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Abstract 
Metabolic syndrome is a major risk factor for cardiovascular diseases and type 2 diabetes. Biomarkers of the metabolic 

syndrome develop early in life and can be predictive of atherosclerotic processes in adulthood. Low physical activity levels 
in children, with a possible modulating effect of cardiorespiratory fitness have been associated with a higher clustering of 
metabolic risk factors in adults. All these markers are highly influenced by physical activity level and physical fitness. Evi-
dence suggests that there is a significant genetic component involved in physical fitness phenotypes. However, there are 
very limited data in the literature on genetic predisposition to physical activity level in children and adolescents. Adipose 
tissue has now been considered as an endocrine organ that produces many molecules called adipocytokines. Leptin and 
adiponectin are most studied regarding the metabolic risk factors, while adiponectin is considered as one of the most pro-
mising biochemical marker to characterize metabolic syndrome in adults. There are yet no studies that have longitudinally 
investigated the complex changes of the metabolic risk factors, physical activity and fitness and adipocytokines in children 
throughout puberty. This review addresses the studies that have been conducted on adipocytokines and physical activity 
and their possible impact to metabolic syndrome in chilndren and adolescents.
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Metabolic syndrome, physical activity and fitness
Major changes have occurred in developed coun-

tries over the past 50 years in lifestyle and physical 
growth of children and adolescents. Changes in their 
food consumption and increasingly sedentary lifestyle 
are accompanied by decreasing participation in sports 
as children approach maturity. Most youth do not 
meet minimal physical activity recommendations on 
a regular basis (1). The prevalence of overweight has 
increased about threefold in children over the past 
few decades in the United States and other developed 
countries have also experienced recent increases in 
the prevalence of childhood obesity and overweight 
(1). A significant body of small-scale experimental 
studies has indicated that the course of this progres-
sively worsening situation can be essentially stopped 
and even reversed if children maintained a healthy 
diet with balanced energy intake and consumption, 
reduced the time on sedentary pursuits, exercised 
regularly, and maintained a normal body weight.

Metabolic syndrome is a major risk factor for 
cardiovascular diseases and type 2 diabetes. It is ge-
nerally considered as the clustering or co-occurrence 
of biomarkers associated with atherosclerose and in-
sulin resistance, namely elevated levels of abdominal 
adiposity, blood pressure, triglycerides, glucose, and 
a low level of high-density lipoprotein–cholesterol 

(HDL-C). Previous studies have shown that factu-
res of the metabolic syndrome develop early in life 
and can be predictive of atherosclerotic processes in 
adulthood (2). Some of the encountered inconsisten-
cies in defining the metabolic syndrome in children 
can be attributes to growth and body evolution that 
manifests itself in changes of metabolic and clinical 
characteristics in pediatric populations (3). In 2007 
International Diabetes Federation published consen-
sus statement that may provide a simple definition of 
easily measurable variables in composing both age and 
sex specific cut-off points (4,5). There are well defined 
criteria for metabolic syndrome in 10 to 16 year-olds 
(e.g. obesity, triglycerides, HDL-C, blood pressure, 
glucose). However, in view of the metabolic syndrome 
in children and to some extent also in adults, it has 
been suggested to focus more on the individual risk 
factors and less on an aggregation of single indicators 
(6). Kwiterovich (7) proposed the following definition 
of metabolic syndrome in adolescents: triglycerides ≥ 
110 mg/dL; HDL-C ≤ 40 mg/dL; waist circumference ≥ 
90th percentile; fasting glucose ≥ 110 mg/dL and systo-
lic blood pressure ≥ 90th percentile for age, gender and 
height presence of at least three of the above presented 
factors. Since there is no universal definition of the 
metabolic syndrome in children or adolescents, several 
authors have derived a continuous score representing a 
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composite coronary vascular disease risk factor profile 
or index (i.e., the metabolic syndrome score) (8). Large 
population studies have shown that even though the 
prevalence of metabolic syndrome in children and 
adolescents is relatively low (between 3% and 4%) 
when compared to the adult population (23.7%), 
there is a high prevalence of metabolic syndrome in 
overweight and obese adolescents (28.7%) (9).  

Recent findings show that the number of adipocytes 
for lean and obese individuals is set during childhood 
and adolescence, and that adipocyte numbers for these 
categories are subject to little variation during adul-
thood. Even after significant weight loss in adulthood 
and reduced adipocyte volume, the adipocyte number 
remains the same (10). There are several recommen-
dations to measure adiposity. Most studies have used 
body mass index (BMI, kg/m2) (11). However, visceral 
or central fat depots have greater metabolic importan-
ce. Waist circumference has usually been measured for 
that purpose. Baumgartner et al. (12) concluded that 
subcutaneous adipose tissue deposition increases on 
the trunk in boys during the puberty.

Physical fitnesss activity and metabolic syndrome
The therapeutic role of exercise in the prevention, 

treatment and control of metabolic disease may involve 
multiple mechanisms. Physical activity is defined as 
any bodily movement produced by skeletal muscles 
that results in energy expenditure above the resting 
metabolic rate (13). Exercise refers to a specific type 
of physical activity, which is defined as a planned, 
structured, and repetitive bodily movement done to 
improve or maintain physical fitness (14). Despite 
progress in physical activity assessment, the limitations 
concerning measurement accuracy are often amplified 
in young people due to cognitive, physiological and 
biomechanical changes that occur during matural 
growth and development (15). Nonlinear modeling 
techniques to estimate energy expenditure and phy-
sical activity mode using accelerometry together with 
physiological parameters like heart rate or body tem-
perature have the greatest potential for increasing the 
accuracy of the prediction of energy expenditure of 
physical activity in children and adolescents (15). 

In children and adolescents, physical activity has 
similarly been found to be favourably associated with 
several metabolic risk factors and with the risk of me-
tabolic syndrome at young adult age (16,17). The more 
convincing studies concern insulin sensitivity and dysli-
pidaemia while the beneficial effects of physical activity 
on blood pressure have mainly been demonstrated for 
overweight children and adolescents with hypertension 
(18). Recently, Platat et al. (19) suggested that regular 
physical activity is associated with improved insulin sen-
sitivity independently of adiposity and body fat distri-
bution in adolescents. Pan and Prat (20) results in a big 

group of 12-to-19-year-old Americans support the need 
to engage adolescents in systematic physical activity and 
healthful dietary practices to prevent excessive weight 
gain. Body mass control should be recommended as the 
first-line intervention to decrease metabolic syndrome 
in adolescents. Interestingly, Leary et al. (21) revealed 
that higher levels of physical activity were associated 
with lower level of blood pressure in 11-12-year-old 
children, suggesting that the volume of physical activity 
may be more important than the intensity.

Metabolic syndrome and physical fitness   
The term “fitness” is commonly accepted in the 

exercise science community, as referring to health-
related physical fitness (cardiorespiratory, muscular, 
motor, metabolic, morphological) (22). Rizzo et al. 
(23) suggested that cardiorespiratory fitness is more 
correlated to metabolic risk than total physical activi-
ty. This causal connection is explained by the pivotal 
role of body fat in the association of cardiorespiratory 
fitness with the metabolic profile. Ekelund et al. (24) 
found that physical activity and cardiorespiratory 
fitness are separately and independently associated 
with individual and clustered metabolic risk factors 
in children and suggested that physical fitness and 
activity affect metabolic risk through different path-
ways. Recently, Schindler et al. (25) concluded that 
there are close relationships between physical activity 
and cardiorespiratory fitness parameters in children. 
However, there is no information available how high 
aerobic fitness level is genetically related to metabolic 
syndrome markers during pubertal development. 

Growth and metabolic syndrome     
Growth spurt varies considerably in timing, rate 

and duration among individuals. Allowing for vari-
ation, peak height velocity rather than chronological 
age has been used to characterize changes in size, body 
composition and performance relative to adolescent 
spurt in height (11). For example, from about 13-14 
years of age, boys advanced in maturity status (sexual 
and skeletal maturation) are better represented in 
youth soccer teams (26). Regular physical exercise 
has no effect on the rate of growth in height and on 
the adult stature as revealed by different longitudinal 
studies (27,28). However, it is still not clear whether 
there is a specific critical period during the growing 
years when bones may be most responsible to exercise 
(29). Regular exercise is also associated with higher 
aerobic fitness level during childhood and adolescence 
(30,31), but particularly after puberty (32). In contrast, 
sedentary children and adolescents have been shown 
to have lower cardiorespiratory fitness level (11). 
However, how this relatively low cardiorespiratory 
fitness level exactly influences most of the metabolic 
syndrome parameters is still unknown.
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Exercise does not affect skeletal maturity in boys 
(33), and age at peak height velocity is not influenced 
by the level of habitual physical activity (11). Fitness, 
fatness and metabolic syndrome have been studied to-
gether in children and adolescents (18,34). In Spanish 
adolescence, high cardiorespiratory fitness correlated 
with age-and sex-specific standardized values of tri-
glycerides, LDL-s, HDL-s and fasting glucose (35). 
Ruiz et al. (36) concluded that boys with peak oxygen 
consumption (¦O2peak/kg) above 42.1 ml/min/kg 
were 2.42 times more likely to have a low metabolic 
risk when compared with those with ¦O2max/kg levels 
below this value. Recently Steele et al. (37) concluded 
that both physical activity and cardiorespiratory 
fitness are separately and independently associated 
with metabolic risk factors in youth, possibly thro-
ugh different casual pathways. Low levels of physical 
activity and aerobic fitness in childhood have been as-
sociated with the presence of the metabolic syndrome 
in adolescence (38). The results of Ventura et al. (39) 
suggest that neither physical activity nor inactivity 
during childhood is related to metabolic syndrome 
but aerobic fitness (measured by the 20 m shuttle run) 
is correlated significantly with metabolic syndrome. 
In children and adolescents cardiovascular fitness is 
inversely associated with abdominal adiposity (40). 
Longitudinal investigations will help disclose possible 
long-term relationships of physical activity patterns 
and cardiorespiratory fitness achieved in early chil-
dhood with metabolic risk factors later on in life.

Genetics and metabolic syndrome
Several studies support the hypothesis that there 

are significant genetic components to variation in 
endurance performance in untrained state. The heri-
tability of ¦O2peak is about 50% (41) or accounting 
for 25-60% of the total phenotype variability (42). In 
the most recent version of the human gene map for 
physical performance and health-related fitness, 18 
autosomal and 3 mitochondrial genes were associated 
with endurance phenotypes (43). Two genes have re-
ceived more attention: angiotensin converting enzyme 
(ACE) and ά-actinin 3 (ACTN3). Since the first report 
in 1997, 42 publications have reported results from 
association studies on exercise-related phenotypes 
with an insertion deletion variant in the ACE locus. 
The I allele, which is associated with lower circulating 
ACE activity, has been reported to be more frequent in 
endurance athletes than in sedentary controls and to 
be associated with higher aerobic capacity. Contrary, 
some studies have reported that D allele (associated 
with high circulating ACE levels) is associated with 
better performance in short-duration sprints and 
in strength-related tasks. However, the results are 
inconclusive due to numerous negative studies and 
by the almost universal lack of statistical power (11). 

Moran et al. (44) found that the ACE gene haplotypes 
(including rs4424958 and rs4311) did not explain no 
significantly greater proportion of the phenotypic 
variance than I/D polymorphism analyzed alone. This 
may suggest that the majority of the genetic effects are 
accounted for either by the I/D polymorphism or a 
variant in strong linkage disequilibrium with it. ACE 
gene I/D polymorphism shows stronger association 
with the levels of circulating ACE activity in Cau-
casians than do other ACE variants (45). Studies on 
genetics on physical activity level are not extensive, but 
evidence from both twin and family studies suggests 
that genetic factors could be involved in the determi-
nation of physical activity level. Moreover, there is very 
limited data in the literature on genetic predisposition 
to physical activity. Some of the candidate genes like 
dopamine D2 receptor, leptin receptor, melanocortin 4 
receptor were investigated with an a priori hypothesis 
on the association between physical activity and DNA 
sequence variation (46-48). Research has not shown 
yet whether there is genetic predisposition to habitual 
physical activity level. It is also important to recognize 
that being physically active is not necessarily the same 
as being engaged in exercise training. Physically active 
children, who are involved in exercise training groups 
might exercise because of their parents´ will. For exam-
ple is a child carrying the I allele of the ACE gene more 
physically active due to higher aerobic capacity? 

Adipocytokines and metabolic risk factors 
Research into the mechanisms and mediators 

of obesity-related sequences has greatly expanded 
over the last years and, in this respect, factors re-
leased from adipose tissue appear to be particularly 
important. Adipose tissue is currently thought to 
be not only a depot for energy storage but has now 
been considered as an endocrine organ that produces 
many molecules having biological activity, called 
adipocytokines. Among the adipocytokines, leptin 
was the first adipocytokine detected and studied (49). 
Leptin is a hormone that is primarily synthesized 
and produced by adipocytes and it is identified as a 
key factor in maintaining energy balance and overall 
body composition. Leptin concentration has been 
documented to positively correlate with percent body 
fat in children. More specifically, leptin has been 
found to have a positive relationship with BMI and 
fat mass, a negative correlation to fat-free mass and 
is usually higher in obese children relative to lean 
children (50). Leptin levels also correlate closely with 
insulin resistance indices (HOMA-IR) and blood 
lipids (51). Adiponectin is one of the most abundant 
circulating adipose tissue-specific adipocytokines. 
Adiponectin is produced in visceral, subcutaneous 
and bone marrow fat depots (52). In contrast to other 
adipocytokines, adiponectin expression is negatively 
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regulated in obesity and decreased levels are associ-
ated with parameters of the metabolic syndrome in 
adults (32,52). Böttner et al. (53) found that there was 
a decline in adiponectin levels with the progression 
of puberty and that decline was inversely related to 
testosterone concentration in boys. Adiponectin 
concentration is inversely correlated with insulin, tri-
glycerides and very low density lipoprotein levels and 
positively correlated with HDL levels (54). Körner et 
al. (51) concluded that adiponectin is obviously a very 
early predictor of metabolic syndrome in children. 
Gilardini et al. (55) showed that adiponectin was the 
only factor that correlated with all the components 
of the metabolic syndrome in obese children and 
adolescents. In 10-14 year olds Rubin et al. (56) found 
that from the anthropometrical parameters waist 
circumference and subscapular and triceps skinfolds 
seem to be more closely associated with selected cy-
tokines (TNF-alpha, IL-6, resistin and adiponectin) 
than a BMI percentile indicating obesity. Adiponectin 
plays an important role in the control of metabolic 
dysfunction and restoration to normal levels may 
potentially contribute to better health outcomes by 
improving glucose homeostasis, insulin sensitivity 
and fatty acid oxidation in adults (57). However, to 
date the youngest subjects in the studies that have 
investigated the influence of physical activity and 
exercise on adiponectin concentration have been 13 
year old obese adolescents (57). Accordingly, there 
are no studies that have longitudinally investigated 
the possible role of adiponectin in the development 
of metabolic risk factors in children throughout 
puberty. 

Increases in adiponectin levels with weight loss 
were significantly associated with the improvements 
in insulin sensitivity, suggesting that adiponectin may 
be one of the key molecules in the determination of 
the metabolic syndrome and its risk factors (54). A 
number of adiponectin gene (ADIPOQ) single nuc-
leotide polymorphisms (SNP) have been associated 
with plasma adiponectin levels, however with con-
troversial results. A synonymous SNP in exon 2 (45 
G>T) has been inconsistently reported to be associated 
with type 2 diabetes (58,59). Another SNP in intron 
2 (276 G>T) has been associated with IR as assessed 
by HOMA-IR and reduced levels of adiponectin in 
Japanese (59). Shin et al (60) showed that changes in 
plasma adiponectin concentration were inversely cor-
related with changes in HOMA-IR after mild weight 
loss in obese Korean subjects. The GG homozygotes 
had significantly higher degrees of IR than carriers 
of the T allele at ADIPOQ 276 T>G and there was a 
different adiponectin response between GG homozy-
gotes and T allele carriers after weight loss (60). Thus, 
the genetic components of the ADIPOQ gene that 
result in different adiponectin concentration in blood 

may be partly responsible for the pathogenesis of the 
metabolic risk factors. However, those studies mostly 
involve normal and/or overweight adults with much 
less data on pubertal children. It is not clear whether 
the genotype effect on adiponectin is already present 
during puberty or it rather develops during adultho-
od. Furthermore, if a weight loss might have different 
adiponectin response on subjects with different ge-
notype, could the differences in physical activity (i.e. 
high vs low) lead to similar findings, or the negative 
energy expenditure during weight loss would be the 
key factor. Our previous results in adults suggest that 
physical activity may have an influence on adiponectin 
concentration (32). 

Conclusions
Several metabolic risk factors have been presen-

ted. It is well established that both physical activity 
and physical fitness highly influence all metabolic 
risk factors. However, as a rule there is almost no 
longitudinal studies, especially during puberty when 
the children grow rapidly. It is unknown, whether 
genetically high aerobic capacity in children have 
lower risk to metabolic syndrome risk factors. What 
should be the minimal level of physical activity re-
commended that they need. Probably the physical 
activity level is more important at the later stages 
of pubertal development and physical activity level 
is not dependent on genetic predisposition during 
pubertal development. 

Adipocytokines correlate highly with most of 
metabolic syndrome risk factors. Very promising is 
adiponectin. However, hypothetically genetic poly-
morphism in adiponectin gene do not influence fasting 
concentration of adiponectin independent of body 
composition and physical activity level. 
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