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Childhood Metabolic Syndrome

Must we define it to deal with it?

Ram WEIss, MD, PHD

he metabolic syndrome, also known

as “syndrome X,” describes a cluster

of cardiovascular risk factors that
have been shown to predict the develop-
ment of cardiovascular disease and type 2
diabetes (1). Some suggest that the cluster
is driven by the consequences of periph-
eral insulin resistance (2), whereas others
believe that obesity-related inflammation
is the culprit (3). Many putative molecu-
lar mechanisms can provide excellent ex-
planations for both theories regarding the
primary driving mechanism of the clus-
tering of cardiovascular risk factors (4)
and how each one accelerates atherogen-
esis (5). Yet teasing inflammation and
peripheral insulin resistance apart in in-
dividual patients or even in large cohorts
is difficult because of their coexistence
and possible vicious exacerbation of
each other. The general paradigm regard-
ing the evolvement of the syndrome is
that adipocyte dysfunction in some obese
individuals who are genetically prone or
exposed to specific environmental signals
leads to peripheral insulin resistance and
subclinical inflammation culminating in
accelerated atherosclerosis and overt clin-
ical manifestations (6). The clinical utility
of defining this syndrome in children and
adolescents has been debated, since some
propose that from a clinical standpoint,
addressing each component of the cluster
individually has comparable clinical and
predictive outcomes, whereas others sug-
gest such definitions are inappropriate for
the pediatric age group. This debate has
important implications from an epidemi-
ological and public health standpoint. Yet
it is imperative to indicate that the

underlying pathophysiology that leads
to the typical metabolic milieu character-
istic of individuals with obesity-driven
peripheral insulin resistance and/or sub-
clinical inflammation has common fea-
tures in all ages and is postulated to be
the “driving force” of the development
of accelerated atherogenesis and altered
glucose metabolism in susceptible indi-
viduals.

COMPLEXITY OF

DEFINITIONS OF THE
METABOLIC SYNDROME

IN CHILDHOOD Scveral defini-
tions of the metabolic syndrome in chil-
dren have been proposed by various
research groups (7,8) and expert consen-
sus (9), and the use of different definitions
in the same patient cohort may result in
different prevalence or prediction out-
comes (10). All of the definitions share
common features: First, all definitions in-
clude an obesity element (waist circum-
ference or BMI), two “dyslipidemia”
elements (elevated triglycerides and low
HDL cholesterol), elevated blood pressure,
and a component representing glucose
metabolism (impaired fasting glucose or
impaired glucose tolerance). All of these
definitions are based on population-
derived percentile thresholds for each
component. Importantly, the choice of
these elements in various definitions is in
some cases a result of simplicity and cost
(such as using a fasting blood sample)
and the presence of good reference values
(using BMI) and thus not necessarily the
optimal choice one would have made for
better diagnosis or prediction. Second, all
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definitions use each component of the
cluster as a dichotomous variable defined
by a threshold and share the concept
that all components have an equal “value”
in the cumulative score. The latter two
principles simplify the use of such defini-
tions in everyday practice yet seem prob-
lematic in the sense that cardiovascular
risk factors such as elevated fasting glu-
cose and triglycerides or the degree of
obesity represent continuous variables
that signify risk, not necessarily in a linear
fashion. Thus, for example, whereas in-
creasing BMI during childhood represents
a continuous risk factor for the develop-
ment of coronary heart disease in adult-
hood even within the normal BMI range
(11), severely obese children may have a
significantly worse metabolic phenotype
compared with moderately obese children
(12). A seemingly “upper normal” fasting
glucose in the context of obesity may
signify future risk (13). Similarly, the fast-
ing triglyceride level in late adolescence
and its change within a brief follow-up of
~5 years can predict the development of
diabetes and of coronary heart disease
even when both measurements are below
the threshold used in all of the proposed
definitions. Thus, some have suggested
that a “hypertriglyceridemic waist” pheno-
type can serve as a risk predictor for
clinical purposes regardless of other com-
ponents, highlighting a potential stronger
metabolic impact of abdominal obesity
and plasma triglyceride levels compared
with other components of the definition
(14). Although no such data exist in pedi-
atric studies, it has been shown in adults
that the presence of some combinations
of components of the syndrome confers
aworse prognosis than others. Specifically,
over an 8-year follow-up, patients having
a combination of central obesity, high
blood pressure, and hyperglycemia had a
2.36-fold increase of incident cardiovas-
cular events and a threefold increased
risk of mortality (15). Thus, particular
combinations of factors included in the
definitions of the metabolic syndrome
confer greater risks and raise questions re-
garding the equal value given in the overall
score to each of the components.

Adding complexity to definitions of
the metabolic syndrome is the problematic
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generalizability for populations of a dif-
ferent ethnicity. One of the conditions
predicted by the presence of the meta-
bolic syndrome is type 2 diabetes, a
disease more common among children
and adolescents from ethnic minorities in
the U.S. (16) as well as in some European
countries. Similarly, lipid values of Afri-
can American children have a different
distribution than Caucasians, which may
lead to under-diagnosis based on the
presently used thresholds (17). Individ-
uals with a comparable BMI of different
ethnic background (such as Asians com-
pared with Caucasians) may have a signif-
icantly different body composition. Such
differences translate into a greater percent
body fat per given BMI, leading to an in-
creased vulnerability to the adverse impact
of increased specific body fat depots in
individuals at lower BMI or waist circum-
ference levels (18). In addition, ethnic
background may have an effect on pat-
terns of lipid partitioning in insulin-
responsive tissues such as muscle and liver
(19); thus, subjects with similar degrees
of obesity may be entirely different in re-
gards to their degree of peripheral insulin
sensitivity. These observations imply that
anthropometric and biochemical compo-
nents used in definitions of the metabolic
syndrome should be ethnicity specific and
derived from outcome data of the relevant
population (20). This result adds further
complexity to the use of threshold-based
definitions of the metabolic syndrome in
childhood and emphasizes the difficulty
of creating a “one fits all” definition for
clinical practice.

The usefulness of metabolic syndrome
definitions should be assessed in the con-
text of their use, i.e.,in the clinical setting or
for research purposes. The clinical utility of
such definitions in children has been ques-
tioned, and some advocate addressing in-
dividual risk factors in their clinical context
instead of using a “syndromic” approach.
For clinical purposes, an ideal definition
should include components that are easily
measured and represent a “stable” diagno-
sis, similar to other conditions and syn-
dromes typically diagnosed in childhood.
Moreover, a useful and clinically relevant
definition should be able to reliably predict
future clinical outcomes.

STABILITY OF THE

DIAGNOSIS OF METABOLIC
SYNDROME IN CHILDHOOD -
The stability of individual components
of the syndrome from childhood to young

adulthood has been shown to track “mod-
erately well” with significant correlation
coefficients of 0.4-0.6 for each compo-
nent (21). Patterns of change in individual
factors, defined as crossing the predefined
thresholds between observations, have
been shown to be more common in youth
at risk (patients who a priori meet indi-
vidual criteria) than in individuals at
lower risk (22). Individual components
of the syndrome have been shown to track
from childhood to adulthood, emphasiz-
ing the importance of identifying abnor-
malities early in the life course (23).
Tracking of the cluster during an 8-year
follow-up has been shown to be stronger
than the tracking of individual compo-
nents, since the magnitude of the overall
multiple risk index tracking correlation
(r = 0.64) was significantly stronger than
that noted for individual risk factors (r =
0.34-0.57) (24). The diagnosis of the syn-
drome as a whole during a follow-up of
1-3 years during adolescence was shown
to be relatively unstable (25), specifically
when evaluated in population-derived
cohorts. When tested in obese adoles-
cents, i.e., those most prone to meet the
criteria of the various definitions, the sta-
bility of the diagnosis was shown to be
tightly associated with weight dynamics
and changes in insulin sensitivity (26).
Moreover, the persistence of the diagnosis
in obese children over several visits was
associated with accelerated fat gain, in-
creased insulin response to oral glucose,
and decreased insulin sensitivity and
B-cell function, indicators of progres-
sively greater risk for type 2 diabetes. Pu-
tative explanations for the “flexibility” of
the diagnosis in adolescence in many
studies may rely on the hormonal changes
of puberty that induce a transient signifi-
cant reduction of peripheral insulin sen-
sitivity (27), the pubertal growth spurt
that may result in significant body habitus
changes and on the limited reproducibil-
ity and reliability of single assessments of
blood pressure and glucose metabolism
parameters in this age group (28). The
fact that a single measurement of fasting
glucose is used and a specific threshold
chosen undermines the normal variability
of up to 15 mg/dL observed in adults (29)
may explain the crossing of the threshold
in repeated measurements.

PREDICTIVE VALUE OF THE
METABOLIC SYNDROME IN
CHILDHOOD i has been shown us-
ing several longitudinal cohorts that

meeting the criteria of the metabolic
syndrome in childhood predicts the de-
velopment of cardiovascular disease and
type 2 diabetes in adulthood (30). Simi-
larly, having specific components of the
syndrome in childhood predicts the
presence of “softer” outcomes such as
left ventricular hypertrophy or increased
intimal-medial thickness in childhood
(31) and adulthood (32). Attempting to
predict the presence of the syndrome it-
self in adulthood on the basis of meeting
(or not meeting) its criteria in childhood
shows fairly good specificity. This result
translates to a good screening tool for rul-
ing out future metabolic risk in individ-
uals who do not meet the criteria in
childhood (33). On the other hand, meet-
ing the criteria in childhood shows a lim-
ited positive predictive value for the
presence of the syndrome in adulthood
(34). The combination of metabolic risk
factors can increase the probability that
individuals with a positive test are truly
diseased in adulthood. The presence of
obesity in childhood seems to be the
strongest predictor of the presence of
the syndrome in adulthood (35), again
suggesting that for clinical or prediction
purposes (some elements of the syn-
drome may carry more weight than others).
Additional elements of the pediatric his-
tory taking, that are not included in tra-
ditional metabolic syndrome definitions,
can significantly improve the predictive
value of having the syndrome in adult-
hood. Such elements include a positive
family history for type 2 diabetes or car-
diovascular disease (36), low birth weight
and early catch-up growth (37), “early
versus late” growth and maturation pat-
terns (38), socioeconomic status in child-
hood (39), sedentary behavior (40), and
specific dietary constituents. Although
no such data have been published from
pediatric cohorts, it is reasonable to as-
sume that, as in adults, the ability of the
metabolic syndrome to predict incident
cardiovascular disease or diabetes de-
pends on the definition used and on the
population studied (41).

SHOULD OTHER
COMPONENTS BE INCLUDED
IN THE DEFINITION OF THE
METABOLIC SYNDROME IN
CHILDHOOD? _The metabolic phe-
notype of obese children who meet the
definitions of the metabolic syndrome is
variable, yet some clinical and biochem-
ical associations are typically observed.
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Body fat distribution has a critical role in
the determination of whole-body insulin
sensitivity and its consequences. The re-
lation of obesity and peripheral insulin
resistance depends more on the lipid
distribution (or “lipid partitioning”) in
specific fat depots rather than on the ab-
solute amount of fat per se. Importantly,
these distinctions are not reflected in BMI
assessments. Different lipid depots have
distinct metabolic characteristics that
are reflected by their adipocytokine and
cytokine secretion profile, sensitivity to
hormones typically affecting adipose
tissue (such as norepinephrine or insu-
lin), and anatomical blood supply and
drainage (portal vs. systemic) (42). The
secretory role of visceral fat—derived
proinflammatory cytokines and adipocy-
tokines (such as adiponectin [43] and
leptin) appears to be directly associated
with obesity and insulin resistance. In-
deed, increased visceral fat accumulation
in obese children has been associated
with increased insulin resistance and
with cardiovascular risk factor clustering
as well as with worsening of each factor
individually (44). Some obese children
tend to demonstrate a lipid-partitioning
pattern characterized by a large vis-
ceral fat depot along with a relatively
smaller subcutaneous fat depot. This
lipid-partitioning profile is associated
with an adverse metabolic profile in com-
parison with individuals with larger sub-
cutaneous fat depots, even when the latter
have greater BMI and percent body fat
and may thus be seemingly “more obese”
(45). Waist circumference has been dem-
onstrated to be an independent predictor
of insulin resistance and intra-abdominal
fat independent of BMI in obese adoles-
cents (46). Moreover, waist circumfer-
ence has been shown to be tightly linked
to systolic and diastolic blood pressure
and to triglyceride and HDL cholesterol
concentrations in this age group (47).
For these reasons, the International Dia-
betes Federation task force (9) chose waist
circumference, the best anthropometric
correlate of intra-abdominal fat, as the
“obesity factor” of the pediatric metabolic
syndrome definition.

Lipid deposition in muscle and liver
represents another determinant of the
sensitivity of these tissues to the meta-
bolic effects of insulin. Intramyocellular
lipid deposition is inversely correlated
with peripheral insulin sensitivity and
has been demonstrated to be increased
in offspring of type 2 diabetic patients
and in obese children with impaired

glucose tolerance (48). Importantly, the
association of intramyocellular fat and in-
sulin sensitivity is further determined by
the size of lipid droplets and probably
their localization within the myocyte.
(These two factors explain the paradox
of the presence of increased intramyocel-
lular fat in endurance athletes who have
comparable intramuscular fat to obese pa-
tients with diabetes. The difference lies in
the smaller size of their lipid droplets,
probably making them more accessible
to oxidation.) Similarly, hepatic fat accu-
mulation is strongly associated with obe-
sity and with hepatic resistance to the
action of insulin in the context of path-
ways related to glucose metabolism and is
also associated with an adverse cardiovas-
cular risk profile in children (49). Because
both tissues develop insulin resistance in
association with increased lipid deposi-
tion, the normal adaptive response con-
sists of increased insulin secretion along
with reduced insulin clearance, leading to
increased circulating insulin levels (hy-
perinsulinemia). Importantly, other met-
abolic pathways within the liver that are
not involved in glucose metabolism or
other insulin-sensitive tissues that do
not share the pattern of increased lipid
deposition within them, such as the kid-
ney or the ovary, maintain their baseline
insulin sensitivity levels yet are now ex-
posed to hyperinsulinemia. This occur-
rence may result in a normal response of
these tissues to elevated insulin levels and
manifest as sodium retention and reduced
uric acid clearance by the kidney (50)
(potentially elevating systemic blood
pressure) and by increased androgen pro-
duction by the theca cells of the ovary
manifesting as polycystic ovary syndrome
(51). Other metabolic pathways within
the liver, specifically those related to lipo-
protein metabolism, maintain their base-
line insulin sensitivity (unlike those
pathways related to glucose metabolism)
and respond to the elevated insulin levels
in a pattern that creates the typical dysli-
pidemia characteristic of insulin-resistant
individuals. This result is manifested as
elevated concentrations of large VLDL
particles, low HDL cholesterol, and ele-
vated small dense LDL particle concentra-
tion (52). Some suggest that hepatic
deposition of lipid is not a primary pro-
cess but a “normal” response to elevated
circulating insulin levels induced by mus-
cle insulin resistance and thus that hepatic
steatosis, typically found in obese adoles-
cents with the metabolic syndrome, is
the result and not one of the culprits of

Weiss

the adverse metabolic phenotype charac-
teristic of insulin-resistant individuals.
Hyperinsulinemia may additionally in-
duce an activation of the sympathetic ner-
vous system and affect the metabolism
and secretion of proinflammatory cyto-
kines as well as coagulation mediators
(53), as reflected by the elevated con-
centrations of such cytokines commonly
observed in obese insulin-resistant indi-
viduals.

Inflammatory mediators have been
suggested to be the primary insult lead-
ing to the development of insulin re-
sistance and future atherogenesis in
patients with the metabolic syndrome.
An association of C-reactive protein with
adiposity, fasting insulin, dyslipidemia,
and blood pressure has been shown in
prepubertal children. In healthy adoles-
cents, C-reactive protein was signifi-
cantly associated with indices of insulin
resistance and components of the syn-
drome, yet this association was attenu-
ated after adjustment for degree of
adiposity, suggesting that obesity possi-
bly precedes the appearance of biochem-
ical markers of enhanced inflammation
in the development of cardiovascular
risk factors in childhood. Similarly,
interleukin-6 and tumor necrosis fac-
tor-a have been shown to be increased in
adolescents with the metabolic syndrome,
reflecting the subclinical inflammatory
process that is activated in these individ-
uals. Thus, reduced levels of adiponectin
and increased inflammatory cytokines
seem to be nontraditional factors accom-
panying the classic components of the
syndrome. Early markers of atherogenesis
such as endothelial dysfunction have
been associated with the presence of the
metabolic syndrome in adults, and a
small number of reports show compara-
ble findings in children manifesting the
syndrome (54).

Several groups have performed a fac-
tor analysis of components of the meta-
bolic syndrome in cohorts of adults and
children (55,56) to reveal associations ob-
served between its components. These
studies revealed that obesity and its re-
lated peripheral insulin resistance seem
to cluster with the majority of the tradi-
tional components of the syndrome,
yet also cluster with other factors, such
as increased fibrinolysis, endothelial dys-
function, and subclinical inflammation,
which seem to be part of the typical met-
abolic milieu of the insulin-resistant indi-
vidual yet are not routinely assessed or
used for clinical decision-making or for
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the sake of risk stratification. Figure 1
demonstrates the classic components
used in definitions of the metabolic syn-
drome in childhood, regardless of specific
thresholds, along with other history-
derived, anthropometric, and biochemi-
cal parameters that are associated with
its presence. While the utility of such pa-
rameters for diagnostic or treatment pur-
poses is still unknown, the caregiver is
advised to seek the ones he can easily ob-
tain to be able to address them (such as
ovarian-derived hyperandrogenism) or
at least be aware of their presence and sig-
nificance. Additional conditions typically
found in obese adolescents who meet
criteria of the syndrome are also shown
to raise the index of suspicion for their
presence.

Body composition elements

« Increased waist circumference
sIncreased visceral fat
*Reduced subcutaneous fat
*Increased hepatic fat
* Increased IMCL

Biochemical parameters
= Adiponectin t

* Pro-inflammatory cytokines (CRP,
IL-6)1

+*Pro-coagulation factors (PAK1,
fibrinogen)

» Small oxidized LDL t

CLINICAL UTILITY OF
METABOLIC SYNDROME
DEFINITIONS IN CHILDHOOD —
The observations reviewed in this arti-
cle highlight the importance of primary
and secondary prevention of the progres-
sion of early cardiovascular risk factors in
children and adolescents. Identification
of the children who are at high a priori
risk to develop the syndrome, based on a
thorough family history and objective
data related to pregnancy, labor, and the
postnatal period, can be performed by
any caregiver. Because components of the
metabolic syndrome tend to track from
childhood to adulthood, primary preven-
tion of their development or early reversal
of their presence in childhood are of
paramount importance. Interventions

Insulin
Resistance

Inflammation

Risk Assessment

such as early implementation of appro-
priate dietary and lifestyle practices aimed
at primary prevention should be sug-
gested during or even before pregnancy.
Diet-induced weight loss and bariatric
surgery have been attempted in obese
children with the presence of cardiovas-
cular risk factors or overt disease such as
type 2 diabetes. Such interventions have
shown that the level of cardiovascular risk
factors related to the metabolic syndrome
can be reduced (57) and that the presence
of type 2 diabetes can be eliminated. Be-
cause these interventions are expensive,
labor intensive, and potentially invasive
and nonreversible in nature, selection
of those obese youth who may benefit
most from them is crucial. Measures
such as risk factor clustering (metabolic

Figure 1—Several genetic, environmental, lipid partitioning, and biochemical factors, shown on the left, promote the development of subclinical
inflammation and insulin resistance, both of which can exacerbate each other. This is the postulated driving mechanism that leads to the development
of classic components of the metabolic syndrome, shown on the right. Both the classic definitions and the addition of the predisposing and promoting
factors can contribute to risk assessment of the individual patients in regard to existing comorbidities and to future cardiovascular and diabetes risk.
CRP, C-reactive peptide; CVD, cardiovascular disease; GDM, gestational diabetes mellitus; IL-6, interleukin-6; IMCL, intramyocellular lipid;
NAFLD, nonalcoholic fatty liver disease; PAI-1, plasminogen activator inhibitor 1; PCOS, polycystic ovarian syndrome; SGA, small for gestational
age; T2DM, type 2 diabetes; TG, triglycerides.
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syndrome definitions) and its dynamics
over time can serve as selection and follow-
up tools for the assessment of such inter-
ventions.

CONCLUSIONS (Clustering of car-
diovascular risk factors, the development
of which is driven by adipocyte dysfunc-
tion leading to subclinical inflammation
and peripheral insulin resistance, is pres-
ent in children and adults. Such cluster-
ing may be associated with specific
morbidity in childhood and also predicts
the presence of adverse outcomes in
adulthood. Obesity per se in a child
does not necessarily mean that the syn-
drome is present. The pattern of lipid
partitioning, adipocytokine and cytokine
profile, and presence of genetically de-
termined factors (such as ethnicity, family
history of type 2 diabetes, and others) is
crucial for the development of the adverse
metabolic phenotype typical of individ-
uals who develop the syndrome. Defini-
tions of the syndrome that are based on
thresholds, despite being controversial
and difficult to generalize for diverse
populations, may be useful in clinical
practice for the identification and follow-
up of those youth who may benefit most
from therapeutic interventions. Impor-
tantly, the components used to diagnose
the syndrome represent a continuum of
risk and should thus be addressed and
followed even when they are seemingly
“normal.” This continuum is not neces-
sarily linear, and specific components
can confer entirely different risk despite
being classified as “normal” or “abnor-
mal” when assessed strictly by using
a single threshold value. The caregiver is
advised to seek comorbid conditions
and carefully follow patients who meet
the criteria in childhood, since most of
the conditions do not manifest as overt
disease and can potentially be addressed
early in their development. Despite the
presence of multiple definitions and the
difficulty of using them in different pop-
ulations, the general pathophysiological
processes are similar across age and eth-
nicity. Thus, the caregiver should use
prudent clinical judgment to address
the typical phenotype associated with
the metabolic syndrome in children
and adolescents and adhere to the simple
wisdom of, “When I see a bird that walks
like a duck and swims like a duck and
quacks like a duck, I call that bird a
duck” (James Whitcomb Riley, “The
Hoosier Poet”, 1883).
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