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The association between low physical fitness and high
body mass index or waist circumference is increasing
with age in children: the ‘Québec en Forme’ Project

M Brunet, J-P Chaput and A Tremblay

Department of Social and Preventive Medicine, Division of Kinesiology, Faculty of Medicine, Laval University, Ste-Foy,
Québec, Canada

Objective: To evaluate physical fitness and body composition of children involved in the ‘Québec en Forme’ (QEF) Project and
to compare data obtained to the reference values of the 1981 Canada Fitness Survey (CFS).
Design: Cross-sectional study.
Subjects: A total of 1140 children (591 boys and 549 girls) of first (7 years), second (8 years) and fourth (10 years) grade from
primary schools in the City of Trois-Rivières (Québec) were selected to participate in this study.
Measurements: Body mass index (BMI) and waist circumference (WC) were measured. The physical fitness tests included
standing long jump, 1-min speed sit-ups and speed shuttle run.
Results: The prevalence of overweight in children ranged between 20 and 30%, which represents a substantial increase
compared to the 1981 CFS. The relationship between BMI and WC was highly significant in boys and girls (r¼0.90 and 0.86,
respectively, Po0.0001). The negative correlations between BMI or WC and the performance in all physical fitness tests were
mostly significant in children of both genders (�0.16prp�0.45, at least Po0.05), and these relationships were significantly
greater in older children (Po0.05). Based on the 1981 CFS, only 4.7–14.1% of QEF boys still performed in the upper quartile of
the distribution (fit boys), whereas 32.1–69% performed not much higher than the lower quartile (unfit boys) for each fitness
test. In girls, the relative fitness decrease observed in 2003 was more pronounced since only 1–9.9% of subjects performed in the
upper quartile of the distribution compared to 42.8–81.4% who did not perform higher than the lower quartile of the 1981
reference scores of the CFS.
Conclusion: This study shows that BMI and WC are negatively correlated with physical fitness and that these associations are
more pronounced in older children. Furthermore, physical fitness of our cohort, especially in girls, was much lower than what
was documented in the 1981 CFS in subjects of the same age. This study thus emphasizes the necessity to develop early
interventions to improve physical fitness in children and to prevent the increase of childhood obesity.
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Introduction

The prevalence of childhood obesity is a major public health

concern and has been increasing worldwide over the last

decades.1 In the Canadian population, the prevalence of

overweight has tripled in boys and doubled in girls, and the

prevalence of obesity has quintupled in both genders from

1981 to 1996.2 In addition, several studies have reported a

higher probability for obese children to remain obese in

adulthood.3–6 Because adult obesity is clearly linked to an

increased risk of cardiovascular disease, hypertension, type 2

diabetes and even some cancers,1,7,8 a long-term intervention

has to be developed in order to prevent childhood obesity.

Besides, physical fitness is negatively associated to body

composition and blood pressure in children,9–12 which

suggests an early development of cardiovascular risk factors

in childhood. Johnson et al.13 found that early life fat mass is

the main predictor of increasing adiposity in children. They

also found a significant negative relationship between

aerobic fitness and the rate of body fat gain. In addition,

another longitudinal study showed that the changes in
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aerobic fitness and muscular strength, from childhood to

adolescence, explained 15% of the variability of body and

abdominal adiposity in adolescence.14 This suggests that

health promotion programmes in childhood should target

physical fitness in order to prevent the increasing prevalence

of obesity.

To date, no studies have examined the relationship

between physical fitness and body composition in a large

population of children from low socio-economic status (SES).

Moreover, little is known about the fitness–body composi-

tion or fat distribution associations between age groups in

children from primary school programme. Therefore, the

first aim of this study was to analyse the relationships

between physical fitness and body mass index (BMI) or waist

circumference (WC) in children of different ages from the

‘Québec en Forme’ (QEF) Project. As BMI is a surrogate

marker of total adiposity and WC is related with total and

abdominal fat, we also wanted to verify if the relationship

between physical fitness and WC is independent of BMI.

Furthermore, even though the secular trends of childhood

obesity are well documented in the recent works of Lobstein

et al.1 for the IASO International Obesity Task Force, little is

known about secular trends of physical fitness in children. In

Canada, the latest physical fitness evaluation in children was

performed in 1981 in the Canada Fitness Survey (CFS). Thus,

another aim of this study was to compare the fitness

performance of the QEF children to the reference values of

the CFS reported in 1981 by age and gender.

Methods

Overview of the project

The QEF Project is based on a new strategy to promote a

healthy lifestyle by specifically focusing on sports and

physical activity participation in children of low SES. This

project is a partnership between the Lucie and André

Chagnon Foundation and the Government of the Province

of Québec (Canada). Its mission is to improve health and

global autonomy of children and family by supporting the

implementation of a long-term programme for sports and

physical activities by local community. Furthermore, the

QEF objectives are to favour a better social integration, to

improve physical health and academic performance, to

establish partnerships and to influence the norms, practices

and policies in favour of the adoption of a healthy and active

lifestyle.

The QEF model is a community network called Local

Action Committee (LAC) composed by local community

health centres, community and recreational centres, muni-

cipalities and schools. There are several LACs per region that

are independently responsible for programming sports and

physical activities.

The pilot study of the QEF Project was launched in the City

of Trois-Rivières on September 2002 with four LACs invol-

ving 14 primary schools. The first evaluation was conducted

in 1140 children attending these schools. Further details

about this cohort are described in the next section.

Subjects

The evaluation was performed between January and March

2003 in 1140 Caucasian children (591 boys and 549 girls) of

first, second and fourth grade of the primary school

programme. The characteristics of these children are shown

in Table 1. Each subject and his/her parents gave their

written consent to participate in this study, which received

approval of the Sainte-Justine Hospital Ethics Committee in

Montréal.

Measurements

Anthropometric measurements of children were undertaken

in a context of group evaluation in physical education class

by trained kinesiologists. The height and weight of children

were measured with physical education clothing (shorts and

T-shirts) but with shoes removed. Height was measured to

the nearest 0.1 cm using a stadiometer, and weight was

measured to the nearest 0.1 kg using a standard dual reading

scale. BMI was defined as weight/height2, and expressed in

kg/m2 units. We used BMI as the index of overweight/obesity

in childhood. Although there is no established BMI cutoff

point for childhood obesity, age- and sex-specific cutoff

points linked to adult cutoff points proposed by Cole et al.15

were used. In addition, WC was measured according to

standardized procedures, that is, at the line between the

Table 1 Characteristics of subjects

Grade 1 Grade 2 Grade 4

Boys (n¼182) Girls (n¼ 196) Boys (n¼217) Girls (n¼ 192) Boys (n¼192) Girls (n¼161)

Age (years) 6.970.3 6.970.3 7.970.3 7.970.3 10.070.5 10.070.4

Weight (kg) 24.375.0 23.274.3 27.276.1 26.776.5 34.078.1 35.178.2

Height (m) 1.2170.06 1.1970.06 1.2670.06 1.2470.07 1.3770.07 1.3770.07

BMI (kg/m2) 16.572.2 16.372.1 17.072.5 17.072.8 18.073.1 18.573.4

WC (cm) 57.275.7 55.676.1 58.977.0 58.778.0 64.178.6 63.978.9

Abbreviations: BMI¼body mass index; WC¼waist circumference. Values are mean7s.d.
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lower border of the last rib and the upper border of the iliac

crest.

The physical fitness tests were also performed in a physical

education class. They included a standing long jump, a

1-min speed sit-ups test and a speed shuttle run. These tests

were chosen from the 1981 CFS and were described else-

where.16 Briefly, muscular power was measured by standing

long jump whereby children had two attempts to jump as far

as possible from a standing position at the start. Muscular

endurance was measured by 1-min speed sit-ups whereby

children had 60 s to perform as many sit-ups as possible.

Finally, the speed shuttle run was included to evaluate the

capacity and agility of children to run back and forth four

times a 10 m distance as fast as possible.

Statistical analysis

Characteristics of the sample were described by mean

score7s.d. Pearson’s correlation coefficients were calculated

to quantify the associations between the performance in all

physical fitness tests and body composition (BMI and WC)

variables in all academic grades. These correlations were

subsequently compared by gender and between grades with a

test of homogeneity of correlation coefficients.17 In addi-

tion, as BMI is a surrogate marker of total adiposity and WC

is related with total and abdominal fat, we performed partial

correlation analyses while partialling out the effect of BMI to

verify if the relationship between physical fitness and WC

is independent of BMI. Finally, we compared the physical

fitness of our sample to data obtained in the 1981 CFS. We

used quartile values in order to differentiate the fit and unfit

child. Fit and unfit children were classified as having a score

in the upper and lower quartiles, respectively, of the 1981

CFS distribution. This method permitted to observe the

evolution of the fitness condition of the Canadian children

tested in comparison with the previous data obtained in

1981 for the same physical tests. Statistical significance was

set at a P-value o0.05. All statistical analyses were performed

with the JMP version 3.2.2 software (SAS Institute, Cary, NC,

USA).

Results

The prevalence of overweight in children of this study

ranged between 20 and 30% (Figure 1), which represents a

substantial increase compared to the 1981 CFS. Girls seemed

to be more overweight than boys, with one-third of 10-year-

old girls presenting such a condition.

The relationship between BMI and WC was highly

significant in boys and girls (r¼0.90 and 0.86, respectively,

Po0.0001). The correlations between BMI and the perfor-

mance in all physical fitness indicators were negative and

significant (see Table 2). In 8- and 10-year-old subjects, the

correlations were significant for all physical fitness tests in

boys (�0.17prp�0.44, Po0.01) and girls (�0.25prp�0.45,

Po0.01). There was also a significant correlation for 1-min

speed sit-ups in 7-year-old girls (r¼�0.24, Po0.001). With

respect to WC and fitness tests, there were also negative

correlations for all fitness tests in both genders at all ages

(�0.16prp�0.41, Po0.05), except for 7-year-old subjects in

speed shuttle run for boys and standing long jump for girls

(Table 3).

Tables 2 and 3 also show that the negative associations

between physical fitness and body composition were

significantly greater in older children. To ascertain this

finding, we performed a homogeneity correlation coeffi-

cients test to determine the existence of differences between

the fitness–body composition correlations at different ages.

The correlations for speed shuttle run or 1-min speed sit-ups

with BMI in 10-year-old boys were significantly higher than

0

10

20

30

7-8 y 9-11 y 7-8 y 9-11 y

CAN (1981) QEF (2002-03)

%

Boys Girls

Figure 1 Overweight prevalence of children in the QEF Project compared to

the 1981 CFS.

Table 2 Correlations between BMI and the performance in all physical fitness tests by grade and gender

BMI

Grade 1 Grade 2 Grade 4

Boys Girls Boys Girls Boys Girls

Standing long jump NS NS �0.27*** �0.32*** �0.40*** �0.32***

1-min speed sit-ups NS �0.24** �0.19** �0.26** �0.44*** �0.45***

Speed shuttle run NS NS �0.17* �0.34*** �0.36*** �0.25*

Abbreviation: NS¼nonsignificant. *Po0.01. **Po0.001. ***Po0.0001.
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those observed in 8-year-old boys (r¼�0.36 vs �0.17, and

�0.44 vs �0.19, respectively, Po0.05). In girls, the correla-

tion between 1-min speed sit-ups and BMI in 10-year-old

subjects was significantly greater than those observed in

their 7- and 8-year-old counterparts (r¼�0.45 vs �0.24 and

�0.26, respectively, Po0.05).

The correlations between WC and physical fitness tests

were also higher in older children. Indeed, the homogeneity

correlation coefficients test showed that boys aged 10 years

had a higher coefficient of correlation than 7- and 8-year-old

boys for 1-min speed sit-ups (r¼�0.41 vs �0.17 and �0.16,

respectively, Po0.05) and for standing long jump in 7-year-

old boys (r¼�0.39 vs �0.16, Po0.05). In girls, the correla-

tion for 1-min speed sit-ups in 10-year-old subjects was also

significantly higher than those found in their 7- and 8-year-

old counterparts (r¼�0.39 vs �0.19 and �0.17, respectively,

Po0.05). In addition, as BMI is a surrogate marker of total

adiposity and WC is related with total and abdominal fat, we

verified if the relationship between physical fitness and WC

was independent of BMI by performing partial correlation

analyses while partialling out the effect of BMI. In this

regard, we found that all the associations were not

significant when partialling out the effect of BMI, suggesting

that the associations between physical fitness tests and WC

were not independent of BMI.

Finally, data collected in the QEF Project for each physical

fitness test were compared to those obtained in the 1981

CFS. In this regard, we used a classification based on quartiles

in order to differentiate the 1981 fit and unfit child. Thus, fit

and unfit children were classified as having a score in the

upper and lower quartiles, respectively, of the 1981 CFS

distribution. This method permitted to observe the evolu-

tion of the fitness condition of the Canadian children tested

in the QEF Project in comparison with the previous data

obtained in 1981 for the same physical tests. Therefore,

based on the data of the 1981 CFS, only 4.7–14.1% of QEF

boys still performed in the upper quartile of the distribution

(fit boys), whereas 32.1–69% performed not much higher

than the lower quartile (unfit boys) for each fitness test. In

girls, the relative fitness decrease observed in 2003 was more

pronounced since only 1–9.9% of subjects performed in the

upper quartile of the distribution compared to 42.8–81.4%

who did not perform higher than the lower quartile of the

1981 reference scores of the CFS. This deterioration in

physical fitness performance is illustrated in Figures 2–4.

Discussion

This study is the first one to evaluate the relationship

between physical fitness and BMI or WC in a large

population of children from low SES. Our results indicate

that the association between low physical fitness and high

BMI or WC is significant and is increasing with age in

children.

The present study showed a higher overweight prevalence

in children from the pilot study of the QEF Project than what

was documented in the 1981 CFS data.2 This represents an

increase in prevalence from about 10 to 20% in boys,

whereas the older girls displayed the highest prevalence,

Table 3 Correlations between WC and the performance in all physical fitness tests by grade and gender

WC

Grade 1 Grade 2 Grade 4

Boys Girls Boys Girls Boys Girls

Standing long jump �0.16w NS �0.25** �0.23* �0.39*** �0.28**

1-min speed sit-ups �0.17w �0.19w �0.16w �0.17w �0.41*** �0.39***

Speed shuttle run NS �0.18w �0.22* �0.27** �0.36*** �0.25*

Abbreviations: NS¼nonsignificant; WC¼waist circumference. wPo0.05. *Po0.01. **Po0.001. ***Po0.0001.
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Figure 2 Percentage of fit (upper quartile) and unfit (lower quartile) boys (a)

and girls (b) in first grade (7 years) by using the quartiles reference values of

the 1981 CFS.
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which almost reached 30%. This prevalence is consistent

with a recent literature review on childhood obesity by

Lobstein et al.1 for the IASO International Obesity Task Force.

Other investigators have reported an association between

physical fitness and body composition in children.18–25

However, some of these studies were conducted with a small

number of subjects, whereas others included children and

adolescents in the same analyses. It has also been reported

that overweight as well as obese children showed a lower

physical fitness than normal children.19,26–28 In one study,

the negative relationship between physical fitness and WC

has also been documented.19 The results of the present study

are concordant with these observations since physical fitness

was significantly associated with BMI of boys and girls in

grades 2 and 4. In addition, there were associations with WC

in grades 1, 2 and 4, except for speed shuttle run for boys and

standing long jump for girls in grade 1.

The most innovative contribution of this study pertains to

the demonstration of significant differences in the fitness–

body composition correlations between age/grade groups. To

document this issue, a test of homogeneity of correlation

coefficients was used to compare correlations between age/

grade groups for each gender. We observed that the relation-

ships were higher in older children, particularly for 1-min

speed sit-ups in boys and girls. Thus, beyond the confirma-

tion of a detrimental impact of BMI and WC on physical

fitness in the first years of school, our data suggest that this

relationship is accentuating over time. Moreover, this lends

support to the relevance to focus on good practices of

physical activities as early as possible in the school

curriculum of children.

Secular trends of physical fitness in children have received

little attention in the literature. However, a recent Danish

study performed in two cohorts of 9-year-old children (one

tested in 1985–1986 and the other one in 1997–1998)

showed a higher body fat and a lower physical fitness in

boys tested in 1997–1998, but not in girls.29 Another study

evaluating representative cohorts of 7- to 19-year-old Polish

children revealed a decreasing physical fitness of children

between 1979 and 1999.30 In addition, a study conducted

in 850 college students aged 18.270.7 years showed that

physical fitness decreased in the last two decades, whereas

adiposity was twice as high in unfit students compared to

their fit counterparts.31 Since the assessment of the 1981

CFS, an objective measure of physical fitness in Canada has

not been performed in a comparable cohort. Hence, we

decided to compare our results to this fitness survey in order

to document the trends of physical fitness nowadays. In this

regard, the results presented above are perceived to reflect a

huge impairment of physical fitness over the last 25 years.

However, since our cohort was from a low SES population as

well as from a specific region of the Province of Québec, it

was not possible to generalize our findings to other children

of Canada. Nevertheless, the poor physical fitness observed

in our cohort, especially in girls, showed that contemporary

children would be at higher risk to develop obesity and

related diseases in a near future.

The QEF Project is an adapted programme that includes

the participation of the school, the community members as
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Figure 3 Percentage of fit (upper quartile) and unfit (lower quartile) boys (a)

and girls (b) in second grade (8 years) by using the quartile reference values of

the 1981 CFS.
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Figure 4 Percentage of fit (upper quartile) and unfit (lower quartile) boys (a)

and girls (b) in fourth grade (10 years) by using the quartile reference values of

the 1981 CFS.
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well as the family in order to promote sports and physical

activity participation in children. An important objective of

this project is to prevent the development of obesity over the

school years. However, because 20–30% of children are

already overweight, they will also require effective strategy to

prevent obesity in adulthood. Indeed, it is well documented

that the presence of obesity in childhood and/or in

adolescence increases by five- to ninefold the risk to be

obese in adulthood.32,33 In this respect, further studies being

undertaken in the context of the QEF Project will document

the impact of a school-based programme on childhood

obesity development from underprivileged neighbourhoods.

Finally, by promoting physical activity participation, the

QEF Project also has the potential to enhance social and

cognitive development in children.

Conclusion

This study shows that BMI and WC are negatively correlated

with physical fitness and that these associations are more

pronounced in older children. Furthermore, physical fitness

of our cohort, especially in girls, was much lower than what

was documented in the 1981 CFS in subjects of the same age.

Therefore, the negative trend and increased polarization for

physical fitness and obesity in Canadian children, with the

difference between the fit and the unfit and the difference

between the lean and the fat being greater in 2003 than in

1981, suggests a future generation with a higher degree of

cardiovascular disease risk. This study thus emphasizes the

necessity to develop early interventions to improve physical

fitness in children and to prevent the increase of childhood

obesity.
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