.20) 7.06 (.44) 73.25 (2.37) 147.15 (4.32)

Non-Hispanic Black 11.93 (1.63) 96.12 (.63) 57.70 (.74) 29.43 (.26) 7.52 (.57) 10.02 (1.33) 112.85 (3.05)

Mexican American 8.34 (1.12) 94.13 (.65) 51.15 (.50) 27.73 (.24) 8.91 (.57) 7.97 (1.18) 160.90 (.8.29)

Other Hispanic/races 8.57 (.84) 89.76 (.99) 53.47 (.91) 26.26 (.43) 8.32 (1.03) 8.76 (1.06) 142.01 (7.60)

Income

<$15k 13.78 (.91) 93.19 (.85) 53.44 (.84) 27.27 (.37) 8.86 (.88) 10.44 (.71) 150.76 (8.49)

$15k-34.9k 25.33 (1.07) 95.18 (.72) 54.90 (.56) 27.50 (.25) 6.00 (.42) 24.73 (1.10) 149.16 (9.16)

$35k-64.9k 28.21 (1.10) 96.74 (.58) 53.26 (.49) 28.26 (.22) 7.04 (.59) 29.27 (1.39) 145.15 (4.63)

�$65k 32.69 (1.76) 95.42 (.61) 55.29 (.41) 27.72 (.26) 8.12 (.44) 35.56 (1.96) 138.53 (3.69)

Note. All values are the survey-weighted means (standard error) unless otherwise specified

HDL-C = high-density lipoprotein cholesterol; BMI = body mass index; MVPA = moderate-to-vigorous-intensity physical activity

doi:10.1371/journal.pone.0118078.t001
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relationship for durations of 5–9 min (r = .35). In contrast, consistently strong positive rela-
tionships were found between sedentary breaks and each of the bout duration indicators
(1-min: r = .80, 2–4 min: r = .94, and 5–9 min: r = .61).

The results of the regression analyses are presented in Table 3. Overall, total sedentary time
was significantly associated with the three cardiovascular risk factors (WC: b = .005, p = .049;
HDL-C: b = -.012, p<.001; TG: b = .113, p<.001) but not BMI (b = .001; p = .521). Separate
regression analyses using estimates computed with different bout durations revealed mixed as-
sociations with health outcomes. Specifically, sedentary time estimates based on bout durations
of 1-min, 2–4 min, or 5–9 min were negatively (favorably) associated with both WC (1-min:
b = -0.189, p<.001; 2–4 min: b = -0.083, p<.001; 5–9 min: b = -0.032, p = .003) and BMI
(1-min: b = -0.056, p<.001; 2–4 min: b = -0.025, p<.001; 5–9 min: b = -0.014, p = .004). In
contrast, estimates of sedentary time based on bout durations of� 10 minutes (e.g. 10–14 min,
etc. . .) yielded consistently positive (unfavorable) associations with most health outcomes
(e.g. WC: all p’s<.05).

Table 3. Associations of Accelerometer Determined Sedentary Behavior Measures with Health Outcomes across the Bout Durations (n = 5,917).

Mean (SE) Waist Circumference
(cm)

HDL-C (mg/dL) Triglyceridea (mg/dL) BMI (kg/m2)

b (SE) p-value b (SE) p-value b (SE) p-value b (SE) p-value

Sedentary time

Total 482.88 (1.93) 0.005 (.00) .049* -0.012 (.00) <.001* 0.113 (.03) <.001* 0.001 (.00) 0.521

Bout durations

1-min 34.25 (.17) -0.189 (.03) <.001* 0.111 (.03) <.001* -1.136 (.26) <.001* -0.056 (.01) <.001*

2–4 min 84.96 (.41) -0.083 (.02) <.001* 0.021 (.01) .102 -0.044 (.16) .786 -0.025 (.01) <.001*

5–9 min 94.04 (.33) -0.032 (.01) .003* -0.024 (.01) .032* 0.545 (.25) .035* -0.014 (.01) .004*

10–14 min 62.45 (.34) 0.034 (.01) .023* -0.054 (.01) <.001* 0.730 (.20) .001* 0.007 (.01) .198

15–19 min 44.47 (.28) 0.038 (.01) .006* -0.050 (.01) .002* 0.440 (.12) .001* 0.009 (.01) .092

20–24 min 33.36 (.28) 0.040 (.02) .036* -0.041 (.02) .010* 0.379 (.14) .009* 0.008 (.01) .229

25–29 min 25.69 (.26) 0.050 (.02) .009* -0.046 (.02) .016* 0.549 (.15) .001* 0.012 (.01) .088

�30-min 103.66 (1.30) 0.013 (.00) .001* -0.012 (.00) .007* 0.053 (.05) .282 0.003 (.00) .043*

Sedentary breaks

Total 92.41 (.31) -0.124 (.02) <.001* 0.028 (.02) .141 -0.099 (.23) .675 -0.040 (.01) <.001*

Bout durations

1-min 34.06 (.17) -0.188 (.03) <.001* 0.111 (.03) <.001* -1.141 (.26) <.001* -0.056 (.01) <.001*

2–4 min 31.43 (.16) -0.226 (.04) <.001* 0.066 (.04) .074 -0.223 (.46) .632 -0.067 (.02) <.001*

5–9 min 14.35 (.05) -0.241 (.07) .002* -0.136 (.07) .063 3.207 (1.51) .042* -0.099 (.03) .002*

10–14 min 5.30 (.03) 0.392 (.17) .025* -0.645 (.14) <.001* 8.723 (2.47) .001* 0.084 (.07) .213

15–19 min 2.62 (.02) 0.625 (.23) .001* -0.814 (.25) .003* 7.467 (2.10) .001* 0.140 (.09) .112

20–24 min 1.50 (.01) 0.894 (.41) .037* -0.924 (.35) .012* 8.607 (2.92) .006* 0.194 (.15) .213

25–29 min 0.93 (.01) 1.345 (.51) .013* -1.337 (.48) .010* 14.137 (4.07) .002* 0.328 (.20) .106

�30-min 2.21 (.03) 0.704 (.19) <.001* -0.641 (.21) .005* 2.806 (2.43) .257 0.165 (.08) .033*

Note. Separate regression analyses were conducted by each bout durations after adjusting for age, sex, race/ethnicity, family income, and MVPA

min�day-1.
HDL-C = high-density lipoprotein cholesterol; BMI = body mass index
a the estimates were based on the fasting sub-sample of 2,663adults.
* p<.05

doi:10.1371/journal.pone.0118078.t003
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Sedentary breaks provide an alternate way to examine associations with health outcomes.
The total number of sedentary breaks was negatively (favorably) associated withWC (b = -0.124,
p<.001) and BMI (b = -0.040, p<.001). However, similar to sedentary time, associations be-
tween sedentary breaks and health outcomes also varied by bout durations. For instance, signif-
icant negative (favorable) associations between sedentary breaks andWC were detected at bout
durations of<10–14 min (1-min: b = -0.188, p<.001; 2–4 min: b = -0.226, p<.001; 5–9 min:
b = -0.241, p = .002) while opposite (positive) associations were detected at longer bout dura-
tions (all p’s< .05). Nonsignificant associations were observed between total sedentary breaks
and both HDL-C (b = 0.028, p = .141) and TG (b = -0.099, p = .675) when sedentary breaks
were computed with bout duration of 1-min. However, significant positive correlations were
detected with HDL-C (b = 0.111, p<.001) and TG (b = -1.141, p<.001) when breaks were
computed for longer bout durations.

To extend the understanding of the influence of bout durations on the relationship with
health outcomes, we created two sets of composite variables for sedentary time and breaks
based on the thresholds of<5-min and<10-min bout durations. The bivariate correlation
analyses for pairs of sedentary time and breaks showed relatively high inter-relationships for
both lengths (r’s = .973 and .772 for 5-min criterion; r’s = .883 and .923 for 10-min criterion)
(see Table 4). The separate regression analyses using new composite variables showed consis-
tent trends where the implications of the relationships of sedentary time and breaks with health
outcomes tended to be differentiated by the thresholds of bout durations (see Table 5). For in-
stance of 5-min criterion, sedentary time at<5-min was associated with decreased level of WC
(b = -0.068, p<.001) while sedentary time at�5-min was associated with increased level of
WC (b = 0.008, p< .001).

Discussion
Objectively measured SB using accelerometers has been examined in relation to a variety of
health outcomes. Although the body of literature has shown promising implications of reduc-
ing prolonged sedentary time and increasing sedentary breaks as they may provide potential
health benefits, little attention has been given to the issues related to data processing of acceler-
ometer data to operationalize SB parameters. In this study, we found two main issues in con-
verting accelerometer data to SB parameters that are worth discussing.

Table 4. Bivariate Correlation Matrix between Sedentary Time and Breaks across Different Bout Duration Conditions (n = 5,917).

Mean (SE) Sedentary Time

5-min criterion 10-min criterion

<5-min �5-min <10-min �10-min

Mean (SE) 119.21(.56) 363.67 (2.08) 213.25 (.75) 269.2.02)

Sedentary breaks

5-min criterion

<5-min 65.49 (.32) 0.973 - - -

�5-min 26.92 (.10) - 0.772 - -

10-min criterion

<10-min 79.84 (.34) - - 0.883 -

�10-min 12.57 (.07) - - - 0.923

doi:10.1371/journal.pone.0118078.t004
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How Long is the Minimum Sedentary Bout Duration to Define Prolonged
Sedentary Time?
SB has been defined as any activity during waking hours that requires low energy expenditures
of<1.5 MET, which typically involves prolonged sitting or a reclined posture such as watching
TV, working on a computer, or driving a car [6,7]. However, there has been a lack of clear defi-
nition regarding the minimum duration of sedentary bout that could potentially be considered
as prolonged sedentary time, requiring more efforts to explore the accrued patterns of seden-
tary time in relation to health biomarkers.

The descriptive analyses of the accrued patterns of sedentary time showed that the majority
of sedentary time occurred within relatively short bout durations. Of an average of 93.02 seden-
tary bouts, approximately 70% were attributed to the sedentary time that occurred at bout du-
rations of<5-min (�85% for<10-min), which accounted for approximately 27% of total
sedentary time (�47% for<10-min). Furthermore, bivariate correlations analyses for pairs of
sedentary time at bout durations of 1-min, 2–4 min, and 5–9 min with total sedentary time
showed negative or relatively weak linear relationships (r’s<.40). These findings imply that the
sedentary time that lasts over relatively short durations may not represent the same measure-
ment construct as the sedentary time at relatively long bout durations.

To further examine the significance of bout durations in objectively measured sedentary
time, separate linear regression analyses were performed in relation to the health outcomes.
Pertaining to total sedentary time, our findings are consistent with previous studies [12,28],

Table 5. Associations of Accelerometer Determined Sedentary Behavior Measures with Health Outcomes across Different Bout Duration
Conditions (n = 5,917).

Mean (SE) Waist Circumference
(cm)

HDL-C (mg/dL) Triglyceridea (mg/dL) BMI (kg/m2)

b (SE) p-value b (SE) p-value b (SE) p-value b (SE) p-value

Sedentary time

Total 482.88 (1.93) 0.005 (.00) .049* -0.012 (.00) <.001* 0.113 (.03) <.001* 0.001 (.00) 0.521

5-min criterion

<5-min 119.21 (.56) -0.068 (.01) <.001* 0.024 (.01) .019* -0.157 (.11) .160 -0.020 (.00) <.001*

�5-min 363.67 (2.08) 0.008 (.00) .001* -0.011 (.00) <.001* 0.097 (.02) <.001* 0.002 (.00) .079

10-min criterion

<10-min 213.25 (.75) -0.039 (.01) <.001* 0.003 (.01) .593 -0.096 (.11) .387 -0.013 (.00) <.001*

�10-min 269.63 (2.02) 0.010 (.00) <.001* -0.010 (.00) <.001* 0.081 (.02) .003* 0.002 (.00) .024*

Sedentary breaks

Total 92.41 (.31) -0.124 (.02) <.001* 0.028 (.02) .141 -0.099 (.23) .675 -0.040 (.01) <.001*

5-min criterion

<5-min 65.49 (.32) -0.120 (.02) <.001* 0.055 (.02) .005* -0.457 (.18) .015* -0.036 (.01) <.001*

�5-min 26.92 (.10) 0.044 (.04) .293 -0.191 (.04) <.001* 2.464 (.61) <.001* 0.005 (.02) .774

10-min criterion

<10-min 79.84 (.34) -0.113 (.02) <.001* 0.041 (.02) .019* -0.261 (.19) .176 -0.035 (.01) <.001*

�10-min 12.57 (.07) 0.250 (.07) <.001* -0.298 (.07) <.001* 2.872 (.55) <.001* 0.056 (.03) .041*

Note. Separate regression analyses were conducted by each bout duration condition after adjusting for age, sex, race/ethnicity, family income, and MVPA

min�day-1.
HDL-C = high-density lipoprotein cholesterol; BMI = body mass index.
a the estimates were based on the fasting sub-sample of 2,663 adults.
* P <.05

doi:10.1371/journal.pone.0118078.t005
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where significant and unfavorable associations were observed with WC, HDL-C, and TG.
Moreover, our result showing the insignificant relationship of total sedentary time with BMI
was also consistent with a recent study [14] that used the same study sample. However, the as-
sociations between the computed total sedentary time and health outcomes varied depending
on how bouts were defined. As shown in Table 5, the accrued sedentary time computed using
bout durations of less than 5 minutes yielded negative correlations for most risk factors (WC,
HDL-C, and BMI). When sedentary time was computed as more prolonged periods of time
(i.e. bout durations�10 minutes), however, the associations were reversed.

In evaluating these findings it is important to consider the capabilities of the Actigraph for
detecting sedentary time. The Actigraph accelerometer (model 7164) used in NHANES is an
energy classification device that records the accelerations of vertical movements of the waist in
forms of activity counts [29]. There have been different thresholds proposed to identify SB
(e.g.,<150 cpm [8], or<50 cpm [30]) for waist-mounted Actigraph accelerometers, of which
an activity threshold of<100 cpm has broadly been used for classifying sedentary time and
this has been supported in a number of past studies [23,31]. Regardless of the threshold, how-
ever, it is important to acknowledge that the Actigraph accelerometer based on a single vertical
axis is not able to distinguish changes in posture (e.g., sitting vs. standing) [8,29]. Thus, epochs
that feature activity counts<100 cpm may also include some light-intensity PAs in a standing
position, such as washing dishes or folding laundry [32], which can possibly produce positive
physiological effects by the postural muscle activations [3]. The simple accumulation of min-
utes with activity counts<100 cpm would therefore lead to overestimations of sedentary time
[33], which in turn influence the implication of the relationship between SB and health out-
comes. The constraint of tracking minutes only if they were accumulated for 5 or longer conse-
cutive minutes would help to avoid capturing intermittent light-intensity PAs. Bankoski et al.
[19] suggested a duration of>5 minutes be used to distinguish bouts of sedentary time and
these analyses support this threshold. However, the selection of any threshold of minimum
bout duration would lead to tradeoffs between sensitivity and specificity in the ability to accu-
rately identify periods of SB. The decision between a duration of 5 or longer minutes would de-
pend on the relative importance of false positives or false negatives in the analyses and future
study is warranted for further investigation on this issue.

Using shorter epochs or intervals in summarizing accelerometer data would provide better
descriptions of the continuity of human movement in a free-living environment. However, the
duration to define a bout of SB must be specified to ensure that the accumulated minutes are
congruent with the conceptual definition (i.e., the time spent in prolonged SB). The major con-
text of SB (e.g., watching TV, driving a car, etc.) is predominated by prolonged sitting with low
energy expenditure [6]. Relying on a single minute or shorter bout to estimate the time spent
in SB from accelerometer data may inappropriately include time spent in sporadic sedentary be-
havior but not necessarily prolonged sedentary behavior. For example, a person may take brief
breaks in a sitting position during an exercise session but this time should not be considered as
part of the accumulated time spent in prolonged sedentary behavior. This may be an issue not
only for Actigraph accelerometers but also for other accelerometers such as the ActivPAL
(PAL Technologies Ltd, Glasgow, UK) which directly evaluate posture. A recent study with the
ActivPAL in adolescents [34] defined a 15-second interval as a minimum duration of sitting
time and the results also highlighted that a large number of sitting events occurred in short
bout durations of<5-min. Although it would be challenging to determine the minimum dura-
tion of sedentary time which may negatively impact the physiological responses in the human
body, efforts are needed to distinguish the time spent in prolonged sedentary behavior from ac-
celerometer data should be made when the implication of the public health message is placed
on reducing prolonged sedentary time and not on total sedentary time.
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AreWe Measuring Sedentary Breaks or the Number of Sedentary
Bouts?
Promoting breaks in sedentary behavior has emerged as a promising intervention strategy to
promote metabolic fitness and help decrease the risk of cardiovascular diseases [6,15]. Dunstan
et al. [35] highlighted that even short bout of interruptions in sedentary time with light- or
moderate-intensity walking significantly reduced the levels of postprandial glucose and insulin.
Despite its potential for improving public health, little is known as to how to operationalize the
breaks in sedentary time from accelerometer data that may provide the outputs congruent with
what has been defined in the conceptual level. Particularly, the absolute number of transitions
from sedentary to active phase has been extensively examined assuming that sedentary time is
considered to be interrupted when transition occurs [15]; however, the measurement proper-
ties of this approach has been questioned.

In this study, the accrued patterns of sedentary breaks using the algorithm used by Healy
et al. [15] showed that approximately 70% of sedentary breaks occurred at sedentary bouts
of<5-min. (85% for<10-min), which is almost identical to what we found with respect to the
number of sedentary bouts. Furthermore, the accrued sedentary breaks at 1-min bout duration
are identical to the accrued sedentary time at 1-min bout duration. The underlying reason for
this finding is that the current algorithm to extract sedentary breaks from accelerometer data
is, indeed, an alternative expression to extract the number of sedentary bouts. In other words,
counting the number of transition points from a sedentary to active phase would produce the
same or slightly smaller quantity as the number of sedentary bouts. Only small differences
would exist depending on the existence of sedentary time at the end of a continuous measure-
ment period (e.g., sedentary time at the end of wear time or day would be considered as a sed-
entary bout but not counted for sedentary breaks). This notion could also be supported by the
perfect linear relationships between sedentary time and breaks at each bout duration which
clearly imply that sedentary breaks obtained by the current algorithm are an alternative param-
eter that quantifies the amount of sedentary time at each bout duration.

Meanwhile, the correlation coefficient between total sedentary time and total sedentary
breaks was -.23 (See Table 2), which may lead to the conclusion of a weak relationship between
total sedentary time and breaks [12]. However, this is because of the expansion of range in total
sedentary time that significantly attenuates the relationship with total sedentary breaks. For ex-
ample, 1-unit increases in total sedentary breaks may indicate an increase in total sedentary
time by a minimum of one to thirty minutes or more depending on the sedentary bout dura-
tions where the breaks occurred. As shown in Table 4, the correlation coefficients between sed-
entary time and breaks get close to 1.0 as the range of sedentary time narrows for 1-unit
increases in sedentary breaks.

While acknowledging the operational limitations of breaks in sedentary time, the transitions
from a sedentary to active phase may include standing from a sitting position or walking a step
which could also be considered as an indicator of PA. [15]. As illustrated in Table 5, our results
showed that favorable associations with health outcomes were consistently found when bouts
were defined as being<5 min. However, unfavorable associations were observed when SB was
defined using bout durations of�10-min. These findings are likely similar to the results we
found with respect to sedentary time at each bout duration. Given that the sedentary breaks is
an alternative score that represents the number of sedentary bouts as discussed above, the im-
plications may be more related to the patterns of how sedentary time is accumulated rather
than to PA which may matter for health (e.g., a higher number of sedentary events with long
bout is negatively associated with health outcome). Therefore, sedentary breaks presented as
absolute number of transitions from sedentary to active phase may not be considered as breaks
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in sedentary time or an indicator of PA, and caution is warranted when drawing conclusions
about sedentary breaks in relation to health outcome.

Taken together all above mentioned evidence, it is plausible to say that sedentary breaks rep-
resented by absolute number of transitions from sedentary to active phase is an incomplete
measure of the patterns of sedentary time that does not take account for the respective bout du-
rations which may matter more for health outcomes. Lyden et al. [9] proposed break rate calcu-
lated by total number of breaks divided by total sedentary time as a feasible metric specifically
for detecting intervention effects. However, given that the breaks is an alternative measure of
number of sedentary bouts, it also represents the average number of sedentary bouts to accu-
mulate one sedentary hour. This may be more relevant to the accumulation patterns of seden-
tary time rather than to breaks in sedentary time, and more efforts to distinguish the breaks in
sedentary time from the patterns of sedentary time accumulation should be made.

We believe that identifying the breaks or interruption in sedentary time in the observational
study is a difficult task that cannot be comparable to examining the patterns of how sedentary
time is accumulated. The noun break refers to the interruption of continuity or uniformity or a
pause in work or during an activity or event [36]. This may imply that true breaks in sedentary
time would possibly exist only within a continuous bout of SB pursuit. In other words, a strong
assumption has to be made that being sedentary is a fundamental behavior of the participants
during the measurement period if the transition from a sedentary to active phase is to be con-
sidered as a sedentary break. For example, in the laboratory experimental study conducted by
Dunstan et al. [35], the participants were instructed to sit over 7 hours beginning with 2 hours
to achieve steady state and then trial conditions (interruptions by 2-minute bouts of walking
activities) were applied during the remaining 5 hours. The trial protocols were well-designed to
fully reflect the conceptual definition of sedentary breaks (breaks or interruptions in sedentary
time) because the participants were, again, forced to be sedentary during the measurement pe-
riod. However, from an evolutionary perspective, humans are born to be active [37], and it
may not be legitimate to consider a simple transition from a sedentary to active as a “break in
sedentary time” in a free-living environment in which we do not know whether the observed
transitions have purposely occurred within the continuity of SB pursuits or just simply at the
true end of SB pursuit. One possible approach to identify objectively measured sedentary
breaks in free-living environments could be a combination with subjective measures (e.g., PA
log/diary) [38], from which one can obtain the time period information where the fundamental
behavior of the participants were expected or assumed to be sedentary (e.g., office hours).

There have been a few attempts to operationally define the sedentary behavior bout that
may possibly include true breaks within the bout. Carson and Janssen [39] defined a SB bout as
a period of�30-minutes in which�80% of minutes are sedentary (i.e.,<100 cpm) with no
more than 5 consecutive minutes�100 cpm, from which the number of transitions from a sed-
entary to active phase was then extracted. Although there could be some practical issues such
as restricting the break durations to<5 minutes, this could be one possible approach to over-
come the limitation that may distinguish the operationalization of sedentary breaks from the
patterns of sedentary time accumulation.

This study is not without limitations. First, the final analytic sample was demographically
different from the sample excluded by selection criteria. Although the sampling weights were
recalculated in order to produce unbiased estimates of population parameters of US adults,
such differences may influence the precision of estimates due to the possible loss of non-ignor-
able missing data in the excluded sample. Second, the present study is data-driven research
that relies on cross-sectional data that limits our ability to draw causal relationships of SB mea-
sures with health outcomes. Moreover, the implications of our findings are based on the prac-
tice of Actigraph accelerometer used in the NHANES 2003–2006 cycles, and caution is needed
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when interpreting the results for the study with different measurement protocols compared to
the NHANES. Finally, the main focus of this study was limited to the data processing issues,
particularly focusing on SB measures. There are several important issues in using accelerometer
data for a large observational study, such as participants’ compliance, non-wear time, or defin-
ing non-wear time which could not be addressed in the present study. The readers who are in-
terested in these particular issues should refer to previous research [20,40–42] for an extensive
understanding of those issues and to potentially address them in future research.

SB is purposefully engaged activities in different contexts that are predominated by pro-
longed sedentary time with low energy expenditure and possibly include sedentary breaks [6].
However, the most commonly used algorithms to obtain SB parameters from accelerometer
data may not perform well enough to fully reflect the conceptual definitions of respective pa-
rameters in free-living settings. The present study elucidated the necessity of determining the
minimum duration of sedentary time that can potentially be considered as prolonged SB. Prior
information on SB bouts would be required in order to identify true sedentary breaks that fully
reflect the conceptual definition of sedentary breaks (i.e., interruptions in sedentary time). Fu-
ture research should be aimed at developing a new algorithm/approach to discriminate SB
bouts from accelerometer data in order to improve the measurement properties of objectively
measured SB in health outcome research.
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