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Abstract

Introduction: The Canadian Health Measures Survey (CHMS) is the most

comprehensive direct health measures survey ever conducted in Canada. Results

show that the majority of children and youth (93%) do not meet current physical activity

recommendations for health. CHMS data have not yet been considered alongside an

independent sample of Canadian youth; such a Canadian-context examination could

support CHMS results and contribute to discussions regarding accelerometry data

reduction protocols.

Methods: From 2010 to 2011, valid accelerometry data were collected on 856 children

living in the Greater Toronto Area (GTA). Where possible, data presentation and

analyses were aligned with the CHMS protocol such that physical activity outcomes

could be compared.

Results: Overall, trends were similar, with some deviations likely due to contextual and

sampling differences and differences in data collection/reduction protocols regarding

accelerometer model selection, wear time, activity intensity thresholds and epoch.

Conclusion: The similar trends support the notion that physical inactivity is an ongoing

problem in communities across Canada.

Keywords: ActiGraph, accelerometer, physical activity, sedentary behaviour, obesity,

public health, youth, CHMS

Introduction

Regular physical activity in childhood is

associated with many physical, physio-

logical and mental health benefits.1

Canada’s physical activity guidelines sug-

gest children and adolescents aged 5 to

17 years accumulate at least 60 minutes

of moderate-to-vigorous physical activity

(MVPA) each day.2 There is also evidence

that they should engage in vigorous

physical activity (VPA) at least 3 days a

week.2 While self-report and pedometer

data have provided some evidence of

national physical activity trends over

time,3 direct, objective assessments using

accelerometry (on a national scale) have

been absent until recently.

March 2011 saw the release of physical

activity and sedentary behaviour data

collected on a nationally representative

sample of Canadian children and youth

(n = 1608; boys = 809; girls = 799) as

part of the Canadian Health Measures

Survey (CHMS).4 Actical accelerometers

(Phillips – Respironics, Oregon, US) were

used to capture minute-by-minute data

over 7 consecutive days. Information was

extracted using quality control and data

reduction decisions5 on the amount of

time children and youth typically spend

sedentary and in light, moderate and

vigorous intensity physical activity; the

amount of time spent in MVPA; the

average number of steps taken per day;

and the percentage of children attaining

selected physical activity criteria. Results

indicated that very few (7%) achieve

recommended levels of physical activity

(with more boys achieving guidelines

than girls), and many spend a significant

portion of their day sedentary (average of

8.6 hours per day).4

The CHMS is the most comprehensive

direct health measures survey conducted

in Canada. In addition to national esti-

mates of physical activity levels, the study

has also shed light on the declining levels

of fitness observed in Canadian youth over

the past few decades.6 These data have

received considerable public interest and

media attention. They have also fuelled

national campaigns (i.e. ParticipACTION;

www.participaction.com) to increase

population-wide levels of physical activity

in children and youth. Comparisons with

nationally representative data from the

United States7 revealed similar trends in

physical activity and sedentary behaviour,

despite some contextual, sampling and

methodological differences between the

two datasets. However, to our knowledge

CHMS data have yet to be compared with

an independent sample of Canadian chil-

dren and youth. It would be relevant

to verify their accuracy, given the wide-

spread dissemination of the CHMS find-

ings and their impact on research, policy

and practice across Canada.

The aim of this study is to present

accelerometer data from another study,
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Project BEAT, in a similar fashion to the

way CHMS data have been reported,

and discuss similarities and discrepancies

between the two datasets.

Methods

Data source

Project BEAT (Built Environment and

Active Transport; www.beat.utoronto.ca)

is a large-scale, multidisciplinary and

mixed method study examining how the

built environment influences the way

elementary school children travel to

school in Toronto, Ontario. In January

2010 all elementary schools with Grade 5

and 6 students within the Toronto District

School Board (n = 469) received an

invitation to participate. Out of the pool

of interested schools (54 responded,

40 of which were interested; response

rate = 11.5%), 16 were selected because

they varied with respect to built form

(suburban looping street layout versus

urban grid-based street layout) and

socio-economic status (SES; low- and

high-income households based on median

household income reported in the 2006

Canada Census). Half of the surveyed

schools were low-SES schools, and

the other half were high-SES schools.

Consent was obtained from partici-

pating school boards, individual schools,

parents and students. Student participa-

tion was voluntary. Ethics approval from

the Toronto District School Board and

University of Toronto Ethics Committee

was received.

Participants

Of the 1704 students enrolled in Grades 5

through 6 at the 16 participating schools,

1027 (60.3%; boys, n = 478; girls, n = 549)

completed the travel behaviour survey and

were given consent to participate in the

study by their parents/guardians; missing

responses resulted from parent or student

refusal. Prior to any data collection, children

completed an assent form (n = 1001; 26

students were absent for data collection).

Height and weight were measured to

calculate body mass index (BMI), and

accelerometer-measured physical activity

data were collected. For inclusion in

data analysis, each child was required to

wear an accelerometer for a minimum of

10 hours for at least 3 weekdays and 1

weekend day. A string of 30 minutes of

consecutive zeros was classified as non-

wear time/sleep time; these periods

(most of which occurred during sleep)

were removed from the analyses.

Biologically implausible data were

assessed to determine whether to include

files in the final analyses. Of the 1001

children who wore an accelerometer,

95.8% had at least 1 valid day of data

and 85.5% had at least 3 weekdays and

1 weekend day of valid data (n = 856;

boys = 389, girls = 467; Table 1). This

article is therefore based on these 856

participants (mean age [standard devia-

tion] 11.1 [0.6] years), who met these

inclusion parameters. This final response

rate (856/1704 = 50.2%) is consistent

with other active-consent studies with

Canadian elementary school students.8

Using age- and sex-specific BMI cut-points

provided by the International Obesity

Task Force,9 participants were classified

as normal weight, overweight or obese

(Table 2).

Measurement of physical activity and
sedentary behaviour

Children’s physical activity was measured

for seven days using an accelerometer

(ActiGraph GT1M; Pensacola, FL, United

States). The ActiGraph series are the most

commonly used devices in the field, and

they have moderate to good validation in

children.10 Prior to data collection, the

intra-unit and inter-unit variability of all

ActiGraph monitors (n = 120) was tested

using a standardized treadmill protocol.

The coefficients of variation were within

acceptable limits.11,12

We used a 5-second epoch to capture

rapid transitions in activity typical in

children and related to health outcomes.13

Children were asked to wear their

accelerometer consistently; they were

asked to only remove the device when

engaging in water-based activities. The

monitors were initialized to start collect-

ing data at 12:00 A.M. on the day they

were handed out to participants. The first

day was excluded from data analyses to

TABLE 1
Distribution of Project BEAT and CHMS participants, by valid days of accelerometer wear

(10 or more wear hours), age group and sex

Number of valid days of accelerometer wear, %

Study, Age group 0a 1 2 3 4 5 6 7 § 1 § 4b

Project BEAT

10–12 years

Total 4.2 1.8 1.6 6.9 2.1 7.9 21.9 53.6 95.8 85.5

Boys 4.1 2.6 1.7 7.6 1.7 8.4 20.5 53.3 95.9 84.0

Girls 4.3 1.1 1.5 6.3 2.4 7.4 23.0 53.9 95.7 86.8

CHMS

Totalc 4.6 2.9 3.6 4.1 8.2 12.7 24.0 39.8 95.4 84.7

6–10 years

Boys 2.7 2.4 3.2 1.5 6.4 11.5 24.7 47.7 97.3 90.2

Girls 4.2 2.4 2.1 1.8 6.6 13.4 22.1 47.4 95.8 89.5

11–14 years

Boys 4.4 2.0 1.7 5.1 6.4 11.9 30.5 38.0 95.6 86.8

Girls 3.2 2.8 3.6 2.1 7.8 12.1 23.1 45.2 96.8 88.3

Sources: Built Environment and Active Transport (BEAT) Project (2010–2011); 2007–2009 Canadian Health Measures Survey
(CHMS)4

Abbreviations: BEAT, Built Environment and Active Transport; CHMS, Canadian Health Measures Survey.
a Agreed to wear accelerometer, but returned device with no valid data (invalid wear or device malfunctioned).
b Three weekdays and one weekend day.
c Total includes additional age group (aged 15–19 years) sampled in CHMS. Remainder of table reflects results for those aged

6–10 years and 11–14 years, in light of Project BEAT’s sample demographics (aged 10–12 years).
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control for any participant reactivity and

because they were often handed out mid-

day. Data collection took place during the

Spring/Summer (April to June) and Fall

(September to December) school period to

limit any seasonal effect.

Time spent at various levels of movement

intensity (sedentary, light, moderate,

vigorous, hard) was classified according

to published thresholds in children14 and

used to determine accumulated minutes

of sedentary behaviour; light, moderate,

vigorous and hard activity; and MVPA.

The percentage of time spent sedentary, in

light intensity activity and in MVPA were

calculated using wear time data (the

percentage of time spent in hard intensity

activity was <1%, and therefore not

reported). The proportion of children

attaining different physical activity targets

was examined in line with CHMS ana-

lyses. For example, Canadian and World

Health Organization (WHO) physical

activity guidelines recommend 60 minutes

of MVPA each day.2,15 Like the CHMS

analyses, adherence was defined as

the probability of accumulating at least

60 minutes of MVPA at least 6 days a

week. The probability of accumulating at

least 30, 60 and 90 minutes of MVPA on

at least 1, 2, 3, 4, 5 or 6 days of the week

was also calculated. The probability of

accumulating any VPA (at least 5, 10

and 20 minutes) on at least 1, 2, 3, 4,

5 or 6 days of the week was also

calculated. Minimal activity was assumed

on missing days.

Statistical analyses

All analyses were conducted using SPSS

version 19.0 for Windows (IBM, Armonk,

NY, US) and were based on data for

participants with at least 4 valid days.

Similar to CHMS output, comparisons of

physical activity intensity and duration

were made according to gender and

body weight classification (normal weight,

overweight and obese)9 using mixed-

model ANOVAs with pair-wise contrasts.

Differences between estimates were tested

for statistical significance (p < .05).

Results

Participants

Table 1 shows a comparison of accelero-

meter wear by age group and sex between

the studies. Table 2 shows the demo-

graphic characteristics (gender distribu-

tion, mean age, height, weight and BMI)

for Project BEAT and CHMS participants.

Hours spent sedentary or in light intensity
activity

Project BEAT collected an average of

16.7 hours per day of valid accelerometer

data. Children spent an average of

13.3 hours (or 79.6% of that period) seden-

tary (790 minutes for boys, 802 minutes for

girls; Table 3), a percentage nearly 20%

higher than that identified by Colley et al.4

using 2007 to 2009 CHMS data (62%).

Similar to the CHMS, time spent sedentary

did not differ by gender or weight classi-

fication. While the CHMS dataset did

demonstrate differences between genders

according to weight classification (with

normal weight boys significantly less

sedentary than normal weight girls,

p < .05), there was no such relationship

in Project BEAT. Project BEAT participants

spent another 2.9 hours of their day (17.4%

of wear time), on average, in light intensity

activity (versus 4 hours per Colley et al.4);

only in Project BEAT did gender differences

in the accumulation of light intensity

activity appear, with boys accumulating

an average of 20 minutes more light inten-

sity activity per day than girls (p < .05,

Table 3). In both datasets, children classi-

fied as either overweight or obese accumu-

lated a similar amount of light intensity

activity per day compared to normal weight

children.

Moderate-to-vigorous and vigorous activity

Boys achieved just over half the recom-

mended levels of MVPA per day (35 mi-

nutes) while girls attained just 24 minutes

per day, findings lower than those

reported by Colley et al.4 based on the

CHMS (average of 61 and 47 minutes,

respectively), yet similar with respect to

gender differences. As observed in the

CHMS, overweight and obese boys in

Project BEAT accumulated less MVPA

(32 and 26 minutes per day, respectively)

compared with boys who were normal

weight (38 minutes). Unlike the CHMS,

this gradient was also observed in girls;

girls classified as being overweight or

obese accumulated 4 to 5 minutes less

MVPA per day compared with normal

weight girls (Table 3).

Project BEAT and CHMS data both

revealed that the vast majority of all

TABLE 2
Descriptive characteristics of Project BEAT and CHMS participants, by age group and sex

Project BEAT Canadian Health Measures Survey (CHMS)

10–12 years 6–10 years 11–14 years

Characteristics Boys Girls Boys Girls Boys Girls

Sample size, n 389 467 369 340 256 248

Mean age, years 11.0 11.1 8.2 8.1 12.5 12.3

Mean height, cm 147.2 147.5 133.9 131.6 158.9 156.9

Mean weight, kg 42.3a 40.9 32.5 29.9 52.1 50.6

Mean BMI, kg/m2 19.3a 18.6 17.8 17.0 20.3 20.4

BMI category, %b

Normal 67.4a 73.9 74.4 82.5 72.5 70.5

Overweight 21.9 21.6 17.1E 12.6E 21.5 23.0E

Obese 10.8a 4.5 8.1E 4.9E 6.0E 6.5E

Sources: Built Environment and Active Transport (BEAT) Project (2010–2011); 2007–2009 Canadian Health Measures Survey
(CHMS).4

Abbreviations: BEAT, Built Environment and Active Transport; BMI, body mass index; CHMS, Canadian Health Measures
Survey.
a Significantly different from girls; p < .05.
b International Obesity Task Force classification.9

E Use with caution.
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MVPA is accumulated at moderate inten-

sity (80% and 97%, respectively). Around

4.3% of children in Project BEAT accu-

mulated at least 20 minutes of VPA at

least 3 days a week, a result quite similar

to CHMS findings (4%) (Figure 1).*

Project BEAT data showed a significantly

greater proportion of boys than girls

meeting this target (7.1% and 1.9%,

respectively; p < .05); gender compari-

sons were not made in the CHMS cohort.

A little more than a quarter of Project

BEAT children (27.1%) accumulated at

least 10 minutes of VPA on at least 3 days

of the week (35.1% of boys and 20.4%

of girls; p < .05). Nearly two-thirds of

children (64.7%) accumulated at least

5 minutes of VPA on at least 3 days of

the week (72.8% of boys and 57.9% of

girls; p < .05), findings that are propor-

tionately higher compared to CHMS obser-

vations (Figure 1).

While the vast majority of children in

both datasets did not meet the current

physical activity recommendations of at

least 60 minutes of MVPA at least 6 days a

week, the proportion achieving recom-

mendations was lower in Project BEAT

(< 1%; 0.5% of boys, no girls) in

comparison to the CHMS (6.7% of chil-

dren; 9.0% of boys, 4.1% of girls)

(Table 4). Like the CHMS, the difference

in the proportion of Project BEAT children

who met guidelines on at least 3 days a

week compared to at least 6 days a week

was much greater for boys than girls

(13.3% and 2.1% increase, respectively;

Figure 2).

In both datasets, considerably higher

percentages of children accumulated

30 minutes of MVPA per day; in Project

BEAT, 22.6% of boys and 5.4% of girls do

so at least 6 days a week (CHMS: 29.0%

and 21.3%, respectively; Table 4). Like

the CHMS (82.6%), the majority of boys

in Project BEAT (71.8%) accumulated

30 minutes of MVPA at least 3 days a

week; yet unlike the CHMS (72.6%), this

was not the case for girls (36.9%). In fact,

just over half of Project BEAT girls

(52.6%) only managed to accumulate

30 minutes of MVPA on 2 or more days

of the week.

Not a single child in Project BEAT (and

fewer than 2% in the CHMS) accumulated

at least 90 minutes of MVPA at least 6 days

of the week and only 2% met these criteria

on at least 2 days of the week (3.3% of

boys, 0.9% of girls; p < .05, Table 4). The

proportion of children attaining these

standards rose to 16.8% for at least 1

day of the week, with approximately 10%

more boys than girls doing so (22.3% and

12.3%, respectively; p < .05), an increase

TABLE 3
Average daily minutes of activity (at various levels of intensity) of Project BEAT and CHMS

participants, by gender, age and BMI category

Intensity of activity, average minutes/day

Study, Sex, Age,
BMI category

Sedentary Light Moderate Vigorous Hard MVPA

Project BEAT

Boys

Age 10–12 years 790 185a 27a 7a 1 35a

BMI category

Normal weightb 786 185a 29a 8a 1 38a

Overweight 796 184 25c 6c <1 32c

Obese 800 186 21c 4c <1 26c

Girls

Age 10–12 years 802 165 18 5 <1 24

BMI category

Normal weightb 799 165 19 5 1 25

Overweight 808 163 16c 4c <1c 21c

Obese 830 174 16 3c <1c 20c

CHMS

Boys

Age 6–10 yearsb 445 298 67a 2 – 69a

Age 11–14 years 524c 252c 58a 2 – 59a

BMI categoryd

Normal weightb 500a 262 64a 2 – 65a

Overweight 524 260 50c 1c – 51c

Obese 536 248 43c <1c – 44c

Girls

Age 6–10 yearsb 446 306 56 2 – 58

Age 11–14 years 527c 250c 46c 2E – 47c

BMI categoryd

Normal weightb 524 249 46 2 – 48

Overweight 515 262 43 1E – 44

Obese 544 263 47 <3 – 48

Sources: Built Environment and Active Transport (BEAT) Project (2010–2011); 2007–2009 Canadian Health Measures Survey
(CHMS).4

Abbreviations: BEAT, Built Environment and Active Transport; BMI, body mass index; CHMS, Canadian Health Measures
Survey; MVPA, moderate-to-vigorous physical activity.
a Significantly different from estimate for girls (p < .05).
b Reference category; International Obesity Task Force classification.9

c Significantly different from estimate for reference category (p < .05).
d Includes additional age group (aged 15–19 years) sampled in CHMS. Remainder of table reflects results for those aged 6–10

years and 11–14 years, in light of Project BEAT’s sample demographics (age 10–12 years).
E Use with caution.

* The CHMS results in Figure 1 are based on children and youth aged 6–19 years, whereas Project BEAT results are based on children aged 10–12 years.
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much lower than that reported in the

CHMS dataset (60%; Table 4).

Discussion

To our knowledge, this is the first attempt

to compare accelerometer-measured phy-

sical activity data from a large sample with

results from a nationally representative

dataset (the CHMS, n = 1608).4 Overall,

findings were broadly consistent (i.e.

similar trends appeared) with some devia-

tions probably due to differences in data

collection and reduction protocols and in

sample demographics.

Strengths of this study include the large

sample size (856 children) and use of an

objective measure of physical activity to

examine multiple aspects of physical

activity behaviour. Our collection of

high-frequency physical activity data was

particularly appropriate for quantifying

children’s activity behaviour.13 In addi-

tion, a relatively low number of partici-

pants were excluded due to invalid

accelerometer wear (less than 15%). The

biggest limitation of the study is the

contextual, sampling and methodological

differences between the two datasets,

which posed challenges in making direct

comparisons. For example, the narrow

age range of children sampled and the

investigation of Toronto neighbourhoods

in Project BEAT was quite different to the

national data collection strategy of the

CHMS. These issues limit the generali-

zability of findings to other age groups

and geographic locations. While both

studies present objectively measured

data, the accelerometer measurement and

data reduction protocols differed. The lack

of standardized physical activity measure-

ment and data reduction protocols in the

field are a limitation to any study that

attempts to compare results to an indepen-

dent dataset. Despite these differences,

overall trends were similar between the

two studies, which supports the notion of

very few children (< 10%) accumulating

enough daily activity for health benefits

and too many spending a significant

amount of their day sedentary.

With methodological differences between

Project BEAT and the CHMS acknowl-

edged, the similar trends in findings are

sobering. The Canadian physical activity

guidelines for children and youth (which

are in line with the World Health

Organization Global Physical Activity

Recommendations15) encourage children

and youth to accumulate at least

60 minutes of MVPA every day.2 CHMS

data illustrate that only 7% achieve these

recommendations, while Project BEAT

data show that even less do so (< 1%).

In fact, not a single girl managed to

accumulate at least 60 minutes of MVPA

every day of the week, based on Project

BEAT data. Perhaps just as sobering is the

finding that only 13.2% of children in

Project BEAT managed to attain at least

30 minutes of MVPA on at least 6 days of

the week, lower than the CHMS results at

25.3%. BEAT and CHMS data both illus-

trate that children and youth spend the

majority of their day sedentary (anywhere

from 62% to 80%).

FIGURE 1
Percentage of Project BEAT participants (10–12 years) and CHMS participants (6–19 years)
with at least 5, 10 and 20 minutes of vigorous physical activity a day, by number of days

a week
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Sources: Built Environment and Active Transport (BEAT) Project (2010–2011); 2007–2009 Canadian Health Measures Survey
(CHMS).4

FIGURE 2
Percentage of Project BEAT participants (10–12 years) and CHMS participants (6–10 years
and 11–14 years) with at least 60 minutes of moderate-to-vigorous physical activity, by days

per week and by sex
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aSignificantly different from estimate for girls (p < .05), Project BEAT.
bSignificantly different from estimate for 6- to 10-year olds of same sex (p < .05), CHMS.
EUse with caution.
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Comparing CHMS and BEAT accelerometry
procedures

Proportions attaining physical activity

recommendations differed in both studies.

Three methodological differences highlight

the lack of standardization in accelerometry-

based physical activity measurement proto-

cols, which continues to make comparability

between studies difficult.

1. The accelerometer wear protocols differed
In Project BEAT, participants were asked

to wear their accelerometer while awake

and asleep to maximize compliance and

thus boost the probability of generating a

large sample of participants with valid

data for inclusion in data analyses. The

CHMS requested that participants wear

their accelerometer during waking hours

only. In Project BEAT, the decision was

made to exclude periods of 30 consecutive

minutes of zero counts (most of which

occurred during sleep time), whereas the

CHMS used a less conservative approach.

These decisions affect wear time and thus

explain the difference in average wear

times (Project BEAT: 16.7 hours; CHMS:

13.6 hours). These discrepancies also pro-

vide some rationale for differences seen in

the proportion of the day spent sedentary

and in light intensity activity and MVPA

between the two datasets. For example,

Project BEAT data show that children

spend 79.6% of their day sedentary.

Another 17.4% is spent in light intensity

activity, with MVPA only contributing

to 3% of the daily profile. In the CHMS

dataset, children spent an average of 62%

of their waking hours sedentary, with

another 29.4% and 8.6% spent in light

intensity activity and MVPA, respectively.

2. The accelerometer devices and activity
intensity classification thresholds differed
Project BEAT used ActiGraph GT1M

accelerometers to monitor physical acti-

vity behaviour, while the CHMS used

Actical accelerometers. While the GT1M

model is one of the most validated and

widely used devices of their kind, a

possible limitation is that it measures

acceleration in the vertical plane only;

the Actical device is omni-directional,

allowing it to capture a wider range of

movement than a uni-axial device and

capture non-ambulatory activities. Despite

the theoretical advantage of the Actical

accelerometer, in reality both accelero-

meters provide similar information given

that the majority of movement is detected

in the vertical plane.16 Each accelerometer

model provides a unique dimensionless

activity count over a user-defined interval

(i.e. between 1 and 60 seconds). These

raw data are converted to useable infor-

mation using calibration research that

generates model-specific activity intensity

thresholds. Consequently, time spent

sedentary and in light, moderate, vigorous

and hard intensity activity can be com-

puted. The CHMS activity intensity

thresholds for the Actical were derived

from calibration work in children17,18

and adults,18 and the Project BEAT thresh-

olds only from calibration trials with

children.14

Metabolic energy turnover (MET) values

are often used to express the intensity of

physical activity according to intensity

categories; a compendium of energy costs

for a variety of children’s activities is

available.19 In most studies like the CHMS,

moderate intensity is defined as 3 METs

or more. However, more recent evidence

suggests that a threshold of 4 METs or

TABLE 4
Percentage of Project BEAT participants (10–12 years) and CHMS participants (6–19 years)

attaining selected physical activity criteria

Days active out of 7, %

Minutes of MVPA 0 § 1 § 2 § 3 § 4 § 5 § 6

Project BEAT

§ 30

Total 22.0 78.0 65.2 52.8 40.9 25.0 13.2

Boys 11.0* 89.0* 80.3* 71.8* 59.5* 39.2* 22.6*

Girls 31.1 68.9 52.6 36.9 25.3 13.1 5.4

§ 60

Total 66.0 34.0 15.4 7.5 3.4 1.4 0.2

Boys 51.0* 49.0* 26.2* 13.8* 6.2* 2.8* 0.5

Girls 78.5 21.5 6.4 2.1 1.1 0.2 0.0

§ 90

Total 83.2 16.8 2.0 0.4 0.1 0.0 0.0

Boys 77.7* 22.3* 3.3* 0.5 0.3 0.0 0.0

Girls 87.7 12.3 0.9 0.2 0.0 0.0 0.0

CHMS
§ 30

Total 5.1 94.9 87.6 77.7 64.5 47.1 25.3

Boys 3.3 96.7* 91.1* 82.6* 70.1* 52.6* 29.0*

Girls 6.9 93.1 83.9 72.6 58.4 41.2 21.3

§ 60

Total 20.2 79.8 61.3 44.4 29.3 16.6 6.7

Boys 14.8 85.2* 69.5* 52.9* 36.4* 21.5* 9.0*

Girls 26.1 73.9 52.6 35.4 21.7 11.3 4.1E

§ 90

Total 40.9 59.8 35.1 20.1 10.7 5.0E 1.7E

Boys 33.7 66.3* 42.5* 26.0* 14.7* 7.1*E 2.5*E

Girls 47.1 52.9 27.3 13.7 6.5E 2.7E <2

Sources: Built Environment and Active Transport (BEAT) Project (2010–2011); 2007–2009 Canadian Health Measures Survey
(CHMS).4

Abbreviations: BEAT, Built Environment and Active Transport; CHMS, Canadian Health Measures Survey; MVPA, moderate-
to-vigorous physical activity.

* Significantly different from estimate for girls (p < .05).
E Use with caution.
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more may be more appropriate for des-

cribing moderate or higher intensity acti-

vity in children20–23 and for determining

relationships between activity and health

outcomes.14 Indeed, the National Health

and Nutrition Examination Survey

(NHANES) in the U.S. uses a moderate

intensity threshold based on 4 METs

to classify MVPA in children24; in the

BEAT study, the threshold for moderate

intensity was also based on 4 METs. Our

use of a more stringent threshold to

classify MVPA (a decision made before

the release of the CHMS findings) likely

explains the lower levels of MVPA

observed (and fewer children meeting

guidelines) in Project BEAT data com-

pared with CHMS data.

Reports in other countries, for example,

NHANES7 in the U.S. and the Avon

Longitudinal Study of Parents and

Children (ALSPAC)25 in England, support

these results. It is of particular interest to

compare Project BEAT data with the

ALSPAC data since both studies used the

same thresholds to classify moderate and

vigorous intensity activity: we see very

similar proportions of children achieving

the 60 minutes of MVPA per day guide-

lines (BEAT at < 1% and ALSPAC at

2.5%) and similar average levels of MVPA

(BEAT at 29 minutes per day and ALSPAC

at 20 minutes per day).

3. The user-specified data collection interval
differed
Project BEAT used a 5-second epoch to

capture the short and sporadic bursts of

activity that are typical in children,13

whereas the CHMS captured physical

activity data at 1-minute intervals. The

influence of epoch length on physical

activity data has been discussed at length:

shorter epochs capture more MVPA, and

longer epochs ‘‘dilute’’ the intensity of the

data26,27 and therefore affect the propor-

tion of children attaining PA guidelines.28

Some have found significant epoch effects

for hard and very hard activity,26 and

others for all intensities.29 Using direct

observation, McClain at al.30 showed that

a 5-second epoch provided the least

discrepant estimates of MVPA in fifth

grade children compared with 10-, 15-,

20-, 30- and 60-second epochs. Indeed,

there is strong support for utilizing a

5-second epoch to truly capture children’s

spontaneous, discontinuous patterns of

activity.13,29,30

Project BEAT’s finding of a greater pro-

portion of children accumulating at

least 5, 10 and 20 minutes of vigorous

intensity activity on one or more days

in comparison to the CHMS results

could be a reflection of utilizing a

shorter epoch to capture and express

accelerometer data. The discrepancies

were more apparent for lower levels of

VPA (at least 5 and 10 minutes); in fact,

when examining those accumulating at

least 20 minutes of VPA per day, the

proportions were nearly identical

between datasets (around 4% for each).

The epoch effect may be diluted at the

upper extremes of daily VPA accumulation

and have a less significant impact on

levels of MVPA than accelerometer inten-

sity thresholds, given levels were some-

what lower in Project BEAT compared

with the CHMS dataset.

Conclusion

Using data from Project BEAT, this

study demonstrates that the low levels

of physical activity and high levels of

sedentary behaviour amongst Canadian

youth, as reported in the CHMS, do occur

in an independent sample of Canadian

youth. Accelerometry data in both data-

sets show that the majority of children

and youth do not meet current physical

activity recommendations and spend a

significant proportion of their day seden-

tary. These similarities have been estab-

lished despite contextual, sampling and

methodological differences between the

two datasets, limitations that have been

noted and discussed, and also presented

as three methodological considerations in

analyzing accelerometry data. That both

datasets reveal similar trends in physical

activity and inactivity behaviour among

Canadian children and youth is encourag-

ing for purposes of validation, yet dis-

heartening given the ramifications of

such inactivity on health. The consistency

of data from the CHMS and that on a

sample of children from the Greater

Toronto Area, where conditions might be

most conducive for physical activity in

terms of facilities and resources, supports

the notion that physical inactivity is

most likely an ongoing problem across

Canada.
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