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Abstract The objective was to examine the relationships
of self-reported physical activity (PA) by domain (leisure,
occupational, other) with PA and sedentary time as mea-
sured objectively by accelerometry. Subjects were adults
with low habitual PA levels from a community in northern
France. Among subjects in the lowest tertile of a PA score
from a screening questionnaire, 160 (37% males, age:
41.0 + 10.8 years, BMI: 25.1 + 4.1 kg/m?, mean %+ SD)
completed a detailed instrument (Modifiable Activity
Questionnaire), and wore an accelerometer (Actigraph) for
seven consecutive days. Relationships between question-
naire domains (occupational, leisure, and “non-
occupational non-leisure”) and accelerometry measures
(total activity and sedentary time) were assessed using
Spearman correlation coefficients. In this population, the
highest contributor to total reported PA (h/week) was
occupational PA. Time spent in non-occupational non-lei-
sure PA ranked second in women and third in men. The
most frequent non-occupational non-leisure PA  were
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shopping and household chores. In women, non-occupa-
tional non-leisure PA contributed more than occupational or
leisure-time PA to total PA energy expenditure (median:
18.0, 9.1, and 4.9 MET-h/week, respectively). Total PA by
accelerometry (count/day) was correlated to leisure-time
PA in women (r = 0.22, P < 0.05) and to occupational
(r=043, P<0.01) and total reported PA (r = 0.39,
P <0.01) in men (all in MET-h/week). There was an
inverse relationship between accelerometry sedentary time
(h/day) and non-occupational non-leisure PA (MET-h/
week, r = —0.30, P < 0.001). These findings indicate the
importance of assessing non-occupational non-leisure PA
for a better understanding of how individuals partition their
time between active or sedentary occupations.

Keywords Accelerometry - Lifestyle - Physical activity -
Questionnaire - Sedentary behavior - Occupation

Abbreviations

FLVS Fleurbaix-Laventie Ville-Santé

IPAQ International physical activity questionnaire
MAQ Modifiable activity questionnaire

PA Physical activity

Introduction

Insufficient daily physical activity (PA) is emerging as an
important public health concern [1]. It is a modifiable risk
factor for chronic diseases such as cardiovascular disease,
type 2 diabetes mellitus, and certain types of cancer [2—4].
Public health recommendations stress the benefits of
accumulating 30 min or more of at least moderate-intensity
PA on most days of the week [2—4]. In countries from the
European Union, data from the Eurobarometer 2002 survey
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suggest that as much as two thirds of the adult populations
are insufficiently active for optimal health benefits [5]. In
France, a 2005 telephone survey in 8,708 representative
subjects (15-74 year), indicated a prevalence of sufficient
PA for health benefits of 52.1% in men and 39.5% in
women [6]. From a public health perspective, the most
inactive segments of the population thus represent a large
at-risk group.

Another important concept is the limitation of sedentary
time [7]. Sedentary time represents the duration of occu-
pations that expend very little energy above resting
metabolic rate, e.g., sitting, TV viewing, playing video
games, reading... Sedentary behavior and low PA levels
represent complementary aspects of human movement
behavior and are independent risk factors for major chronic
diseases such as type 2 diabetes [8] or metabolic disease
markers [9].

Public health recommendations emphasize the impor-
tance of PA accumulated in the various settings of daily
living, including leisure and sports, work, transport, or
home [2—4]. As indicated in a recent update [3], activity
can be accumulated “from bouts lasting 10 or more min”,
which should facilitate incorporation of PA in daily life.
There is currently increasing interest in PA performed
outside leisure and work [10-17]. Previous reports have
shown that domestic PA can significantly contribute to the
daily PA amount required to confer health benefits [6, 10,
14-18]. Higher domestic PA was found associated with
lower levels of cardiovascular risk factors in post meno-
pausal women [12]. “Non-leisure” PA such as household
chores explained most of the associations between car-
diovascular disease mortality and PA in Canadian women
[17]. However, the contribution of non-occupational non-
leisure PA to total PA in different settings and populations
remains insufficiently defined.

Questionnaires, and increasingly motion sensors, are
used for assessment of habitual PA and sedentary behavior
at population level [19, 20]. Only questionnaires can pro-
vide contextual information on different PA domains such
as occupational, leisure, transportation, and domestic PA.
Motion sensors such as accelerometers provide objective
data on PA intensity, frequency, and duration [19-22].
Accelerometers also give objective information at the
lower end of the activity spectrum and specific cut-offs
have been proposed as a measure of sedentary time [23].
Therefore, the combined use of self-report and objective
methods allows for better understanding of the character-
istics of PA and sedentary behaviors. The relation of non-
occupational non-leisure PA to accelerometry recordings
is, however, unknown.

In this study, we used a population-based dataset on PA
behavior and sedentary time obtained with both question-
naire and accelerometer in French adults with low habitual
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PA levels. First, we describe in these subjects the contri-
bution of non-occupational non-leisure PA to total PA.
Second, we report the cross-sectional relationships of the
different PA domains (occupational, leisure, and non-
occupational non-leisure) as assessed by questionnaire with
objective measures of total PA and sedentary time as
provided by accelerometry.

Methods
Setting

The present study is part of a PA intervention project in
insufficiently active adults (the ETAP study, French acro-
nym for “Action-study for promotion of physical activity”)
developed in the framework of a larger ongoing research
project, the Fleurbaix-Laventie Ville-Santé (FLVS) study
[24]. The study included in 2002 a detailed assessment of
health status and lifestyle of about 1,500 adults living in
two towns in northern France, Fleurbaix and Laventie.

Participants

Adults (n = 1,421), aged 18-74 year, from Fleurbaix and
Laventie (about 20% of the total population), volunteered to
be screened for health status after a call in the local medias.
Data collected included self-reported habitual PA. We used
the short last-7 day recall International Physical Activity
Questionnaire (IPAQ) [25, 26] as a screening tool to iden-
tify the least physically active subjects. This instrument
consists of seven questions assessing vigorous, moderate-
intensity, and walking activity in everyday life. We used the
sum of [(vigorous PA min/week * 2) 4 (moderate PA min/
week) + (walking min/week)] as an indicator of total PA
[25]. Subjects classified in the lowest tertile of this total PA
score were considered eligible for the study (n = 443).
Subjects medically unfit for a PA promotion intervention
(i.e., reporting either personal history of coronary artery
disease, chest pain, peripheral artery disease, respiratory
insufficiency, dyspnea at rest, joint pain, or any disease
limiting mobility) were not included (n = 103). Research
assistants then met 340 subjects at their home for additional
query and 160 agreed to participate in the study. There was
no significant difference in age, sex ratio, BMI, and IPAQ-
derived data between included subjects and those who
refused (data not shown).

Data collection
The study protocol was approved by the regional ethics

committee (Lille, France) and all participants gave written
informed consent. On the day of inclusion, trained staff
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administered a detailed PA questionnaire during a face-to-
face interview and provided subjects with an accelerome-
ter. The following data had been collected during an earlier
visit at home in the framework of the FLVS project: body
weight in light clothes to the nearest 0.1 kg using a bipedal
bio-electrical impedance device (Tanita TBF 310 model,
Tanita, Courbevoie, France), standing height (without
shoes) to the nearest cm using a portable stadiometer,
educational level (three categories: (1) primary school
level, <9 years of education (low); (2) completed >2 years
of high school, 10-11 years of education (intermediate);
and (3) university studies (high), >11 years of education),
and smoking status (former, current, or non smoker).

Modifiable activity questionnaire

We used the French version [27] of the Modifiable Activity
Questionnaire [28] to obtain detailed data about habitual
PA and sedentary behaviors. The MAQ designed by Kriska
et al. [28] assesses past-year PA during leisure-time and at
work as well as time spent viewing TV/video as a proxy for
sedentary behavior. Criterion validity of the MAQ has been
assessed against doubly labelled water [29]. Eighteen
individuals (12 employed) had total energy expenditure
(TEE) measured with the doubly labelled water technique
and also answered the MAQ. Leisure activity (MET-h/
week) correlated with the ratio TEE/resting metabolic rate
(r =0.56, P = 0.01). Occupational activity (MET-h/
week) correlated with the ratio TEE/sleeping metabolic
rate (r = 0.52, P = 0.03). Test—retest properties have also
been assessed by Kriska et al. [28]. Twenty-nine subjects
aged 21-36 year completed the MAQ twice, 1-3 weeks
apart. Correlations coefficients (Spearman) ranged from
0.62 to 0.96 for leisure and occupational activity [28]. The
questionnaire has been described elsewhere [9, 27, 28, 30].
Briefly, for leisure-time PA, subjects were asked to report
all activities that had been performed at least 10 times for
10 min each session over the past 12 months. Then,
detailed information was collected about the frequency and
duration of each activity reported. After multiplying the
number of h/week of each leisure by its estimated meta-
bolic cost (in MET), an energy-expenditure indicator was
obtained, expressed in MET-h/week of leisure-time PA. A
MET is the ratio of the working metabolic rate of an
activity divided by the resting metabolic rate [2]. MET
values were drawn from the compendium published by
Ainsworth et al. [31]. The assessment of occupational PA
was based on the number of hours that the individual
participated in physically demanding activities during an
average workday, for each job held over the past year. The
number of hours in each of three categories of occupational
PA (light, moderate, and hard) was multiplied by an

average group MET value (2, 4, and 7 METs, respectively)
and then summed, resulting in a final occupational activity
estimate expressed in MET-h/week. The questionnaire also
enquired about the time spent daily at home watching TV/
video, playing video games, using a computer, or reading
(for leisure). Time spent watching TV/video or playing
video games and time spent using a computer were sum-
med in an indicator termed “screen viewing” expressed in
h/week.

The original version of the MAQ only explored PA
during leisure-time and at work. To also take into account
PA unrelated to occupation or leisure and that was carried
in, around, or afar the household, subjects were asked to
report all “non-occupational non-leisure” PA that had been
performed at least 10 times for 10 min each session over
the past 12 months. This PA category included mainly
shopping, household chores, and work for non-profit
association. To collect these additional data, we used the
same format as used for the questions in the occupational
section of the MAQ.

Accelerometry

Physical activity was objectively assessed using the
Actigraph accelerometer (model 7164, Manufacturing
Technology, Inc., FL, USA) [32]. The Actigraph measures
integrated accelerations associated with movement in the
vertical plane. The recorded signal is amplified and filtered
and results in a subsequent signal that is scored as an
“activity count” over a user specified time interval (epoch).
Here, 60 s epochs were used. The Actigraph was worn in a
nylon pouch secured to a belt at the waistline. Participants
were instructed to wear the Actigraph for seven consecu-
tive days during all waking hours except during water-
based activities.

In order to analyse meaningful information, only days
with at least 8 h of recording time were considered valid.
Only participants who had at least 4 days of valid record-
ings were included in this analysis. The Actigraph data
were reduced with custom software developed in-house on
SAS program (SAS, version 9.1, SAS Institute Inc., Cary,
NC) for this and similar on-going PA research projects
[33]. Based on previous literature [23, 25, 32], cut-points
below 100 counts/min, over 1,952 counts/min, and over
5,724 counts/min, were used to quantify sedentary time,
time spent in moderate PA, and time spent in vigorous PA,
respectively. The software also identified “bouts” of PA,
defined by duration of at least ten consecutive minutes
spent in moderate or vigorous PA. As there were missing
data due to malfunctioning accelerometers or non-com-
pliance of participants, 141 accelerometer recordings
(88%) were included in the present analyses.
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Statistical analysis

Data are reported as mean value + standard deviation or
median =+ inter-quartile range (1st-3rd quartiles: Q1-Q3)
for normally and non-normally distributed variables,
respectively. Relationships between habitual PA data
obtained with the MAQ and the Actigraph were assessed
using Spearman correlation coefficients. All analyses were
performed using SAS software (SAS, version 9.1, SAS
Institute Inc., Cary, NC).

Results

Table 1 shows the characteristics of the study population.
Subjects were aged 19-63 years. Employed subjects rep-
resented 74.7% of the population (83.3% of men and
69.8% of women). Occupations included ‘“assistant non-
manual employees” (36.4%), “higher civil servants and
executives” (29.5%), “non-manual employees” (26.1%),
and “employed and self-employed professionals” (4.5%),
“manual workers” (2.3%), “farmers” (1.1%). The “not
employed” group (23.1%) included “students” (40.5%),
“housewives” (29.7%), “retired” subjects (16.2%), those
currently unemployed (5.4%), and those who could not be
classified (8.1%).

Table 2 displays past-year habitual PA data as assessed by
the MAQ. When expressed in h/week, occupational PA
ranked first in both genders. It was followed, in men, by
leisure-time PA and, in women, by non-occupational non-
leisure PA. When expressed in MET-h/week, non-occupa-
tional non-leisure PA ranked first in women, whereas, in
men, occupational PA remained the highest contributor to
total PA. Leisure-time PA of moderate intensity represented
the major part of total leisure PA in both genders. The most
frequently reported leisure-time PA were gardening (repor-
ted by 60.3% of men and 37.4% of women), do-it-yourself

activities (e.g., interior wall painting, furniture repair...;
58.6% of men and 18.2% of women), walking (51.7% of men
and 59.6% of women), swimming (31% of men and 27.3% of
women), and cycling (27.6% of men and 25.3% of women).
In men, leisure-time PA with the highest durations were do-
it-yourself activities, gardening, and walking. In women,
leisure-time PA with the highest durations were walking,
gardening, and do-it-yourself activities. The most frequently
reported non-occupational non-leisure PA were shopping
(27.6% of men and 22.4% of women) and household chores
(22.4% of men and 59.6% of women).

Table 3 shows daily PA data as measured by the
Actigraph. Sedentary time averaged 7 h and 17 min,
accounting for about 52.8% of the total daily recording
duration. There was only little PA that was registered as
being moderate or vigorous. These values were especially
low when the criterion for bout PA, i.e., ten consecutive
minutes above the threshold for a given intensity of PA,
was used. Time spent in moderate PA was similar in men
and women. Time spent in vigorous PA, as well as
sedentary time, was higher in men than women.

Table 4 lists the correlations between questionnaire
domains (occupational, leisure, and “non-occupational non-
leisure” PA and “screen viewing” time) and accelerometry
(total activity and sedentary time). In women, total PA (in
counts/day) was positively associated with total leisure-time
PA (in h/week) and moderate intensity leisure-time PA (in
MET-h/week). In men, total PA (in counts/day) was posi-
tively associated with occupational and total PA (in MET-h/
week). In all subjects combined, total accelerometry-asses-
sed PA (in counts/day) was also positively associated with
total reported PA (in MET-h/week). In all subjects com-
bined, and in women, accelerometry-measured sedentary
time was inversely related with non-occupational non-
leisure PA and with total PA (both in MET-h/week).
Accelerometry-measured sedentary time was not signifi-
cantly related to the reported screen viewing time (P < 0.1).

Table 1 Characteristics of

study population (mean £+ SD) Men Women All
N 59 101 160
Age (year) 42.6 + 10.1 40.1 £ 11.1 41.0 £+ 10.8
Weight (kg) 809 £ 11.6 652+ 114 71.0 £ 13.7
Height (cm) 1759 £+ 6.6 163.4 £+ 6.2 168.1 £+ 8.7
BMI (kg/m?) 26.1 + 3.6 244 + 43 25.1 £ 4.1
Overweight (BMI >25 kg/m?) (n, %) 37 (62.7) 41 (40.6) 78 (48.8)
Obese (BMI >30 kg/m?) (n, %) 10 (16.9) 17 (16.8) 27 (16.9)
Current smokers (n, %) 15 (25.4) 11 (10.9) 26 (16.3)
Education (n, %)
Low (<9 years of education) 16 (30.8) 31 (32.6) 47 (32.0)
Intermediate (10-11 years of education) 4 (7.7) 21 (22.1) 25 (17.0)
High (university studies) 32 (61.5) 43 (45.3) 75 (51.0)
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:szle):ie%l ((I%/illisg)ogz:i-r)e/ear Men Women All
habitual physical activity N 58 99 157
[median (Q1;Q3)] . . .
Leisure-time activity
Total (h/week) 3.8 (1.5;6.9) 1.6 (0.7;2.7) 1.9 (0.9;4.2)
Total (MET-h/week) 11.3 (1.0;22.6) 4.9 (0;10.3) 6.1 (0;15)
Walking for leisure (h/week) 0.2 (0;0.9) 0.3 (0;0.9) 0.3 (0;0.9)
Walking for leisure (MET-h/week) 0.8 (0;2.0) 1.1 (0;3.2) 1.1 (0;3.2)
Moderate (h/week) 1.2 (0.7;2.6) 0.8 (0.4;1.5) 0.9 (0.4;1.7)
Moderate (MET-h/week) 6.2 (3.7;12.5) 3.5 (1.7;7.4) 4.6 (2.3;8.5)
Vigorous (h/week) 0 (0;0) 0 (0;0) 0 (0;0)
Vigorous (MET-h/week) 0 (0;0) 0 (0;0) 0 (0;0)
Occupational activity
h/week 39.0 (24.0;49.0) 20.0 (0;34.9) 29.1 (2.9;38.7)
MET-h/week 20.0 (4.1;51.7) 9.1 (0;38.1) 15.4 (0;40.0)
Non-occupational non-leisure activity
h/week 1 (0;6.3) 7.7 (2.5;18.6) 5.2 (1.0,17.0)
MET-h/week 0 (0;8.0) 18.0 (0;37.4) 8.0 (0;31.0)
Total activity
MET-h/week 50.0 (30.1;79.9) 47.7 (25.6;81.0) 49.5 (26.6;79.9)

Sedentary time

Screen viewing (h/week)

16.7 (12.5;25.0) 14.0 (7.0;20.0) 15.0 (9.0;21.0)

Table 3 Accelerometry-assessed (Actigraph) measures of physical
activity and sedentary time (mean £ SD)

Men Women All
N 52 89 141
Time worn
Days 71+15 66+13 67+14
h/day 142+14 135£15 138+15
Total activity
Counts x 1,000/day 285 £ 109 273 £89 278 £ 97
Counts/min 338 £ 139 336 £ 100 337 + 115

Moderate activity (h/week)

Total 317 £239 237 £1.51 267 £1.91
If ten consecutive 0.28 £ 0.48 0.23 £ 0.46 0.25 4+ 0.47
minutes

Vigorous activity (h/week)

Total 0.13 £ 0.26 0.04 & 0.17 0.08 4+ 0.21
If ten consecutive 0.07 £ 0.21 0.02 £ 0.15 0.04 £+ 0.18
minutes

Sedentary time (h/week) 55.8 £13.3 50.0 £ 11.6 51.0 £ 12.7

Cut-offs for sedentary, moderate, and vigorous activity were <100
counts/min, >1,952 and <5,724 counts/min, and >5,724 counts/min,
respectively

Discussion

In this study, we used both self-reported (questionnaire)
and objectively measured (accelerometry) data to assess
PA and sedentary patterns in an adult population

characterized by low activity levels. Our aim was to assess
the contribution of different PA domains to total PA and
their relationships with accelerometry-measured total PA
and sedentary time. In men and women combined, self-
reported past-year non-occupational non-leisure PA con-
tributed more to total reported PA than leisure-time PA.
Non-occupational non-leisure PA was inversely correlated
with sedentary time as assessed by accelerometry. The
accelerometry counts correlated with moderate intensity
leisure-time PA in women, and with occupational PA in
men. Of note is the fact that occupational PA was twofold
higher in men than in women in this population with low
overall and leisure PA levels.

Both counts data and reported time spent in each PA
domain confirmed our subjects had low habitual PA level.
Field studies of one-week duration with the Actigraph
found higher PA levels than those reported herein. In a
population of similar age and BMI (n = 185), Ekelund
et al. [23] reported total activity of 443 £+ 153 and
473 £ 151 counts/min versus 338 £ 139 and 336 & 100
counts/min in our study, in men and women, respectively.
In another population of similar age and BMI, Cooper et al.
[34] also reported higher counts data than those reported
herein. Similarly, previous studies of past-year PA using
the MAQ in adults reported higher levels of PA. Partici-
pants in the Diabetes Prevention Program [35], who were
older and more obese than our study subjects, reported a
mean of 16.3 MET-h/week of leisure-time PA versus 6.1
MET-h/week in our study. In data derived from the cohort

@ Springer



176

D. Jacobi et al.

Table 4 Relationships of
physical activity and inactivity
accelerometry measures
(Actigraph) with questionnaire

MAQ

Actigraph

Total activity (counts/day) Sedentary time (h/week)

data (MAQ) Men Women All Men Women  All
Leisure-time activity
Total (h/week) 0.04 0.25% 0.19*  —0.07 —0.08 0.05
Total (MET-h/week) —0.05 0.18 0.09 0.01 —0.13 0.01
Walking for leisure (h/week) —0.02 0.16 0.11 —0.04 0.01 —0.01
Walking for leisure (MET-h/week) —0.02 0.16 0.10 —0.03 0.01 —0.01
Moderate (h/week) 0.04 0.20° 0.14 0.02 —0.04 0.06
Moderate (MET-h/week) 0.03 0.22%* 0.14% 0.04 —0.03 0.07
Vigorous (h/week) —0.15 0.08 —-0.02 0.11 0.02 0.10
Vigorous (MET-h/week) —0.15 0.08 —0.02 0.11 0.02 0.10
Occupational activity
h/week 0.13 —0.03 0.06 0.04 0.14 0.20%
MET-h/week 0.43%* 0.13 0.22% —0.19 —0.10 —0.08
Non-occupational non-leisure activity
h/week —0.08 —0.18 —0.15% -0.19 0.01 -0.14
MET-h/week 0.01 0.04 0.02 —-0.18  —0.26*  —0.30%**
Total activity
Data are spearman correlation MET-h/week 0.39%* 0.07 0.18%  —025% —0.28%% —0.25%*
coefficients: * P < 0.1, Sedentary time
* P <005, ** P <00l Screen viewing (h/week) —-0.25 —0.10 —-0.13 0.00 0.17 0.14%

#i P < 0.001

of the French SU.VL.LMAX study, obtained from a middle-
aged population, leisure-time PA was 12 MET-h/week and
occupational PA was 41.5 MET-h/week versus 6.1 and
15.4 MET-h/week in the present study, respectively [27].

In this study we investigated PA that was neither
occupational nor leisure-time related, a PA domain which
we termed “non-occupational non-leisure” PA. This ter-
minology may prevent overlap between PA domains.
Indeed some “domestic” activities (e.g., do-it-yourself,
gardening) are also considered as “leisure-time” PA.
Whereas domestic PA is usually defined as activities
carried out only in and around the household [16], the non-
occupational non-leisure PA domain encompasses activi-
ties that can also be performed away from the household.
An example of such activities is shopping, found here to be
an important contributor to this PA domain. However, the
contribution of non-occupational non-leisure PA to total
reported PA appeared modest, especially in men. It has
been previously reported that household PA contributes
more to total energy expenditure in women than in men
[11]. Non-occupational non-leisure PA did not correlate
significantly with the objective measure of total PA. In
women, although time spent in non-occupational non-lei-
sure PA was much higher than the time spent in leisure-
time PA, only the latter correlated with the accelerometry
measure of total PA. Therefore, these activities could only
contribute in a minor way to the total counts despite their
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prolonged duration. We might have overestimated the true
metabolic cost associated with the non-occupational non-
leisure PA. In line with this hypothesis, Brooks et al. [18]
showed that the intensity of self-paced household chores
performed by women was lower at home than in a labo-
ratory environment.

We observed that total reported PA correlated with total
daily activity counts recorded by the accelerometer. This
association was significant in the whole sample population
but was more apparent in men. Such a relationship is in line
with early validation data by Kriska et al. [28] comparing
total PA assessed with the MAQ to the Caltrac acceler-
ometer output in Pima Indians. The fact that our population
was relatively homogeneous and recruited to have low PA
levels may explain in part that the correlation found here
was low (Spearman r = 0.18 for total reported PA in
MET-h/week). Considering PA domains separately, the
correlations found by Kriska et al. [28] were higher than
those reported here (in MET-h/week, Spearman r = 0.44
vs. r = 0.09 for leisure-time PA, and r = 0.41 vs. r = 0.22
for occupational PA, respectively). The persistent engage-
ment of the Pima population in physically demanding
occupations at the time of the study by Kriska et al. [28]
may account for the higher correlations observed in this
domain.

There was also a consistent pattern of negative rela-
tionships between total reported PA and sedentary time as
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assessed by the accelerometer. This is not in agreement
with the notion that subjects with higher PA levels may
compensate by increased sedentary periods in other parts of
their day [36]. More specifically, this relationship appeared
to be linked to the non-occupational non-leisure PA
domain, as neither leisure-time nor occupational PA were
significantly correlated with sedentary time. This suggests
the importance of considering PA performed in this context
when targeting a decrease in sedentary behavior. Public
health recommendations insist on daily living PA as a
starting point to exchange sedentary behaviors for active
ones [2-4].

Using accelerometry as an objective measure of PA
allowed us to analyze bouts of PA. Based on public health
PA recommendations [3, 21], we used a ten consecutive
minutes accumulation criteria to define such bouts.
Applying this criterion resulted in a tenfold decrease in the
mean number of hours spent in moderate or vigorous PA. A
change of this magnitude is likely to have a very strong
impact in analyses of PA categories and of relationships
with health outcomes in future studies. It may therefore be
questioned whether such a 10 min criterion is appropriate
when analyzing accelerometry data. To our knowledge,
there is, however, no consensus on how to extract bouts of
PA from the raw activity count data. There are also very
few data to which we can compare our results.

Another finding was the discrepancy between self-
reported and measured PA duration. Noticeably, the dura-
tion of reported moderate leisure-time PA was longer than
measured moderate intensity bout PA. Although it is
specified with the MAQ that only activities performed for
at least 10 min are to be reported, it appears that the notion
of PA bout derived from self-report and from motion
sensors such as accelerometers is very different. Of note,
the MAQ in total captured less than half of the time that the
accelerometers were worn. Indeed, PA questionnaires
appear better suited to investigate moderate and vigorous
volitional activities than light intensity activities [20, 37].
Since our subjects had low habitual PA levels, this could
partly explain the low correlation coefficients observed.

Some limitations to this work may be considered. First,
accelerometry did not assess the same time period as
recalled by the MAQ. However, both tools aim to assess
“habitual PA” and accelerometer recordings in this study
spanned over several days, including weekdays and
weekends, as recommended [38, 39]. Second, as pointed
out in a recent review about PA questionnaires validity
[40], correlation coefficients may be imprecise if based on
few observations and will depend on the degree of
between-subject variability in a given population. How-
ever, as our population (n = 141) was relatively
homogenous and recruited to have low PA levels, it is
unlikely that the correlations found are exaggerated by high

between-subject variability. Third, althought waist moun-
ted accelerometers adequately detect dynamic activities
(e.g., walking, running), they are less suitable for activities
with a more important static component [41] and their
validity may vary depending on the population studied.
Conversely, recall bias is inherent to self-reported ques-
tionnaires and it is known that self-reported measures of
PA are likely to contain errors of overreporting [20, 26]. In
this study, questionnaires were interviewer-administered
which may minimize this bias. Finally, study subjects were
middle-aged men and women, with low PA levels, living in
a semi-urban environment, which may limit the general-
ization of the findings to other populations or settings.

In conclusion, our results indicate that non-occupational
non-leisure PA makes a more important quantitative con-
tribution to total PA in women compared to men, in adults
with low habitual PA levels. The non-occupational non-
leisure PA domain is inversely correlated to sedentary time.
This gives support to the notion that assessment of non-
occupational non-leisure PA will help in understanding
how individuals partition their time between active or
sedentary behaviors. Such knowledge is much needed in
the development of public health initiatives that aim to
increase PA while reducing sedentary behaviors.
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