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Obesity, insulin resistance and the metabolic syndrome

Alan Sinaiko*

There has been a remarkable increase in interest during
the past two decades in the relation between cardiovascular
risk factors in children and the development of arteriosclero-
tic cardiovascular disease (ASCVD) and type 2 diabetes in
adulthood. Initial studies concentrated on individual factors
such as lipids and blood pressure. However, as research in
this area has evolved and pediatricians have followed the lead
of their colleagues in internal medicine, attention has turned
to broader considerations of risk and, in particular, to obesity,
insulin resistance and the metabolic syn-
drome. Itis not surprising that these stu-

that BMI at age 7 predicts the ASCVD risk factors at age 24.°
The relevance of these findings is of increasing importance to
pediatricians, since the prevalence of obesity in children is
steadily increasing in all ethnic groups.®

The relation of obesity to insulin resistance is also well
known, and while insulin resistance is related to the develop-
ment of ASCVD, its role independent from obesity is not cle-
arly defined. Nevertheless, it has become evident that

obesity cannot completely explain
the development of insulin resistan-

dies are affirming the concept that the

ce. Insulin resistance is not present
in all obese individuals; nonobese,

roots of ASCVD and type 2 diabetes ex- See related article nondiabetic individuals can be
tend back into childhood. on page 21 insulin-resistant; and type 2 diabe-
The relation of obesity to ASCVD in . tes occurs in nonobese individuals.

adults is well known. Although children

and adolescents do not have overt AS-

CVD, obese children have a cardiovascular risk profile consis-
tent with its early development, i.e., significantly higher
blood pressure, triglycerides and fasting insulin and signifi-
cantly lower HDL-C.* Moreover, the degree of risk increases
with increasing obesity.2 The result is early deposition of fatty
streaks and plaque in adolescent coronary arteries,® and the
outcome in adulthood is an increased incidence of premature
cardiovascular and all-cause mortality in individuals who
were obese adolescents.* Despite a perception in the general
population that overweight children tend to become thinner
as they go through adolescence and maintain the thinness as
they become young adults, longitudinal growth studies have
shown a highly significant (r = 0.61) correlation in body mass
index (BMI) between ages 7 and 24, and have further shown
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In an attempt to clarify the indepen-

dent influence of BMI and insulin re-
sistance on the development of cardiovascular risk and type 2
diabetes, we have been conducting a longitudinal study, in-
cluding euglycemic hyperinsulinemic clamps, in children who
were randomly recruited from a public school population of
11-14 year olds. Results from this study are showing that in-
sulinresistance, of itself, is associated with increased levels of
cardiovascular risk factors.! When the cohort was divided into
two groups according to insulin sensitivity and resistance, the
insulin resistant group was found to have significantly higher
fasting insulin, triglycerides and lower HDL-C, independent of
BMI. And, when the cohort was further divided according to
levels of both BMI and insulin resistance, an interaction was
uncovered in the obese, insulin resistance group, leading to
higherlevels of risk factors than would be expected by simply
adding together the individual effects of BMI and insulin re-
sistance. This cohort has now been followed to early young
adulthood (age range 18-21). Recent studies’ have shown
thatinsulin resistance measured at age 13 predicts, indepen-
dent from BMI, blood pressure and lipids at age 19. Thus, it
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appears that insulin resistance, of itself, is etiologically rela-
ted to the ultimate development of ASCVD.

As investigation into the relation between obesity and in-
sulin resistance has intensified, certain fat compartments, in
particular visceral fat, have been shown to be more functio-
nally active than others.® Visceral fat cells have higher rates
of lipolysis than subcutaneous fat cells, resulting in a greater
production of free fatty acids, and elevated free fatty acids
have been associated with increased insulin resistance. In
addition, visceral fatis a prominent source of the adipocytoki-
nes II-6, TNF-a and adiponectin, all of which have been rela-
ted to insulin resistance. Visceral fat content is highly
correlated with waist circumference, suggesting that waist,
rather than BMI, may be a better predictor of insulin resis-
tance.

In this issue of Jornal de Pediatria Ferreira et al.,° report
on the prevalence of the metabolic syndrome in 1,550 Brazil
schoolchildren. They found that 8% of the children were
overweight, and 17.3% of the overweight children had the
metabolic syndrome. Although these figures are lower than
those reported for Caucasian, Black and Hispanic children in
the United States,®1° they show that Brazil is faced with the
same high prevalence seen in other countries. The appropri-
ate application of the metabolic syndrome to patient care is
still being debated,* but most would agree that it is related
clinically to future cardiovascular disease. Although a direct
role for insulin resistance in the development and mainte-
nance of the syndrome has not been established, most clini-
cians believe insulin resistance is directly involved. It might
be suggested that obese children without the metabolic syn-
drome are those without insulin resistance. An issue for pedi-
atrics is how to define threshold values for the factors
comprising the system. Most studies in children have arbitra-
rily modified the published adult standards to select values
that are based on pediatric norms. This is a reasonable appro-
ach, but longitudinal studies confirming the appropriateness
of those values have not yet been published.

The euglycemic hyperinsulinemic clamp is the acknow-
ledged “gold standard” measure of insulin resistance.? In
the study by Ferreira et al., the authors use HOMA, a surro-
gate measure of clamp-derived insulin resistance, to show an
apparent link between the metabolic syndrome and insulin
resistance. Because the clamp is technologically more com-
plicated and places an increased burden on the patient, inclu-
ding a 2-3 hour stay in a clinical research center, a number of
surrogate measures for insulin resistance have been desig-
ned. HOMA is one of the most widely used and requires only a
fasting blood sample for insulin and glucose. The formula for
HOMA is serum glucose x fasting insulin/22.5. However,
HOMA does not define insulin resistance in children with any
greater accuracy than fasting insulin (the correlation be-
tween fasting insulinand HOMAis > 0.95), because glucose is
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so tightly controlled and its range is so narrow in children that
its use in the HOMA formula does not discriminate among in-
dividuals. The correlation between either HOMA or fasting in-
sulin and the insulin clamp is low (approximately 0.4-0.5 in
most studies), and most investigators today do not believe
that HOMA is an accurate measure of insulin resistance in
children.

Can fasting insulin be used as a surrogate measure forin-
sulin resistance? Unfortunately, the range of fasting insulinin
children is relatively narrow, so that it also lacks the precision
required to categorize individuals. However, degree of insulin
secretion is relevant to the study of insulin resistance, and
fasting insulin levels may be used in other ways. For instance,
it has beenincorporated by the European Group for the Study
of Insulin Resistance into the definition for the metabolic syn-
drome.3 In our studies in children we have incorporated it
with triglycerides, HDL-C and blood pressure into an “insulin
resistance score” that has been applied in studies of BMI and
insulin resistance.* We have found that the score may provide
a better picture of overall cardiovascular risk than examina-
tion of the individual risk factors.

Physicians caring for children have historically been en-
trusted with preventing disease during childhood and ensu-
ring normal growth and development prior to adulthood. The
soaring prevalence of obesity in childhood coupled with the
increase in levels of cardiovascular risk factors and the meta-
bolic syndrome offers another challenge to fulfilling those
responsibilities. Although it has been obvious for many years
that obesity is associated with cardiovascular risk, the etiolo-
gic factors linking obesity to the factors that define the meta-
bolicsyndrome have not been identified. Recent data suggest
thatinsulin resistance may be one of those factors. Itis hoped
that ongoing studies in children will provide the information
required to design strategies that can be applied during chil-
dhood inorderto reduce theincidence of premature ASCVD in
adults.
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The quality of care of very low birth
weight babies in Brazil

Fernando C. Barros,! José Luis Diaz-Rossello?2

This issue of the Jornal de Pediatria publishes an interes-
ting paper on health services research, analyzing the morta-
lity of very low birth weight (VLBW)

The paper shows that the neonatal and overall hospital
mortality rates of Fortaleza’s VLBW babies are much higher
than those observed in a network of

babies born in maternity hospitals with
neonatal intensive care units (NICU) in

NICUs in the United States, for all
birth weight groups.? Birth weight-

] X - See related article o ) o
2002-2003, in Fortaleza, Ceara, Brazil. specific intrahospital mortality is an
As the authors rightly state, this birth on page 27 indicator of quality of care and this
weight group, although being less than ¢ initial comparison with NICUs of a hi-

2% of the total live births, require a high-
quality hospital care and account for a substantial and gro-
wing proportion of neonatal and infant mortality.

-
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ghly developed country may put the
target too far. However, the authors also show that the mor-
tality rates in Fortaleza are higher, for all birth weight groups,
than those observed in Montevideo, Uruguay.> Here we
should be much more concerned about the magnitude of our
avoidable deaths, considering that there are no relevant di-
fferences in the available technology and human resources
for the care of newborns between the two cities.

After the publication of these interesting results, what
should be the next steps to identify gaps in the quality of care
in Fortaleza’s NICUs in order to prevent avoidable deaths?
One first element would be to compare the units participating
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