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Abstract

The metabolic syndrome (MetS) is described as a cluster of health conditions that are associated
with an increased risk of cardiovascular disease. The clinical diagnosis of MetS in pediatrics is
challenging due to differing criteria, although the estimated prevalence continues to rise. The
increased prevalence of childhood obesity and insulin resistance, in both developed and
developing countries, is believed to be a major contributor to MetS diagnosis in children. We
review the current literature surrounding genetic predisposition, maternal influence, epigenetics,
environmental and lifestyle factors pertaining to pediatric MetS with a specific emphasis on
obesity and insulin resistance. We highlight and discuss recent, key studies in prenatal through to
adolescent populations and review evidence suggesting that children may be pre-disposed to
obesity and insulin resistance, prenatally. We also discuss several key lifestyle drivers of these
conditions including poor nutrition and dietary habits, insufficient physical activity, use of
electronic devices, over-consumption of caffeinated and/or sugar-sweetened beverages, as well
as the importance of sleep during childhood and adolescence in relation to metabolic health. We
conclude with recommendations for preventable methods to tackle this growing pediatric public
health issue, which, if current trends continue, will undoubtedly compromise the health and

longevity of the next adult generation.
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Introduction

The metabolic syndrome is a constellation of cardio-metabolic abnormalities that were
observed to cluster and increase cardiovascular risk. Several hypotheses have been proposed
suggesting common etiological mechanisms for the metabolic syndrome revolving around
central adiposity and insulin resistance. The components of the metabolic syndrome depend on
the definitions used by various international bodies. Generally, components include: 1) elevated
triglycerides; 2) low levels of high density lipoprotein-cholesterol (HDL-C); 3) hypertension; 4)
glucose intolerance/insulin resistance; and 5) excess adiposity (usually determined through waist
circumference or body mass index (BMI) cut points). If an individual has three or more
components, they are designated to have the metabolic syndrome.

The metabolic syndrome is usually observed in older populations, but with an increasing
prevalence of obesity in younger populations, it is becoming more common in younger
individuals with potentially serious downstream repercussions for health. The definition of the
metabolic syndrome in younger populations has not reached consensus and different definitions
exist. With central adiposity playing a central role in the metabolic syndrome, the syndrome has
a strong genetic link, influenced by key environmental factors that promote excess nutrition and
physical inactivity. Two components of the metabolic syndrome, type 2 diabetes and obesity, are
increasingly observed in children and adolescents(Han et al., 2010, Pontiroli, 2004) and these are
believed to drive the onset of MetS(Cornier et al., 2008, Goff et al., 2014). Indeed, prospective
data has shown that excess adiposity and metabolic abnormalities in pediatric populations can
result in adverse cardiometabolic profiles in adulthood(Zhang et al., 2015, Li et al., 2012). The
Bogalusa Heart Study showed that childhood obesity tracks into adulthood(Freedman et al.,

2007). Furthermore, longitudinal evidence has shown that the presence of overweight/obesity



and/or metabolic abnormality at age 9-24 years predicts an increased risk of metabolic syndrome,
type 2 diabetes mellitus and adverse cardiovascular outcomes 21-25 years later(Koskinen et al.,
2014). The problem of excess adiposity with attendant insulin resistance in adolescents is now
resulting in highly invasive bariatric surgery procedures(Dillard et al., 2007). Despite these
surgeries demonstrating a significant reduction in MetS prevalence from 27% to 2%(Loy et al.,
2015), this treatment strategy remains controversial. Alternative treatments include targeting
lifestyle behavior modification. However, success of these types of interventions can only occur
once a better understanding of all contributory factors, and the extent to which they are involved,
has been determined. The focus of this review is to highlight and discuss the most recent
evidence surrounding factors that contribute to the onset and progression of two closely related,
and increasingly prevalent, diseases in childhood (obesity and insulin resistance), which are

major drivers of the global epidemic of pediatric MetS.

Literature search

We searched PubMed database using the following search terms: ‘metabolic syndrome’
AND ‘children’ ‘adolescent’ ‘pediatric’. Filters for age (0-18 years), human research and English
language were applied and we restricted the search to highlight articles published in the last five
years (2011-2016). Our search revealed a total of 420 articles, which were subsequently
examined based on relevance to the current review. Further, we also reviewed and included
relevant articles from reference sections of identified manuscripts as well as other known

literature deemed pertinent to the review.

The contribution of genetics and epigenetics upon the risk of obesity
It was recently purported that 10% of obesity cases can be explained by genetics and that

90% are attributable to environmental factors (discussed in later sections)(Xu and Xue, 2016).



Whilst the embryo develops in the intrauterine environment, multiple maternal genetic and
lifestyle factors can predispose the fetus to later obesity(Stoger, 2008). Furthermore, interactions
between the environment and genes following birth, has been linked to Deoxyribonucleic Acid
(DNA) methylation alterations(Stoger, 2008). For example, monozygotic twins are identical,
epigenetically, in the early stages of life. Progressively, however, alterations to the genetic
distribution of 5-metylcytosine DNA have been noted as well as changes in histone
acetylation(Stoger, 2008). This suggests that exposure to differing environmental stimuli may
result in distinguishable genetic features. MicroRNAs are involved in the regulation of
epigenetics. The influence of nutrition upon epigenetics has been previously highlighted
involving methyl-group metabolism. During important developmental periods, ingestion of foods
containing choline, methionine and folate, can alter DNA and histone methylation(Zeisel, 2009).
This results in chronic alterations to gene expression and the epigenetics that may predispose
children to obesity later in life(Zeisel, 2009).

Oxidative stress is common in the pathogenesis of metabolic disorders and may
contribute to the development of cardiovascular disease and type 2 diabetes. However, the
precise role of antioxidant enzymes in the prevention of metabolic diseases is not completely
understood. A recent study examined the role of Paraoxonase 1 (PON1) polymorphism (Q192R)
in relation to insulin resistance in 117 children (6-12 years old)(Alegria-Torres et al., 2015).
QI192R genotypes were characterized and the genotype of each sample was determined,
generating three allelic clusters: QQ, QR and RR. Insulin resistance was derived using the
homeostasis model assessment (HOMA-IR). An association between the polymorphism in those
with the RR genotype and insulin resistance (295th percentile) (odds ratio [OR]=4.55; 95%

confidence intervals [CI]: 1.21-18.53) was observed. An increased risk was shown for RR



carriers compared to other genotypes (OR=6.38, p<0.01)(Alegria-Torres et al., 2015). Other
recent genetic studies have highlighted the potential influence of polymorphisms upon metabolic
health in pediatric populations(Marcil et al., 2015, White et al., 2015). Despite growing evidence
in the field of genetics and its link to hormone regulation, the importance of maternal health as a

contributor to MetS in children has received much attention.

The importance of maternal health in relation to the growth, development and metabolic
profile of the offspring

Maternal health has been highlighted as a key factor for the health and development of
offspring in the intrauterine environment(Faienza et al., 2016). A recent study, which examined
data from 937 women and their offspring, examined the prospective relationships between
fasting glucose levels during pregnancy upon multiple outcomes of the offspring’s development
from birth to 3 years(Aris et al., 2015). A positive relationship was observed between gestational
fasting glucose level and birth weight (f=0.17, p<0.001). Obesity in mothers before pregnancy,
although self-reported, was positively associated with conditional growth in standardized BMI of
the infant between birth and 1-year (f=0.10, p=0.018), birth to 18 months (=0.11, p=0.024),
birth to 2 years (f=0.14, p=0.002) as well as at 3 years (f=0.19, p<0.001), suggesting a dose-
response association(Aris et al., 2015). This study highlights the importance of maternal health in
relation to subsequent growth and development of the offspring. Gestational diabetes, even when
less severe, has been linked to larger birth weights and large-for-gestational age (LGA) when
compared to mothers with normal glucose tolerance(Kanai et al., 2016).

Further support for the importance of maternal health, even prior to conception, relating
to subsequent cardiometabolic risk in the offspring has been shown. Project Viva, which

recruited 1,090 mother-child pairs, demonstrated that each 5-unit increase in maternal BMI pre-



pregnancy was associated with a 0.92 kg increase in total fat and 0.39 kg trunk fat in the
offspring at birth. Each 5 kg of weight gained during pregnancy was positively and significantly
associated with greater total and trunk adiposity (determined using dual x-ray absorptiometry) in
the offspring, after adjustment(Perng et al., 2014). Whilst mothers with gestational diabetes and
pre-pregnancy obesity are show to be more likely to deliver offspring that are LGA, the negative
consequences associated with LGA have been shown to persist well into childhood(Giapros et
al., 2014). The long-term consequences of children born LGA include imbalances in glucose
homeostasis with higher insulin resistance pre-pubertally compared to normal for gestational age
counterparts(Giapros et al., 2014).

Clearly, maternal health, both before and during pregnancy, has important implications
for the future metabolic profile of the offspring. The mother’s role in the health and development
of their offspring is undisputable, including decisions about feeding methods from birth. Recent
evidence has supported a link between breastfeeding and the future cardiometabolic health of the
offspring. The large prospective study of 727 children, followed from birth until four years of
age examined the impact of three different methods of feeding at three months as well as
breastfeeding duration. Compared to children exclusively or predominantly breastfed at three
months, those who were not breastfed had significantly higher mean BMI, and higher total
cholesterol levels. Furthermore, children breastfed for less than three months compared to those
breastfed for more than 12 months had a 0.44 increase in mean BMI at age four years(Ramirez-
Silva et al., 2015). This study highlights the long-term benefits of breastfeeding upon the future
metabolic health of children, although there are several considerations. Breastfeeding is usually
obtained from maternal reports and could be subject to social desirability bias. The use of

objective measures for determining excess adiposity and adipose distribution in relation to



feeding methods during infancy in relation to childhood obesity is preferable. Future studies in
this area now require longer follow up given that the mean increase of 0.44 BMI over a four-year
period is unlikely to be clinically relevant.

Although these studies demonstrate the importance of maternal health and early decisions
about feeding during infancy that may predispose children to insulin resistance and obesity,
exposure to the external environment and negative health behaviours during childhood and
adolescence provide additional clues about factors that support the progression of chronic

conditions associated with MetS.

The contribution of negative health behaviours in relation to obesity and insulin resistance
in children and adolescents

Repeated exposure to negative health behaviours observed in childhood has been
consistently linked to the subsequent practice of unhealthy lifestyle behaviours. A clear example
of this is the contribution of parental obesity when investigating childhood obesity, given that
this is one of the strongest predictors(Monzani et al., 2014). At a translational level, negative
health habits of parents are commonly mirrored in their offspring. We will now review and
discuss the contribution of a series of behaviours that are key for optimal metabolic health and

body weight homeostasis in children and adolescents.

Sleep

The importance of achieving a balance between sleep and wakefulness was noted at least
four decades ago in the Alameda County Study(Belloc and Breslow, 1972). The study
emphasized seven social and psychological aspects in relation to health and longevity, one of

which was sleep duration(Belloc and Breslow, 1972). This advice is not restricted to adults but



also applicable to children and adolescents, with different age groups requiring different sleep
quantities. More recently, sleep and has been recognized as a supplementary lifestyle factor,
important for health and longevity(Arora, 2015) (Arora and Taheri, 2015b). Sleep is crucial in
childhood and contributes to healthy physical and neural development, yet sleep problems are
common in pediatrics. The impact of insufficient sleep or poor quality sleep in pediatric
populations has been extensively examined with findings consistently reporting associations
between sub-optimal sleep features and increased BMI as well as insulin resistance and type 2
diabetes mellitus(Hitze et al., 2009) (Androutsos et al., 2014, Matthews et al., 2012) (Javaheri et
al., 2011) (Spruyt et al., 2011, Arora et al., 2013a). A recent study showed that sleeping 7-9
hours had a protective effect on MetS in adolescent (OR=0.38, 95% CI: 0.15-0.94)(Fadzlina et
al., 2014). Mechanistic explanations for the association between sleep and metabolic
abnormalities have been linked to alterations in metabolic hormones related to hunger and
appetite. Not meeting individual sleep requirements can influence energy balance and may result
in behaviours that promote obesity such as physical inactivity and unhealthy food intake
(discussed in later sections).

The focus of attention between sleep and metabolic dysfunction has shifted with more
attention now concentrating on sleep architecture. Sleep architecture (sleep staging) in relation to
glucose metabolism has been explored in children and adolescents, with an initial focus on those
with obesity(Flint et al., 2007, Koren et al., 2011). A recent study investigated the effect of sleep
staging upon glucose tolerance, insulin sensitivity and pancreatic B-cell function in children and
adolescents (n=118; mean age 13.1 years; 45% boys)(Zhu et al., 2015). Sleep outcomes were
assessed using the gold standard measure (polysomnography) for one-night and a 2-hour oral

glucose tolerance test was administered on the subsequent morning. The amount of time spent in



slow wave sleep (SWS) was significantly and positively associated with insulin sensitivity.
Conversely, the amount of time spent in light sleep (stage 1) was negatively associated with
insulin sensitivity. The study findings found further support for a positive linear association

between sleep duration and glucose tolerance(Zhu et al., 2015).

The first study to examine the effect of experimental sleep manipulation upon insulin
resistance in lean adolescents was conducted by Klingenberg and colleagues(Klingenberg et al.,
2013). This randomized crossover study assessed 21 healthy males (mean age 16.8 years),
subjecting them to three nights of either short (four hours time in bed) or long (nine hours time in
bed) sleep opportunity. Insulin resistance was determined from pre and post-prandial levels of
glucose and insulin at the end of each sleep condition. Whilst they observed no change in
glucose level between the two sleep conditions, insulin resistance significantly increased by 65%
following sleep restriction compared to the nine-hour sleep opportunity(Klingenberg et al.,
2013). Interestingly, adolescents with insulin resistance compared to those without, have been
shown to have a reduced amount of stage 2 and 3 sleep (light and deep sleep, respectively). Deep
sleep, also known as slow wave sleep, is known for its restorative properties including cell
repair. Thus, a reduced amount of slow wave sleep activity is likely to produce downstream
effects on hormone secretion and metabolic function. Notably, sleep-disordered breathing (SDB)
is associated with disruptions to sleep architecture and has become increasingly recognized in
pediatric populations to OSA diagnosis in children). Interestingly, more severe obstructive sleep
apena (OSA), a SDB condition, has also been linked to greater insulin resistance and elevated
glucose levels in children(Shamsuzzaman et al., 2014). Given previous reports of a close

relationship between OSA and MetS in adolescents(Redline et al., 2007) and the increasing
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prevalence of these conditions in pediatric populations, SDB is an important consideration for
future research studies in this area.

There are many features of sleep to be considered. For example, sleep timing and
circadian rhythmicity are essential sleep parameters to scrutinize. Delays in circadian sleep-wake
patterns are common during adolescence due to a combination of pubertal transition and
psychosocial factors. A recent study examined the effect of circadian preference upon BMI in a
large sample (n=511) of young adolescents (aged 11-13 years) and found that those with a later
preference had significantly greater BMI z-scores (f=0.51, p<<0.01)(Arora and Taheri, 2015a).
Furthermore, the study also revealed those with later preferences had poorer dietary habits(Arora
and Taheri, 2015a); thus alterations to sleep and circadian imbalance have the potential to disrupt
energy homeostasis and well as appetite regulating hormones(Hart et al., 2013), which in turn,
may result in weight gain and insulin resistance.

Diet

The importance of a healthy diet and optimum nutrition has been consistently emphasized
in recent decades through national campaigns following recognition of poor dietary habits. This
has been highlighted as a result of exposure to an ‘obesogenic’ environment. Rapid changes and
increased exposure to food availability, including processed, ready-made and fast foods, has
been purported to influence dietary intake. These modified foods tend to have higher sugar, salt
and calorie contents. Over-consumption of these food items is likely to result in positive energy,
which in turn, promotes obesity and/or insulin resistance if levels of energy expenditure are
insufficient to counteract energy imbalance. Campaigns have aimed at educating individuals to
improve dietary behaviours have included information about healthy portion sizes, reducing

sugary food/beverage intake and increasing healthy food selection (consumption of five portions
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of fruit/vegetables per day). Despite raised awareness and dietary guidelines, recent prospective
evidence from a birth cohort in Australia revealed that, on average, less than half of the total
sample met the requirements at either 14 or 17 years of age(Chan She Ping-Delfos et al., 2015).
Moreover, further support for a significant negative linear association between meeting dietary
guidelines and insulin resistance was reported(Chan She Ping-Delfos et al., 2015). The most
recent evidence surrounding the contribution of diet in relation to MetS in children has focused
on examining diet types (vegetarian and Mediterranean), specific foods (white rice) and
macronutrients (saturated fat), each discussed in turn.

The beneficial effects of a Mediterranean diet upon cardiovascular health have been
extensively reported in adults(Razquin et al., 2009) (Kris-Etherton et al., 2001) (Buscemi et al.,
2013) (Grosso et al., 2014a) (Grosso et al., 2014b) (Yang et al., 2014) although less evidence is
available in pediatric populations. In particular, the effect of a Mediterranean-style diet in
children at high risk of MetS, has been recently explored, revealing positive results(Velazquez-
Lopez et al., 2014). Children and adolescents (n=49; mean age 11 years) attending a family
medical center were included if they had BMI >95™ percentile as well as any other feature of
MetS, according to the International Diabetes Federation (IDF) criteria(Alberti et al., 2004). Of
the total sample, 24 were randomized to receive education and instructions to follow a
Mediterranean-style diet and the remaining 25 followed a standard diet for 16 weeks, supported
by parents(Velazquez-Lopez et al., 2014). Anthropometric measures (height, weight, waist and
circumference, and bioelectrical impedance), blood pressure and fasting blood samples were
recorded/obtained at baseline and at the end of the 16-week dietary intervention. Food recall (24-
hour) was used to quantify calorie, macro and micronutrient content every three weeks

throughout the intervention period. Those in the Mediterranean diet group had a significant mean
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reduction in BMI, fat mass, lean mass, as well as glucose, total cholesterol, low-density
lipoprotein (LDL) and triglyceride levels at the end of the intervention compared to baseline. An
increase in levels of high-density lipoprotein (HDL) was also observed in the same group.
Furthermore, the number of MetS components significantly decreased from baseline to the end
of the 16-week intervention in those following the Mediterranean diet and meeting the criteria
for MetS decreased by 45%(Velazquez-Lopez et al., 2014). Whilst these study results provide
powerful support for promoting a Mediterranean diet, caution with interpretation of the findings
1s necessary. Limitations of the study include 1) small sample size; 2) individualized
recommended daily calorie intake based on age and sex-specific cut points rather than basal
metabolic rate; 3) relatively short intervention period with no report on compliance to the diet
condition at each of the three weekly assessments; 4) between group differences were not
reported, which is important given that the standard diet group also received lifestyle and dietary
advice with suggested modification; 5) the differences between the two diet interventions were
minimal; 6) no assessment of continued compliance to the diet or MetS monitoring beyond the
study period; 7) no adjustment was performed for any potential confounders; and 8) subjective
dietary measures, possibly resulting in social desirability and recall bias.

The Mediterranean diet is largely plant-based, with the exception of fish. A recent review
of the literature suggests that a vegetarian diet can reduce all-cause and specific-cause mortality
(cancer, cardiovascular, type 2 diabetes mellitus)(Sabate and Wien, 2015). The beneficial effect
of fruit and vegetable consumption in childhood has been prospectively assessed in relation to
components of MetS by at least two groups. A large cohort (n=2,218) of children and
adolescents (aged 3-18 years at baseline), followed for ~27 years found a 14% decreased risk of

developing MetS in those with a higher intake of vegetables during childhood. Furthermore, the
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study also revealed that higher vegetable consumption in childhood decreased the risk of high
blood pressure (OR=0.88, 95% CI: 0.80-0.98) and elevated triglycerides (OR=0.88, 95% CI:
0.79-0.99) at the time measured during adulthood(Jaaskelainen et al., 2012). The Child-
Adolescent Blood Pressure Study reported similar findings following assessment of food intake
derived from a 106-item food frequency questionnaire administered to 1,764 children and
adolescents (aged 6-19 years)(Matthews et al., 2011). A Registered Dietitian condensed food
items into seven categories: grains, nuts, fruits, vegetables, dairy, meats and low-nutrient-dense
foods. Those in the highest quartile of grains, vegetables, nuts and low-nutrient-dense foods
consumption had a reduced risk of being overweight (BMI >85™ percentile), where
corresponding ORs (95% Cls) were 0.59 (0.41-0.83), 0.67 (0.48-0.94), 0.60 (0.43-0.85) and 0.43
(0.29-0.63), respectively. Whilst the categories of nuts and vegetable consumption are consistent
with other study findings(Jaaskelainen et al., 2012) (O'Neil et al., 2015), the most surprising
finding was that of low-nutrient-dense foods which was shown as a protective factor for
overweight. The authors explained this by suggesting that consumption of foods in this category
may have been under-reported, possibly due to social acceptance(Matthews et al., 2011), which
may be a common issue when assessing dietary habits.

A balanced diet involves the incorporation of multiple macronutrients. Carbohydrate
content and glycemic load have been recent focuses in nutritional research. Efforts have been
made to examine the effect of white rice intake in adolescents upon MetS and its components, in
populations where rice is a staple food. Data obtained from the Fourth Korea National Health
and Nutrition Examination Survey, during 2007-2009, was used(Song et al., 2015). Information
was available from 2,209 adolescents (aged 10-18 years) and features of MetS were objectively

acquired. Diet was assessed using 24-hour food recall and white rice consumption was divided
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into quartiles. Analysis was performed according to gender. Girls in the highest quartile of white
rice consumption had greater insulin resistance (p=0.005) and lower HDL-cholesterol (p<0.001),
compared to the other three quartiles. Girls in the two upper quartiles of white rice intake were
more likely to meet the criteria for MetS (p=0.003)(Song et al., 2015). These findings were not
found in boys and explanation for this is possibly related to differences in insulin-like growth
factors and/or sex hormones during pubertal transition. However, gender differences have been
observed in multiple adult studies(Nanri et al., 2010) (Park et al., 2010) (Nakashima et al., 2010)
suggesting that women with high white rice/carbohydrate/glycemic load have more adverse
metabolic profiles, compared to men. The authors purported that high consumption of white rice
may result in altered glucose metabolism and dyslipidemia(Song et al., 2015). The macronutrient
breakdown and proportion of each category (fats, carbohydrates, protein) is clearly important and
has been the recent focus of a randomized controlled trial.

Nupponen and colleagues report on findings from the Special Turku Coronary Risk
Factor Intervention Project (STRIP)(Nupponen et al., 2015). The trial aimed to reduce children’s
intake of saturated fat through dietary counseling and to examine the effectiveness of the
program upon preventing later atherosclerosis. The study recruited five-month old infants and
parents (1990-1992). At six months of age, 1,062 infants and their parents were randomly
assigned to either the intervention (n=540) or control condition (n=522). The intervention group
received individualized dietary counseling every two years until the infant reached 20 years of
age. The primary aim of the intervention was to replaced saturated fat with unsaturated fat in the
diet of the child, which was supported by counseling and nutritional advice. Counseling was
parent-focused until the child was 7 years old. Beyond this age, the advice gradually increased to

be more child-focused. Food records were used to make suggestions about methods for
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improving diet. The control group was also seen every two years and received basic health
education as part of standard Finnish care. Individual components of MetS were measured at
study visits when the child was 15-20 years old. As previously described, there is no consensus
on universal criteria for MetS in pediatric populations therefore the study applied five separate
definitions. This resulted in a range (6.0-7.5%) for meeting a diagnosis of MetS in the
intervention group and 10-14% in the control group between age 15-20 years. The long-term risk
of developing MetS in the intervention group was significantly lower (relative risk [RR]=0.59,
95% CI: 0.40-0.88) compared to the control group. There was further evidence to support the
efficacy of the intervention for individual components of MetS including a decreased risk of
hypertension where RR=0.83 95% CI: 0.70-0.99 and high triglycerides in males (RR=0.71, 95%
CI: 0.52-0.98). The authors concluded that repeated dietary advice, targeted at reducing saturated
fat intake during childhood, reduces the risk of MetS and its associated features(Nupponen et al.,
2015).

Undoubtedly, diet is a crucial lifestyle component for ensuring a healthy metabolic
profile later on in life. Many studies that examine the relationships between lifestyle factors
believed to predict MetS and its features, do not adjust for the effect of diet, which is a major
concern and should be addressed in future studies. Parental involvement and education
concerning diet, and other contributory yet modifiable behaviours, during early parenthood and
beyond may be necessary for optimizing the future health and longevity of the offspring.

Screen time

Over the last decade, there has been a surge in the availability and accessibility of

electronic devices. Portable equivalents of what used to be static media (television, telephones,

computers and gaming consoles) are now increasingly available and ownership has increased
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amongst children and adolescents. Engaging in the use of these devices has been purported to
promote unhealthy lifestyles by increasing levels of sedentariness (see next section). Other
consequences include limitation of face-to-face interactions, resulting in social
isolation/loneliness, lowered self-confidence and addiction(Boniel-Nissim et al., 2015), which
has been prospectively linked to circadian disruption in pediatrics(Chen and Gau, 2016).
Children, from a young age, may be permitted and encouraged to use electronic media
communication devices with tablet holders now available to secure onto pushchairs. Whilst there
are many benefits of these devices, concerns about the impact upon health have been raised.
Early data from the National Health And Nutrition Examination Survey (NHANES) revealed a
dose-dependent association between the amount of daily screen time (television and computer
use) and MetS in 12-19 year olds(Mark and Janssen, 2008). After adjustment for physical
activity level, the risk of MetS was more than three-fold for adolescents spending five hours per
day on screens compared to those using screens for one-hour or less(Mark and Janssen, 2008).
These findings are consistent with more recent evidence from the same survey, conducted in
Korean children and adolescents. Compared to the lowest quartile of screen time use (<16 hours
per week), those in the highest quartile (>35 hours per week) were more than twice as likely to
meet the criteria for MetS after adjustment (OR=2.23 95% CI: 1.02-4.86)(Kang et al., 2010).
Progressive technology use with increasing age in adolescents has been associated with
increased levels of sedentariness/physical inactivity(Hardy et al., 2007) (Christofaro et al., 2016),
possibly displacing activities involving greater energy expenditure. Persistent use can therefore
result in obesity development. In combination, obesity onset may be exacerbated through over-
consumption of foods that are high in calories, fat and sugar. Some have shown that exposure to

advertisements marketing unhealthy foods trigger intake of these food items (Giese et al., 2015,
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Falbe et al., 2014), which in turn, can promote weight gain and subsequent obesity.
Paradoxically, preliminary evidence has shown that video games involving physical activity can
enhance weight loss in overweight/obese children(Trost et al., 2014) (Christison and Khan,
2012) (Maddison et al., 2011). The relationship between technology use and obesity and/or

insulin resistance is, however, convoluted.

The complex interactions between technology use and childhood obesity/metabolic
dysfunction may be mediated by sleep(Arora et al., 2013b), food/beverage intake(Christofaro et
al., 2016) and physical inactivity(Christofaro et al., 2016). In a study of 738 young adolescent
(11-13 years old), the use of six different types of technology at bedtime was examined in
relation to eight sleep features(Arora et al., 2014). More frequent use of all technology before
bedtime was associated with multiple adverse effects on sleep(Arora et al., 2014). Explanations
for technology use resulting in adverse sleep outcomes are mental excitation/stimulation and
exposure to blue light, emitted from electronic devices, which can suppress melatonin release
and delay sleep onset. The same group examined the mediating effect of sleep duration upon the
established relationship between technology use and adolescent BMI(Arora et al., 2013b).
Bedtime use of all four technologies assessed was related to shorter sleep duration(Arora et al.,
2013b). A negative association was also observed between sleep duration and BMI (B=-0.40,
p<0.01), consistent with other studies. Sleep duration was recognized as a mediator of the
relationship between portable types of technology (mobile telephones and computers) and
BMiI(Arora et al., 2013b). This suggests the direct association between screen-time and obesity
in children/adolescents is complex, requiring consideration of multiple factors and lifestyle

behaviours.
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The use of technology in teenagers is particularly problematic given that this group
commonly experience circadian phase delay during pubertal transition. This results in later bed
times with more free time in the evening, which may be consumed by engaging with devices.
Recent evidence has shown that 94% of adolescent boys and 87% of girls spent more than 2
hours, daily, engaging in screen-based activities(Christofaro et al., 2016). A concomitant
behavior is the consumption of caffeinated beverages and/or sugar-sweetened beverages in
adolescents(Calamaro et al., 2012) (Demissie et al., 2013) (Christofaro et al., 2016). Both of
these behaviors, whether examined singularly or in combination, have been linked to poorer
sleep outcomes and/or obesity(Arora et al., 2013a) (Arora et al., 2013b) (Arora et al., 2014)
(Ludwig et al., 2001, Centers for Disease and Prevention, 2011), and are also likely to influence
metabolic regulation. Consideration should be given to this emerging area of study, particularly
as both technology use and consumption of sugar-dense beverages with low nutritional content,
have been shown to increase with age in pediatric populations(Ludwig et al., 2001) (Hardy et al.,
2007).

Most recent evidence from a large prospective cohort of children, suggests that
interventions aimed at reducing screen time and sedentariness in children at risk of obesity, may
help to alleviate the risk of MetS development(Henderson et al., 2016). This recommendation
reinforces the notion that modification to multiple lifestyle factors, which are known drivers of
MetS and its individual components, need to be tackled in a timely manner, one of which is
sedentariness.

Sedentariness
Low levels of physical activity reflect sedentariness and long, persistent episodes can

result in positive energy and subsequent obesity and/or insulin resistance, particularly when
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combined with other negative related health behaviours. The contribution of energy expenditure
upon metabolic health is well recognized. One of the largest studies to date to examine the
association between levels of sedentariness and central obesity was conducted in 124,113 Greek
school-aged children (9.9£1.1 years old, 51 % male). A seven-day recall questionnaire was
administered which asked about diet and physical activity habits and anthropometric measures
were obtained(Grigorakis et al., 2016). Central obesity was prevalent in 33.4% of the sample and
revealed significant associations between the condition and frequent (at least four times per
week) breakfast consumption (OR=0.72 95% CI: 0.69-0.75), habitual snack consumption both at
midday and the afternoon (OR=0.70 95% CI: 0.67-0.74) and high levels of sedentariness,
defined as participation in sedentary activities >4 times per week, OR=1.10 (95% CI: 1.07-1.14).
The authors concluded that emphasis should be placed on regular meal consumption and
reducing levels of sedentariness(Grigorakis et al., 2016).

A recent cross-sectional study examined the contribution of diet and physical activity
levels upon the metabolic profiles of 667 Chilean adolescents (16-17 years old; 52.2%
male)(Burrows et al., 2016). Of the total sample 9.5% met the criteria for MetS. Physical activity
was measured using a validated, standardized questionnaire with scores ranging 0-10. Physical
inactivity was determined using a cut point of <3 and was recognized as a major contributor to
MetS, where OR=2.9 (95% CI: 1.1-7.7)(Burrows et al., 2016). Whilst the importance of
consistent physical activity in childhood can be emphasized for later metabolic and
cardiovascular health, the school environment may inadvertently impede adequate levels of
activity.

Sedentariness is a particular problem in the academic environment(De Decker et al.,

2013) where children are required to remain seated throughout the majority of lessons. Findings
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from a recently published randomized controlled trial (RCT) aiming to address this concern
reported positive, albeit minimal, improvements to obesity in children(Muller et al., 2016). The
study compared findings of the intervention group, where children performed one daily physical
activity session of one-hour during school time, to the control group, which undertook two
physical activity sessions per week over a four-year timeframe(Muller et al., 2016). Mean BMI
and proportion of childhood overweight were similar across the two groups at baseline. At the
end of the four-year intervention period, a larger proportion of those in the intervention group
were between the 10-90™ percentile for BMI compared to the control group, 87% versus 78%,
respectively. However, this difference was not statistically significant (p=0.13). Childhood
overweight (BMI >90™ percentile) was consistently lower in the intervention group compared to
the control group across all annual assessments. However, the authors present no formal
statistical analysis for these relationships and it therefore remains unclear if these findings were
statistically significant or not. The high withdrawal rate of overweight/obese children (44%)
across the total sample is also likely to have influenced the findings(Muller et al., 2016). Whilst
this is the most recent RCT to report on the effectiveness of overcoming sedentariness in an
academic setting, additional studies need to be performed in this area. The importance of an
active lifestyle requires educating both children and parents to ensure that the appropriate level
of support, attention, application and reinforcement is provided, outside of the academic

environment.

Recommendations for tackling MetS in pediatrics
Educational interventions in mothers, before, during, and beyond pregnancy appear to be
paramount for reducing the risk of later obesity in the offspring. Parents are major role models to

their children and early, persistent exposure to healthy lifestyle practices ensure that these are
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more likely to be adopted by the offspring. Moreover, modification of parental behaviors
influence the child’s and has been shown to reflect similar behavioral change(Skouteris et al.,
2011). Addressing, and attempting to reverse, negative health-related behaviors at an early age
are necessary to encourage healthy lifestyles and minimize the onset of metabolic disorders.
Modification of unhealthy lifestyle habits, that are becoming more prevalent in contemporary
society (later bedtimes, exposure to electronic media at night-time, consumption of
energy/caffeinated drinks, sedentariness and poor diet), should be specifically targeted and
minimized wherever possible. Successful interventions are likely to require parental
involvement, which could help to curb the rising prevalence of childhood obesity, insulin
resistance and MetS. Methods to reduce increasing levels of sedentariness in children and

adolescents, both in the home and academic environment, are urgently required.

Conclusions

Maternal health, even prior to conception, plays a crucial role in the growth, development
and future metabolic profile of the offspring. The metabolic health of women should be
investigated and advice provided to those in the planning stages of pregnancy. Weight loss in
those with excess adiposity before conceiving should be targeted. Excessive weight gain during
pregnancy should be managed in an attempt to improve the future cardiometabolic outcomes of
the offspring. Parental involvement, (particularly the mother) at all stages of an intervention
aimed at children, is likely to be fundamental to the success of future trials. Further study of
epigenetics and the relevance of specific polymorphisms is also required to better understand the
influence the metabolic profile of children and adolescents. Sleep optimization and education

about the importance of this behavior, which is currently overlooked, may be a promising tool
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and contribute to healthy metabolic regulation in pediatric populations. Clearly, a holistic, multi-

disciplinary approach targeting multiple health-related behaviors is now required.
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