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OBJECTIVE

Impaired glucose effectiveness (GE) plays a role in the deterioration of glucose
metabolism. Our aim was to validate a surrogate of GE derived from an oral
glucose tolerance test (OGTT) and to assess the impact of degrees of obesity
and of glucose tolerance on it.

RESEARCH DESIGN AND METHODS

The OGTT-derived surrogate of GE (oGE) was validated in obese adolescents who
underwent an OGTT and an intravenous glucose tolerance test (IVGTT). We then
evaluated anthropometric determinants of the oGE and its impact on the dynamics
of glucose tolerance in a cohort of children with varying degrees of obesity.

RESULTS

The correlation of oGE and IVGTT-derived GE in 98 obese adolescents was r = 0.35
(P < 0.001) as a whole and r = 0.51 (P < 0.001) in subjects with normal glucose
tolerance. In a cohort of 1,418 children, the adjusted GE was associated with
increasing obesity (P < 0.001 for each category of obesity). Quartiles of oGE and
the oral disposition index were associated with 2-h glucose levels (P < 0.001 for
both). Among 421 nondiabetic obese subjects (276 subjects with normal glucose
tolerance/145 subjects with impaired glucose tolerance who repeated their OGTT
after a mean time of 286 16 months), oGE changes were tightly associated with
weight (r = 0.83, P < 0.001) and waist circumference changes (r = 0.67, P < 0.001).
Baseline oGE and changes in oGE over time emerged as significant predictors of
the change in 2-h glucose levels (standardized B = 20.76 and B = 20.98 respec-
tively, P < 0.001 for both).

CONCLUSIONS

The oGE is associated with the degree of and changes in weight and waist circum-
ference and is an independent predictor of glucose tolerance dynamics.

Glucose has the ability to facilitate its own uptake in peripheral tissues and to
suppress hepatic glucose production at basal concentrations of insulin (1). This
property of glucose is known as “glucose effectiveness” (GE), and it increases
with increasing insulin concentrations (2). GEmakes amajor contribution to glucose
disposal under fasting conditions (basal insulin concentrations) estimated at;70%,
while during exposure to postabsorptive insulin concentrations imposed during a
hyperinsulinemic-euglycemic clamp the relative contribution of GE drops to;30%.
After oral ingestion of glucose and an increasingly dynamic insulin concentration,
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the relative effect of GE on glucose dis-
posal is expected to be greater than that
achieved during a clamp and is esti-
mated at 50% (2).
Patients with type 2 diabetes mellitus

(T2DM) and impaired fasting glucose
(IFG), as well as siblings of patients
with T2DM have been shown to have
reduced GE (3–6). The molecular mech-
anism by which glucose is able to sup-
press its liver production and to enhance
its peripheral uptake is not yet clear,
although recent publications (7) have
postulated a role of circulating free fatty
acids (FFAs), which are typically in-
creased in conditions of insulin resis-
tance. Indeed, elevated levels of FFAs
promote gluconeogenesis in the liver,
driving increased glucose production
and reduced glucose oxidation (8). In
addition, the ability of glucose to stimu-
late peripheral glucose uptake is im-
paired in the face of increased levels of
FFAs and may be increased by GLP-1
(9,10). Importantly, the normalization
of FFA concentration restores GE in pa-
tients with T2DM (11). In addition, the
brain has been shown to affect GE in
rodent models, as a compensatory
mechanism to insulin resistance and
T2DM (12).
Measurement of GE involves sophisti-

cated clinical protocols such as the graded
hyperglycemic clamp with somatostatin,
insulin and glucagon infusion clamp, or
the frequently sampled intravenous glu-
cose tolerance test (FSIVGTT). This pre-
vents the assessment of this important
factor in large cohorts. Nagasaka et al.
(13) have recently described a surrogate
of GE derived from the oral glucose toler-
ance test (OGTT) that shows a good corre-
lation with GE as measured by an IVGTT.
GE has been shown to be increased in
obese children (14) and differs by ethnicity
in the pediatric age group (15). The aim of
this analysis was to validate this surrogate
in obese adolescents and to assess the im-
pact of varying degrees of obesity and glu-
cose tolerance on the surrogate of GE in a
large multiethnic cohort of children. We
hypothesized that worsening glucose tol-
erance will be associated with reduced
OGTT-derived index of GE (oGE).

RESEARCH DESIGN AND METHODS

Cohort Used for Validation of the oGE
The validation cohort was a group of
obese (BMI $95th percentile for age
and sex), pubertal (Tanner stage .1)

adolescents who were 12–17 years of
age. Nondiabetic participants were re-
cruited from primary care clinics affili-
ated with The Children’s Hospital of
Philadelphia (CHOP) in Philadelphia,
PA. A small number of participants pre-
senting with obesity were recruited
from the CHOP outpatient Endocrinol-
ogy Clinic as well. In addition, obese,
pubertal adolescents in the same age
range with T2DM were recruited from
the CHOP Diabetes Center for Children.
T2DM was diagnosed in these partici-
pants based on American Diabetes As-
sociation (ADA) criteria (16). Of note,
HbA1c was not used to categorize indi-
viduals, as the addition of this criterion
in the ADA guidelines occurred after the
onset of this study. Exclusion criteria
were the existence of the following: 1)
major chronic illness (other than T2DM),
2) pregnancy, 3) a genetic syndrome
known to affect glucose tolerance, 4)
known familial hypercholesterolemia, 5)
treatment with medications known to af-
fect insulin sensitivity (systemic steroids
or metformin in nondiabetic participants
in the last 1 month) or lipid profiles
(statins, high-dose vitamin A), 6) previous
diagnosis of impaired glucose tolerance
(IGT) and/or IFG, and 7) treatment with
high doses of inhaled steroids (.1,000
mg/day). Written informed consent and
age-appropriate assent were obtained
on the day of the study visit from all sub-
jects before participation, and the study
was approved by the CHOP Institutional
Review Board.

Study visits took place at the Clinical
Translational Research Center of CHOP
and the Hospital of the University of
Pennsylvania. Weight was measured
with the subject wearing a light gown
without shoes by use of a digital scale
(Scale-Tronix, White Plains, NY), which
was calibrated daily. Height was mea-
sured using a wall-mounted stadiome-
ter (Holtain Inc., Crymych, U.K.). BMI
was calculated as the weight in kilo-
grams divided by height in square me-
ters, and BMI percentiles were assessed
using age- and sex-specific BMI refer-
ence data (17). Measurements were re-
peated three times, and average values
were used.

Participants were instructed to have
3 days of a high carbohydrate diet prior
to the study visit in preparation for a 2-h
OGTT. After a 10- to 12-h overnight
fast, a blood sample was obtained for

the measurement of glucose and insulin
levels. Subjects were then asked to
ingest a glucose solution (1.75 g/kg up
to a maximum of 75 g) over 2 min. Blood
was again drawn for the measurement
of glucose and insulin levels at 30, 60,
90, and 120 min. Among the obese ado-
lescents, participants were categorized
as having normal glucose tolerance
(NGT) or IFG/IGT per ADA criteria (16).

Participants came back the subse-
quent day, after a fast of 10–12 h, to
undergo a FSIVGTT. A baseline sample
was obtained for measurement of glu-
cose and insulin levels. A bolus of dex-
trose (D25) (0.25 g/kg i.v.) was infused
over 30 s at t = 0, and an IV bolus of
regular human insulin (Eli Lilly, India-
napolis, IN) (18) was infused over 30 s at
t = 20 min. Nondiabetic subjects received
0.015 units/kg, and T2DM patients re-
ceived 0.05 units/kg to accommodate
for insufficient insulin secretion in pa-
tients with diabetes (19–21). Blood sam-
ples were obtained for glucose and
insulin at t = 25, 2, 4, 8, 19, 22, 30, 40,
50, 70, 100, and 180 min. MINMOD soft-
ware was used to calculate GE from
these samples (22).

Cohort Used for Analysis of the oGE
Subjects were recruited from the Yale
Pathophysiology of Type 2 Diabetes in
Youth Study, a long-term, multiethnic
cohort, aimed to study the early alter-
nations in glucose metabolism in obese
youth. In this study, obese youth are
followed longitudinally and OGTTs are
repeated. Glucose tolerance (NGT, IGT,
IFG, or T2DM) was classified according
to ADA definitions (23). The study was
approved by the Human Investigations
Committee of the Yale School of Medi-
cine. Subjects were eligible if they were
healthy, were aged 4–20 years, and had a
BMI that exceeded the 97th percentile
for their age and sex. Additional partic-
ipants included in this analysis were lean
or overweight siblings of the obese chil-
dren (23). In addition to patient andparen-
tal consent, complete medical histories
and thorough physical examinations
were obtained from each participant. All
subjects were negative for autoimmune
markers for type 1 diabetes (insulin anti-
body, GAD65, and islet cell antibody 512).
Obesity categorieswere defined as normal
weight (BMI z score ,1.65, overweight
1.65 , BMI z score , 2), moderately
obese (2 , BMI z score , 2.5), and
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severely obese (BMI z score.2.5), as pre-
viously described (23).

Calculations
Insulin sensitivity was calculated using
the OGTT-derived Matsuda index (24),
and the acute insulin response was cal-
culated using the insulinogenic index
(25). The oral disposition index (oDI)
was calculated as previously described
and validated (26,27).
As described by Nagasaka et al. (13),

calculation of the oGE is derived from
the following three components: post-
load plasma glucose level without insu-
lin and GE, postload plasma glucose
level without insulin/with GE (using
the oDI for the calculation), and the ex-
pected 2-h plasma glucose level based
on equations for the linear regression of
the oDI and 2-h glucose level. All calcu-
lations for the oGE are provided in the
Supplementary Data.

Statistical Analysis
Data are presented as the mean 6 SD.
Parameters not normally distributed
were natural log transformed for the
analysis. For the sake of the analysis,
subjects with IFG, IGT, or both were
considered as a single group. Group

comparisons were performed using
ANCOVA with post hoc adjustment
for multiple comparisons using the
Bonferroni correction. Simple Pearson
correlations were performed to test the
associations among parameters. Linear
regression models were used to assess
the determinants of oGE and the impact
of oGE on glucose tolerance dynamics.
P , 0.05 was considered to be statisti-
cally significant. The analysis was per-
formed using SPSS version 19.0 for
Windows.

RESULTS

Validation of the OGTT-Derived
Surrogate of GE
Ninety-eight subjects (39 males, 59 fe-
males, 78 African Americans, 11 whites,
6 of more than one race, and 3 of un-
known race or with race not reported)
participated in the validation analyses.
There were 82 participants in the NGT
category, 10 participants in the IGT/IFG
category, and 6 participants in the T2DM
category. GE values derived from the
FSIVGTT data were 0.021, 0.014, and
0.011 min21 for the NGT, IGT/IFG, and
T2DM categories, respectively, while GE
values calculated from the OGTT data

were 2.14, 1.71, and 1.20 mg/dL/min,
respectively. The Pearson correlation
coefficients of GE values derived from
the IVGTT and of the oGE were r =
0.35 (P , 0.001) for the entire group
and r = 0.51 (P , 0.001) for the NGT
participants.

Relation of the oGE With
Anthropometric and Metabolic
Parameters
A total of 1,418 children and adoles-
cents from the Yale cohort participated
in this analysis. They were divided ac-
cording to the degree of obesity catego-
ries (lean, overweight, moderately
obese, and severely obese) based on
their BMI z scores. As shown in Table 1,
the mean age of participants was slightly
lower in the severely obese group. Sex
distribution was characterized by more
males in the severely obese group. Afri-
can Americans were overrepresented in
the severely obese group. Weight, BMI,
and BMI z score were obviously signifi-
cantly different between each category.

We evaluated fasting and OGTT-derived
parameters in relation to increasing de-
gree of obesity category. Fasting and 2-h
glucose levels as well as fasting insulin

Table 1—Study participants by weight categories

Lean
(n = 87)

Overweight
(n = 131)

Moderately obese
(n = 621)

Severely obese
(n = 579) P*

Age (years) 13.8 6 2.9 13.4 6 2.8 13.4 6 2.8 12.6 6 3.1 ,0.001

Sex ,0.001†
Male 34 39 229 285
Female 53 92 392 294

Ethnicity ,0.001†
Caucasian 39 72 269 206
African American 24 35 223 250
Hispanic 24 24 129 123

Height (cm) 158 6 13 158 6 11 159 6 12 158 6 14 ,0.001

Weight (kg) 59.6 6 15.9 71.0 6 14.6 84.6 6 19.5 104.6 6 31.6 ,0.001

BMI
kg/m2 23.19 6 3.31 27.95 6 2.64 32.97 6 4.30 40.52 6 7.38 ,0.001
z score 1.01 6 0.73 1.86 6 0.09 2.28 6 0.13 2.72 6 0.19 ,0.001

NGT 87 124 477 440 ,0.001†

IFG/IGT 0 7 126 125

T2DM 0 0 18 13

Metabolic parameters
Fasting glucose level (mg/dL) 90 6 8 90 6 7 93 6 9 94 6 10 ,0.001
2-h glucose level (mg/dL) 112 6 14 113 6 17 124 6 29 125 6 29 ,0.001
Fasting insulin level (mU/mL) 18 6 9 25 6 10 34 6 23 40 6 22 ,0.001
Insulinogenic index 3.50 6 3.24 4.10 6 3.52 5.14 6 6.21 5.50 6 4.51 ,0.001
Matsuda index 3.17 6 1.81 2.25 6 1.12 1.80 6 1.00 1.56 6 0.96 ,0.001
oDI 8.26 6 4.97 7.81 6 5.51 8.50 6 7.62 7.82 6 9.43 0.73
GE (mg/dL/min) 3.86 6 1.24 3.05 6 0.77 2.46 6 0.89 1.99 6 1.01 ,0.001

Data are reported as the mean6 SD or n, unless otherwise indicated. *P values were determined by ANOVA, unless otherwise indicated. †x2 test.
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levels increased with the degree of obe-
sity (P, 0.001 for all). The insulinogenic
index values increased and insulin sensi-
tivity decreased with the degree of obe-
sity (P , 0.001 for both). Of note, the
oGE values significantly decreased with
rising degree of obesity (P , 0.001). In
the analysis of oGE, group comparisons
indicated that each BMI category was sig-
nificantly different from all of the three
other categories (P , 0.001 for all com-
parisons performed).
Upon evaluation of oGE as a depen-

dent variable in a linear regression with
age, sex, ethnicity, weight category,
glucose tolerance, and oDI as indepen-
dent variables, the degree of obesity
remained a significant predictor of
oGE (P, 0.001, for each degree of obe-
sity compared with the others).

Relation of oGE, the oDI, and 2-h
Glucose Level
We evaluated the 2-h glucose level as a
dependent variable and used age, sex,
ethnicity, degree of obesity, fasting glu-
cose level, and quartiles of the oDI and
oGE as independent variables. As shown
in Fig. 1, both quartiles of the oDI and
oGE were significantly associated with
2-h glucose levels (P , 0.001, for both)
as was the interaction between them
(P , 0.001). Thus, while controlling for
potential confounders, low oDI and low
oGE values were independently and

synergistically associated with higher
2-h glucose levels on the OGTT results.

Upon comparing degrees of glucose
tolerance, we analyzed only subjects
with NGT and IFG/IGT due to themodest
T2DM group. Subjects with NGT had
greater oGE values than those with
IFG/IGT (2.92 6 1.07 vs. 2.36 6 0.91
mg/dL/min for NGT and IGT/IFG, respec-
tively, P , 0.001) (Fig. 2A). Among the
NGT participants, African Americans had
significantly lower oGE values compared
with their Caucasian and Hispanic coun-
terparts (P = 0.002 and P , 0.001, re-
spectively), while no such differences
were observed within the IFG/IGT
group. After adjustment for age, sex,
race, BMI z score, and oDI values
using a linear regression model, these
differences remained unattenuated
(Fig. 2B) and highly significant (P ,
0.001 for glucose tolerance category
comparison). Of note, in this model,
which had an adjusted R2 of 0.75, Afri-
can Americans had significantly lower
oGE values in comparison with Cauca-
sians and Hispanics (P = 0.024 vs. Cau-
casians and P , 0.001 vs. Hispanics).

Anthropometric and oGE Changes in
Relation to 2-h Glucose Dynamics
Four hundred twenty-one (157 males
and 264 females) nondiabetic obese
subjects (276 NGT subjects and 145 IGT
subjects) repeated their OGTT after a

mean duration of 28 6 16 months. As
shown in Fig. 3, using simple correla-
tions we show that weight and waist
circumference changes were negatively
and significantly correlated with changes
in oGE (r = 20.83 and r = 20.67, respec-
tively, P , 0.001 for both). The change
in oGE was negatively and more tightly
associated with the change in the 2-h
glucose value (r = 20.52, P , 0.001)
than the change in BMI z score (r =
0.41, P , 0.001). Upon modeling the
change in 2-h glucose levels as a depen-
dent variable in a linear regression, while
using baseline age, BMI z score, 2-h glu-
cose levels, oDI, oGE, sex, and race along
with the time between studies and the
changes in BMI z score and oGE as inde-
pendent factors, the adjusted R2 of the
model was 0.56 (P , 0.001). Baseline
oGE values along with the change in
oGE values over time emerged as signif-
icant predictors of the change in 2-h glu-
cose levels (standardized B = 20.76 and
B = 20.98, respectively, P , 0.001 for
both). Baseline 2-h glucose levels, BMI z
scores, and their change also were signif-
icant predictors of changes in 2-h glucose
levels in this model (standardized B =
20.54, B =20.32, and B =20.23, respec-
tively, P , 0.001 for all), while baseline
oDI values were not. Substituting the
change in BMI z score with absolute
weight change in this model did not
attenuate the results (standardized B
values for baseline oGE, change in
oGE, and weight change were 20.72,
20.99, and 20.32, respectively, P ,
0.001 for all).

Of the 276 subjects with NGT at base-
line, 40 converted to IGT at follow-up.
In a logistic regression in which the de-
velopment of IGT at follow-up was the
dependent variable, and baseline age,
BMI z score, race, sex, baseline 120-
min glucose level, and oGE values were
the independent variables, oGE values
emerged as a significant predictor sub-
jects converting from NGT to IGT (P =
0.04), along with the baseline 120-min
glucose level (P = 0.01).

CONCLUSIONS

The ability of glucose to promote its own
disposition by way of enhancing glucose
uptake and suppressing glucose produc-
tion, known as GE, plays a major role
in glucose disposal during fasting (basal
insulin concentrations), yet it has a
significant effect on postabsorptive

Figure 1—Relation of the oDI, GE, and 2-h glucose levels on the OGTT results. Quartiles of the oDI
and of GE are significantly associated with 2-h glucose levels (P , 0.001 for both), as is the
interaction between them (P , 0.001).
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glucose uptake as well. In this analysis,
we used anOGTT-derived surrogate of GE
to study the relation of this important
factor with anthropometric and meta-
bolic factors. The increasing degree of
obesity in childhood is associated with
lower oGE values. We also demonstrated
that, as expected among obese children,
abnormal glucose tolerance is also asso-
ciated with lower oGE values, and that
obese African American youth have lower
oGE values per given glucose tolerance
level. Importantly, baseline oGE and its
dynamics were independently associated
with the change in 2-h glucose levels over
time. The change in oGE values was
tightly negatively associated with weight
gain and increasing waist circumference.
Involvement of the brain in the regu-

lation of blood glucose levels has been
known since the mid-1800s (28). While
islet and insulin-responsive peripheral
tissue involvement in the pathogenesis
of T2DM has been widely studied
(29), the mechanisms governing brain-
regulated glucose control and its role
in the pathogenesis of diabetes are
mostly unknown. The brain has been
shown to have the capacity to normalize
diabetic hyperglycemia in rodents in
the presence of sufficient amounts of
central nervous system leptin (30). It is
estimated that the contribution of insulin-
independent glucose disposal to overall
glucose homeostasis is similar to that
of insulin (2). The hypothalamic inhibi-
tory response to oral glucose has been
shown to be delayed and blunted in
obese humans compared with lean

humans, suggesting a functional impact
of obesity on homeostatic neural path-
ways (31). In order for glucose tolerance
to deteriorate, in addition to the typical
b-cell defect that fails to compensate
appropriately for peripheral insulin re-
sistance, GE may therefore also be im-
paired and unable to appropriately
compensate by reducing blood glucose
levels. Indeed, reduced GE has been
shown to contribute to the development
of hyperglycemia in patients with T2DM
(32). In line with this, we show that wors-
ening glucose tolerance is associated with
lower oGE values in obese youth. We also
show that baseline values and dynamics
of the oGE are significant independent
predictors of changes in 2-h glucose levels
over time, highlighting the role of this fac-
tor in the development of altered glucose
metabolism.

We show that increased obesity is as-
sociated with reduced oGE values. This
finding seems to be in contrast to that of
Hoffman and Armstrong (14), yet these
differences may be the result of differ-
ent definitions of obesity (BMI ,75th
percentile), modest sample size, and
lack of adjustment for potential con-
founders in that study. Using our large
sample, we furthermore show that
changes in anthropometric indices,
whether weight gain or increase in waist
circumference (as a surrogate of ab-
dominal obesity) are tightly associated
with reduction in oGE values. Human as
well as rodent studies (33,34) have re-
cently demonstrated that obesity is as-
sociated with enhanced gliosis in

hypothalamic loci. It is possible that
such scarring of brain tissue may be
the underlying mechanism involved in
impaired brain-mediated glucose regu-
lation. We have previously character-
ized the reduction in peripheral insulin
sensitivity along with the progressive
dysfunction of b-cells associated with
the deterioration of glucose metabolism
in obese children (23,35,36). This analy-
sis provides an additional piece of the
complex puzzle of the pathophysiologi-
cal process of glucose metabolism dete-
rioration in obese youth, by showing
that, in parallel with the peripheral
core defects of T2DM that are present
prior to the appearance of overt disease
in obese children, an additional defect in
GE is already evident. The finding that
lower GE is associated with the deterio-
ration of glucose tolerance over time has
been shown in nondiabetic offspring of
subjects with T2DM (37) and indicates
the agreement between the intrave-
nously and orally derived indices of GE
in this regard. We speculate, based on
the fact that hepatic glucose production
is not significantly increased in obese chil-
dren with prediabetes (35), that the im-
pact of reduced baseline GE and further
reduction of GE over time on deteriorat-
ing glucose tolerance is mainly mediated
by altered non–insulin-dependent pe-
ripheral glucose uptake mechanisms.

A surprising finding in this analysis is
that, per the given degree of glucose
tolerance, African American obese
youth have lower oGE values, even after
adjustment for potential confounders.

Figure 2—Unadjusted and adjusted GE in relation to glucose tolerance and ethnicity. A: Unadjusted GE is significantly and negatively associatedwith
altered glucose tolerance and is lower in African Americans with NGT. B: Adjusted GE is significantly and negatively associated with altered glucose
tolerance and is significantly lower in obese African American children in comparison with their Caucasian and Hispanic counterparts. AA, African
American; Cau, Caucasian; His, Hispanic.
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We do not have a mechanistic ex-
planation for this observation, yet
the majority of the difference seems
to be at the NGT stage, while in those
with IFG/IGT this difference is mod-
est. However, taking into consider-
ation the high prevalence of T2DM in
severely obese African American ado-
lescents in comparison with Cauca-
sians and Hispanics in the U.S., this
finding may provide an additional

mechanism by which to explain this
phenomenon.

This analysis has several limitations.
First, our validation cohort included
only a modest number of children with
IGT (n = 10) or T2DM (n = 6). Validation
of the oGE in obese children within these
glucose tolerance categories will need to
be replicated in larger cohorts in the fu-
ture. Second, the insulin dose used in
IVGTT studies has been shown to be

inversely correlated with insulin sensitivity
derived from the study (38). It is worthy of
testing whether different insulin doses
also affect the GE calculation derived
from the IVGTT. Third, we used the
Matsuda index as a surrogate of whole-
body insulin sensitivity and included
it in calculations of the oDI. Despite
being a surrogate, the Matsuda index
has been shown to correlate well with the
hyperinsulinemic-euglycemic clamp in this
population specifically (39). Despite its lim-
itations and high dependency on insulin dy-
namics during theOGTT, it has been shown
to be useful as a surrogate of insulin sensi-
tivity and as part of the oDI calculation (26).

Measurement of GE by “gold stan-
dard” methodology involves the perfor-
mance of a graded hyperglycemic clamp
with infusion of somatostatin, insulin,
and glucagon in order to resemble the
fasting hormonal milieu in the face of
increasing glucose levels. This is imprac-
tical in large-scale studies, especially in
children. An alternative is to calculate
the GE from a model using the FSIVGTT,
which is also a sophisticated protocol,
limiting its applicability to large-scale epi-
demiological studies. The contribution of
Nagasaka et al. (13) is the development
and validation of a methodology for cal-
culating an oGE. While the parameters
achieved for obese children using this
methodology were slightly different than
those originally described, this may be ex-
pected because of the different age
groups and ethnic backgrounds of sub-
jects in the study sample. In addition, an
oral glucose load (in contrast with an in-
travenous glucose challenge) involves in-
cretin secretion, which significantly
enhances the insulin profile and may
thus create a different balance between
insulin-dependent and insulin-independent
whole-body glucose uptake. The discrep-
ancy in insulin secretion profiles between
these studies implicates that an optimal
correlation between the indices of GE
should not be expected. The correlation
of the surrogate with the GE derived from
an IVGTT was slightly stronger than that
described by Nagasaka et al. (13) for the
entire cohort and significantly stronger in
participants with NGT. The ability of this
novel surrogate topredict thedevelopment
of T2DM in this population in combination
with other clinical and metabolic parame-
tersmayhelp to identifyobese childrenand
adolescents who are at the greatest risk for
the disease.

Figure 3—Relation of anthropometric changes with GE dynamics. Both weight gain (A) and
increase in waist circumference (B) are negatively associated with the change in GE over time.
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21. Kekäläinen P, Sarlund H, Laakso M. Long-
term association of cardiovascular risk factors
with impaired insulin secretion and insulin re-
sistance. Metabolism 2000;49:1247–1254
22. Pacini G, Bergman RN. MINMOD: a computer
program to calculate insulin sensitivity and pancre-
atic responsivity from the frequently sampled
intravenous glucose tolerance test. Comput
Methods Programs Biomed 1986;23:113–122
23. Weiss R, Dziura J, Burgert TS, et al. Obesity
and the metabolic syndrome in children and
adolescents. N Engl J Med 2004;350:2362–2374

24. Matsuda M, DeFronzo RA. Insulin sensitiv-
ity indices obtained from oral glucose tolerance
testing: comparison with the euglycemic insulin
clamp. Diabetes Care 1999;22:1462–1470
25. Phillips DI, Clark PM, Hales CN, Osmond C.
Understanding oral glucose tolerance: compar-
ison of glucose or insulin measurements during
the oral glucose tolerance test with specific
measurements of insulin resistance and insulin
secretion. Diabet Med 1994;11:286–292
26. Weiss R, Dziura JD, Burgert TS, Taksali SE,
Tamborlane WV, Caprio S. Ethnic differences in
beta cell adaptation to insulin resistance in
obese children and adolescents. Diabetologia
2006;49:571–579
27. Utzschneider KM, Prigeon RL, Faulenbach
MV, et al. Oral disposition index predicts the
development of future diabetes above and be-
yond fasting and 2-h glucose levels. Diabetes
Care 2009;32:335–341
28. Bernard C. Lecons de ohphisiologie experi-
mentale appliques a la medicine. Paris, J.B.
Bailliere, 1854
29. Defronzo RA. Banting Lecture. From the tri-
umvirate to the ominous octet: a new paradigm
for the treatment of type 2 diabetes mellitus.
Diabetes 2009;58:773–795
30. German JP, Thaler JP, Wisse BE, et al. Leptin
activates a novel CNS mechanism for insulin-
independent normalization of severe diabetic hy-
perglycemia. Endocrinology 2011;152:394–404
31. Matsuda M, Liu Y, Mahankali S, et al. Al-
tered hypothalamic function in response to glu-
cose ingestion in obese humans. Diabetes 1999;
48:1801–1806
32. Lorenzo C, Wagenknecht LE, Rewers MJ,
et al. Disposition index, glucose effectiveness,
and conversion to type 2 diabetes: the Insulin
Resistance Atherosclerosis Study (IRAS). Diabe-
tes Care 2010;33:2098–2103
33. Horvath TL, Sarman B, Garcı́a-Cáceres C,
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