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The criterion validity of the 2008 Physical Activity and Sedentary Behavior Assessment Questionnaire (PASBAQ)
was examined in a nationally representative sample of 2,175 persons aged >16 years in England using acceler-
ometry. Using accelerometer minutes/day greater than or equal to 200 counts as a criterion, Spearman’s correlation
coefficient (p) for PASBAQ-assessed total activity was 0.30 (95% confidence interval (Cl): 0.25, 0.35) in women and
0.20 (95% CI: 0.15, 0.26) in men. Correlations between accelerometer counts/minute of wear time and questionnaire-
assessed relative energy expenditure (metabolic equivalent-minutes/day) were higher in women (p = 0.41, 95% CI:
0.36, 0.46) than in men (p = 0.32, 95% CI: 0.26, 0.38). Similar correlations were observed for minutes/day spent in
vigorous activity (women: p = 0.39, 95% ClI: 0.33, 0.46; men: p = 0.31, 95% ClI: 0.26, 0.36) and moderate-to-vigorous
activity (women: p =0.42, 95% Cl: 0.36, 0.48; men: p = 0.38, 95% CI: 0.32, 0.45). Correlations for time spent being
sedentary (<100 counts/minute) were 0.30 (95% CI: 0.24, 0.35) and 0.25 (95% CI: 0.19, 0.30) in women and men,
respectively. Sedentary behavior correlations showed no sex difference. The validity of sedentary behavior and total
physical activity was higher in older age groups, but validity was higher in younger persons for vigorous-intensity
activity. The PASBAQ is a useful and valid instrument for ranking individuals according to levels of physical activity

and sedentary behavior.

accelerometry; physical activity; questionnaires; sedentary behavior; validation

Abbreviations: BMI, body mass index; Cl, confidence interval; MET, metabolic equivalent; MVPA, moderate-to-vigorous physical
activity; PASBAQ, Physical Activity and Sedentary Behavior Assessment Questionnaire.

Both the outcomes and determinants of regular physical
activity have been extensively investigated over the past sev-
eral decades. By contrast, the epidemiology of sedentary be-
havior is an emerging field. While previous studies have
focused on moderate-to-vigorous physical activity (MVPA),
the primary focus of sedentary behavior research is on low-
energy-expenditure activities that involve sitting, reclining,
or lying down. Studies have shown associations between pro-
longed sitting and health outcomes independent of MVPA
levels (1), drawing growing attention to sedentary behavior
research. Both physical inactivity and prolonged sitting are
prevalent in economically developed countries (2, 3), with

evidence that time spent being sedentary has recently
increased (4).

Self-report questionnaires are frequently used to estimate
levels of physical activity and sedentary behavior in national
populations for reasons of economy, suitability for self-
administration, and noninvasiveness (5—7). In addition, unlike
objective data collected from motion sensors such as acceler-
ometers, questionnaires facilitate data collection on specific
types (e.g., bicycling, computer use) and domains (e.g.,
work, leisure time) of physical activity and sedentary behav-
ior. However, questionnaires provide only a subjective esti-
mate of overall levels of physical activity and sedentary
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behavior during the reference period. Reliance on respondent
recall is associated with potential measurement error, which
may vary according to demographic characteristics such as
sex and age (7). Self-reports may also be subject to social de-
sirability bias (8).

Improvements in questionnaire design have been thought to
ameliorate these limitations, although the changes have not
generally reflected improved associations with accelerometer
data collected from the same participants (9). Criterion validity
studies provide an important source of information for research-
ers and practitioners when choosing an existing questionnaire
or developing new instruments. Previous studies have shown
that the degree of association between questionnaires and accel-
erometry can vary by age and sex (10, 11). Despite that, previ-
ous studies have typically utilized small samples, which limits
the ability to examine subgroup differences in criterion validity
(9). A recent review indicated a need for validation studies on
large, representative samples in this field (12).

The Health Survey for England is the only nationally rep-
resentative, population-based survey that collects multiple-
domain physical activity data in England. Within the Health
Survey for England, data on physical activity and sedentary
behavior are regularly collected using the Physical Acti-
vity and Sedentary Behavior Assessment Questionnaire
(PASBAQ). PASBAQ data have been extensively used to
monitor adherence to the United Kingdom physical activity
recommendations (13, 14) and for other epidemiologic re-
search (15-24). However, evidence on the criterion validity
of the most recent PASBAQ is limited, mainly because of a
lack of generalizability and comprehensiveness of previous
findings. Two small-scale studies assessed criterion validity
using convenience samples: one among 77 older adults with
a history of an acute cardiac event (25) and the other among
106 healthy adults (26). Both studies focused on MVPA, so
no research has validated PASBAQ data for sedentary behav-
ior and other physical activity indicators commonly used in
epidemiologic studies, such as time spent walking, total

time spent being physically active, and relative energy expen-
diture. PASBAQ data have not been validated across different
subgroups defined by age and body mass index (BMI).
Therefore, the aim of the present study was to provide a com-
prehensive examination of the age-, sex-, and BMI-specific
criterion validity of the PASBAQ in a large, nationally repre-
sentative sample of persons aged >16 years in England.

METHODS
Overview of the Health Survey for England

The Health Survey for England annually draws a nation-
ally representative sample of persons aged >16 years living
in English households using multistage stratified probability
sampling (27). In the present analysis, we used data from the
2008 survey, which had a special focus on physical activity
and fitness (13). The household response rate was 64%. Ethical
approval for the survey was obtained from the Oxfordshire
Research Ethics Committee. Trained interviewers assessed
participants’ demographic characteristics, self-reported health,
and health behaviors using computer-assisted personal
interviewing. Long-standing illness was assessed by asking
participants whether they had “any long-standing illness,
disability, or infirmity.” Single measurements of height and
weight were taken using standard protocols. BMI was com-
puted as weight in kilograms (kg) divided by height in meters
squared (m?). Details on sampling procedures and the study
design have been reported elsewhere (13).

A random subsample of participants were asked to wear a
uniaxial accelerometer on the waist using an elastic belt
(Manufacturing Technology, Inc., GTIM ActiGraph; Acti-
Graph LLC, Pensacola, Florida) during all waking hours
for 7 consecutive days, except when swimming or shower-
ing/bathing. Our analytical sample consisted of 2,175 partic-
ipants aged 16 years or older (992 men). Of these, 1,245
participants aged 16—74 years (615 men) reported doing

Table 1. Characteristics of Participants With Complete Accelerometer and Questionnaire Data, by Sex, Health

Survey for England, 2008

Women (n=1,183) Men (n=992)
P Value®
% Mean (SD) % Mean (SD)

Current smoker 19.5 20.0 0.767
Manual occupation 33.3 45.0 <0.001
Long-standing illness 48.7 48.9 0.925
Very physically active at work® 16.0 25.9 <0.001
Age, years 51.8 (17.8) 52.7 (17.7) 0.281
Body mass index® 27.4 (5.6) 27.7 (4.5) 0.126
Accelerometer wear time, minutes/day® 827.3 (70.2) 845.0 (76.7) <0.001

Abbreviation: SD, standard deviation.

@ Pvalue for comparison between men and women, calculated by means of the x? test (categorical variables) or

analysis of variance (continuous variables).

® Participants aged 16-74 years who had done any paid or unpaid work in the last 4 weeks (630 women, 615 men).

° Weight (kg)/height (m)>2.

9 Average accelerometer wear time per day, where nonwear was defined by intervals of at least 60 minutes of zero
activity counts, with allowance for up to 2 consecutive minutes of 1—100 counts/minute.
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any paid or unpaid work in the last 4 weeks and so were asked
additional questions on occupational activity. Table 1 and
Web Table 1 (available at http:/aje.oxfordjournals.org) pre-
sent sample characteristics by sex and age group (1644,
4564, or >65 years), respectively. Differences between the
full sample (n = 15,054) and the analytical sample (n =2,175)
in terms of sex ratio, age, BMI, current smoking status, socio-
economic position, presence of any long-standing illness, and
participation in physically demanding jobs were not materially
important (Web Table 2).

Objective measures of physical activity and
sedentary behavior

Accelerometer data were processed using specialized soft-
ware (KineSoft Software, Saskatoon, Saskatchewan, Canada).
A 60-second epoch was used, and nonwear was defined by in-
tervals of at least 60 minutes of zero activity counts with allow-
ance for up to 2 consecutive minutes of 1-100 counts. For a day
to be considered valid, accelerometers must have been worn for
at least 600 minutes. Participants providing at least 3 valid days
of accelerometer data were included in the analysis.

Accelerometer data are routinely processed to record the
duration of time spent at different intensity levels. We used
average daily minutes with 200 or more counts as the main
indicator of total activity. Although there is uncertainty re-
garding the preferred cutoff for recording sedentary time
(and hence time spent being physically active), we chose
>200 counts/minute because 1) it has been used in previous
Health Survey for England analyses to match the full range
of light-, moderate-, and vigorous-intensity activities col-
lected by the PASBAQ (28) and 2) it is less likely to contain
sedentary behavior “noise” than alternative >50- and
>100-counts/minute cutoffs. For sensitivity analyses, we
used average accelerometer counts/minute of wear time as a
secondary indicator of total activity, as was done recently in a
major study in children (29).

There has been a lack of uniformity in the choice of accel-
erometer cutoffs for measuring duration of time spent in
physical activities of at least moderate intensity (30). A
760 counts/minute cutoff based on combined information
from laboratory- and field-based studies was developed by
Matthew (31). In line with previous studies (32-34), 760—
2,019 counts/minute was used to estimate duration of time
spent in lower-range moderate-intensity physical activity.
These thresholds potentially capture activities (such as gar-
dening and vacuuming) that fall below the 2,020 counts/
minute cutoff point commonly used (35-38) to estimate
duration of time spent in moderate physical activity (2,020—
5,998 counts/minute) and MVPA (>2,020 counts/minute).
MVPA using the 2,020 counts/minute threshold was ana-
lyzed in terms of both total accumulated time and bouts of
at least 10 consecutive minutes (MVPA |0_min bouts) t0 €nable
comparison with physical activity recommendations in the
United Kingdom, the United States, and elsewhere which
stipulate that the achievement of health benefits requires un-
dertaking MVPA in sustained bouts (39-41). Both MVPA
and MVPA g_nmin bous Were grouped into one of 2 categories
(<150 minutes/week or >150 minutes/week, with time spent
in vigorous-intensity activities given twice the credit of time
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spent in moderate-intensity activities) to indicate achieve-
ment of physical activity recommendations.

An accelerometer count below 100 per minute during
wear time is the most common threshold denoting sedentary
behavior among adults, but it is not universally accepted
(42, 43). To examine the sensitivity of criterion validity, we
derived the average minutes/day spent being sedentary using
3 different cutpoints—<50 counts/minute, <100 counts/
minute, and <200 counts/minute—for comparison with self-
reported data.

Measurement of physical activity in the Health Survey
for England

Different versions of the Health Survey for England phys-
ical activity questionnaire have been used since 1991: version
1 in 1991-1993; version 2 in 1997-1998 and 2006; and ver-
sion 3 in 1999, 2003, and 2004 (44). The 1998, 2003, and
2008-2010 Scottish Health Surveys used a questionnaire
identical to version 2 (45—47). The 2008 version was a slight
alteration of version 2, containing additional questions on oc-
cupational activity and sedentary behavior. Web Table 3 out-
lines the different versions of the questionnaire used between
1991 and 2008. The 2008 questionnaire is provided in the
Web Appendix.

Physical activity questions included the frequency (number
of days in the last 4 weeks) and duration (of an average epi-
sode) of participation in 4 domains: 1) “light” (e.g., general
tidying) and “heavy” (e.g., spring cleaning) domestic activity;
2) “light” and “heavy” manual work/gardening/do-it-yourself
activity; 3) light-intensity (slow/average pace) and moderate-
intensity (fairly brisk/fast pace) walking; and 4) light, moderate,
and vigorous sports/exercise. Intensity of sports/exercise was
determined by the nature of the activity as indexed in the met-
abolic equivalent (MET) compendium (48, 49) and a follow-
up question on whether the activity had made the participant
“out of breath or sweaty.” To reflect current recommendations
(39-41), the PASBAQ asks participants to include only ac-
tivities which lasted for at least 10 minutes; therefore, its
physical activity estimates can be interpreted as estimates
of activity that was performed in sustained bouts.

Sedentary behavior was assessed using a set of questions
on the usual amount of time spent in 1) television viewing
(including digital video discs (DVDs)) and 2) any other
(non-television-viewing) sitting during leisure time, includ-
ing reading and computer use (“In the last 4 weeks, how
much time did you spend sitting down doing any other activity
on an average weekday/weekend day?”’). For participants aged
16-74 years who had done any paid or unpaid work during
the last 4 weeks, another set of questions assessed the usual
amount of time spent sitting down or standing while at work.

Time spent being physically active, regardless of intensity,
was calculated as the sum of amounts of time spent in the 4
domains listed above. To estimate relative energy expenditure,
we multiplied the amounts of time spent in different activities
by their MET values. As in previous studies (20, 21), light-
intensity activities (i.e., “light” domestic activity, “light”
manual/gardening activity, slow/average-paced walking,
and a subset of sports/exercise) were assigned MET values of
1.5-2.9; moderate activities (i.e., “heavy” domestic/manual/
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gardening activity, fairly brisk/fast-paced walking, and a sub-
set of sports/exercise) were assigned MET values of 3.0-5.9;
and vigorous activities (all other levels/activities) were assigned
MET values of >6.0 (48, 49). Time spent in MVPA was calcu-
lated by summing amounts of time spent in moderate-intensity
and vigorous-intensity activity. MVPA was calculated both
including and excluding “heavy” domestic activity, as previous
studies have shown this domain to be either negatively associ-
ated (50) or not associated (24, 45, 50, 51) with health out-
comes, and thus studies often exclude “heavy” domestic
activity from MVPA calculations (24, 28, 52). Sports partic-
ipation was assessed both overall (i.e., any intensity) and for
activities of at least moderate intensity (48). Using current
recommendations, PASBAQ-assessed leisure-time MVPA
was used to classify participants as aerobically active if they re-
ported >150 minutes/week of moderate-intensity physical ac-
tivity, >75 minutes/week of vigorous-intensity activity, or an
equivalent combination of the two (53).

Total sedentary time was calculated both including and ex-
cluding time spent sitting down or standing while at work.
Our 3 chosen domain-specific sedentary measures were:
1) watching television, 2) any other nontelevision leisure-
time sitting, and 3) occupational sitting/standing. As with
the accelerometer data, all PASBAQ-derived variables were
converted to minutes/day or MET-minutes/day.

Statistical analyses

Data were analyzed using SPSS, version 20.0 (SPSS Inc.,
Chicago, Illinois) and Stata, version 12.1 (StataCorp LP, Col-
lege Station, Texas). Accelerometer and PASBAQ variables
were analyzed as continuous variables. Differences by sex
were analyzed using the x test and analysis of variance for
categorical and continuous variables, respectively. All tests
of statistical significance were based on 2-sided probability
(P<0.05).

A small-scale study of 106 healthy adults demonstrated
strong test-retest reliability for both accelerometry (intraclass
correlation coefficients were 0.81 and 0.90 in women and
men, respectively) and the PASBAQ (intraclass correlation
coefficients were 0.76 and 0.89, respectively) (26). Criterion
validity was assessed using Spearman’s rank-order correla-
tion coefficient (p), as in most previous studies (9, 54). Boot-
strapping methods were used to calculate 95% confidence
intervals (55). Accelerometer-versus-PASBAQ estimates of
median minute/day spent being physically active/sedentary
were compared using the Wilcoxon signed-rank test. Non-
parametric tests were used because of the highly positively
skewed data distributions. The kappa statistic was used to
compare accelerometer estimates of the proportion adhering
to the current MVPA recommendations with PASBAQ esti-
mates. To address our a priori hypothesis that validity co-
efficients would vary across subgroups, each analysis was
stratified by sex, age group, and, additionally, BMI (normal
weight: 18.5-24.9; overweight: 25.0-29.9; obesity: >30.0).
Participants with BMIs less than 18.5 were excluded from
BMI-specific analyses because of small numbers (n =22).
Differences in correlations across subgroups were tested
using Fisher’s z test. PASBAQ-derived total activity and
duration of time spent in sports were compared against the

2 indicators of accelerometer-assessed total activity de-
scribed above. As was done previously (56), PASBAQ-
derived total MET-minutes/day were compared with average
accelerometer counts/minute of wear time.

RESULTS

In our analytical sample, men were more likely than women
to be in a manual social class (P <0.001) and to report them-
selves to be very physically active at work (P <0.001)
(Table 1). No significant sex differences in BMI, smoking, or
the presence of any long-standing illness were found. The
prevalence of current smoking decreased in older age groups,
while the proportions of participants with any long-standing
illness and in a manual social class increased in older age
groups (P < 0.001). Men wore accelerometers on average 17.7
minutes/day longer than did women (P < 0.001). Accelerom-
eter wear time was highest in middle-aged persons and lowest
in older persons (852.7 minutes/day and 817.9 minutes/day,
respectively) but did not vary by BMI (Web Table 3).

Table 2 shows results from the comparison of accelerometer
median minutes/day spent being physically active/sedentary
with PASBAQ median minutes/day (see Web Tables 4 and
5 for results by age group and BMI, respectively). In each
sex, age, and BMI category, the accelerometer-based median
numbers of minutes/day spent in both total activity and
MVPA (total accumulated time) were underestimated by self-
report data. In women, differences ranged from 10.2 minutes/
day for MVPA (including “heavy” domestic activity) to
188.6 minutes/day for total activity. The equivalent figures in
men were 13.7 minutes/day and 178.0 minutes/day, respec-
tively. In contrast, PASBAQ-assessed MVPA was slightly
higher than accelerometer-assessed MVPA analyzed in
bouts of >10 minutes, with differences of 5.8 minutes/day
and 8.1 minutes/day in women and men, respectively.

In each sex, age, and BMI category, the PASBAQ under-
estimated the amount of time spent being sedentary. The
median PASBAQ-assessed sedentary time was 145.0 minutes/
day and 122.1 minutes/day lower than accelerometry-based
estimates in women and men, respectively (using <100 counts/
minute as the threshold). The largest difference in sedentary
time between the 2 assessment methods was found among
older persons, while the largest difference in the duration of
physical activity was found in young persons. Absolute dif-
ferences between median PASBAQ- and accelerometer-
based physical activity and sedentary behavior estimates
were similar across BMI categories.

According to self-reported data, the proportions of partic-
ipants meeting current physical activity recommendations
were 54.1% and 59.8% in women and men, respectively;
equivalent figures using accelerometer-based MVPA were
45.0% and 59.3% (total accumulated time) and 11.7% and
16.6% (bouts of >10 minutes), respectively. The kappa
statistic for agreement between PASBAQ- and accelerometer-
based MVPA analyzed as total accumulated time was 0.27
(95% confidence interval (CI): 0.22, 0.33) in women and
0.32 (95% CI: 0.26, 0.39) in men. Equivalent figures for
accelerometer-based MVPA analyzed in bouts of >10 min-
utes were 0.10 (95% CI: 0.07, 0.14) and 0.13 (95% CI:
0.09, 0.17), respectively.
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Table2. Absolute Differences Between Median Amounts of Time Spent in Physical Activity and Sedentary Behavior
as Derived From the Physical Activity and Sedentary Behavior Assessment Questionnaire and Accelerometer Data,

by Sex, Health Survey for England, 2008

PASBAQ Accelerometer
. Median Time ] Median Time D_ifference,a P Value®
Variable minutes/day (IQ,FF) Variable minutes/day (IdR) minutes/day
Women (n=1,183)
Total physical activity 63.2 (159.3)  Total physical 251.9 (110.5) -188.6 <0.001
activity
VPA 0.0 (8.6) VPA® 0.0 (0.0) 0.0 <0.001
MVPA' 8.6 (31.4) MVPA® 18.8 (25.0) -10.2 <0.001
MVPA' 8.6 (31.4) MVPA0-min bouts 2.9(10.9) 5.8 <0.001
MVPAS 4.3 (30.0) MVPA 18.8 (25.0) —145 <0.001
MVPAS 4.3 (30.0) MVPA 0-min bouts 2.9 (10.9) 1.4 <0.001
Heavy domestic activity 0.7 (3.7) LRMPA® 63.9 (47.6) -63.2 <0.001
Total sedentary activity" ~ 364.3 (197.1) <50 cpm 457.3 (113.4) -93.0 <0.001
Total sedentary activity 364.3 (197.1) <100 cpm 509.3 (112.4) —145.0 <0.001
Total sedentary activity 364.3(197.1) <200 cpm 575.9 (111.5) -211.6 <0.001
Men (n=992)
Total physical activity 64.8 (149.2)  Total physical 242.9 (124.4) -178.0 <0.001
activity
VPA 0.0 (27.1) VPA 0.0 (0.6) 0.0 <0.001
MVPA! 13.2 (41.7) MVPA 26.9 (34.1) -13.7 <0.001
MVPA! 13.2 (41.7) MVPA 0-min bouts 5.1 (15.3) 8.1 <0.001
MVPAS 8.6 (38.6) MVPA 26.9 (34.1) -18.4 <0.001
MVPAS 8.6 (38.6) MVPA10-min bouts 5.1 (15.3) 3.4 <0.001
Heavy domestic activity 1.13.7) LRMPA 65.3 (51.9) -64.2 <0.001
Total sedentary activity 415.7 (207.5) <50 cpm 485.0 (139.6) -69.3 <0.001
Total sedentary activity 415.7 (207.5) <100 cpm 537.8 (137.5) -122.1 <0.001
Total sedentary activity 415.7 (207.5) <200 cpm 598.8 (130.0) -183.1 <0.001

Abbreviations: cpm, counts/minute; IQR, interquartile range; LRMPA, lower-range moderate-intensity physical
activity; MVPA, moderate-to-vigorous physical activity; PASBAQ, Physical Activity and Sedentary Behavior

Assessment Questionnaire; VPA, vigorous physical activity.

2 Difference between PASBAQ- and accelerometer-assessed median estimates.
b Pvalue for the difference between PASBAQ- and accelerometer-assessed estimates, according to the Wilcoxon

signed-rank test.
¢ Difference between 25th and 75th percentiles.
4 Average daily amount of time spent at >200 cpm.

¢ Accelerometer cutoff points for quantification of time in intensity band: VPA, >5,999 cpm; MVPA, >2,020 cpm;

LRMPA, 760-2,019 cpm.

f MVPA calculations included heavy domestic activity.
9 MVPA calculations excluded heavy domestic activity.

" Total included occupational sitting/standing.

Table 3 presents sex-specific estimates of criterion validity
for PASBAQ-derived physical activity. Spearman rank-order
correlations ranged from 0.12 to 0.42 in women and from
0.09 to 0.39 in men; most correlations exceeded 0.25. In
both sexes, criterion validity was lowest for sports of any in-
tensity and highest for MVPA including “heavy” domestic
activity. Correlations between PASBAQ- and accelerometer-
assessed total time spent in physical activity were 0.30 in
women (95% CI: 0.25, 0.35) and 0.20 in men (95% CI: 0.15,
0.26). In the alternative analysis using average accelerometer
counts/minute as the criterion, correlations were slightly

Am J Epidemiol. 2014;179(12):1493-1502

higher for both women (p =0.33, 95% CI: 0.28, 0.38) and
men (p =0.25, 95% CI: 0.20, 0.31).

Using average accelerometer counts/minute as the crite-
rion, PASBAQ-derived MET-minutes/day showed higher
correlations than PASBAQ-derived total time spent in activ-
ity in both women (p =0.41, 95% CI: 0.36, 0.46) and men
(p=0.32,95% CI: 0.26, 0.38). Positive correlations of simi-
lar magnitude were found for vigorous-intensity physical ac-
tivity (women: p =0.39, 95% CI: 0.33, 0.46; men: p=0.31,
95% CI: 0.26, 0.36) and MVPA analyzed as total accumulated
time (women: p =0.42, 95% CI: 0.36, 0.48; men: p=0.38,
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Table 3. Rank-Order Correlations (Spearman’s p) Between the Physical Activity and Sedentary Behavior
Assessment Questionnaire and Accelerometer Data for Physical Activity Variables, by Sex, Health Survey for

England, 2008

Women (n=1,183) Men (n=992)
Accelerometer Measure, by PASBAQ Measure b - 5 - P Value?
p 95% CI p 95% ClI

Total activity (defined as minutes with >200 counts)

Total activity (in minutes/day) 0.30 0.25,0.35 0.20 0.15, 0.26 0.013

Sports of any intensity (in minutes/day) 0.12 0.07,0.17 0.09 0.03, 0.15 0.484
Total activity (defined as average cpm)

Total activity (in minutes/day) 0.33 0.28,0.38 0.25 0.20, 0.31 0.042

Total activity (in MET-minutes/day) 0.41 0.36, 0.46 0.32 0.26, 0.38 0.016
VPA (>5,999 cpm)

VPA 0.39 0.33, 0.46 0.31 0.26, 0.36 0.034
MVPA (>2,020 cpm)

MVPA? 0.42 0.36, 0.48 0.38 0.32, 0.45 0.271

MVPA® 0.40 0.35, 0.44 0.37 0.31,0.43 0.412

MVPA in sports 0.26 0.21, 0.31 0.24 0.18, 0.30 0.624

Fairly brisk/fast walking 0.35 0.31,0.40 0.28 0.23, 0.34 0.072
MVPA (>2,020 cpm) in 10-minute bouts

MVPA? 0.36 0.30, 0.43 0.39 0.33, 0.46 0.418

MVPA® 0.35 0.29, 0.41 0.38 0.33, 0.44 0.424
LRMPA (760-2,019 cpm)

Heavy domestic activity 0.28 0.21,0.34 0.24 0.17,0.32 0.317

Abbreviations: Cl, confidence interval; cpm, counts/minute; LRMPA, lower-range moderate-intensity physical
activity; MET, metabolic equivalent; MVPA, moderate-to-vigorous physical activity; PASBAQ, Physical Activity and
Sedentary Behavior Assessment Questionnaire; VPA, vigorous physical activity.

& Pvalue for the difference between Spearman’s p for women and men, calculated using Fisher's z test.

b Spearman’s rank-order correlation coefficient.

¢ Confidence intervals were computed using a bootstrapping procedure.

9 MVPA calculations included heavy domestic activity.
¢ MVPA calculations excluded heavy domestic activity.

95% CI: 0.32, 0.45). Correlations were similar using
accelerometer-based MVPA analyzed in bouts of >10 min-
utes (women: p=0.36, 95% CI: 0.30, 0.43; men: p=0.39,
95% CI: 0.33, 0.46). Excluding “heavy” domestic activities
from PASBAQ-assessed MVPA produced similar correlations.

Criterion validity was significantly higher in women
than in men for: 1) total activity time using both average
accelerometer minutes greater than or equal to 200 counts
(P=0.013) and accelerometer counts/minute (P =0.042);
2) MET-minutes/day versus counts/minute (P =0.016); and
3) time spent in vigorous-intensity physical activity (P =
0.034). Validity coefficients showed an age-related trend
for total time spent in activity and “heavy” domestic activity,
with correlations increasing in older age groups (Web
Table 6). For example, correlations for total time spent in ac-
tivity (versus average accelerometer counts/minute) ranged
from 0.15 (95% CI: 0.08, 0.23) in persons aged 1644 years
to 0.46 (95% CI: 0.38, 0.53) in persons aged 65 years or
older. Similarly, higher criterion validity for MVPA (total ac-
cumulated time), sports of any intensity, and time spent walk-
ing at a fairly brisk/fast pace was found in older persons, while
validity for vigorous-intensity physical activity was highest in
young persons. Validity coefficients across BMI categories

failed to show any consistent pattern, with the exception of
lower correlations among persons classified as obese for time
spent in vigorous-intensity physical activity (Web Table 7).

Table 4 presents sex-specific coefficients for PASBAQ-
derived sedentary behavior. Correlations ranged from 0.11 to
0.31 in women and from 0.11 to 0.26 in men. The correlations
with accelerometer data (<100 counts/minute) were highest for
total sedentary time (women: p =0.30, 95% CI: 0.24, 0.35;
men: p=0.25, 95% CI: 0.19, 0.30) and lowest for time spent
watching television. Correlations did not show significant dif-
ferences by sex. However, correlations for total sedentary time
(excluding occupational sitting/standing) and television view-
ing did increase in older age groups (Web Table 8). Correla-
tions with accelerometry for PASBAQ-assessed television
viewing were higher for overweight persons than for those of
normal weight (Web Table 9). Criterion validity was not
highly sensitive to the choice of accelerometer cutpoint for re-
cording amount of time spent being sedentary.

DISCUSSION

To our knowledge, this was the first study to examine the
validity of the 2008 PASBAQ in a nationally representative
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Table 4. Rank-Order Correlations (Spearman’s p) Between the Physical Activity and Sedentary Behavior
Assessment Questionnaire and Accelerometer Data for Sedentary Behavior Variables, by Sex, Health Survey for

England, 2008

PASBAQ Measure, by Accelerometer Women (n=1,183) Men (n=992) P Value®
Cutoff Point for Sedentary Behavior® p° 95% CI¢ p° 95% CI¢
Total sedentary activity®
<50 cpm 0.31 0.25,0.37 0.25 0.19, 0.31 0.131
<100 cpm 0.30 0.24,0.35 0.25 0.19,0.30 0.208
<200 cpm 0.27 0.21,0.32 0.23 0.17,0.29 0.322
Total sedentary activity’
<50 cpm 0.27 0.22,0.32 0.26 0.20, 0.32 0.803
<100 cpm 0.24 0.19, 0.29 0.23 0.16,0.29 0.803
<200 cpm 0.21 0.16, 0.26 0.20 0.14,0.26 0.810
Television viewing
<50 cpm 0.16 0.11,0.22 0.16 0.10, 0.21 >0.999
<100 cpm 0.14 0.08, 0.19 0.13 0.07,0.19 0.810
<200 cpm 0.11 0.06, 0.17 0.11 0.05,0.18 >0.999
Nontelevision sitting
<50 cpm 0.20 0.15, 0.26 0.18 0.12,0.24 0.631
<100 cpm 0.20 0.14, 0.25 0.17 0.11,0.22 0.472
<200 cpm 0.18 0.12,0.23 0.15 0.09, 0.21 0.472
Occupational sitting/standing®
<50 cpm 0.19 0.11,0.27 0.17 0.09, 0.25 0.740
<100 cpm 0.20 0.10, 0.30 0.19 0.11,0.27 0.865
<200 cpm 0.18 0.11, 0.26 0.19 0.11,0.27 0.865

Abbreviations: Cl, confidence interval; cpom, counts/minute; PASBAQ, Physical Activity and Sedentary Behavior

Assessment Questionnaire.

@ Accelerometer-assessed sedentary time was calculated using 3 different thresholds (<50 cpm, <100 cpm, and

<200 cpm).

b Pvalue for the difference between Spearman’s p for women and men, calculated using Fisher’s z test.

¢ Spearman’s rank-order correlation coefficient.

9 Confidence intervals were computed using a bootstrapping procedure.

¢ Total included occupational sitting/standing.
" Total excluded occupational sitting/standing.

9 Time spent sitting/standing while at work, among participants aged 16-74 years who reported doing any paid or
unpaid work in the last 4 weeks and had complete information on sedentary time (559 women, 556 men).

sample of persons aged >16 years in England using acceler-
ometer data as the criterion method. The magnitude of valid-
ity coefficients differed across indicators of physical activity
and sedentary behavior. We also found important differences
in the validity coefficients by age. The correlations with ac-
celerometer data showed that the PASBAQ is a useful instru-
ment for ranking individuals according to levels of physical
activity and sedentary behavior. However, the average num-
ber of minutes/day spent being physically active and seden-
tary were both underestimated by self-report data, suggesting
that absolute estimates derived from the questionnaire in its
present form should be interpreted with caution.

There is no universally acceptable level for the magnitude
of criterion validity coefficients for questionnaires versus ac-
celerometry, but several reviews have indicated that correla-
tions rarely exceed 0.40 (6, 11, 57, 58). The recent systematic
review by Helmerhorst et al. (9) showed an average correla-

Am J Epidemiol. 2014;179(12):1493-1502

tion of 0.30, similar to those found in our study and elsewhere
(59). The same review also showed an average correlation of
0.23 for estimates of time spent being sedentary (9). There-
fore, the rank-order correlations for total sedentary time in
our study (0.30 in women and 0.25 in men) indicated above-
average criterion validity of the PASBAQ.

Correlations with accelerometer-based total activity (ex-
pressed as average counts/minute of wear time) were slightly
higher using MET-minutes/day, indicating the value of
incorporating standardized estimates of the energy costs
associated with habitual physical activity. Lower criterion
validity was found for domain- and type-specific physical
activity (e.g., PASBAQ-assessed sports of any intensity vs.
accelerometer-assessed total activity). Similar low levels of
criterion validity were found for domain- and type-specific
sedentary behavior (e.g., PASBAQ-assessed time spent watch-
ing television vs. accelerometer counts/minute below 100).
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Although this was expected due to the lack of capacity for ac-
celerometers to produce domain- and type-specific data, it re-
mains an important finding, because many epidemiologic
studies using self-report data capture only some domains of
physical activity (leisure time) or sedentary behavior (television
viewing) to assess the effects of physical activity/sedentary be-
havior on health (60, 61) or to adjust for potential confounding.

Previous validation studies have shown that questionnaires
typically overestimate time spent being physically active and/
or time spent in MVPA while underestimating sedentary time
(62). Our study has shown that the PASBAQ underestimates
both the absolute amount of time spent being physically ac-
tive (total activity and MVPA analyzed as total accumulated
time) and the absolute amount of time spent being sedentary.
Explanations for possible underestimation of the actual valid-
ity of the PASBAQ include: 1) the exclusion of water-based
activities from accelerometry; 2) differences in reference pe-
riods (7 days of accelerometer wear vs. 28 days of respondent
recall) between the PASBAQ and the accelerometer (acceler-
ometer data were collected the week after participants com-
pleted the questionnaire); and 3) the inability of uniaxial
accelerometers in particular to capture nonambulatory activ-
ities and bicycling (31). However, our study showed that dif-
ferences in absolute duration may depend to a large extent on
whether accelerometer data are analyzed using total accumu-
lated time or sustained bouts. Consistent with previous re-
search (36, 43, 63), durations of accelerometer-assessed MVPA
were considerably shorter and more similar to PASBAQ es-
timates when analyzed in sustained bouts of >10 minutes.

Our study had several strengths. The findings are general-
izable to the English adult population living in private house-
holds, whereas the large majority of previous validation
studies relied on small convenience samples (9, 11). Rank-
order correlations were sex- and age-specific, which has
been rare in previous studies (9, 11). Previous validation stud-
ies of the PASBAQ have focused exclusively on physical ac-
tivity (25, 26). In contrast, our study provides additional data
on both total and domain-specific sedentary behavior. Most
participants were compliant with the measurement proce-
dures. The minimum number of valid days of accelerometer
wear for inclusion in the analysis was set at 3, but overall,
91% of persons in the analytical sample had 5 or more
valid days of accelerometer wear. Furthermore, while a min-
imum of 600 minutes was set, the average accelerometer wear
time was 835 minutes/day.

Interpretation of our findings is subject to several limita-
tions. First, there has been a lack of uniformity in the choice
of accelerometer cutoff for measuring duration of time spent
in physical activity of at least moderate intensity (30). In line
with other studies (33, 35-38), we calculated objectively as-
sessed MVPA using the threshold of >2,020 counts/minute,
but this threshold was based on calibration studies primarily
carried out under laboratory conditions, not in free-living
conditions (34). We acknowledge that a fuller range (e.g.,
760-5,998 counts/minute, >760 counts/minute) has been
used in other studies and that this range would potentially
capture both ambulatory and nonambulatory activities.
Second, accelerometer-versus-PASBAQ estimates of the
proportion of participants meeting current physical activity
recommendations can be misleading, since accelerometer

data are compared against recommendations based on epide-
miologic studies of the associations between self-reported
physical activity and health outcomes (34, 53). Third, neither
assessment method can capture all activity that participants
engage in during waking hours. The PASBAQ asks about
the most common types of physical activity/sedentary behav-
ior, while waist-worn accelerometers cannot capture water-
based activity, bicycling, or upper-body or resistance exercise
such as walking uphill or carrying loads (5, 58). Fourth, dif-
ferences in behavior during the 2 different reference periods
would have weakened the degree of association between the
assessment methods. Finally, by definition, questionnaires
such as the PASBAQ capture relative intensity (e.g., an indi-
vidual’s perceived level of exertion), whereas accelerometers
capture absolute intensity.

In conclusion, our results showed that in comparison with
accelerometry, most PASBAQ variables had criterion valid-
ity similar to that of other questionnaires widely used in na-
tional and international surveys. However, the PASBAQ in
its current form underestimated the absolute amounts of
time spent being physically active (total accumulated time)
and sedentary but overestimated time spent in sustained
bouts of MVPA. Our study also showed that criterion validity
was highest for estimates of total activity/sedentary time and
that it also varied by age, which will necessitate age-specific
reporting in future studies.

ACKNOWLEDGMENTS

Author affiliations: Health and Social Surveys Research
Group, Research Department of Epidemiology and Public
Health, University College London, London, United King-
dom (Shaun Scholes, Ngaire Coombs, Jennifer S. Mindell);
Physical Activity Research Group, Department of Epi-
demiology and Public Health, University College London,
London, United Kingdom (Ngaire Coombs, Jennifer S.
Mindell, Emmanuel Stamatakis); Department of Social Sci-
ences and Demography, School of Social Sciences, Univer-
sity of Southampton, Southampton, United Kingdom (Ngaire
Coombs); Prevention Research Collaboration, Sydney School
of Public Health, University of Sydney, Sydney, Australia
(Zeljko Pedisic, Adrian Bauman); Department for Quantita-
tive Methods, Faculty of Kinesiology, University of Zagreb,
Zagreb, Croatia (Zeljko Pedisic); Exercise for Health and
Human Performance Group and Health and Use of Time
Group, School of Health Sciences, University of South Austra-
lia, Adelaide, Australia (Alex V. Rowlands); Exercise, Health
and Performance Faculty Research Group, Faculty of Health
Sciences, University of Sydney, Sydney, Australia (Emmanuel
Stamatakis); and Charles Perkins Centre, University of
Sydney, Sydney, Australia (Adrian Bauman, Emmanuel
Stamatakis).

The Health Survey for England 2008 was funded by the
Health and Social Care Information Centre. This work
arose partly from a Career Development Fellowship awarded
to the senior author (E.S.) which was funded by the National
Institute for Health Research (United Kingdom). J.S.M. was
partly supported by the Health and Social Care Information

Am J Epidemiol. 2014;179(12):1493-1502

¥T0¢ ‘Sz AInc uo seoinles Ariqi 10N B /Bio'sfeuinolpiojxosfe//:dny woly pepeojumoq


http://aje.oxfordjournals.org/

Assessment of a Physical Activity Questionnaire 1501

Centre for work on the Health Survey for England, but her
contributions to this analysis were unfunded.

The views expressed herein are those of the authors and not
necessarily of the National Institute for Health Research, the
United Kingdom Department of Health, the Health and So-
cial Care Information Centre, or the National Health Service.

Conflict of interest: none declared.

REFERENCES

1. Thorp AA, Owen N, Neuhaus M, et al. Sedentary behaviors and
subsequent health outcomes in adults: a systematic review of
longitudinal studies, 1996-2011. Am J Prev Med. 2011;41(2):
207-215.

2. Hallal PC, Andersen LB, Bull FC, et al. Global physical activity
levels: surveillance progress, pitfalls, and prospects. Lancet.
2012;380(9838):247-257.

3. Bauman A, Ainsworth BE, Sallis JF, et al. The descriptive
epidemiology of sitting. A 20-country comparison using the
International Physical Activity Questionnaire IPAQ). Am J
Prev Med. 2011:;41(2):228-235.

4. Ng SW, Popkin BM. Time use and physical activity: a shift
away from movement across the globe. Obes Rev. 2012;13(8):
659-680.

5. Dishman RK, Washburn RA, Schoeller DA. Measurement of
physical activity. Quest. 2001;53(3):295-309.

6. Pols MA, Peeters PH, Kemper HC, et al. Methodological
aspects of physical activity assessment in epidemiological
studies. Eur J Epidemiol. 1998;14(1):63-70.

7. Ainsworth BE. How do I measure physical activity in my
patients? Questionnaires and objective methods. Br J Sports
Med. 2009;43(1):6-9.

8. Adams SA, Matthews CE, Ebbeling CB, et al. The effect of
social desirability and social approval on self-reports of
physical activity. Am J Epidemiol. 2005;161(4):389-398.

9. Helmerhorst HJ, Brage S, Warren J, et al. A systematic review
of reliability and objective criterion-related validity of physical
activity questionnaires. Int J Behav Nutr Phys Act. 2012;9:103.

10. Ferrari P, Friedenreich C, Matthews CE. The role of
measurement error in estimating levels of physical activity. Am
J Epidemiol. 2007;166(7):832-840.

11. Prince SA, Adamo KB, Hamel ME, et al. A comparison of
direct versus self-report measures for assessing physical activity
in adults: a systematic review. Int J Behav Nutr Phys Act. 2008;
5:56.

12. Terwee CB, Mokkink LB, van Poppel MN, et al. Qualitative
attributes and measurement properties of physical activity
questionnaires: a checklist. Sports Med. 2010;40(7):525-537.

13. Joint Health Surveys Unit, National Centre for Social Research
and University College London Research Department of
Epidemiology and Public Health. The Health Survey for
England 2008. Volume 1: Physical Activity and Fitness. Leeds,
United Kingdom: NHS Information Centre for Health and
Social Care; 2009. (http:/www.hscic.gov.uk/catalogue/
PUBO00430/heal-surv-phys-acti-fitn-eng-2008-rep-v2.pdf).
(Accessed March 12, 2014).

14. Joint Health Surveys Unit, National Centre for Social Research
and University College London Research Department of
Epidemiology and Public Health. The Health Survey for
England 2012. Volume 1: Health, Social Care and Lifestyles.
Leeds, United Kingdom: NHS Information Centre for Health
and Social Care; 2013. (http:/www.hscic.gov.uk/catalogue/
PUB13218). (Accessed March 12, 2014).

Am J Epidemiol. 2014;179(12):1493-1502

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Stamatakis E, Hamer M, Primatesta P. Cardiovascular
medication, physical activity and mortality: cross-sectional
population study with ongoing mortality follow-up. Heart.
2009;95(6):448-453.

Soedamah-Muthu SS, De Neve M, Shelton NJ, et al. Joint
associations of alcohol consumption and physical activity with
all-cause and cardiovascular mortality. Am J Cardiol. 2013;
112(3):380-386.

Stamatakis E, Hamer M, O’Donovan G, et al. A non-exercise
testing method for estimating cardiorespiratory fitness:
associations with all-cause and cardiovascular mortality in a
pooled analysis of eight population-based cohorts. Eur Heart J.
2013;34(10):750-758.

Ingle L, Carroll S, Stamatakis E, et al. Benefit of adding
lifestyle-related risk factors for prediction of cardiovascular
death among cardiac patients. Int J Cardiol. 2013;163(2):
196-200.

Hamer M, Stamatakis E. Low-dose physical activity attenuates
cardiovascular disease mortality in men and women with
clustered metabolic risk factors. Circ Cardiovasc Qual
Outcomes. 2012;5(4):494-499.

Williams ED, Stamatakis E, Chandola T, et al. Physical activity
behaviour and coronary heart disease mortality among South
Asian people in the UK: an observational longitudinal study.
Heart. 2011;97(8):655-659.

Williams ED, Stamatakis E, Chandola T, et al. Assessment of
physical activity levels in South Asians in the UK: findings
from the Health Survey for England. J Epidemiol Community
Health. 2011;65(6):517-521.

Hamer M, Stamatakis E. Physical activity and mortality in men
and women with diagnosed cardiovascular disease. Eur J
Cardiovasc Prev Rehabil. 2009;16(2):156—160.

Stamatakis E, Chaudhury M. Temporal trends in adults’ sports
participation patterns in England between 1997 and 2006: the
Health Survey for England. Br J Sports Med. 2008;42(11):
901-908.

Stamatakis E, Hillsdon M, Primatesta P. Domestic physical
activity in relationship to multiple CVD risk factors. Am J Prev
Med. 2007;32(4):320-327.

Orrell A, Doherty P, Coulton S, et al. Failure to validate the
Health Survey for England physical activity module in a
cardiac population. Health Policy. 2007;84(2-3):

262-268.

Joint Health Surveys Unit, National Centre for Social Research
and University College London Research Department of
Epidemiology and Public Health. The Health Survey for
England Physical Activity Validation Study: Substantive
Report. Leeds, United Kingdom: NHS Information Centre for
Health and Social Care; 2007.

Mindell J, Biddulph JP, Hirani V, et al. Cohort profile: the
health survey for England. Int J Epidemiol. 2012;41(6):
1585-1593.

Stamatakis E, Hamer M, Tilling K, et al. 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):1328-1337.

Ekelund U, Luan J, Sherar LB, et al. Moderate to vigorous
physical activity and sedentary time and cardiometabolic risk
factors in children and adolescents. JAMA. 2012;307(7):
704-712.

Tudor-Locke C, Camhi SM, Troiano RP. A catalog of rules,
variables, and definitions applied to accelerometer data in the
National Health and Nutrition Examination Survey, 2003—
2006. Prev Chronic Dis. 2012;9:E113.

Matthew CE. Calibration of accelerometer output for adults.
Med Sci Sports Exerc. 2005;37(11 suppl):S512-S522.

¥T0¢ ‘Sz AInc uo seoinles Ariqi 10N B /Bio'sfeuinolpiojxosfe//:dny woly pepeojumoq


http://www.hscic.gov.uk/catalogue/PUB00430/heal-surv-phys-acti-fitn-eng-2008-rep-v2.pdf
http://www.hscic.gov.uk/catalogue/PUB00430/heal-surv-phys-acti-fitn-eng-2008-rep-v2.pdf
http://www.hscic.gov.uk/catalogue/PUB00430/heal-surv-phys-acti-fitn-eng-2008-rep-v2.pdf
http://www.hscic.gov.uk/catalogue/PUB00430/heal-surv-phys-acti-fitn-eng-2008-rep-v2.pdf
http://www.hscic.gov.uk/catalogue/PUB00430/heal-surv-phys-acti-fitn-eng-2008-rep-v2.pdf
http://www.hscic.gov.uk/catalogue/PUB00430/heal-surv-phys-acti-fitn-eng-2008-rep-v2.pdf
http://www.hscic.gov.uk/catalogue/PUB00430/heal-surv-phys-acti-fitn-eng-2008-rep-v2.pdf
http://www.hscic.gov.uk/catalogue/PUB00430/heal-surv-phys-acti-fitn-eng-2008-rep-v2.pdf
http://www.hscic.gov.uk/catalogue/PUB00430/heal-surv-phys-acti-fitn-eng-2008-rep-v2.pdf
http://www.hscic.gov.uk/catalogue/PUB00430/heal-surv-phys-acti-fitn-eng-2008-rep-v2.pdf
http://www.hscic.gov.uk/catalogue/PUB00430/heal-surv-phys-acti-fitn-eng-2008-rep-v2.pdf
http://www.hscic.gov.uk/catalogue/PUB00430/heal-surv-phys-acti-fitn-eng-2008-rep-v2.pdf
http://www.hscic.gov.uk/catalogue/PUB00430/heal-surv-phys-acti-fitn-eng-2008-rep-v2.pdf
http://www.hscic.gov.uk/catalogue/PUB00430/heal-surv-phys-acti-fitn-eng-2008-rep-v2.pdf
http://www.hscic.gov.uk/catalogue/PUB00430/heal-surv-phys-acti-fitn-eng-2008-rep-v2.pdf
http://www.hscic.gov.uk/catalogue/PUB00430/heal-surv-phys-acti-fitn-eng-2008-rep-v2.pdf
http://www.hscic.gov.uk/catalogue/PUB13218
http://www.hscic.gov.uk/catalogue/PUB13218
http://www.hscic.gov.uk/catalogue/PUB13218
http://www.hscic.gov.uk/catalogue/PUB13218
http://www.hscic.gov.uk/catalogue/PUB13218
http://www.hscic.gov.uk/catalogue/PUB13218
http://www.hscic.gov.uk/catalogue/PUB13218
http://aje.oxfordjournals.org/

1502 Scholes et al.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Camhi SM, Sisson SB, Johnson WD, et al.
Accelerometer-determined moderate intensity lifestyle

activity and cardiometabolic health. Prev Med. 2011;52(5):
358-360.

Hagstromer M, Troiano RP, Sjostrom M, et al. Levels and
patterns of objectively assessed physical activity—a
comparison between Sweden and the United States. Am J
Epidemiol. 2010;171(10):1055-1064.

Lee IM, Shiroma EJ. Using accelerometers to measure physical
activity in large-scale epidemiological studies: issues and
challenges. Br J Sports Med. 2014;48(3):197-201.

Roth MA, Mindell JS. Who provides accelerometry data?
Correlates of adherence to wearing an accelerometry motion
sensor: the 2008 Health Survey for England. J Phys Act Health.
2013;10(1):70-78.

Troiano RP, Berrigan D, Dodd KW, et al. Physical activity in
the United States measured by accelerometer. Med Sci Sports
Exerc. 2008;40(1):181-188.

Schuna JM Jr, Johnson WD, Tudor-Locke C. Adult
self-reported and objectively monitored physical activity and
sedentary behavior: NHANES 2005-2006. Int J Behav Nutr
Phys Act. 2013;10:126.

Hansen BH, Kolle E, Dyrstad SM, et al. Accelerometer-
determined physical activity in adults and older people. Med Sci
Sports Exerc. 2012;44(2):266-272.

Chief Medical Officer, United Kingdom Department of Health.
At Least Five a Week: Evidence on the Impact of Physical
Activity and Its Relationship to Health. A Report from the Chief
Medical Officer. London, United Kingdom: United Kingdom
Department of Health; 2004. (http:/webarchive.
nationalarchives.gov.uk/20130107105354/http:/www.dh.gov.
uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/
documents/digitalasset/dh_4080981.pdf). (Accessed March
12, 2014).

Physical Activity Guidelines Advisory Committee. Physical
Activity Guidelines Advisory Committee Report. Washington,
DC: US Department of Health and Human Services; 2008.
World Health Organization. Global Recommendations on
Physical Activity for Health. Geneva, Switzerland: WHO Press;
2010.

Pate RR, O’Neill JR, Lobelo F. The evolving definition of
“sedentary.” Exerc Sport Sci Rev. 2008;36(4):173-178.
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.

Stamatakis E, Ekelund U, Wareham NJ. Temporal trends in
physical activity in England: the Health Survey for England
1991 to 2004. Prev Med. 2007;45(6):416-423.

Stamatakis E, Hamer M, Lawlor DA. Physical activity,
mortality, and cardiovascular disease: is domestic physical
activity beneficial? The Scottish Health Survey—1995, 1998,
and 2003. Am J Epidemiol. 2009;169(10):1191-1200.

Hamer M, Stamatakis E, Steptoe A. Dose-response relationship
between physical activity and mental health: the Scottish Health
Survey. Br J Sports Med. 2009;43(14):1111-1114.

Hamer M, Stamatakis E, Saxton JM. The impact of

physical activity on all-cause mortality in men and women after

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

a cancer diagnosis. Cancer Causes Control. 2009;20(2):
225-231.

Ainsworth BE, Haskell WL, Whitt MC, et al. Compendium of
Physical Activities: an update of activity codes and MET
intensities. Med Sci Sports Exerc. 2000;32(9 suppl):
S498-S504.

Ainsworth BE, Haskell WL, Herrmann SD, et al. 2011
Compendium of Physical Activities: a second update of codes
and MET values. Med Sci Sports Exerc. 2011;43(8):
1575-1581.

Juraki¢ D, PediSi¢ Z, Greblo Z. Physical activity in different
domains and health-related quality of life: a population-based
study. Qual Life Res. 2010;19(9):1303-1309.

Lawlor DA, Taylor M, Bedford C, et al. Is housework good for
health? Levels of physical activity and factors associated with
activity in elderly women. Results from the British Women’s
Heart and Health Study. J Epidemiol Community Health. 2002;
56(6):473-478.

Stamatakis E, Davis M, Stathi A, et al. Associations between
multiple indicators of objectively-measured and self-reported
sedentary behaviour and cardiometabolic risk in older adults.
Prev Med. 2012;54(1):82-87.

Carlson SA, Fulton JE, Schoenborn CA, et al. Trend and
prevalence estimates based on the 2008 Physical Activity
Guidelines for Americans. Am J Prev Med. 2010;39(4):
305-313.

Tucker JM, Welk GJ, Beyler NK. Physical activity in U.S.
adults: compliance with the Physical Activity Guidelines for
Americans. Am J Prev Med. 2011;40(4):454-461.

Haukoos JS, Lewis RJ. Advanced statistics: bootstrapping
confidence intervals for statistics with “difficult” distributions.
Acad Emerg Med. 2005;12(4):360-365.

Ridley K, Olds TS, Hill A. The Multimedia Activity Recall for
Children and Adolescents (MARCA): development and
evaluation. Int J Behav Nutr Phys Act. 2006;3:10.

Shephard RJ. Limits to the measurement of habitual physical
activity by questionnaires. Br J Sports Med. 2003;37(3):
197-206.

Bauman A, Phongsavan P, Schoeppe S, et al. Physical activity
measurement—a primer for health promotion. Promot Educ.
2006;13(2):92-103.

Craig CL, Marshall AL, Sjostrom M, et al. International
Physical Activity Questionnaire: 12-country reliability and
validity. Med Sci Sports Exerc. 2003;35(8):1381-1395.

Hu FB, Willett WC, Li T, et al. Adiposity as compared with
physical activity in predicting mortality among women. N Engl
J Med. 2004;351(26):2694-2703.

Moore SC, Patel AV, Matthews CE, et al. Leisure time physical
activity of moderate to vigorous intensity and mortality: a large
pooled cohort analysis. PLoS Med. 2012;9(11):e1001335.
Celis-Morales CA, Perez-Bravo F, Ibafez L, et al.
Objective-versus-self-reported physical activity and sedentary
time: effects of measurement method on relationships with risk
biomarkers. PLoS One. 2012;7(5):e36345.

Dyrstad SM, Hansen BH, Holme IM, et al. Comparison of
self-reported versus accelerometer-measured physical activity.
Med Sci Sports Exerc. 2014;46(1):99-106.

Am J Epidemiol. 2014;179(12):1493-1502

¥T0¢ ‘Sz AInc uo seoinles Ariqi 10N B /Bio'sfeuinolpiojxosfe//:dny woly pepeojumoq


http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4080981.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4080981.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4080981.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4080981.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4080981.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4080981.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4080981.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4080981.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4080981.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4080981.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4080981.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4080981.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4080981.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4080981.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4080981.pdf
http://aje.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


