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Cardiovascular disease (CVD) is the leading cause of 
global mortality, and its precursors have their origin 
in the fi rst decade of life. The most recognized CVD 
risk factors are total and central adiposity, insulin 
resistance, blood lipids and lipoproteins, blood pres-
sure, infl ammatory proteins, and cardiorespiratory 
fi tness. Low physical activity is strongly associated 
with a higher risk of developing CVD in adults, and 
there is compelling evidence indicating that this is 
also the case in young individuals. Epidemiologic evi-
dence indicates that a high level of physical activity, 
particularly vigorous physical activity, is associated 
with lower total and central body fat in youth. Like-
wise, moderate and vigorous physical activity rather 
than low-intensity levels seems to be independently 
associated with insulin resistance, blood lipids, blood 
pressure, infl ammatory proteins, and cardiorespira-
tory fi tness in children and adolescents. Preventive 
efforts should start in the fi rst decades of life.

Introduction
Cardiovascular disease (CVD) is the leading cause of 
global mortality. Although CVD events occur most fre-
quently during or after the fi fth decade of life, there is 
evidence that the precursors of CVD have their origin 
in childhood. Adverse CVD risk factors during child-
hood have shown to track into adulthood [1]. The most 
recognized CVD risk factors are total and central body 
fat, insulin resistance, triglycerides, high-density lipopro-
tein (HDL) cholesterol, total cholesterol, blood pressure, 
infl ammatory proteins, and cardiorespiratory fi tness.

Childhood and adolescence are crucial periods of life 
because dynamic changes in various metabolic systems, 

including hormonal regulation, changes in body fat con-
tent and body fat distribution, and transient changes in 
insulin sensitivity, are known to occur during growth and 
puberty. Dramatic psychological changes also occur dur-
ing this period. Likewise, lifestyle and healthy/unhealthy 
behaviors are established during these years, which may 
infl uence adult behavior and health status.

Blair [2] recently claimed that “physical inactivity 
is one of the most important public health problems of 
the 21st century.” Indeed, a sedentary lifestyle and poor 
diet, along with tobacco, are the leading causes of CVD 
and death [3]. Obesity is a major health problem that 
affects not only adults but also children and adolescents. 
Increased energy intake together with reduced energy 
expenditure results in the accumulation of body fat. The 
consequences of an excess of body fat on health are well 
known. Pediatric overweight/obesity is strongly associated 
with adult overweight. Childhood overweight confers a 
fi vefold or greater increase in risk of being overweight in 
early adulthood relative to children who were not over-
weight at the same age [4,5]. Overweight children and 
adolescents have higher levels of blood lipids and lipopro-
teins, blood pressure, and fasting insulin in adulthood and 
thus are at increased risk for future CVD compared with 
nonoverweight children. In fact, Must et al. [6] reported 
that overweight in adolescence was a more powerful pre-
dictor of these risks than overweight in adulthood.

In this review, we summarize current epidemiologic 
evidence showing the association of physical activ-
ity and CVD risk factors in children and adolescents. 
We also discuss some methodologic issues concerning 
physical activity assessment in young people for a better 
understanding and interpretation of the fi ndings pre-
sented in the review.

Assessing Physical Activity in Children 
and Adolescents
Physical activity under free-living conditions is diffi cult to 
assess, especially in young people, because of its complex 
nature. More than 30 methods of assessing physical activ-
ity are described in the literature. In short, methods for 
assessing physical activity in young people can be grouped 
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into three categories: reference techniques, objective tech-
niques, and subjective techniques.

Reference techniques
The most commonly used reference techniques are direct 
observation, assessment of total energy expenditure using 
doubly labeled water, and indirect calorimetry. Although 
direct observation provides valuable information about 
physical activity levels and patterns, it is diffi cult to follow 
a child for a full day. Furthermore, it is feasible for assess-
ing a small number of individuals but not large numbers. 
The doubly labeled water method is recognized as the ref-
erence method or “gold standard” for the assessment of 
total energy expenditure. This technique assesses energy 
expenditure by estimating carbon dioxide production 
using an isotope dilution over at least 3 days. Although 
the doubly labeled water approach is a powerful tool to 
accurately measure daily energy expenditure, it has sev-
eral limitations: the isotopes are expensive and diffi cult to 
obtain, and no information about duration, frequency, or 
intensity of the activity is obtained. Indirect calorimetry 
during rest and exercise is used extensively and consid-
ered an accurate and valid measure of short-term energy 
expenditure. Although smaller, lighter, and portable gas 
analyzers have been developed recently, this method is 
intrusive and cannot be used for long recording periods 
(the battery works for only 2–3 hours).

Objective techniques
Objective techniques are increasingly being used. They 
include equipment such as heart rate monitors, pedom-
eters, and accelerometers. The information obtained by 
heart rate monitoring is mainly based on the assumption 
of a linear relationship between the heart rate and work 
rate. However, the heart rate is infl uenced not only by 
physical activity but also by factors such as caffeine or 
medications, anxiety, emotional stress, fatigue, body 
position, the active muscle group, training status, state of 
hydration, ambient temperature, and humidity. Pedom-
eters are relatively inexpensive, simple motion sensors 
that record the number of steps a person takes. On the 
other hand, pedometers cannot measure the intensity 
or pattern of the activities. They do not properly record 
activity during cycling (except when using ankle-mounted 
pedometers) or increases in energy expenditure due 
to carrying objects. Pedometers also are unable to dis-
tinguish walking and running or moving downhill and 
uphill. Accelerometers are more sophisticated motion 
sensors than pedometers. They record movement through 
piezoelectric transducers and microprocessors that 
convert recorded accelerations to a quantifi able digital 
signal referred to as a “count.” This method provides an 
accurate measure of physical activity and valuable infor-
mation about the intensity of physical activity. However, 
its limitations must be recognized, including insensitivity 
to cycling, walking and running, moving uphill or down-
hill, or activities such as swimming.

Combinations of objective methods, such as heart 
rate monitoring plus accelerometry or use of the Global 
Positioning System plus accelerometry, are being devel-
oped and implemented and are expected to provide more 
sophisticated measures of physical activity. Although 
technology is advancing rapidly, the intellectual and scien-
tifi c developments required to make these methodologies 
useful and feasible (eg, the use of appropriate software for 
cleaning data and appropriate interpretation of the out-
put) are still in their infancy.

Subjective techniques
Many subjective techniques are available, including 
self-reported questionnaires, interviewer-administered 
questionnaires, mail surveys, proxy reports by parents 
or teachers, and diaries. In epidemiologic research, self-
reported questionnaires are the most common because 
they are easy to use and inexpensive. However, impor-
tant drawbacks have been recognized with their use 
in children. The sporadic nature of children’s physical 
activity makes these activities diffi cult to recall, quantify, 
and categorize. Also, the lower cognitive functioning 
of children compared with adults reduces the ability of 
children to accurately recall intensity, frequency, and 
especially duration of the activities.

Although the reference methods give a highly accurate 
measure of physical activity, they are too expensive and 
not feasible enough for use in large-scale studies. The sub-
jective methods have low accuracy for the assessment of 
physical activity in youths, especially in children younger 
than 12. Among the objective methods, accelerometry has 
been shown to be feasible and provides accurate informa-
tion about duration, frequency, and intensity of habitual 
physical activity under free-living conditions. Conse-
quently, unless otherwise indicated, the studies discussed 
in this review are based on accelerometry.

Physical Activity and Overall Body Fat
Cross-sectional studies examining the relationship 
between various measures of body fat and physical activ-
ity have usually indicated a negative relationship between 
activity levels and body fat. A multicenter study of 1292 
9- or 10-year-old European children analyzed the associa-
tions of physical activity with indicators of total body fat 
(ie, sum of fi ve skinfold thicknesses and body mass index) 
[7]. The results suggested that the accumulated amount of 
time spent in moderate and vigorous physical activity is 
related, albeit weakly, to total body fat. Wittmeier et al. 
[8] investigated 251 Canadian children 8 to 11 years old 
and found that time spent in moderate to vigorous physi-
cal activity was inversely correlated with body mass index 
and skinfold-derived estimate of body fat.

Several studies have suggested that vigorous physical 
activity may be more important than lower intensities 
in preventing obesity in children and adolescents. Gutin 
et al. [9] reported that only physical activity of vigorous 
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intensity was associated with lower body fat in 16-year-
old North American adolescents, which concurs with 
other studies involving younger participants [10,11,12•]. 
Dencker et al. [11] reported a strong relationship between 
vigorous physical activity and body fat in 8- to 11-year-
old Swedish children. Likewise, Butte et al. [13] observed 
a strong and negative association between vigorous phys-
ical activity and percent body fat in 4- to 19-year-old 
children. We also observed a negative association between 
vigorous physical activity and body fat measured by the 
sum of fi ve skinfolds in 9- and 10-year-old Estonian and 
Swedish children participating in the European Youth 
Heart Study (EYHS) [12•]. The children who engaged in 
more than 40 minutes of vigorous physical activity per 
day had lower body fat that those who engaged in 10 to 
18 minutes of vigorous physical activity daily. One of the 
most relevant studies to date examining the association 
between physical activity and total adiposity is the Avon 
Longitudinal Study of Parents and Children, in which 
5500 12-year-old children were assessed using acceler-
ometry and dual-energy x-ray absorptiometry [14••]. 
The authors found a strong graded inverse association 
between physical activity and obesity that was stronger 
in boys. The results also suggested that a higher-intensity 
physical activity may be more important than total activ-
ity in relation to adiposity.

Longitudinal studies support the idea that youth who 
participate in relatively high levels of physical activity have 
less body fat later in life than their less active peers [15,16]. 
Experimental studies have been developed to obtain spe-
cifi c information about the infl uence of regular physical 
activity on body fat in normal-weight and/or overweight 
and obese children and adolescents. In overweight and 
obese children, benefi cial effects of body fat control might 
be attained with 30 to 60 minutes of moderate physical 
activity 3 to 7 days per week [17–19]. Obese adolescents 
who spent more time engaged in vigorous physical activ-
ity tended to be those who decreased body fat the most 
[17,18]. For several reasons, it is reasonable to recommend 
moderate physical activity for obese children and adoles-
cents until higher intensities can be attained. Moderate 
physical activity is better tolerated than vigorous physical 
activity [18], and tiring physical activity may lead to less 
physical activity on the following day, although it likely 
depends on the type of exercise performed. Therefore, for 
obese children and those who have been physically inac-
tive, an incremental approach to the daily goal of 45 to 
60 minutes of moderate physical activity at least 5 days 
per week is recommended [20]. However, these programs 
do not infl uence body fatness in normal-weight children 
and adolescents, who should engaged in more intensive 
and longer sessions (≥ 80 min/d) to reduce percentage body 
fat storages [20].

Collectively, the current literature agrees fairly consis-
tently that the association between physical activity and 
obesity is stronger for vigorous physical activity than for 
moderate physical activity. When an individual exercises 

at a higher intensity, the total energy expenditure is higher 
than for moderate-intensity exercise for a similar amount 
of time. Whether it is really the intensity that matters, or 
whether the total energy expenditure is responsible for 
many of the reported outcomes, remains to be answered. 
In other words, we still do not know whether 30 minutes 
of moderate physical activity and 10 minutes of vigor-
ous physical activity (assuming that both have the same 
energy cost) have different effects on body composition. 
Strictly, only a well-designed randomized controlled trial 
could accurately answer this question, but observational 
data can be used to address this question.

To help solve this dilemma, researchers should try 
to make the energy expenditure linked to vigorous and 
moderate physical activity equivalent so that only the 
intensity and not the total number of calories spent will 
differ. The outcomes using this study design will help us 
to better understand how and to what extent the inten-
sity of physical activity matters in the management and 
prevention of obesity.

Physical Activity and Central Body Fat
Central adiposity is associated with a range of risk factors 
for CVD even in young people and is becoming increas-
ingly important in pediatrics. Although there are accurate 
and sophisticated methods to evaluate central body fat, 
waist circumference is considered an accurate surrogate 
for central body fat [21].

We showed that children and adolescents who had a 
low level (fi rst tertile) of vigorous physical activity had 
twice the odds of having a high-risk waist circumference 
as those who had a high level (third tertile) of vigor-
ous physical activity [22]. When the associations were 
controlled for television viewing or birth weight, low vig-
orous physical activity was still a signifi cant predictor of 
the odds of being overweight and having a high-risk waist 
circumference. Likewise, more recent fi ndings in chil-
dren and adolescents have shown a negative association 
between central body fat and physical activity assessed by 
accelerometers, especially with vigorous physical activity 
[23,24]. In contrast, we did not observe an association 
between waist circumference and self-reported physi-
cal activity in Spanish adolescents who took part in the 
AVENA (Alimentación y Valoración del Estado Nutri-
cional en Adolescentes) study [25]. However, a study 
in 12-year-old French children reported a negative rela-
tionship between waist circumference and self-reported 
physical activity [26].

Whether cardiorespiratory fi tness modifi es the asso-
ciation between physical activity and abdominal fat is 
another matter of interest. In the fi rst study examining 
how cardiorespiratory fi tness can infl uence the associa-
tions between objectively measured physical activity and 
abdominal fat, we studied 1075 Swedish children and 
adolescents from the EYHS [27•]. We showed that the 
associations between physical activity and abdominal fat 
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differ by fi tness levels. In low-fi t children and adolescents, 
time spent in vigorous physical activity seems to be the 
key component linked to abdominal fat. Unexpectedly 
though, physical activity was positively associated with 
waist circumference in high-fi t children and adolescents. 
Further research examining genetic and dietary factors, 
in addition to objectively measured physical activity and 
cardiorespiratory fi tness, are still needed for a better 
understanding of the associations between physical activ-
ity and body fat in young people.

Physical Activity and Insulin Resistance
Brage et al. [28] explored the association between mea-
sures of insulin resistance and objectively assessed 
physical activity in 9- and 10-year-old Danish children. 
They reported an inverse association between physical 
activity and fasting insulin after controlling for body 
mass index and skinfold thickness. These fi ndings concur 
with other studies [29–31]. Rizzo et al. [29] observed a 
negative association between physical activity and a sur-
rogate marker of insulin resistance (ie, homeostasis model 
assessment [HOMA]) in male and female Estonian and 
Swedish adolescents. The association was independent 
of pubertal maturity, total body fat (body mass index 
or skinfold thickness), or waist circumference [29]. Data 
on physical activity measured with questionnaires as 
well as with other surrogates of insulin resistance agree 
with these fi ndings [32]. Longitudinal studies also indi-
cate that declines in the volume of physical activity from 
childhood to adolescence are negatively associated with 
fasting insulin and HOMA [33].

Physical Activity and Blood Lipids 
and Lipoproteins
The association between objectively assessed physical 
activity and total cholesterol, HDL cholesterol, and tri-
glyceride levels in children and adolescents are generally 
weak. Hurtig-Wennlöf et al. [34] showed bivariate correla-
tion coeffi cients of total and moderate to vigorous physical 
activity with total cholesterol of –0.13 to 0.14, respectively, 
in Swedish children and adolescents. Similar fi ndings were 
obtained by Andersen et al. [35••] in a large cohort of 
children and adolescents from Denmark, Estonia, and Por-
tugal. However, these studies did not control for potential 
confounding factors such as pubertal status, fatness, and 
fi tness. Brage et al. [36] reported a borderline signifi cant 
negative association between total physical activity and 
triglycerides (P = 0.052) in 9- and 10-year-old children 
after controlling for age, sex, sexual maturation, ethnicity, 
socioeconomic status, and parental smoking. None of these 
studies observed a signifi cant association between physical 
activity and HDL cholesterol or low-density lipoprotein 
cholesterol. Further studies need to examine the association 
between objectively assessed physical activity and blood 
lipids and lipoproteins in children and adolescents.

Physical Activity and Blood Pressure
Leary et al. [37] showed that higher levels of physical activ-
ity were associated with lower blood pressure in the children 
recruited from the Avon Longitudinal Study of Parents and 
Children. They also suggested that the volume of activity 
may be more important than the intensity. In contrast, we 
observed a negative signifi cant association between physical 
activity of at least moderate intensity and blood pressure in 
9- and 15-year-old Swedish girls and 15-year-old Swedish 
boys participating in the EYHS [34], but no association was 
observed between total physical activity and blood pressure. 
Likewise, Mark and Janssen [38] reported an inverse dose-
response relation of total and moderate to vigorous physical 
activity with systolic and diastolic blood pressure in 8- to 
17-year-old youth from the 2003–2004 US National Health 
and Nutrition Examination Survey. The likelihood of hav-
ing hypertension decreased in a curvilinear manner with 
increasing minutes of physical activity.

Physical Activity and Infl ammatory Markers
Studies reporting the effect of physical activity on low-
grade infl ammatory proteins in youth are scarce and 
mainly carried out with subjective measures of physi-
cal activity. Platat et al. [39] showed that interleukin-6 
and insulin resistance were negatively associated with 
organized leisure-time physical activity independently 
of adiposity and fat localization in 12-year-old children. 
Similarly, Cook et al. [40] found a borderline signifi cant 
negative association of C-reactive protein levels with 
self-reported physical activity after adjusting for the pon-
deral index in 10- and 11-year-old children. In contrast, 
Thomas et al. [41] did not observe an association between 
self-reported physical activity and C-reactive protein in 
12- and 13-year-old schoolchildren.

We showed no association between objectively assessed 
physical activity (total, moderate, vigorous, and moderate 
to vigorous) and low-grade infl ammatory proteins (ie, C-
reactive protein, fi brinogen, complement factors C3 and C4) 
in prepubertal Swedish children participating in the EYHS 
[42]. Levels of low-grade infl ammatory markers (C-reactive 
protein and C3) were negatively associated with cardiore-
spiratory fi tness and positively associated with body fat. 
One could be hypothesize that physical activity could have a 
positive impact on low-grade infl ammation through reduc-
ing body fat and enhancing cardiorespiratory fi tness.

Physical Activity and Cardiorespiratory Fitness
Physical activity and cardiorespiratory fi tness are closely 
related in that fi tness is partially determined by physical 
activity patterns over recent weeks or months. Cardio-
respiratory fi tness has received special attention in recent 
decades because it has been shown to be an important 
health marker in all age groups [43,44]. Furthermore, high 
cardiorespiratory fi tness during childhood is associated 
with a healthier cardiovascular profi le later in life [45].
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Cardiorespiratory fi tness is infl uenced by several 
factors, including body fatness, age, sex, health status, 
and genetics, but its principal modifi able determinant is 
habitual physical activity. There is a positive association 
between objectively assessed physical activity and cardio-
respiratory fi tness in children and adolescents [9,12•]. 
Data from the Swedish part of the EYHS indicated 
that children who engaged in more than 40 minutes of 
vigorous physical activity daily had better cardiorespi-
ratory fi tness than those who accumulated less than 18 
minutes per day of vigorous physical activity [12•]. We 
also observed that adolescents devoting at least 1 hour 
to moderate or vigorous physical activity daily had a 
healthier cardiorespiratory fi tness level, independent 
of maturation status and adiposity [46]. Intervention 
studies indicate that it is possible to improve cardiore-
spiratory fi tness levels in youth by about 10% through 
aerobic training [47].

Physical Activity and Clustering of 
CVD Risk Factors
In adults, the aggregation of multiple CVD risk factors was 
observed almost a century ago [48]. More recently, similar 
clusterings received renewed attention, and terms such as 
syndrome X, insulin resistance syndrome, and metabolic 
syndrome have been proposed to describe the connection 
between obesity, insulin resistance, hypertension, dyslipid-
emia, and diabetes [48].

Attempts have been made to extrapolate adult 
risk-based values into age-appropriate levels to defi ne 
unfavorable risk factors in children and adolescents 
[48], and although this approach may be clinically use-
ful, it ignores the continuum of CVD risk. Andersen et 
al. [35••,49] should be acknowledged for being among 
the fi rst researchers to compute a continuum CVD risk 
score for children and adolescents. Such a risk score 
seems a better indicator of cardiovascular health in 
children than single risk factors [49] and may also com-
pensate, to a certain extent, for the known fl uctuations 
in the single risk factors [35••]. In a cross-sectional 
multicenter study of 1732 children and adolescents from 
Denmark, Estonia, and Portugal enrolled in the EYHS, 
Andersen et al. [35••] showed that the risk of having 
clustered risk factors (systolic blood pressure, triglyc-
erides, ratio of total cholesterol to HDL cholesterol, 
HOMA, sum of four skinfolds, and cardiorespiratory 
fi tness) decreased in a dose-gradient manner with 
increased physical activity. Previous studies in Danish 
children showed similar results [36]. We computed a 
similar risk score in Swedish children and adolescents 
and observed that both total and vigorous physical 
activity was inversely associated with CVD risk score 
in the group with the lowest levels of physical activity 
(female adolescents), whereas both fi tness and fatness 
had a stronger impact in the other groups (children and 
male adolescents) [50].

Conclusions
In this article, we have reviewed and summarized current 
epidemiologic literature examining the association between 
physical activity and CVD risk factors in children and ado-
lescents. Cross-sectional studies using objective measures 
of physical activity support that a high level of physical 
activity, particularly vigorous physical activity, is associ-
ated with lower total and central body fat in children and 
adolescents. Likewise, the longitudinal studies reviewed 
herein have shown similar associations between activity 
levels during childhood and adolescence and overall fat 
or central fat later in life. Moderate and vigorous physical 
activity rather than lower-intensity levels seems to be inde-
pendently associated with insulin resistance, blood lipids, 
blood pressure, infl ammatory proteins, and cardiorespira-
tory fi tness in children and adolescents. Preventive efforts 
should start in the fi rst decades of life.

Acknowledgments
This work was supported by the Spanish Ministry of Edu-
cation (EX-2007-1124, AP-2004-2745), Science-FEDER 
funds (Acciones Complementarias DEP2007-29933-
E), the Swedish Council for Working Life and Social 
Research, and the European Union–funded ALPHA 
(Assessing Levels of Physical Activity and Fitness) study 
in the framework of the Public Health Programme (ref-
erence no. 2006120).

Disclosure
No potential confl icts of interest relevant to this article 
were reported.

References and Recommended Reading
Papers of particular interest, published recently, 
have been highlighted as:
• Of importance
•• Of major importance

1. Berenson GS, Srinivasan SR, Bao W, et al.: Association 
between multiple cardiovascular risk factors and athero-
sclerosis in children and young adults. The Bogalusa Heart 
Study. N Engl J Med 1998, 338:1650–1656.

2. Blair SN: Physical inactivity: the biggest public health 
problem of the 21st century. Br J Sports Med 2009, 43:1–2.

3. Mokdad AH, Marks JS, Stroup DF, Gerberding JL: Actual 
causes of death in the United States, 2000. JAMA 2004, 
291:1238–1245.

4. Thompson DR, Obarzanek E, Franko DL, et al.: Child-
hood overweight and cardiovascular disease risk factors: 
the National Heart, Lung, and Blood Institute Growth and 
Health Study. J Pediatr 2007, 150:18–25.

5. Guo SS, Wu W, Chumlea WC, Roche AF: Predicting 
overweight and obesity in adulthood from body mass index 
values in childhood and adolescence. Am J Clin Nutr 2002, 
76:653–658.

6. Must A, Jacques PF, Dallal GE, et al.: Long-term morbidity 
and mortality of overweight adolescents. A follow-up of 
the Harvard Growth Study of 1922 to 1935. N Engl J Med 
1992, 327:1350–1355.



286  I  Physical Activity

7. Ekelund U, Sardinha LB, Anderssen SA, et al.: Associations 
between objectively assessed physical activity and indica-
tors of body fatness in 9- to 10-y-old European children: a 
population-based study from 4 distinct regions in Europe 
(the European Youth Heart Study). Am J Clin Nutr 2004, 
80:584–590.

8. Wittmeier KD, Mollard RC, Kriellaars DJ: Objective assess-
ment of childhood adherence to Canadian physical activity 
guidelines in relation to body composition. Appl Physiol 
Nutr Metab 2007, 32:217–224.

9. Gutin B, Yin Z, Humphries MC, Barbeau P: Relations 
of moderate and vigorous physical activity to fi tness and 
fatness in adolescents. Am J Clin Nutr 2005, 81:746–750.

10. Abbott RA, Davies PS: Habitual physical activity and physi-
cal activity intensity: their relation to body composition in 
5.0-10.5-y-old children. Eur J Clin Nutr 2004, 58:285–291.

11. Dencker M, Thorsson O, Karlsson MK, et al.: Daily physical 
activity related to body fat in children aged 8-11 years. 
J Pediatr 2006, 149:38–42.

12.• Ruiz JR, Rizzo NS, Hurtig-Wennlöf A, et al.: Relations of 
total physical activity and intensity to fi tness and fatness in 
children: the European Youth Heart Study. Am J Clin Nutr 
2006, 84:299–303.

This article describes a negative association between physical 
activity of vigorous intensity and body fat measured by the sum of 
fi ve skinfolds in a relatively large cohort of Estonian and Swedish 
children as young as 9 and 10 years old.
13. Butte NF, Puyau MR, Adolph AL, et al.: Physical activity 

in nonoverweight and overweight Hispanic children and 
adolescents. Med Sci Sports Exerc 2007, 39:1257–1266.

14.•• Ness AR, Leary SD, Mattocks C, et al.: Objectively measured 
physical activity and fat mass in a large cohort of children. 
PLoS Med 2007, 4:e97.

The Avon Longitudinal Study of Parents and Children examined 
the association between physical activity assessed with accel-
erometry and total adiposity measured with dual-energy x-ray 
absorptiometry in 5500 12-year-old children. The article describes 
a strong graded inverse association between physical activity and 
obesity that was stronger in boys. The results also showed that a 
higher intensity physical activity may be more important than total 
activity in relation to adiposity.
15. Berkey CS, Rockett HR, Field AE, et al.: Activity, dietary 

intake, and weight changes in a longitudinal study of pre-
adolescent and adolescent boys and girls. Pediatrics 2000, 
105:E56.

16. Moore LL, Gao D, Bradlee ML, et al.: Does early physical 
activity predict body fat change throughout childhood? 
Prev Med 2003, 37:10–17.

17. Gutin B, Barbeau P, Owens S, et al.: Effects of exercise 
intensity on cardiovascular fi tness, total body composition, 
and visceral adiposity of obese adolescents. Am J Clin Nutr 
2002, 75:818–826.

18. Barbeau P, Gutin B, Litaker M, et al.: Correlates of indi-
vidual differences in body-composition changes resulting 
from physical training in obese children. Am J Clin Nutr 
1999, 69:705–711.

19. LeMura LM, Maziekas MT: Factors that alter body fat, 
body mass, and fat-free mass in pediatric obesity. Med Sci 
Sports Exerc 2002, 34:487–496.

20. Strong WB, Malina RM, Blimkie CJ, et al.: Evidence based 
physical activity for school-age youth. J Pediatr 2005, 
146:732–737.

21. Brambilla P, Bedogni G, Moreno LA, et al.: Crossvalidation 
of anthropometry against magnetic resonance imaging for 
the assessment of visceral and subcutaneous adipose tissue 
in children. Int J Obes (Lond) 2006, 30:23–30.

22. Ortega FB, Ruiz JR, Sjostrom M: Physical activity, 
overweight and central adiposity in Swedish children and 
adolescents: the European Youth Heart Study. Int J Behav 
Nutr Phys Act 2007, 4:61.

23. Dencker M, Thorsson O, Karlsson MK, et al.: Daily 
physical activity related to aerobic fi tness and body fat in 
an urban sample of children. Scand J Med Sci Sports 2008, 
18:728–735.

24. Saelens BE, Seeley RJ, van Schaick K, et al.: Visceral abdomi-
nal fat is correlated with whole-body fat and physical activity 
among 8-y-old children at risk of obesity. Am J Clin Nutr 
2007, 85:46–53.

25. Ortega FB, Tresaco B, Ruiz JR, et al.: Cardiorespiratory 
fi tness and sedentary activities are associated with adiposity 
in adolescents. Obesity (Silver Spring) 2007, 15:1589–1599.

26. Klein-Platat C, Oujaa M, Wagner A, et al.: Physical activity 
is inversely related to waist circumference in 12-y-old 
French adolescents. Int J Obes (Lond) 2005, 29:9–14.

27.• Ortega FB, Ruiz JR, Hurtig-Wennlof A, et al.: Cardiovas-
cular fi tness modifi es the associations between physical 
activity and abdominal adiposity in children and adoles-
cents. The European Youth Heart Study. Br J Sports Med 
2008 May 7 (Epub ahead of print).

This article shows that the associations between physical activity 
and abdominal fat differ by fi tness levels. In low-fi t children and 
adolescents, time spent in vigorous physical activity seems to be the 
key component linked to abdominal fat. Unexpectedly, physical 
activity was positively associated with waist circumference in high-fi t 
children and adolescents.
28. Brage S, Wedderkopp N, Ekelund U, et al.: Objectively 

measured physical activity correlates with indices of insulin 
resistance in Danish children. The European Youth Heart 
Study (EYHS). Int J Obes Relat Metab Disord 2004, 
28:1503–1508.

29. Rizzo NS, Ruiz JR, Oja L, et al.: Associations between 
physical activity, body fat, and insulin resistance (homeo-
stasis model assessment) in adolescents: the European Youth 
Heart Study. Am J Clin Nutr 2008, 87:586–592.

30. Krekoukia M, Nassis GP, Psarra G, et al.: Elevated total 
and central adiposity and low physical activity are associ-
ated with insulin resistance in children. Metabolism 2007, 
56:206–213.

31. Sardinha LB, Andersen LB, Anderssen SA, et al.: Objectively 
measured time spent sedentary is associated with insulin 
resistance independent of overall and central body fat in 
9- to 10-year-old Portuguese children. Diabetes Care 2008, 
31:569–575.

32. Imperatore G, Cheng YJ, Williams DE, et al.: Physical 
activity, cardiovascular fi tness, and insulin sensitivity 
among U.S. adolescents: the National Health and Nutrition 
Examination Survey, 1999-2002. Diabetes Care 2006, 
29:1567–1572.

33. Jago R, Wedderkopp N, Kristensen PL, et al.: Six-year 
change in youth physical activity and effect on fasting 
insulin and HOMA-IR. Am J Prev Med 2008, 35:554–560.

34. Hurtig-Wennlof A, Ruiz JR, Harro M, Sjostrom M: Cardio-
respiratory fi tness relates more strongly than physical 
activity to cardiovascular disease risk factors in healthy 
children and adolescents: the European Youth Heart Study. 
Eur J Cardiovasc Prev Rehabil 2007, 14:575–581.

35.•• Andersen LB, Harro M, Sardinha LB, et al.: Physical 
activity and clustered cardiovascular risk in children: a 
cross-sectional study (The European Youth Heart Study). 
Lancet 2006, 368:299–304.

This cross-sectional multicenter study of 1732 children and adoles-
cents from Denmark, Estonia, and Portugal showed that the risk of 
having clustered risk factors decreased in a dose-gradient manner 
with increased physical activity.
36. Brage S, Wedderkopp N, Ekelund U, et al.: Features of 

the metabolic syndrome are associated with objectively 
measured physical activity and fi tness in Danish children: 
the European Youth Heart Study (EYHS). Diabetes Care 
2004, 27:2141–2148.

37. Leary SD, Ness AR, Smith GD, et al.: Physical activity and 
blood pressure in childhood: fi ndings from a population-
based study. Hypertension 2008, 51:92–98.

38. Mark AE, Janssen I: Dose-response relation between physi-
cal activity and blood pressure in youth. Med Sci Sports 
Exerc 2008. Med Sci Sports Exerc 2008, 40:1007–1012.



Physical Activity and CVD Risk Factors in Children and Adolescents  I  Ruiz and Ortega  I  287

39. Platat C, Wagner A, Klumpp T, et al.: Relationships of 
physical activity with metabolic syndrome features and 
low-grade infl ammation in adolescents. Diabetologia 2006, 
49:2078–2085.

40. Cook DG, Mendall MA, Whincup PH, et al.: C-reactive 
protein concentration in children: relationship to adiposity 
and other cardiovascular risk factors. Atherosclerosis 2000, 
149:139–150.

41. Thomas NE, Baker JS, Graham MR, et al.: C-reactive pro-
tein in schoolchildren and its relation to adiposity, physical 
activity, aerobic fi tness and habitual diet. Br J Sports Med 
2008, 42:357–360.

42. Ruiz JR, Ortega FB, Warnberg J, Sjostrom M: Associations 
of low-grade infl ammation with physical activity, fi tness 
and fatness in prepubertal children; the European Youth 
Heart Study. Int J Obes (Lond) 2007, 31:1545–1551.

43. Castillo-Garzón MJ, Ruiz JR, Ortega FB, Gutiérrez A: 
Anti-aging therapy through fi tness enhancement. Clin 
Interv Aging 2006, 1:213–220.

44. Ortega FB, Ruiz JR, Castillo MJ, Sjostrom M: Physical 
fi tness in childhood and adolescence: a powerful marker of 
health. Int J Obes (Lond) 2008, 32:1–11.

45. Ruiz JR, Castro-Pinero J, Artero EG, et al.: Predictive valid-
ity of health-related fi tness in youth: a systematic review. Br J 
Sports Med 2009 Mar 12 (Epub ahead of print).

46. Ortega FB, Ruiz JR, Hurtig-Wennlöf A, Sjöström M: Physi-
cally active adolescents are more likely to have a healthier 
cardiovascular fi tness level independently of their adiposity 
status. The European Youth Heart Study [in Spanish]. Rev 
Esp Cardiol 2008, 61:123–129.

47. Pfeiffer K, Lobelo F, Ward DS, Pate RR: Endurance 
trainability of children and youth. In The Young Athlete. 
Encyclopaedia of Sports Medicine, vol 13. Edited by 
Hebestreit H, Bar-Or O. Malden, MA: Blackwell Publish-
ing; 200:84–95.

48. Steinberger J, Daniels SR, Eckel RH, et al.: Progress and 
challenges in metabolic syndrome in children and ado-
lescents: a scientifi c statement from the American Heart 
Association Atherosclerosis, Hypertension, and Obesity in 
the Young Committee of the Council on Cardiovascular 
Disease in the Young; Council on Cardiovascular Nursing; 
and Council on Nutrition, Physical Activity, and Metabo-
lism. Circulation 2009, 119:628–647.

49. Andersen LB, Wedderkopp N, Hansen HS, et al.: Biological 
cardiovascular risk factors cluster in Danish children and 
adolescents: the European Youth Heart Study. Prev Med 
2003, 37:363–367.

50. Rizzo NS, Ruiz JR, Hurtig-Wennlof A, et al.: Relationship 
of physical activity, fi tness, and fatness with clustered 
metabolic risk in children and adolescents: the European 
youth heart study. J Pediatr 2007, 150:388–394.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


