
Surveillance of Insulin Resistance in Children

Recent case-series studies and smaller cross-sectional
samples have reported alarming observations among
youth: once a disease of middle age and older adulthood,
type 2 diabetes now represents nearly one-half of newly
diagnosed diabetes cases in some obese adolescent Afri-
can-American and Hispanic populations (1 ). Further-
more, the metabolic syndrome, also known as syndrome
X or the insulin resistance syndrome, has recently been
documented in youth (2 ). The cornerstone of this syn-
drome is obesity and insulin resistance, giving rise to a
plethora of risk factors for type 2 diabetes and cardiovas-
cular disease, including impaired glucose tolerance, dys-
lipidemia, hypertension, impaired fibrinolytic activity,
and a heightened state of systemic inflammation (3 ).

In this issue of the journal, Allard et al. (4 ) describe
fasting blood concentrations of glucose, insulin, and free
fatty acids (FFAs) in children and adolescents. These
timely data, from a carefully conducted population-based
study in Quebec, Canada, contribute to our understand-
ing of the potential public health impact of the pediatric
obesity epidemic. As expected for a typical population of
youth, the distribution of fasting glucose was quite nar-
row, whereas that of fasting insulin was quite broad. The
difference between the 5th and 95th percentiles for fasting
insulin (�390%) was �15 times greater than that of
fasting glucose (�25%). Concentrations of fasting glucose
were somewhat higher for boys than for girls, whereas
fasting insulin concentrations were somewhat higher for
girls than for boys. As such, the homeostasis model of
insulin resistance (HOMA), the product of glucose and
insulin, was comparable between the genders.

Allard et al. (4 ) raised two important questions. First,
does the product of glucose and insulin, the HOMA,
provide a superior predictor of insulin resistance than
either fasting glucose or insulin alone? Second, to what
degree do circulating FFAs play a role in the pathophys-
iology of insulin resistance?

The challenge of evaluating the comparative utility of
fasting glucose, insulin, and HOMA in this study is that
no gold standard comparison, such as the euglycemic
hyperinsulinemic clamp measure, was available. It there-
fore is not possible to address the first of these questions
directly from the present data. The investigators reported
that the correlation between fasting insulin and HOMA
was �0.99 among all age-gender strata. Although not
reported, the correlation between glucose and HOMA
was presumably weak or nonexistent because of the very
limited range of glucose relative to insulin. It has previ-
ously been established that fasting insulin, particularly in
populations with normal glucose tolerance, is a very good
predictor of insulin sensitivity (5–7). Sinaiko et al. (7 )
conducted euglycemic hyperinsulinemic clamps in a rep-
resentative sample of 357 middle school students in
Minneapolis, Minnesota. Inverse correlations between the
concentration of fasting insulin and insulin sensitivity
from the clamp tests were found in both boys (r � �0.42;

P � 0.0001) and girls (r � �0.41; P � 0.0001). Among
populations with little or no impaired fasting glucose,
fasting glucose and HOMA appear to contribute little to
the prediction of insulin sensitivity beyond that explained
by fasting insulin (5, 6). Although the glucose concentra-
tion in the postprandial period appears to be a good
marker of insulin sensitivity in such populations (6 ), oral
glucose tolerance tests are prohibitively time-consuming
for population-based surveillance systems. It is therefore
prudent to include fasting insulin measures in future
pediatric surveillance for the purposes of monitoring the
population burden of insulin resistance and targeting
high-risk subgroups. Indeed, the presence of high fasting
insulin and excessive body weight may occur with either
normal or impaired fasting glucose. Primary prevention
would be warranted in either case.

Fasting glucose distribution would be expected to be
broadest among high-risk populations, most significantly
the obese (8, 9). For this reason, it would be useful to
examine the distribution of fasting glucose concentrations
stratified by body mass index categories. Especially
among the overweight and obese, measurement of fasting
glucose can be justified because it is easy, inexpensive,
and useful in screening for impaired fasting glucose and
possible type 2 diabetes because of standardized criteria.
Moreover, the emergence of type 2 diabetes among North
American youth (1 ) supports the hypothesis described by
Allard et al. (4 ) of a rightward shift in the distribution of
fasting glucose as a result of the obesity epidemic.

FFAs were inversely associated with insulin and
HOMA in the younger children, whereas no association
was observed in the older children and adolescents,
suggesting that increased FFAs do not promote insulin
resistance in this population. The authors suggest that the
inverse association in the younger age groups can be
explained by known age-related differences in metabolic
fuel use. However, several methodologic issues regarding
FFAs need to be considered. The degree to which FFAs
contribute to insulin resistance may depend on the type
(saturation and chain length) and source (subcutaneous
vs visceral adipose tissue) of FFAs (10, 11 ). Furthermore,
among healthy young populations, the association be-
tween FFAs and study endpoints may be nonlinear;
simple correlations may mask important physiologic re-
lationships, especially if only a small number of individ-
uals have very high FFA concentrations and insulin
resistance (e.g., the obese). Although high FFA concentra-
tions in late adolescence and young adulthood may
exacerbate insulin resistance, elucidation of these issues
will likely require both prospective observational analy-
ses and well-controlled physiologic studies.

The authors state that the distributions of glucose,
insulin, and HOMA did not appear to vary by ethnicity,
although they do report some significant differences
among 13-year-old boys for FFAs and 16-year-old boys
for insulin. Other studies have clearly shown that race/
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ethnicity, for a variety of genetic and environmental
reasons, is an important determinant of insulin resistance
and risk of type 2 diabetes (6, 12 ). Among 403 school
children of the Corpus Christi Study, Batey et al. (12 )
reported that components of the insulin resistance syn-
drome were considerably more prominent among Mexi-
can Americans than among non-Hispanic whites. For
these reasons, it is useful to stratify results by ethnicity
even when such stratification may not be warranted by
the results of preliminary statistical tests.

The underlying causes of insulin resistance and obesity
involve the interaction of many genes with physical
inactivity and dietary patterns. Because the obesity epi-
demic has occurred over a period of genetic stability, �20
years, and has afflicted every major racial and ethnic
group, the challenge to public health lies on the environ-
mental side of the interaction. Pediatric data sources have
revealed striking statistics in physical inactivity and di-
etary patterns. Between 1988 and 1994, two of three US
children reported at least 2 h of television viewing per day
and one of four children reported at least 4 h per day (13 ).
Consumption of soft drinks (14 ) and fast food (15 ) has
increased steadily between the 1970s and 1990s, the same
time period within which the obesity epidemic has un-
folded. Milk intake in youth has decreased precipitously
during this same time period (14 ), whereas intake of
fruits, nonstarchy vegetables, and whole grain foods
continues to fall far short of recommended amounts (16 ).
Systematic assessment of these and other relevant lifestyle
patterns and environmental factors are necessary to ad-
vance knowledge of the critical factors involved in the
evolution of insulin resistance and obesity. The ideal
surveillance system would therefore include the full
range of known etiologic factors, including physiologic,
behavioral, and environmental components.
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