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Aerobic fitness, body mass index, and CVD risk factors
among adolescents: the Québec family study
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PURPOSE: The purpose of this study was to examine the association of body mass index (BMI) and aerobic fitness on
cardiovascular disease (CVD) risk factors in adolescents.
METHODS: The sample included 416 boys and 345 girls 9–18 y of age from the Québec Family Study. Participants were cross-
tabulated into four groups using a median split of age-adjusted physical working capacity (PWC) and body mass index (BMI).
Group differences in age-adjusted CVD risk factors (blood pressures, fasting total cholesterol (CHOL), LDL -C, HDL-C, HDL/
CHOL, triglycerides, glucose, and a composite risk factor score) were examined by two-way ANOVA.
RESULTS: Several CVD risk factors showed significant main effects for PWC, BMI and/or the PWC by BMI interaction. In general,
low fit males and females had higher blood lipids and glucose compared to their high fit counterparts within BMI categories
although none of the differences reached statistical significance. The high fit/low BMI group showed the best CVD risk factor
profile while the low fit/high BMI showed a poorer profile as evidenced by several significant differences between these two
groups. Other significant differences occurred for various risk factors between groups.
CONCLUSION: Both aerobic fitness and BMI show an independent association with CVD risk factors in adolescents.
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Introduction
Although the clinical manifestations of cardiovascular dis-

ease (CVD) occur in adulthood, it has been well documented

that the atherosclerotic process begins during childhood.1

The secular trend in pediatric obesity2 in the past few

decades has raised concern for the future cardiovascular and

metabolic health of recent generations,3–5 given the associa-

tions between CVD risk factors in childhood and adoles-

cence and childhood obesity and all-cause and CVD

mortality in adulthood.6,7 In many of these studies, the

body mass index (BMI) is used to define the level of adiposity

and is recommended as the index to identify and treat

overweight and obesity in adolescents.8,9

In adults, overweight and low levels of aerobic fitness are

independently associated with an increased risk of CVD

mortality.10,11 It has thus been suggested that aerobic fitness

should be considered in examining the relationship between

body composition and chronic disease morbidity and mor-

tality, as being aerobically fit may reduce the health

consequences of obesity.11,12 In children and adolescents,

correlations are generally low (ro0.30) between aerobic

fitness, body composition, and CVD risk factors.13–16 How-

ever, significant differences in CVD risk factors usually exist at

the extremes (ie, least vs most fit or normal vs overweight).17

The results of previous studies have suggested that the

relationship between aerobic fitness and CVD risk factors in

youth is mediated by body fatness.15,16 Furthermore, Boreham

et al 18 concluded that the cardiovascular health of children

may be better associated with fatness than aerobic fitness. To

our knowledge, no reports have considered the interactions

between aerobic fitness and BMI among adolescents, and their

influence on CVD risk factors. Therefore, the purpose of this

study is to examine the association of BMI and aerobic fitness

on CVD risk factors in adolescents. It was hypothesized that a

higher level of aerobic fitness would be positively associated

with CVD risk factor profile within BMI groups.
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Methods
Design and participants

The Québec Family Study (QFS) has been described in detail

elsewhere.19 Briefly, the original design of the QFS was a

population-based family study of French Canadians. The

present sample includes 416 boys and 345 girls 9–18 y of age

from Phase I of QFS, who were recruited from the greater

Québec City area through the local media (radio, television,

flyers). Given that the participants are from a family study,

some of the participants are biologically related (siblings).

However, the data were analyzed separately by sex to

minimize potential familial effects. Subjects were examined

by a physician and those with injuries, cardiovascular

problems, and other diseases were excluded, thus providing

a sample of healthy individuals free of overt disease. The

study was approved by the Laval University Medical Ethics

Committee and written informed consent was provided by

all subjects and by parents for the children under 18 y of age.

Anthropometry

Stature and body mass were measured following the

procedures of the International Biological Program,20 and

the BMI was derived (body mass (kg)/stature (m2)).

Aerobic fitness

Physical work capacity at a heart rate of 150 beats min�1

(PWC150) was used as an index of aerobic fitness. PWC150 was

determined using a progressive exercise test on a Monarch

cycle ergometer, designed to elicit a heart rate of at least 170

beats min�1. The work output at a heart rate of 150

beats min�1 was interpolated from three six-minute exercise

bouts.21

CVD risk factors

Lipids and lipoproteins. A venous blood sample was col-

lected after a 12–14 h fast into tubes without anticoagulant.

Blood was allowed to clot at room temperature for 30 min

before being centrifuged at 1500� g for 20 min. Serum was

stored at �801C. Triglyceride (TG) levels were assayed using

the single enzymatic method of Abbott Laboratories (South

Pasadena, CA, USA) with the commercial kit A-GENT. High-

density lipoprotein cholesterol (HDL-C) was separated from

lipoproteins of lower densities by the phosphotungstate-

MgCl2 precipitation technique.22,23 Total cholesterol (CHOL)

and HDL-C cholesterol levels were determined using the

commercial kit CHOD-PAP of Boeringer (Mannheim, Ger-

many). Low-density lipoprotein cholesterol (LDL-C) concen-

trations were estimated using the Friedewald equation.24 The

ratio of HDL-C to total cholesterol was calculated (HDL/

CHOL).

Blood pressure. Resting systolic (SBP) and diastolic (DBP)

blood pressures were measured with the participant in a

supine position following the recommendations of the

American Heart Association.25 Two measurements were

made in the morning after a 10–12 h fast and 10-min rest

period, and the average of the two measurements was used in

the present analysis. The mean arterial pressure (MAP) was

calculated as DBPþ (0.333 (SBP�DBP)).

Plasma glucose. Fasting plasma glucose concentrations

(GLU) were enzymatically determined using the techniques

of Richterich and Dauwalder.26

Data analysis. All variables were normally distributed with

the exception of TG and HDL-C, which were transformed

using the natural logarithm before further analysis. BMI,

PWC150 and the CVD risk factors were standardized for age

by regressing them on age, age2, and age3 to account for any

nonlinearity in the relationship with age. Given the

significant correlations between PWC150 and body mass in

this sample (boys, r¼0.80; girls, r¼0.64) and the theoretical

limitations of the ratio method for expressing aerobic fitness

during growth and maturation,27 PWC150 was further

adjusted for body mass using the same regression procedures.

The standardized residuals were saved for all variables and

used for all subsequent analyses.

A composite risk factor score was derived by summing the

age-standardized residuals (Z-scores) for GLU, MAP, LDL-C,

TG, and HDL-C/CHOL ratio. A lower score is indicative of a

better CVD risk factor profile.

The sample was cross-tabulated into four groups based on

the median cut-points for the age-adjusted BMI and PWC150

values resulting in low fit/low BMI; low fit/high BMI, high

fit/low BMI; and high fit/high BMI groups. Differences across

groups in CVD risk factors were assessed by 2 (fitness)�2

(BMI) ANOVA within each gender. Post hoc comparisons were

made using Bonferonni multiple comparison tests. An alpha

level of 0.05 was used in all analyses, which were executed

with the SPSS package (version 11.0).

Results
For descriptive purposes, the mean (s.d.) for chronological

age, BMI, and PWC across the four cross-tabulated BMI and

aerobic fitness groups is presented in Table 1. Table 2 shows

the results comparing risk factors across the four cross-

tabulated BMI and aerobic fitness groups. In general, low fit

males and females had higher blood lipids and glucose

compared to their high fit counterparts within BMI cate-

gories although none of the differences reached statistical

significance. Low fit males in the high BMI category had

higher BP than their fit counterparts (SBP, Po0.05) and low

fit females in the low BMI category had higher BP than their

fit counterparts (SBP and MAP, Po0.05). Among males, high

fit/low BMI subjects had the lowest BP, TG, LDL, and GLU

and the highest HDL-C and HDL/CHOL, and among females,

high fit/low BMI subjects had the lowest BP, TG, TC, and
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GLU. Among males, low fit/high BMI subjects had the

highest BP, TG, GLU and the lowest HDL-C and HDL/CHOL,

and among females, low fit/high BMI subjects had the

highest BP, TG,TC, LDL-C, GLU and the lowest HDL-C and

HDL/CHOL. Several of these differences between high fit/

low BMI and low fit/high BMI groups were statistically

significant.

Several risk factors showed significant (or a trend for

significance) main effects for PWC, BMI and/or the PWC by

BMI interaction (see Table 2). In addition, BMI appears to be

associated with blood pressure as significant differences

existed within fitness groups in boys, and in girls fitness

appears to influence TG and blood pressures as significant

differences existed within fatness groups.

Figure 1 shows the results for the composite risk factor

score. Differences exist within BMI categories with the low fit

subjects possessing a higher risk score. Differences also exist

at the extremes with the high fit/low BMI subjects having

the best risk factor score and the low fit/high BMI subjects

possessing the highest risk factor score for both males and

females. The main effects for BMI and PWC were statistically

significant (Po0.05) in both males and females and the

interaction between BMI and PWC was statistically signifi-

cant (Po0.05) in females.

Discussion
Previous cross-sectional epidemiological studies have shown

that aerobic fitness and body size or composition are related

to CVD risk factors among youth (for reviews see Guo et al,13

Casperson et al,14 Twisk,15 Boreham and Riddoch16 and

Goran28) Comparison of studies dealing with body size/

composition and CVD risk factors is difficult since various

methods (ie, anthropometry, bioelectric impedance, dual

energy X-ray absorptiometry) and statistical approaches

(correlation, quintiles, classification of normal weight and

overweight) have been used. In general, the results of this

study support previous work in that a higher BMI is

associated with a poorer CVD risk factor profile in youth.13,28

Adolescent body size/composition has also been associated

with subsequent adult health outcomes.1,6,29–33 These results

provide further evidence for the prevention and treatment of

childhood and adolescent obesity.

The results for aerobic fitness support some 34,35 but not

all36,37 previous work. From prior studies, the relationship

between aerobic fitness and CVD risk factors is strongly

mediated by body fatness. It is important to note that

significant relationships existed prior to adjusting for body

fatness in those studies showing no relationship between

Table 1 Descriptive statistics for age, BMI, and PWC150 across aerobic fitness and BMI groups among adolescents in the Quebec Family Study

Males Females

Low BMI High BMI Low BMI High BMI

Variable Low fit High fit Low fit High fit Low fit High fit Low fit High fit

n 100 102 107 107 91 86 82 86

Age (y) 13.7 (2.4) 13.8 (2.4) 13.7 (2.4) 13.7 (2.4) 14.1 (2.7) 13.6 (2.4) 13.7 (2.6) 14.2 (2.5)

BMI (kg/m2) 16.9 (1.6) 17.3 (1.7) 20.8 (2.5) 20.1 (2.3) 17.3 (1.6) 17.2 (1.6) 21.0 (2.8) 20.7 (2.2)

PWC (kpm) 346.5 (117.1) 515.8 (183.2) 432.8 (146.9) 608.5 (226.7) 245.1 (67.2) 347.6 (83.0) 270.3 (71.7) 423.4 (106.0)

Values are mean (s.d.).

Table 2 Differences in cardiovascular disease risk factors across aerobic fitness and BMI groups among adolescents in the Quebec Family Study

Males Females

Low BMI High BMI Low BMI High BMI

Variable Low fit High fit Low fit High fit Significant effects Low fit High fit Low fit High fit Significant effects

SBP (mmHg) 106.4 (0.9)a,b107.3 (0.9)c,d 114.4 (0.9)e 110.6 (0.9) BMI, fit�BMI 108.5 (0.9)f 103.3 (0.9)c,d 110.9 (0.9) 108.8 (0.9) Fit, BMI

DBP (mmHg) 60.4 (0.9)a 60.2 (0.9)c 63.9 (0.8) 63.0 (0.8) BMI 63.1 (0.9) 60.5 (0.9)c,d 64.7 (0.9) 65.3 (0.9) BMI

MAP (mmHg) 75.7 (0.7)a,b 75.9 (0.7)c,d 80.7 (0.7) 78.9 (0.7) BMI 78.3 (0.8)a 74.8 (0.8)c,d 80.1 (0.8) 79.9 (0.8) Fit, BMI, fit�BMI

TG (mmol/l) 0.76 (0.04) 0.69 (0.04) 0.80 (0.04) 0.73 (0.04) Fit 0.86 (0.04) 0.70 (0.04) 0.85 (0.04) 0.83 (0.04) Fit, fit�BMI

CHOL (mmol/l) 4.48 (0.07) 4.32 (0.07) 4.36 (0.07) 4.27 (0.07) NS 4.50 (0.05) 4.41 (0.08) 4.60 (0.09) 4.46 (0.08) NS

HDL (mmol/l) 1.43 (0.02) 1.43 (0.02) 1.34 (0.02) 1.35 (0.02) BMI 1.43 (0.02) 1.40 (0.02) 1.38 (0.02) 1.38 (0.02) NS

LDL (mmol/l) 2.64 (0.07) 2.49 (0.07) 2.59 (0.06) 2.50 (0.06) NS 2.62 (0.08) 2.63 (0.08) 2.80 (0.08) 2.64 (0.08) NS

HDL/CHOL 0.33 (0.008) 0.34 (0.008) 0.32 (0.008) 0.33 (0.008)BMI 0.33 (0.008) 0.32 (0.008) 0.30 (0.008) 0.32 (0.008)NS

GLU (mmol/l) 4.76 (0.04) 4.72 (0.04)c 4.89 (0.04) 4.84 (0.04) BMI 4.70 (0.04) 4.60 (0.04)c 4.78 (0.04) 4.71 (0.04) Fit, BMI

Mean (s.e.). NS: no significant effects. aLow BMI/low fit significantly different from high BMI/low fit. bLow BMI/low fit significantly different from high BMI/high fit.
cLow BMI/high fit significantly different from high BMI/low fit. dHigh BMI/low fit significantly different from high BMI/high fit. eLow BMI/high fit significantly

different from high BMI/high fit. fLow BMI/low fit significantly different from low BMI/high fit.
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aerobic fitness and CVD risk factors.36–39 In this study, there

were both main effects for PWC and BMI, as well as

interaction effects, depending on the particular risk factor.

This indicates that the relationships between fitness, fatness

and CVD risk in adolescents are complex and vary depend-

ing on the risk factor under consideration.

Few studies have examined the unique contributions

of aerobic fitness and adiposity on CVD risk factors. In a

study of adolescent distance runners, partial correlations

were computed to separate the independent contributions of

peak oxygen consumption (Vo2) and sum of six skinfold

thickness (SSF) on HDL-C.40 Prior to controlling for the

concomitant variation the inter-relationships among peak

Vo2, skinfold thickness, and HDL-C were comparable

(r¼0.37–0.41) in males. Results indicated that the associa-

tion between peak Vo2 and HDL-C remained significant after

controlling for the concomitant variation in SSF and

explained 9% of the variance in HDL-C. The association

between SSF and HDL-C did not remain significant after

controlling for the concomitant variation in peak Vo2.

Similar results were reported for female distance runners.

In contrast, Boreham et al18 found that the relationships

between aerobic fitness and CVD risk factors were not

statistically significant after adjustment for fatness but the

relationships between fatness and CVD risk factors remained

significant after adjustment for aerobic fitness. Using logistic

regression, Nielsen and Andersen41 found that males and

females classified with BMI425 kg m�2 and with low fitness

had a greater likelihood of being classified as hypertensive

compared to individuals of the same body size but with

moderate or high fitness. The results from the current

analysis show both independent main effects, as well as

interactions, for aerobic fitness and BMI on selected CVD risk

factors.

Although some studies have considered both exposures

in relation to CVD risk factors, their inter-relatedness to

CVD risk factors is unknown in youth. To our knowledge,

this is the first study that included analyses to evaluate

the relation of aerobic fitness to CVD risk factors in

adolescents classified with high and low BMI. In general,

subjects classified as low fit/high fat had the poorest CVD

risk factor profile while those classified as high fit/low

fat had the best CVD risk factor profile. In general, unfit

subjects within a fatness category (low or high BMI) had a

poorer CVD risk profile than their fit counterparts. Also,

given the median split, it may be expected that the

difference would be greater in overweight and obese

adolescents. These results support those found in adults.11,42

Thus, fitness provides benefits even among adolescent

subjects with a higher BMI.

The clustering or co-occurrence of multiple metabolic/

CVD risk factors has received considerable attention in

adults43 and children44,45 and has been termed the insulin

resistance syndrome, the metabolic syndrome, and syn-

drome X.46–48 It has been shown that multiple metabolic risk

factors track from adolescence into young adulthood.49,50

Although several papers have shown the relationship

between high levels of adiposity or obesity and the clustering

of CVD risk factors in youth,51–59 few have examined the

association of aerobic fitness and the clustering of CVD risk

factors in youth.35,60 In 7–11-y-old Black and White

children, maximal aerobic capacity was associated with an

atherogenic index (r¼�0.27) and insulin level (r¼�0.72)60

and in Danish adolescents VO2max
was related to CVD risk

score (r¼0.17).35 The results of the present study show that a

higher BMI and a lower PWC are associated with a higher

CVD risk score and it appears that higher levels of PWC with

a BMI category are ‘protective’ in the clustering of CVD risk

factors in adolescents. The results suggest that higher levels

of aerobic fitness are associated with better cardiovascular

and metabolic health in adolescents with a clustering of

CVD risk factors.

Previous papers from the Quebec Family Study have

examined either the association between body size/composi-

tion or physical activity and physical fitness and CVD risk

factors in adolescents.55,61,62 Adolescent subjects classified as
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overweight by the international guidelines showed an

increased risk of undesirable CVD risk factors.55 Using a

multivariate analysis (ie, canonical correlation), physical

activity (estimated daily energy expenditure, moderate-to-

vigorous physical activity, inactivity, and television time)

and physical fitness (submaximal work capacity, muscle

strength, sit-ups, and sum of six skinfolds) explained 5–20%

and 11–30% of the variance in CVD risk factors (mean

arterial pressure, TG, LDL, HDL, and glucose), respectively.

The physical activity and physical fitness domains were

characterized by negative canonical loadings for mean

arterial pressure, LDL, TG, and glucose and a positive loading

for HDL. An important note here is that physical activity and

physical fitness are different constructs and therefore should

not be considered as the same entity. Physical activity is a

behavorial construct while physical fitness is a set of

physiological traits. The current study adds to these studies

by examining the interaction of BMI and aerobic fitness on

the CVD risk factor profile.

A limitation of the current study is that weight status

was based upon a median split rather than extreme values

(ie, quartiles or quintiles) or, more preferably, clinical

cut-points,that is, classification into overweight/obese

groups. The latter was not performed since the prevalence

of overweight and obesity is low in this sample. In addition,

clinical cut-points for aerobic fitness have not yet been

developed for the pediatric population. Future studies

should therefore aim to provide evidence-based cut-points

for aerobic fitness and in turn utilize such cut-points for

both variables in a similar analysis as conducted here.

Given the sample size per stratification and the relatively

low prevalence of adverse risk factors in adolescents, we

were unable to conduct logistic regression to determine

the risk of an adverse CVD risk factor(s). We were also

unable to adjust for biological maturity status as no measure

was available. Although we accounted for age-related

changes in the variables, these variables are influenced

by the dynamic nature of puberty.63–65 For example,

HDL-C and insulin sensitivity both decline during puberty

while body fatness, TG, and blood pressure increase.

Therefore, biological maturity status presents a major

confounding variable that we were not able to account for

in this study.

In summary, we found that both aerobic fitness and BMI

are associated with selected CVD risk factors in adolescents.

Individuals classified with low fitness and high fatness had

the poorest CVD risk profile while those classified with high

fitness and low fatness had the best CVD risk profile. Within

fatness categories (ie, low or high BMI), it is suggestive that a

higher level of aerobic fitness is associated with a better CVD

risk factor profile. Further work is warranted to examine

differences in CVD risk factors by cross-tabulation of aerobic

fitness and body size/composition in children and adoles-

cents and to determine if high levels of aerobic fitness are

associated with the CVD risk factor profile of overweight and

obese adolescents.
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