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Abstract Metabolic syndrome (MetS) is increasingly
reported in children, mainly in the presence of overweight/
obesity. From the most recent report, up to 60% of over-
weight and obese children can be affected by this syndrome.
MetS acquired during childhood has been shown to track
into adulthood, including its clinical complications, such as
type 2 diabetes and cardiovascular diseases. Among the
practical preventive and therapeutic measures to be taken in
children, physical activity (PA) appears to be at least as
efficient as the most adequate pharmacology. The current
literature suggests that exercise programs based either on
aerobic-or resistance-type exercises, or a combination of
these 2 types of structured activity, may promote insulin
sensitivity and weaken or suppress MetS in children. Fur-
thermore, daily-living activities such as brisk walking were
found to substantially reduce the risk of MetS among
children. Regardless of their weight status, PA needs to be
promoted among children as early as possible.

Keywords Exercise - Health - Insulin - Lifestyle -
Obesity
Introduction

Metabolic syndrome (MetS) is regarded as the clustering of
at least three risk factors that fit the following criteria:
hypertriglyceridemia, hypertension, abdominal obesity,
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low concentration of high-density lipoprotein (HDL)-cho-
lesterol (HDL-C), and high fasting blood glucose. Overt
MetS during childhood is indicative of an increased risk of
morbidity-mortality from type 2 diabetes and cardiovas-
cular diseases (CVDs), and a loss of functional capacities
throughout life. This observation highlights the magnitude
of the future health and economic consequences at the
individual and society levels.

Various definitions have been used for infantile MetS,
including adult-adapted standards such as the National
Cholesterol Education Program-Adult Treatment Panel III
(NCEP-ATP III) [1], the International Diabetes Federation
(IDF) criteria [2], and the Japanese criteria [3]. Some authors
have even suggested using a continuous measure for MetS in
children rather than a dichotomous assessment [4—6], and a
study from Japan has pinpointed glutamate pyruvate trans-
aminase as a better marker of MetS in children than fasting
blood glucose [7]. Thus the definition of the MetS for the
pediatric population remains a matter of debate. Neverthe-
less, whatever the diagnostic criteria, compelling data have
revealed that the prevalence of pediatric MetS is high and
increases with worsening obesity in obese children. For
instance, Saland [8] has found that the prevalence of MetS
ranges from 18 to 50% in obese children, while it occurs in
<1% of normal-weight children. More recently, it has been
reported that up 60% of overweight and obese children may
be affected [9]. Because obesity is intimately associated
with pediatric MetS [10], which may track into adulthood,
including its clinical complications [11, 12], the high pro-
portion of overweight/obese children observed over the past
few years should be considered symptomatic of a larger
decline in the overall health of the population. In the United
States, and Europe as well, the number of overweight or
obese children has doubled, and the number of obese ado-
lescents has tripled over the past 20 years [13]. As an
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indication of this trend, the prevalence of overweight/obese
youth increased from 3 to >15% in 40 years in France, for
example. Stated simply, if, over the next 40 years, lifestyles
remain identical to those in the past 40 years, then in 2040,
>50% of French adults will have MetS and its associated
clinical conditions. The best strategies to prevent and/or
treat infantile MetS must be determined. From this per-
spective, physical activity (PA) appears to be one of the most
effective preventive and therapeutic options, and a number
of physiological explanations have been provided regarding
the mechanisms through which PA may positively impact
MetS or its components [14—16]. Thus, it has been suggested
that PA can directly influence insulin resistance while
causing, inter alia, the short-term activation of glucose
transporter (GLUT-4) receptors. This occurs through low-
ering the circulating insulin level by increasing the pro-
duction of anti-inflammatory factors, such as adiponectin, or
by inducing an increase in the quantity of oxidative and
insulin-sensitive muscle fibers. These effects can be direct or
they can be mediated by an increase in physical fitness
[cardiorespiratory fitness (CRF) and strength] or by a
decrease of adiposity (which may occur in direct correlation
with an increased circulating concentration of adiponectin).
Further research work may elucidate these mechanisms.
Meanwhile, a growing number of studies lend support to a
negative relationship between different forms of PA and
infantile MetS or its components.

Physical activity is a complex behavior that involves the
movements of skeletal muscles. In theory, it includes all
bodily movements from fidgeting to sports, but it should not
be limited to any of its forms. Exercise is a subtype of PA
and can be grouped into flexibility, aerobic, and anaerobic/
resistance exercises, according to their overall effects on the
body. Aerobic and resistance exercises appear to play a
significant role in protecting children against MetS.

Although it is believed that a combination of dietary and
PA interventions may be the most beneficial for reducing
the risk of MetS, recent data suggest that PA alone could
attenuate or remove infantile MetS or its components
through its insulin-sensitizing affects on skeletal muscle.
As shown in Fig. 1, the main target of PA and exercise
programs is insulin resistance [17], although regular PA
can also counteract the syndrome’s various biological risk
factors, such as high blood pressure and hyperlipidemia.
These effects of PA can be obtained through structured
exercise programs and by daily-living PA as well.

Influence of structured exercise programs:
aerobic and resistance training

It has been found that aerobic exercise and well-super-
vised resistance training among children have positive
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Fig. 1 Simplified diagram of the action of physical activity on insulin
resistance and the metabolic syndrome. Evidenced direct and indirect
effects of physical activity on insulin resistance and on the different
components of the metabolic syndrome are indicated by solid lines.
Effects of physical activity through the joint improvement of physical
fitness and body composition are indicated by dashed lines. CRF
Cardiorespiratory fitness, WC waist circumference, HDL-C high-
density lipoprotein-cholesterol, GLYC high fasting blood glucose,
HYPTEN hypertension, HYPTRG hypertriglyceridemia

effects on insulin resistance and various components of
infantile MetS. Nassis et al. [18] found an improvement
of insulin sensitivity in obese children after they had
participated in a 12-week exercise training program. The
concentration of circulating hormones was not modified,
but the program produced a 12% increase in CRF.
Increased CRF, achievable through aerobic exercise, may
protect against infantile MetS even in the presence of
excess weight. Likewise, some resistance exercises have
been found to increase muscular strength and protect
against overly high insulin resistance, regardless of an
increase in CRF [19]. Finally, combining aerobic and
resistance exercises could be used to improve insulin
sensitivity in children [20, 21].
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Influence of daily-living physical activity

Apart from the positive effects (acute or medium-term) of
structured exercises on insulin sensitivity and MetS, some
cross-sectional and longitudinal data illustrate the signifi-
cance of habitual physical activity (HPA) in preventing
infantile MetS. Consistent negative relationships have been
found between insulin resistance, MetS or its indicators,
and HPA in children, measured using a questionnaire or
objectively through accelerometry. Commonly, this rela-
tionship is independent of other factors (e.g., body com-
position, physical fitness) [22, 23]. Nonetheless, there may
be a longitudinal joint increase in central adiposity and
insulin resistance in children when PA is decreased [15].
Moreover, it has been suggested that the beneficial effects
of PA are better in children whose CRF is initially weak
[22]. Mechanisms similar to those mentioned above may
explain these variations. However, it is important to
acknowledge that these positive effects are evident even if
the intensity of daily-living activities sufficiently stimulates
the skeletal muscles or adipose tissue, producing appro-
priate physiological adaptations likely to improve insulin
activity. Some recent data suggest that 30—40 min of brisk
walking (or an equivalent activity) per day can reduce
MetS risk by one-third [24]. Consequently, it is an over-
whelming public health challenge to help children make
optimal use of their available opportunities for activity to
counter obesity and its comorbidities.

At an individual level, children can engage in PA
through structured activities (e.g., physical education les-
sons or sports) and discretionary activities (e.g., recess
activities). While the role of teachers and the school
environment should not be neglected, parental support is
required to reinforce the value of PA among children.
Health professionals, and especially general practitioners
and pediatricians, need to learn about and include PA
counseling in their practice [25] so as to help children and
their families in incorporating an active lifestyle in their
routine. Finally, it is the role of policy-makers and the
entire community to create a safe and fun environment for
children to enjoy PA outdoors.
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