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Once again this international conference on the insulin resistance syndrome (IRS)
featured a Pediatrics symposium in the initial meeting day. While three days of detailed
discussion of all aspects of the insulin resistance syndrome in adults followed, this
summary focuses solely on the full day pediatric session that was filled with state of the
art information.

After opening comments from Yehuda Handelsman, co chair of the Congress, Alan
Sinaiko and Sonia Caprio, co chairs of this days symposium welcomed the attendees and
set out the plan of the presentations.

Stephen Cook led off by addressing the question, “is there a metabolic syndrome in
children and adolescents?”. He answered this question with a resounding yes. (We shall
her refer to the IRS rather than the metabolic syndrome throughout this discussion.)
After demonstrating the now well know tripling of the prevalence of obesity in childhood
and adolescence in the US over the last few decades, he showed that the change in central
adiposity as reflected by the waist circumference between 1998-1994 with NHANES-III
to 1999-2000 increased by 1.6 –4.9 cm for males and 2.6 – 5.2 cm for females in the US,
with other countries showing the same or greater increase. The prevalence of children

with WC > 90th %tile from NHANES III to 1999-2000 increased by 65.4% for boys and
increased 69.4% for girls.

In the US, the percentage of adults with the metabolic syndrome increases with age; in
adults there is an overall prevalence of 23.7% across all ages and genders. In
adolescence, there is a 4.2% overall prevalence of the metabolic syndrome; of those
teenagers <1 % had normal weight, of those with BMI values between the 85% and
<_95%, 6.8% while in those with BMI >95th % for age and gender, 27.9% had the
metabolic syndrome. Boys had a greater than two fold greater prevalence than girls and
Mexican American girls a greater prevalence than Caucasian girls while Mexican
American and Caucasian boys both had a prevalence of approximately twice that of girls,
about 7%, but African American children were far less likely to have the metabolic
syndrome than the other ethnic groups. The criteria for the metabolic syndrome
originated in adults and had to be adjusted to age appropriate values.

Using these guidelines, the prevalence of the metabolic syndrome in the population of 511 year old children is 4.3% while when considering overweight children, the prevelance
rises to 20.2%. Data from Canada and Finland show that clustering of the features of the
syndrome in children persist for 6-12 years of follow-up. The longitudinal Bogalusa heart
study demonstrated that the risk ratio for clustering of 4 variables was 9.8 in white and
7.4 for black individuals over several decades. On the positive side, low risk tracks as
well as high risk; the Bogalusa study demonstrated that the children in the bottom
quartiles of risk factors retained a low risk for metabolic syndrome into adulthood. The

metabolic syndrome also crosses generations as in Minnesota and Bogalusa, children of
parents with the IRS had higher BMI, waist circumference, serum insulin levels and were
more insulin resistant, demonstrating genetic factors found in the syndrome.

Unfortunately, children who survive ALL in Finland later demonstrated features of the
metabolic syndrome; after 13 years, 62% had 1 CVD risk factor and 30% had 2 CVD
risk factors, while 31% of the survivors were obese. These trends are well described in
the US as well.

In the US NHANES and in Canada, children with the metabolic syndrome had greater
mean values of serum CRP than controls; e.g. higher mean CRP (3.8 vs 1.4 mg/L).
Focusing upon teenagers with metabolic syndrome, 38.4% had CRP > 3.0 mg/L
compared to the 10.3% of teenagers without the metabolic syndrome had CRP > 3.0
mg/L. Further, those with top quartile CRP values had an odds ratio of 2.5 for a cluster
of adverse risk factors (high blood pressure, triglyceride/hDL cholesterol and small dense
LDL particles). Of those children with BMI >85th %, 7% have the small denses LDL
phenotype and of those with the metabolic syndrome, 10% have the phenotype, in
contrast to those who were thinner or lacked the metabolic syndrome. Further, smoke
exposure increases the risk for the metabolic syndrome in children and adolescents.

There are several definitions of the metabolic syndrome in adults and prevelance changes
with the definition criteria, 4.2% of children and adolescents met the NCEP criteria while
8.4% met the WHO criteria. Of girls in the national girls health study, 
0.2 % of girls 9-10

yrs had > 3 criteria for the IRS and after 10 years, 3.5% of Black and 2.3 % of White girls
developed IRS by adult criteria. Higher baseline triglycerides (OR = 1.12) and waist
circumference (OR = 1.16) were predictors of IRS at 10 years but BMI, HOMA,
SBP/DBP and glucose were not predictive. This brings up the important concept that the
IRS can occur without obesity; further, serum insulin values or simple equations
incorporating baseline insulin values, such as HOMA, are not predictive. Further, insulin
is not included in any definition of the IRS by any criteria. Using one definition of the
IRS, the US and Iran have the greatest prevalence with Brazilian teenagers following and
Korean teenagers bringing up a more distant third of several countries studied. Just as
there is a variation in prevalence of the metabolic syndrome in the adult depending upon
the definition, in children, the three published definitions suffer from a similar dissonance
with an overall prevalence from 9.4-2.0% in the entire population.

Dr Cook summarized his presentation with these points: 1. Clustering of the IRS around
obesity, exists; 2. Obesity and clustered cardiovascular risk factors track from Childhood
to Adulthood, and cluster within families 3. Lifestyle factors are important in developing
the metabolic syndrome as, factors listed in order of importance in the development of
the metabolic syndrome: Sedentary activity is more significant than the next factors
including lack of exercise, excess caloric intake and smoking 4. Cut-off points exist in the
definition of the metabolic syndrome, although all factors are truly continuous variables
5. Above all, prevention is key in addressing this syndrome. Achieving appropriate
gestation weight gain, avoiding tobacco, promoting physical activity and dietary

moderation in homes, schools, childcare settings and worksites could considerably cut
down on the prevalence of the metabolic syndrome in all age groups.

Dr. Sherin Devasakar next addressed the fetal origin of adult disease with respect to the
insulin resistance syndrome. She started by speaking of the outcome of babies born to
obese mothers noting the prevalence of stillborn, of macrosomia (>90%) and of IUGR
(<10%). These add to the customary outcomes of birth injuries during delivery,
respiratory distress, hypoglycemia, hypocalcemia, hyperbiliturubinemia, congenital
defects as well as neurological impairment. The long term outcome including
hyperinsulinism and hyperleptinemia signifigant factors.

She pointed out how childhood obesity later leads to gestational diabetes, leading later to
adult onset obesity and eventual type 2 diabetes demonstrating the transgenerational
propagation of the syndrome. The “secondary hit” of increased energy intake along with
inactivity in addition to these factors all lead to the epidemic of obesity and type 2
diabetes along with the complications of hypertension, cardiovascular disease, stroke and
dyslipidemia. She reviewed the data demonstrating that breast feeding leads to more
appropriate weight gain in infants even years after breast feeding ceases. After a review
of the hypothalamic factors associated with appetite and satiety, she described her
experimental design for in vivo animal studies, which aim to explain human
epidemiological data. She reviewed the several long-term studies of outcome of
abnormalities of gestational nutrition and abnormal birth weight such as historical

episodes of famine. All studies showed an increase of insulin resistance and type 2
diabetes later in life being inversely related to birth weight. This, evidence describes the
“U” shaped curve relating birth weight to later insulin resistance: babies with either low
or high birth weight have a higher prevalence of insulin resistance compared to those of
normal birth weight. She presented her experimental data from in vivo animal studies
showing that catch up growth after IUGR leads to visceral adiposity, hyperinsulinism and
hyperleptinemia, type 2 diabetes and transgenerational propogation of these problem. She
emphasized the importance of self regulated caloric intake, prevention strategies and the
message that the effects of dysregulation of fetal growth may appear two generations
later in an epigenetic process.

Dr. Dana Dabalea next explored the ethnic differences in the insulin resistance syndrome
in youth. She pointed out the higher fasting insulinlevels in African American and
Hispanic American and American Indian children compared to Non Hispanic white
children by the early teenage years. In response to a glucose load, African American
children secrete greater than expected insulin, as do Mexican American children, due to
reduced hepatic insulin extraction. These patterns appear due to genetic factors. While
visceral fat is more related to insulin resistance in Non-Hispanic White children, African
American children have a weaker relationship of visceral fat to insulin reistance but
increased relationship of subcutaneous fat to insulin resistance than in Non Hispanic
Whites. In summary she suggested that African American, Mexican American and
American Indian children were more likely to develop type 2 diabetes due to obesity

independent IR, while African American children may be less likely to develop obesity
related clustering of IRS components than the other ethnic groups.

Due to the multiple definitions of the IRS in youth and lack of sufficient data in certain
ethnic groups, it is difficult to determine what should be considered the true prevalence of
the IRS. It is apparent that the IRS is lower in African American than non Hispanic White
children and Mexican American children but the prevalence is increasing in all groups.
However there are specific trends of particular factors; there is increased abdominal
obesity in African American only, increased dyslipidemia (LDL-c ) in African American
and Hispanic Americans but increased hypertension in all groups. Type 2 diabetes
mellitus is rare in children <10 years, is more frequent in minority ethnic groups
compared to Non-Hispanic White adolescents. The highest rates are found in American
Indians and African American youth. (most of this data comes from SEARCH for
diabetes in youth study). In addition SEARCH demonstrated the components of the IRS
are far more common in youth with type 2 diabetes compared to type 1 diabetes but the
IRS is more common in Hispanic and American Indian youth with diabetes regardless of
type of diabetes. The prevalence of micro-albuminuria is more common in youth with
type 2 diabetes and, in sequence, in African American, Hispanic, Asian and Pacific
Islanders and American Indians compared to non Hispanic White Youth. Her conclusion
was that there are important ethnic differences in IRS. Compensatory insulin secretion,
and obesity related clusters of IRS in youth might account for different chronic disease
patterns latter in life in different ethnic groups. Future challenges are to study different

ethnic groups in greater detail, to use reliable indices of insulin resistance/secretion rather
than the controversial measures utilizing fasting insulin values.

Dr. Andra Dunaif next spoke of polycystic ovarian syndrome (PCOS). There i s a 7%
pre vale nce of anovula tory PCOS ma king it the l eadi ng ca use horm one-rel ate d i nfe rtil it y.
Affec ted wom en progre ss from insuli n resista nce to T ype 2 Di abet es Mell itus wit h a 7
fol d i ncreased risk over a woma n without PCOS. Of a dolescent s and young adul t wome n
wi th PCOS, only 60% have norma l GT T, 40 % ha ve IGT and 10 % ha ve type 2 DM.
About 80-90% of oligom ennorrheic wom en hav e PCOS. The diagnosis is based upon 2
of 3 of t he new Rot terdam cri teri a: •hyperandroge nism, c hronic a novulat ion, e xclusion of
other disorders or t he demonstra tion of polycysti c ovaries (all but the la st a re part of the
crite ria devel oped by a c onsensus confe rence at the NIH i n 1990). T he he aviest
indivi duals wi th PCOS have m ore insulin resista nce and type 2 diabe tes but even thi n
indivi duals with PCOS ca n have t ype 2 DM. T here i s a n incre ased preva lenc e of the
met aboli c syndrom e usi ng age appropri ate c rite ria i n PCOS wit h a gre ate r pre vale nce i n
those wi th increa sed B MI: of those wi th BMI>30, 45% of t he young a dult popul ati on
surve ye d by NHANES III had t he IRS whil e 68% of wom en with PCOS ha ve the
met aboli c synd rome; wi th respec t t o adole sc ents, t he com parabl e numbe rs a re 32% a nd
63%, respect ivel y. Te enagers wit h PCOS have incre ased preva len ce of a ll feat ures of the
IRS com pared to pee rs. Furthe r t he IRS sta rts at a lower range of BMI in PCOS than i n
the ge nera l popul ati on. Insulin sensiti zing agent s suc cessful ly decre ase a ndrogen l evel s
and incre ase ovulat ion in PCOS. Te st ost erone and free t estoste rone are inc reased i n
PCOS but bloc king testoste rone wit h agents suc h a s flut ami de, added to insuli n

sensi tiz ing agents, decr eases the me tabol ica lly ac tive vi sceral fa t, decre ases the BMI but
has le ss e ffect on subc utane ous fat . Siste rs of adol escent s or a dults wi th PCOS al so have
increa se d androgen val ues and inc reased ri sk of anovul ati on and, as we ll, i ncrea se d ri sk
of PCOS the mselve s, as wel l as ri sk of IRS. Li kewise brothers of wom en wit h PCOS
si mil arly h ave decre ased i nsul in se nsi tivi ty and inc reased adrena l a ndrogen produc tion.
Dr. Dunai f is stud yi ng gene tic li nkages to PCOS and finds the D19S884 of the Intron 55
of the Fibrillin 3 Gene of signifigance.
The prenat all y viri liz ed fe mal e rhe sus monkey se rves as a good model for PCOS i n
human be ings. She pose d the question as to the eti ology of PCOS, is i t gen eti c or i s it
environme ntal , or both? La st ly she humorously suggest ed that thi s disease of women
that pre se nts so m any fea tures of the met aboli c syndrome m ight be cal l “Syndrome XX”!

Dr. Jeffery Schwimmer spoke of factors in the various conditions associated with fatty
liver. NAFLD is the abbreviation of nonalcoholic fatty liver disease while NASH
represents nonalcoholic steatohepatitis. Steatosis can progress to NASH, to fibrosis and
in some to cirrhosis. The prevalence of fatty liver increases with age, with increasing
BMI. Detection of these conditions becomes increasingly more accurate with
measurement of liver enzymes, ultrasound and, the gold standard, to liver biopsy. Fatty
liver is most prevalent in Hispanic American children, Asian American, Non Hispanic
White and finally a distant fourth African American children. While there is no proven
treatment for these hepatic conditions, Dr. Schwimmer described the ongoing trial of
1000 mg of metformin daily which initially shows a decrease in liver enzymes and liver

fat with treatment. Larger and longer term studies must be completed before a
recommendation for therapy can be made. He finished by pointing out that fatty liver is
not just a benign variant as has been stated in the past.

Dr. Sonia Capri o, c o c hair of the symposium , spoke nex t on spectrum of insulin
resistance in childhood obesity: from benign to type 2 diabetes. The prevalence of type 2
diabetes in the world is predicted to increase 46% from 1995 to 2010. Presently there are
97 million known cases of T2DM, 97 million undiagnosed cases and 314 million with
IGT. She and her colleagues at Yale have shown the presence of ectopic fat as a feature
of insulin resistance and is associated with increased hepatic glucose production and
decreased insulin mediated glucose disposal in muscle. The group uses 1H NMR
spectroscopy of the Soleus muscle (intra myocellualr lipid (IML)) or liver. She uses the
method to examine whether altered partitioning of myocellular and abdominal fat relates
to changes in insulin sensitivity in obese adolescents with IGT using the
hyperinsulinemic euglycemic clamp to assess insulin sensitivity, the hyperglycemic
clamp to assess insulin secretion and Dexa to evaluate body composition. She found an
inverse linear relationship between IML and insulin sensitivity, an increase in visceral fat
as well as an increased visceral to subcutaneous fat ratio.

Dr Alan Sinaiko, the originator of the pediatric section of the World conference, ended
the day’s discussion with a presentation on his decades of longitudinal studies in the

Minneapolis study. He pointed out that the normal physiological decrease in insulin
sensitivity with increasing pubertal status was a prelude to the changes brought about by
obesity and genetic tendencies toward .insulin resistance even in thinner adolescence.
Blood Pressure and hDL cholesterol increase with age during normal pubertal
development although triglycerides decrease in girls compared with boys. He showed the
tracking of BMI between 10 to 20 years of age as well as systolic blood pressure, hDL
and total cholesterol, increase in fasting insulin and “m”, a reflection of insulin resistance.
All of the adverse factors of insulin resistance are increased in those with increased BMI
compared to thin individuals, including systolic blood pressure, triglycerides, hDL and
fasting insulin. Looking from the other point of view, of those who are insulin sensitive
compared to insulin resistance teenagers, adverse tendencies are increased in those with
higher BMI. Further dividing the groups into high and low BMI and high and low insulin
sensitivity, the most adverse predictors are the highest BMI and lowest insulin sensitivity
and the best situation occurs with low BMI and highest insulin sensitivity. A stepwise
trend is found from high BMI, low insulin sensitivity to low BMI, high insulin
sensitivity. Risk factors progress in the same direction. Lastly, tracking of all risk factors
between 13 and 19 years shows that lean body mass is associated with a decrease in the
risk factors while increase in BMI predicts an increase in risk factors. Visceral fat was
higher in insulin resistant thin subjects than thin insulin sensitive subjects. Thin insulin
resistant children experience increased risk factors with the passage of time while thin
insulin sensitive children reminded stable. These data showed that increase in BMI led to
significant decreased insulin sensitivity and increased risk factors over the teenage years
but imply that good control of weight can improve risk factor, showing that the problems

of the IRS are not inevitable. There is a genetic tendency toward insulin resistance
without regard to weight changes.

These remarkable presentations shed considerable light on the IRS and suggested factors
that bear watching in the children we treat. Genetic factors provide a substrate that
increased weight plays upon to further the development of the IRS. It is also clear that an
individual does not have to have an increased BMI to manifest the IRS. The 5th Annual
World Congress of the Insulin Resistance Syndrome will be held October 11-13, 2007,
Boston Marriott Newton. Once again there will be a Pre-Congress Symposia on Insulin
Resistance in Pediatrics Wednesday, October 10, 2007 (as well as Insulin Resistance &
the Liver).

