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ABSTRACT

Objectives. To describe the levels of obesity, adiposity measures, physical activity and fitness in 
Cree children aged 9-12 years.
Study Design. Cross-sectional survey.
Methods. The study took place in northern Quebec, Canada. Height, body mass, waist circum-
ference and five skinfold thicknesses were measured. Physical activity was assessed by having 
children wear a pedometer for two days. Children performed the 20-metre shuttle run test (SRT) 
to determine their physical fitness level.
Results. Of 82 participating children, 33% were overweight (but not obese) and 38% were obese 
according to an international reference. The mean sum of five skinfold measures exceeded the 
95th percentile of Canadian children. Compared with the Third National Health and Nutrition 
Examination Survey, the majority of children exceeded the 85th percentile for waist circumfer-
ence (62%) and at the suprailiac (80%), subscapular (72%), and triceps (54%) skinfold sites. 90% 
of children scored below the 20th percentile in the SRT compared with normative data from 
Quebec children. Based on pedometer scores, only 49% of children were sufficiently active.
Conclusions. There is a high prevalence of overweight and central adiposity in this population, 
with low physical activity and fitness levels. This profile may result in adverse health outcomes. 
(Int J Circumpolar Health 2006;65(4): 322-330.)
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INTRODUCTION

Using BMI to assign weight status, the number 
of children who can be considered obese in 
Canada is increasing (1) and the prevalence of 
obesity is reported to be even higher in Aborig-
inal (First Nations, Inuit, Métis) children than 
in the general population. Childhood obesity is 
associated with increased health risks, such as 
cardiovascular diseases and type 2 diabetes (2). 
The issue of excess body mass and adiposity 
in young First Nations children is particu-
larly relevant given their potentially increased 
risk for type 2 diabetes (3,4). The Canadian 
Community Health Survey, completed in 
2004, reported that Aboriginal children living 
off-reserve had an obesity prevalence of 20%, 
which was two and one-half times the national 
average for children (5). The First Nations 
Regional Longitudinal Health Survey (RHS) 
2002-2003 of First Nations reserves across 
Canada revealed that 28.8% and 26.4% of the 
children aged 9 to 11 years who participated 
were overweight and obese, respectively (6). 
Other studies of obesity in remote Aboriginal 
communities support these observations that 
obesity is highly prevalent in childhood. For 
example, a study of children in St. Theresa 
Point First Nation in Manitoba (4) found that 
64% of girls and 60% of boys exceeded the 
85th percentile of reference values for BMI, 
and 40% of girls and 34% of boys exceeded 
the 95th percentile. Obesity in these children 
was associated with high fasting glucose and 
insulin levels and, for girls, the prevalence of 
diabetes was highest among those above the 
95th percentile for BMI. While it appears from 
the information above that there is a significant 
existing problem in the Aboriginal population, 
the Aboriginal population is generally under-

studied, and many of the studies that have been 
conducted used self-report data and were not 
comprehensive in scope.

There are limitations to the data about 
obesity in Aboriginal children (7). Not all 
studies have used measured heights and body 
mass to estimate overweight prevalence, 
despite known bias in data that is not directly 
measured. Self-reported measures underesti-
mate the prevalence of overweight and obesity 
(8), whereas parents tend to underestimate 
their children’s height, thus inflating estimates 
of overweight prevalence (5). Furthermore, 
many studies have placed children into weight 
categories using an American reference (9), 
which provides higher prevalence estimates 
of obesity in young children than the interna-
tional reference that is recommended for popu-
lation comparisons (10). In addition to limited 
information on the prevalence of obesity as 
determined from measured heights and body 
mass, there is a lack of data on adiposity 
measures, such as waist circumference and 
skinfold thicknesses, as well as physical fitness 
and activity levels. This additional information 
might aid in the interpretation of obesity data 
and be applied to the development of interven-
tions to prevent obesity in children.

We wanted to address some of the meth-
odological and measurement shortcomings of 
many of the previous studies of obesity in chil-
dren in Aboriginal communities. Specifically, 
the aim of this paper was to describe the levels 
of obesity, adiposity, physical activity and 
fitness in First Nations (Cree) children living 
in northern Quebec, using objective measures. 
The prevalence of overweight and obesity was 
derived from measured heights and body mass 
using the International Obesity Task Force’s 
(IOTF) definitions (11) to assign body mass 
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categories and to allow international compari-
sons. Waist circumferences and skinfold 
thickness measures compared with the Third 
National Health and Nutrition Examination 
Survey (NHANES III) (12) were used as a 
verification of adiposity in children. Fitness 
was assessed using Leger’s shuttle run test (13), 
and physical activity was ascertained using 
pedometers. The use of direct measures is a 
major strength of this study. We hypothesized, 
based on existing literature, that Cree children 
would have a high prevalence of obesity and 
adiposity and low fitness and activity levels. 

MATERIAL AND METHODS

Study population
The Cree Nation of Mistissini is located 830 km 
north of Montreal, Quebec, Canada. Mistissini 
is the second largest Cree community of the 
James Bay Cree region of Quebec, with an 
approximate population of 3500, and is acces-
sible by road. This community was selected 
for participation because of larger enrolment 
numbers of elementary school children.

Cree children regularly attending grades 
four to six (n = 112) in Mistissini were given 
information letters and consent forms to take 
home. For those children whose parents, or 
guardians, gave permission for their child to 
participate, the child’s decision about partici-
pating was respected. Announcements were 
made through the local radio station informing 
community members of the general purposes 
of the study and researchers provided school-
teachers and each class with a demonstration 
of the procedures involved. 

All research materials and procedures were 
pilot tested on a sample of children (n = 42) 

from the school in June 2004. Based on pilot 
testing, one physical activity questionnaire was 
removed from the test battery due to language 
difficulties. All other procedures were deemed 
appropriate. Data reported here were collected 
during October and November 2004. This study 
was approved by the Human Research Ethics 
Board of the Faculty of Agriculture, Forestry 
and Home Economics at the University of 
Alberta, and was supported by the Cree Board 
of Health and Social Services of James Bay, the 
school principal in Mistissini, and members of 
the ‘Active Kids Project’ Steering Committee 
in Mistissini.

Anthropometric variables
Children were measured for height, body mass 
and waist circumference without shoes and in 
minimal indoor clothing. Height was measured 
using a set square and a tape measure and 
recorded to the nearest centimeter. Body mass 
was measured using a portable scale (Health-
O-Meter Professional Scale, Model HAP300-
01, Boca Raton, FL, US) and recorded to the 
nearest pound. This was later converted to 
kilograms by dividing body mass in pounds by 
2.2. Waist circumference was measured with 
a fiberglass tape measure at the level of the 
umbilicus, recorded to the nearest centimeter, 
and used as a measure of central adiposity.

Skinfold thicknesses were measured by 
a trained tester using a Harpenden skinfold 
caliper (Model HSK-BI, Baty International, 
West Sussex, UK) at five sites: triceps, biceps, 
subscapular, suprailiac and medial calf. Body 
sites were selected from the right side of the 
body and measurements were taken in accor-
dance with standardized techniques (14) and 
recorded to the nearest 0.2 mm. Each skinfold 
was measured twice. If the first two measure-
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ments differed by greater than 0.4 mm, a third 
measurement was taken (15). The mean value 
of the closest two readings was recorded as the 
measured thickness. The sum of five skinfolds 
was used to indicate overall adiposity. 

Body mass classification
BMI (BMI = body mass/height2) was calculated 
to the nearest 0.01 kg/m2. Students were classi-
fied into three body mass categories (i.e., normal, 
overweight and obese) based on the IOTF’s age- 
and gender-specific definitions (11).

Physical fitness
Students completed the Leger 20-meter shuttle 
run test (SRT) (13) during physical education 
class. Students ran back and forth between two 
lines 20 meters apart in the school gymnasium 
at a progressively increasing pace, set by an 
audio-recorded beep, until they were no longer 
able to maintain the pace, or they voluntarily 
stopped running. The SRT score was equiva-
lent to the time recorded when a student failed 
to reach within two strides of one of the end 
lines two consecutive times, or when they 
voluntarily stopped running. Maximal effort 
was encouraged by verbal prompting from 
researchers and classmates. Comparative 
normative data from Quebec schoolchildren 
were available for this test.

Physical activity level
Students wore a pedometer (Yamax SW-200 
Digiwalker, Yamasa Corp., Tokyo, Japan) for 
two school days. In the pilot study, there was 
no significant difference in this population 
between two and three days of recording, so we 
decided to go with two days to increase chil-
dren’s compliance. Each morning during the 
first class, pedometers were placed on students. 

Pedometers were attached to the student’s 
waistband, or belt, at a position directly in line 
with the patella. For students who experienced 
discomfort in wearing the pedometer at this 
position, researchers attached the pedometer 
to the student’s back waistband, directly in line 
with the midline of the posterior surface of the 
knee. Each student was individually instructed 
on how the pedometer should be worn and 
attached. Students were provided with an infor-
mation sheet about pedometers to take home, 
and were asked to demonstrate that they under-
stood the instructions by removing and reat-
taching their pedometer. Researchers verified 
that the pedometer was positioned correctly 
by checking the step count after the student 
walked 20 steps. Once this verification was 
done, pedometers were sealed with a cable tie to 
prevent accidental resetting, and to discourage 
behaviour modification due to access to the 
pedometer’s step count. Students were asked to 
not tamper with the seal. Researchers collected 
the pedometers each morning, recorded the 
pedometer score, then reset, resealed and reat-
tached the pedometer to the student. Students 
were verbally asked to confirm that they had 
worn the pedometer the entire previous day 
(except during bathing or sleeping). A small 
prize (e.g., pencil, eraser, notepad) was given for 
each day the student returned the pedometer. 
Optimal age- and gender-specific standards 
for steps per day related to international BMI 
cut points for body mass status were used to 
determine whether children were sufficiently 
physically active (16). Boys who accumulated 
15 000 steps per day or more, and girls who 
accumulated 12 000 steps per day or more, were 
considered to have met physical activity recom-
mendations. During the time of data collec-
tion, weather was not particularly inclement 
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and should not have affected physical activity 
patterns.

Statistical analysis
Data were analyzed using the Statistical 
Package for Social Sciences (version 13.0 for 
Windows, SPSS Inc., Chicago, IL, US). Means 
and standard deviations were computed for 
all numerical variables for each gender and 
body mass status group. T-tests were used to 
assess any differences in adiposity measures 
between genders. One-way analyses of vari-
ances (ANOVA) were carried out to assess 
differences among body mass groups. Tukey’s 
procedure was used to evaluate possible 
contrasts if an overall F-value was significant 
(p < 0.05). The Bonferroni correction was used 
for multiple comparisons.

RESULTS

Of the 112 students who were invited to 
participate, the parents or guardians of 105 
students provided consent. One child declined 
to be weighed. We report the results for the 

82 students who had complete data for all 
measures and tests (females n = 48; males n = 
34) (participation rate 73%). Mean (± SD) age, 
height, body mass, BMI, waist circumference, 
skinfold thicknesses, SRT score and two-day 
pedometer step count average are presented by 
body mass status group and gender in Tables I 
and II, respectively. Boys and girls had statis-
tical differences in height, medial calf skinfold 
and pedometer scores; however, only pedom-
eter scores were statistically different after the 
Bonferroni correction was applied, with girls 
taking fewer steps than boys (Table II).

Adiposity and obesity measures
Using international reference standards, 24 
(29%) of the 82 students had normal weight, 
27 (33%) were overweight (but not obese) 
and 31 (38%) were obese. Fifty-one chil-
dren (62%) had waist circumferences (i.e., 
central adiposity) that met, or exceeded, the 
85th percentile of gender- and age-matched 
children from the NHANES III cohort (12). 
NHANES III reference data were available for 
the triceps, subscapular and suprailiac skin-

Table I.  Adiposity measures, fitness and pedometer scores by body mass status (mean ± SD).
Variable Normal  Overweight  Obese  F p
 (n = 24) (n = 27) (n = 31)
Age (y) 10.6 ± 1.2 10.7 ± 1.0 10.8 ± 1.0 0.069 0.933
Height (m) 1.45 ± 0.08 1.48 ± 0.09 1.52 ± 0.08 4.799 0.011
Body mass (kg) 38.8 ± 6.3 49.8 ± 8.8 68.6 ± 12.8 63.777 0.000*
BMI (kg/m2) 18.24 ± 1.57 22.58 ± 1.91 29.50 ± 3.6 41.399 0.000*
Waist (cm) 67.1 ± 6.2 80.1 ± 7.5 96.5 ± 9.1 34.228 0.000*
Triceps (mm) 14.3 ± 4.2 21.3 ± 4.4 30.0 ± 5.8 18.254 0.000*
Biceps (mm) 8.5 ± 2.8 13.0 ± 3.8 19.5 ± 5.2 13.777 0.000*
Medial Calf (mm) 13.6 ± 4.2 22.4 ± 6.6 34.0 ± 10.2 14.824 0.000*
Subscapular (mm) 13.5 ± 6.6 26.9 ± 7.6 42.4 ± 12.4 20.323 0.000*
Suprailiac (mm) 22.9 ± 10.4 38.8 ± 12.1 56.0 ± 14.1 17.065 0.000*
Sum of Skinfolds (mm) 72.8 ± 24.8 122.4 ± 27.0 181.9 ± 39.0 21.691 0.000*
Shuttle Run Score (min)  3.27 ± 1.33 2.29 ± 0.82 1.53 ± 0.78 21.006 0.000*
Pedometer Score (steps/day) 13525 ± 3915 13900 ± 4611 11970 ± 5391 1.357 0.263
* significant difference among all body mass status groups (p ≤ 0.001)
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fold thicknesses. A high percentage of students 
exceeded the 85th percentile for triceps (54%), 
subscapular (72%) and suprailiac (80%) skin-
folds, and 42 students (51%) exceeded the 
85th percentile for all three skinfolds. There 
were no significant gender differences among 
adiposity measures.

Physical activity and fitness level
In general, children exhibited very low phys-
ical fitness based on SRT scores (group mean 
= 2.29 ± 1.20 stages completed, range 0.30 to 
7.25). Obese children achieved significantly 
lower fitness scores on the SRT compared with 
overweight, or normal-weight children (Table 
I). Using comparative normative data of age- 
and gender-matched Quebec children (13), 
67% of normal-weight (n = 16), 96% of over-
weight (n = 26), and 100% of obese children 
(n = 31) had fitness scores that were below the 
20th percentile. 

Forty children (49%) met pedometer recom-
mendations (12,000 steps per day for girls, and 
15,000 steps per day for boys). Mean pedometer 
step counts did not differ significantly among 
body mass groups.

DISCUSSION

While it appears that there is a significant 
problem of obesity in Aboriginal children in 
Canada, many studies of Aboriginal popula-
tions have used self-, or parent-reported data 
and were not comprehensive in scope. Using 
measured heights and body mass, we found 
that 71% of this sample of Cree children aged 
9 to 12 years in northern Quebec were over-
weight, or obese. The prevalence of obesity in 
this study population is about four times that 
of the general Canadian population of children 
(38% vs. 9-10%, respectively) (17), but is more 
similar to reported rates of obesity for children 
living in several First Nations communities (6). 
Based on our analyses, high BMI in Cree chil-
dren can be attributed to excess subcutaneous 
fat mass. The mean of the sum of the five skin-
fold measures for this sample exceeded the 95th 
percentile of gender- and age-matched Cana-
dian children from the 1980s (18). In addition to 
indicating excessive adiposity, the results of this 
study suggest that this sample of Cree children 
exhibits high levels of truncal obesity, an indi-
cator of increased health risk (19-21). Compared 

Table II.  Adiposity measures, fitness and pedometer scores by gender (mean ± SD).
Variable Male (n = 34) Female (n = 48) p
Age (y) 10.1 ± .886 10.4 ± 1.067 0.123
Height (cm) 1.46 ± 0.09 1.51 ± 0.08 0.011
Body mass (kg) 110.0 ± 32.0 123.8 ± 36.3 0.072
BMI (kg/m2) 23.14 ± 4.82 24.49 ± 5.69 0.249
Waist (cm) 81.6 ± 13.6 83.1 ± 15.1 0.651
Triceps (mm) 20.8 ± 8.2 23.8 ± 7.9 0.111
Biceps (mm) 13.3 ± 7.0 14.7 ± 5.4 0.325
Medial Calf (mm) 20.5 ± 9.9 26.8 ± 11.7 0.011
Subscapular (mm) 30.0 ± 15.5 28.0 ± 15.0 0.572
Suprailiac (mm) 41.5 ± 21.0 40.0 ± 16.4 0.726
Sum of Skinfolds (mm) 126.2 ± 58.4 133.4 ± 52.4 0.570
Shuttle Run Score (min) 2.59 ± 1.48 2.08 ± .92 0.085
Pedometer Score (steps/day) 15808 ± 5167 11115 ± 3322 0.000*
* significant difference between genders (p ≤ 0.001)
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with a sample of age-matched Mohawk children 
living in Kahnawake, Quebec, mean subscap-
ular skinfold thicknesses were more than two 
times higher for the Cree children of this study, 
while triceps skinfold thicknesses were approxi-
mately 30 to 50% higher (22). This pattern of 
having comparable skinfold thicknesses in the 
extremities, but substantially higher skinfolds 
in the truncal region, was also observed when 
comparing the results with a sample of gender- 
and age-matched urban Ojibwe and Dakota/
Lakota children from Minnesota (23). The Cree 
children of this study had similar triceps and 
biceps skinfold thicknesses as the Native Amer-
ican children, but truncal skinfold thicknesses 
at the subscapular and suprailiac sites averaged 
approximately 10 mm higher. In addition, all 
skinfold and waist measures in Cree children 
were higher when compared with a sample of 
7- to 11-year-old Native American children from 
Arizona (24). Central fat patterning, assessed 
by skinfold thickness or waist circumference 
measures, has been observed as a correlate of 
various disease risk factors, including elevated 
serum indicators of diabetes risk (25-27), blood 
pressure (23) and lipid levels (28).

Half of the children met physical activity 
recommendations according to pedometer step 
counts (16). At the same time, this population 
demonstrated extremely low physical fitness. 
Ninety percent of the students, many of whom 
were overweight or obese, scored at or below the 
20th percentile of reference data from the early 
1980s from a sample of gender- and age-matched 
Quebec children (13). It may be that children are 
active, but not at a sufficient intensity to cause a 
fitness or health benefit. Since pedometers do not 
measure intensity of activity, the potential medi-
ating influence of activity intensity will need to 
be explored in future studies. These results were 

similar to results from Sandy Lake First Nation 
in northern Ontario, which revealed that the risk 
of overweight was significantly higher in chil-
dren with fitness scores in the first quartile (i.e., 
low fitness levels), compared with those children 
in the third and fourth quartiles (29). However, as 
the present study was cross-sectional, the causal 
relationship between fitness and body mass status 
is not known. Diet is another obvious mediating 
variable in the development of obesity, but was 
beyond the scope of this report. Further work is 
required to determine causative factors of the 
high obesity rates seen in Aboriginal popula-
tions.

One strength of this study is that measured, 
rather than reported, heights and body mass 
were obtained from children, eliminating body 
mass classification based on biased reporting. 
In addition, high adiposity was confirmed in 
children using measures other than BMI. Since 
BMI does not account for differences in body 
composition, skinfold thicknesses at five sites 
and waist circumference were measured. While 
these measures of central fat patterning can be 
superior indicators of health risk than BMI alone 
in Aboriginal populations (20, 21), this study 
was able to describe both overall and central fat 
patterning through BMI, waist circumference 
and multiple skinfold measures, in recognition 
that overall obesity without excessive central 
obesity can also be predictive of adverse health 
outcomes (30).

Another strength of this study was that phys-
ical fitness and activity levels were included 
and were empirically derived from a maximal 
fitness test and pedometer counts, respectively, 
rather than submaximal testing or question-
naires. At the same time, the limitations of the 
tests used need to be acknowledged. The SRT 
ends voluntarily, or when students are unable to 
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run fast enough to maintain a pre-determined 
pace. Thus, this test has a motivational compo-
nent, and it is possible that there were motiva-
tional differences among the students.

Pedometers are worn at the hip and are 
most sensitive to ambulatory activities, such 
as walking or running (31). Therefore, pedom-
eters are less able to record movement from 
activities such as bicycling or skating. Despite 
the fact that these two activities were found to 
be popular with the Cree children from a pilot 
study, for almost all children in Mistissini, 
walking is the primary form of transportation 
around the community and is the predominant 
form of physical activity. Specifically, the inten-
tion of this study was to determine the daily or 
habitual quantity of physical activity. However, 
the inability of pedometers to record some phys-
ical activities is a limitation that is recognized 
and may have contributed to the lack of relation-
ship with body mass status. In addition, pedom-
eters are unable to measure intensity or duration 
of activity. Thus, it was not possible to explore 
the relationships between these parameters of 
physical activity in relation to obesity, adiposity, 
or fitness. 

This community-based study permitted us 
to obtain a variety of anthropometric measures 
for a large proportion of First Nation children 
in grades four to six in a Cree community. Few 
studies in First Nations children have collected 
such broad data on adiposity, physical activity 
and fitness levels. This knowledge will facili-
tate the development of interventions to prevent 
obesity. As only two First Nations community 
in Canada have formally tested school-based 
obesity prevention programs (22,32), it is impor-
tant to develop a more substantial evidence base 
so that culturally appropriate interventions may 
be developed. 

Conclusions

In conclusion, there is a high prevalence of 
overweight and obesity among this sample of 
Aboriginal children living in northern Quebec. 
Of particular concern is the level of central 
adiposity, as demonstrated by high waist 
circumferences and truncal skinfold thicknesses 
that are associated with the development of 
metabolic and cardiovascular diseases. This risk 
profile is intensified by the accompanying low 
physical fitness and inadequate activity levels. 
Further research is necessary to investigate the 
extent of the impact of excess body mass and 
unfavourable body fat distribution on disease 
risk and health outcomes, in conjunction with its 
relationships with physical fitness and activity 
levels in Canadian First Nations children.
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