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Objective: We examined the reproducibility of the oral glucose tolerance test (OGTT) in overweight
children and evaluated distinguishing characteristics between those with concordant vs. discordant
results.

Design: Sixty overweight youth (8-17 yr old) completed two OGTTs (interval between tests 1-25 d).
Insulin sensitivity was assessed by the surrogate measures of fasting glucose to insulin ratio, whole-
body insulin sensitivity index, and homeostasis model assessment of insulin resistance, and insulin
secretion by the insulinogenic index with calculation of the glucose disposition index (GDI).

Results: Of the 10 subjects with impaired glucose tolerance (IGT) during the first OGTT only three (30%)
had IGT during the second OGTT. The percent positive agreement between the first and second OGTT
was low for both impaired fasting glucose and IGT (22.2 and 27.3%, respectively). Fasting blood glucose
had higher reproducibility, compared with the 2-h glucose. Youth with discordant OGTTs, compared
with those with concordant results, were more insulin resistant (glucose/insulin 2.7 = 1.4 vs. 4.1 =
1.8, P = 0.006, whole-body insulin sensitivity index of 1.3 = 0.6 vs. 2.2 = 1.1, P = 0.003, and
homeostasis model assessment of insulin resistance 10.6+ 8.1 vs. 5.7 = 2.8, P = 0.001), had a lower
GDI (0.45 = 0.58 vs. 1.02 = 1.0, P = 0.03), and had higher low-density lipoprotein cholesterol
(117.7 = 36.6 vs. 89.9 = 20.1, P = 0.0005) without differences in physical characteristics.

Conclusions: Our results show poor reproducibility of the OGTT in obese youth, in particular for the
2-h plasma glucose. Obese youth who have discordant OGTT results are more insulin resistant with
higher risk of developing type 2 diabetes mellitus, as evidenced by a lower GDI. The implications
of this remain to be determined in clinical and research settings. (J Clin Endocrinol Metab 93:
4231-4237, 2008)

he prevalence of obesity, in not only adulthood but also
T childhood, is increasing throughout the world at an un-
precedented rate. Parallel to the increase in obesity rates, abnor-
malities in glucose metabolism, including impaired fasting glu-
cose (IFG), impaired glucose tolerance (IGT), and type 2 diabetes
mellitus (T2DM) in youths are on the rise (1).
In the clinical setting and to make a timely diagnosis of
T2DM, the American Diabetes Association (ADA) consensus
recommends screening of high-risk obese children (2). The
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recommended screening method is the fasting plasma glucose
(FPG) because of its wide availability and ease of performance,
compared with the oral glucose tolerance test (OGTT) (2).
Recently it has been suggested that the OGTT may be an
excellent method for reliably identifying obese children who
are at high risk for diabetes (3) in addition to reliably estab-
lishing a diagnosis of IGT, in these children, because the in-
traperson variation is low (4). However, the International
Diabetes Federation Consensus Workshop on Type 2 Diabe-

Abbreviations: ADA, American Diabetes Association; BMI, body mass index; CVD, cardio-
vascular disease; FPG, fasting plasma glucose; G, glucose; GDI, glucose disposition index;
HOMA g, homeostasis model assessment of insulin resistance; |, insulin; IFG, impaired
fasting glucose; IGT, impaired glucose tolerance; LDL, low-density lipoprotein; NGT, nor-
mal glucose tolerant; OGTT, oral glucose tolerance test; T2DM, type 2 diabetes mellitus;
WBISI, whole-body insulin sensitivity index.
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tes in the Young states that the issue of what test to use for the
initial screening of T2DM is difficult and recommends further
research to determine the role of the OGTT in screening
asymptomatic young people (3).

In adults, it is argued that an OGTT may be a better method
because it can identify those with IGT, a risk factor for cardio-
vascular disease and a precursor of T2DM, who would not be
picked up otherwise by a fasting glucose level (6, 7, 8). An im-
portant requirement for screening asymptomatic individuals is a
test with high reproducibility. This has been shown to be one of
the major drawbacks of the OGTT in adults (9-12). That is why
the ADA requires a second OGTT to confirm the diagnosis of
diabetes (13). Very limited conflicting information is available
on the reproducibility of the OGTT in obese children. A study in
Australian overweight children showed that three of four sub-
jects with IGT, one with IFG, and one with T2DM were found
to be normal glucose tolerant (NGT) on repeat testing (14). An-
other study in four obese children with NGT and six with IGT
showed no change in classification when the OGTT was repeated
3 months later (4). These limited studies are hampered by small
number of children, the use of medication (14), and a relatively
long period (~3 months) between tests.

The purpose of the current investigation was to examine the
reproducibility of the OGTT in overweight children and deter-
mine whether there are any differences in physical or metabolic
characteristics between those with concordantvs. discordant test
results (for NGT, IFG, or IGT).

Subjects and Methods

Subjects

Overweight [body mass index (BMI) = 85th percentile for age and
gender] but otherwise healthy youth, 25 African American, 23 Cauca-
sian, 11 Hispanics, and one biracial (age range 8—17 yr), underwent
assessment of glucose tolerance at the Pediatric Clinical and Transla-
tional Research Center; previously General Clinical Research Center) at
the Children’s Hospital of Pittsburgh. Exclusion criteria included prior
diagnoses of impaired glucose regulation, diabetes or any chronic illness
(such as cystic fibrosis or Cushing’s), syndromes associated with obesity,
and the use of medications that can influence glucose, lipid metabolism,

TABLE 1. Subject characteristics at time of first visit

Variables Visit 1
n 60
Sex (male/female) 25/35
Age (yr) 124 %23
Family history of diabetes (first degree relative) 19 (32)

(%)

Family history of diabetes (any relative) (%) 54 (90)
Pubertal, Tanner -V (%) 47 (78)
Weight (kg) 82.4 + 273
Height (cm) 158.9 + 12.4
BMI percentile 99.1[98.1, 99.5]
BMI z score 23x04
Percent body fat 447 =59
Fat mass (kg) 358+ 126
Fat-free mass (kg) 43.8 = 13.2
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TABLE 2. Physiological parameters at time of first and
second visits

Variables Visit 1 Visit 2
n 60 60
Fasting glucose (mg/dl) 90 + 7 90 *+ 6
Fasting glucose (mmol/liter) 5+04 5+0.3
Fasting insulin (wU/ml) 26.7[18.9,37.7] 27.3[18.4,40.0]
Fasting C-peptide (nmol/liter) 27*+1.0 3.0+ 11
Insulinogenic index at 15 min 3.4[1.9,5.9] 3.8[2.4,6.8]
Insulinogenic index at 30 min 3.2[2.0,5.3] 3.9([2.2,6.8]
C-peptide index at 15 min 0.18 £ 0.15 0.13 £0.16
C-peptide index at 30 min 0.14 £0.10 0.23 +0.53
Fasting glucose/insulin 3.2[2.4,4.6] 3.3[2.3,4.7]
WBISI 1.9+10 1.9+11
HOMA R 7.1 +53 6.9 + 3.4
GDI (with insulinogenic index 0.86 = 0.94 0.76 = 0.55
at 15 min)
GDI (with insulinogenic index 0.72 £ 0.65 1.21 £ 2.72
at 30 min)
2-h glucose (mg/dl) 122 £19 121 19
2-h glucose (mmol/liter) 6.8*+1.0 6.7*+1.0
2-h insulin (uU/ml) 132.5[69.0, 208.1] 129.9[85.7, 214.9]
2-h C-peptide (nmol/liter) 89 +32 9.4 +43
Triglycerides (mg/dl) 93[68, 122]
HDL (mg/dl) 42.0 9.7
LDL (mg/dl) 97.8 £ 285
VLDL (mg/dl) 18.6[13.6, 24.1]

Data are mean = sp or median [interquartile range]. HDL, High-density
lipoprotein; VLDL, very low-density lipoprotein.

and blood pressure. Study participants were recruited through several
sources: Weight Management and Wellness Center, Pediatric Endocri-
nology Clinic, Primary Care Center, (all part of Children’s Hospital of
Pittsburgh), National Youth Sports Program (federally funded project),
and newspaper advertisements in the greater Pittsburgh area.

The investigation was approved by the Institutional Review Board of
the University of Pittsburgh. Parental informed consent and child assent
were obtained.

All participants underwent a physical examination with height and
weight measurements, BMI calculation, and assessment of pubertal de-
velopment by Tanner criteria. Participants underwent two OGTTs
(1.75 g/kg, maximum 75 g) with the interval between the two tests
(mean = sp) 8.7 = 4.9 d, range 1-25 d. Blood samples were obtained at
0,15, 30, 60, 90, and 120 min for determination of glucose, insulin and
C-peptide. IFG and IGT were defined as plasma glucose between 100 and
125 mg/dl at time 0 min and between 140 and 199 mg/dl at 120 min,
respectively (13). Insulin sensitivity was calculated using the whole-body
insulin sensitivity index (WBISI) as described by Matsuda and DeFronzo
(15), which has been shown to represent a good estimate for clamp-
derived insulin sensitivity in obese children with normal and IGT (16);
homeostasis model assessment of insulin resistance [HOMAg; calcu-
lated as fasting insulin (microunits per milliliter) X fasting glucose (mil-

TABLE 3. Reproducibility of fasting and 2-h plasma glucose

Intraclass Mean
Spearman’s correlation absolute
correlation coefficient difference
n coefficient (95% Cl) (mg/dl)
Between OGTTs (within participant)
Fasting 60 0.73 (P<0.001) 0.72(0.58, 0.82) 4.3
glucose

2-h glucose 60 0.37 (P=0.004) 0.34(0.14, 0.57) 16.7

Data are n (%), mean = sp, or median [interquartile range].

Cl, Confidence interval.
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limoles per liter)/22.5] (17); and the fasting glucose (milligrams per de-
ciliter) to insulin (microunits per milliliter) ratio, which has been shown
to have excellent correlation with the gold standard of the euglycemic
clamp (18). Insulin secretion was estimated using the insulinogenic index
(the ratio of incremental insulin to glucose during the first 15 and 30 min
of the OGTT [A insulin (I) to A glucose (G) = 1,5 — [,/G,5 — Gy and 15,
— Iy/G59 — Gy)]. Our group has shown that hyperglycemic clamp and
OGTT-derived measures of insulin secretion correlate stronger for the
15-min index than for the 30-min index (19). However, other groups
have shown a strong correlation with the 30-min index (4), so both
indices were calculated. The glucose disposition index (GDI) was used to
adjust insulin secretion for the degree of insulin resistance [insulinogenic
index at 30 min to HOMA (17) and insulinogenic index at 15 min to
HOMA i (19)]. The same indices were evaluated using C-peptide. In-
sulin and glucose area under the curve during the OGTT were calculated
by the trapezoidal rule. Fasting lipid profile and body composition, by
dual-energy x-ray absorptiometry (Lunar, Madison, WI), were assessed at
the time of the first visit.

Biochemical measurements

Plasma glucose was measured by a YSI glucose analyzer (Yellow
Springs Instrument, Yellow Springs, OH) and insulin by RIA (Millipore,
formerly Linco Research Inc., St. Charles, MO), which is 100% specific
for human insulin with less than 0.2% cross-reactivity with human pro-
insulin and no cross-reactivity with C-peptide. The intra- and interassay
coefficients of variation for our normal pooled EDTA plasma control are
4.3 and 9.9%, respectively. All samples for the same subject were done
on a same assay. C-peptide was measured by double-antibody RIA (Sie-
mens Health Care Diagnostics, formerly Diagnostic Products Corp.,
Tarrytown, NY), which is 100% specific for C-peptide. The intra- and
interassay coefficients of variation for our normal pooled EDTA plasma
control are 5.0 and 5.4%, respectively. Plasma lipids were measured in
the Nutrition Laboratory of the University of Pittsburgh and certified by
the National Heart, Lung, and Blood Institute standardization program.

Statistical analysis

Data are presented as mean = SD for normally distributed continuous
variables, median (interquartile range) for nonnormal continuous vari-
ables and n (percentage) for categorical variables. Independent # tests
were used to compare normally distributed continuous subject charac-
teristics as well as Pearson’s x? test to compare proportions. Changes in
continuous variables between the two visits were assessed using paired
t test. Nonparametric analyses were used when appropriate. Statistical

Panel A:  Correlation of fasting and 2 hour
plasma glucose at the two visits

Panel B: Differences between the two visits against the
mean for the fasting and the 2 hour blood glucose
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analyses were performed using SPSS 15.0 (SPSS, Chicago, IL), unless
otherwise indicated. All statistical tests were two tailed, and P = 0.05
were considered to be statistically significant.

Reproducibility of the OGTT results was assessed in two ways: by eval-
uating fasting and 2-h glucose levels as continuous variables and by exam-
ining the categorical classification of glycemic status at both OGTT visits.
Reproducibility was evaluated with Spearman and intraclass correlations
and by the absolute value of the difference between replicate values (20, 21).
The intraclass correlation coefficient of reliability was calculated as the ratio
of the variability of the OGTT measures between participants over the total
variation from the various sources of error (22). A repeated-measures
ANOVA (SAS software, Procedure VARCOMP, version 9.1; SAS Institute,
Cary, NC) was used to partition the total variance into the components
originating from between-OGTT visit differences and random error. High
values of the intraclass correlation coefficient of reliability indicate greater
reliability in that the measurement error is small relative to the between
patient variability. Ninety-five percent confidence intervals for the intraclass
correlation were calculated using a SAS Macro based on statistical meth-
odology proposed by Shrout and Fleiss (22).

All paired records of fasting and 2-h glucose values were analyzed graph-
ically using Bland-Altman plots according to the recommendations of Bland
and Altman (20) for assessing patterns of disagreement between repeated
measurements. In the Bland-Altman plots, the difference in paired records
is plotted against the mean of the paired records. Ninety-five percent limits
of agreement, calculated as within 2 times the sp of the mean difference
between paired values, were also plotted.

Percent positive agreement, a reliability index that compensates for
the limitations of percent agreement when the prevalence of a condition
islow, was calculated for IFG and IGT (23). It is computed by the number
of occurrences for which both visits report a positive results, divided by
the average number of positives at either visit. The « statistic, a measure
of agreement for categorical measurements, was used as a measure of the
extent to which agreement across categories is greater than that expected
by chance. A k value of 0 indicates chance agreement and a value of 1
indicates perfect agreement (24).

Results

The subject physical characteristics at the time of the first OGTT
are presented in Table 1 (25 black-Americans, 23 Caucasians, 11
Hispanics, and one biracial). All children had one complete base-
line evaluation, but the OGTT was repeated
within a period of 1-25d (8.7 £4.9d,76%
of children within the first 10 d).

2 14 H - Between the two OGTT visits, no thera-
E H T o . .
E 110 | Re073 :;: 15 - peutic intervention was implemented nor
§ 100 | Pe0001 EH 12 I . oaNt e was there a change in BMI percentile or BMI
H %0 -_:TE 0+ ”"‘"!;‘}5!. T z scores. Physiological parameters at the
g 80 ;§ _18 1 e ! time of both visits are presented in Table 2
S 70 £ 15 ' (except for fasting lipid profile, which was
> 60 5 X obtained just at the first visit).

60 70 80 90 100 110 120 85 85 105

Visit 1 fasting glucose (mg/dl) Mean fasting glucose of 2 OGTTs (mg/d) Reproducibility of the fasting and 2-h
§ 200 X §_ 80 plasma glucoses between the two
E 180 R,=0.37 3 60 OGTT
° . £ 40 - . S
2160 | P00t . g TR L R . .
8 140 v - . 3E 28 1 . Tl The Spearman correlation coefficients,
. . e S et . . ..
§'120 S "”' u::. 38 20 ol intraclass correlation coefficients, and ab-
¢ S L . .

S 'gg S e TTR : 4-60? ‘ ¢ solute value of the difference for repeat fast-
% g M § -80 ing blood glucose and 2-h glucose are re-

60 80 100 120 140 160 180 200 70 120 170 ported in Table 3. The fasting blood glucose

Visit 1 2-hour glucose (mg/dl)

FIG. 1. Reproducibility of the fasting and 2 hour plasma glucoses between the two OGTTs.

Mean 2-hour glucose of 2 OGTTs (mg/dI)

had higher correlation and agreement be-
tween visits than the 2-h glucose (Fig. 1A
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TABLE 4. Agreement of IFG between both OGTTs

TABLE 6. Concordance of IFG and IGT in first OGTT

Repeat test IGT
Initial test No Yes No Yes
No (n = 54) 52 2 IFG
Yes (n = 6) 5 1 No (n = 54) 47 7
Total (n = 60) 57 3 Yes (n = 6) 3 3
Total (n = 60) 50 10

and Table 3). The mean absolute difference in fasting glucose
between visits was 4.3 mg/dl and ranged from 0 to 13 mg/dl. The
mean absolute difference in 2-h glucose was 16.7 mg/dl and
ranged from 1 to 64 mg/dl. There was no statistically significant
systematic difference in fasting or 2-h glucose values between
visits. The mean between visit difference (sp) in fasting and 2-h
glucose values were 0.8 (5.1) and 0.7 (21.4), respectively. The
lack of systematic bias was assessed by paired ¢ tests of between-
visit values.

Figure 1B depicts the Bland Altman plots for the fasting and
2-h blood glucoses (20). The plots show the differences between
the two visits against the mean for fasting blood glucose and
2-h glucose. For the fasting blood glucose, 95% of the repeat
fasting glucoses were within 11 mg/dl of the first value. For the
2-h glucoses, 95% of the repeat values were within 43 mg/dl of
the first value.

Agreement of IFG and IGT between both OGTTs

Based on both OGTTs, six of 60 (10%) had IFG in the first
test and three of 60 (5%) in the second test. Only one child had
IFG in both tests. For IFG status, the percent positive agreement
between visits was 22.2% and the k was 0.17 (P = 0.17) (Table 4).

Based on both OGTTs, 10 of 60 (17%) had IGT in the first
test and 12 of 60 (20%) in the second test. Only three children
had IGT in both tests. For IGT status, the percent positive agree-
ment between OGTTs was 27.3%, k of 0.11 (P = 0.39) (Table 5).

Concordance of IFG and IGT in each OGTT

No children were diagnosed with diabetes. During the first
OGTT, of the six with IFG, 50% had IGT, and of the 10 with IGT
only, 30% had IFG (Table 6). During the second OGTT, of the
three with IFG, 33% had IGT, and of the 12 with IGT, only 8%
had IFG (Table 7).

Comparison between those concordant for NGT, IFG, or
IGT and discordant for both OGTTs

Table 8 shows the subject characteristics by concordance sta-
tus. There were no differences in physical characteristics between
the groups including age, gender, Tanner staging, racial distri-

TABLE 5. Agreement of IGT between both OGTTs

Repeat test

Initial test No Yes
No (n = 50) 41 9
Yes (n = 10) 7 3

Total (n = 60) 48 12

bution, BMI, or percent body fat. There were no differences in
concordance rate by source of referral: 63, 73, 71, and 73% of
those referred from the Weight Management and Wellness Cen-
ter, the Endocrinology Clinic, Primary Care Center, or response to
advertisement, respectively, had concordant results (P = 0.98).

However, the discordant group was significantly more insulin
resistant based on HOMA |y, insulin area under the curve (Table
8), fasting glucose to insulin ratio, and WBISI (Fig. 2) and had
higher low-density lipoprotein (LDL) and total cholesterol (Ta-
ble 8). The discordant group had significantly lower insulin se-
cretion relative to insulin sensitivity as measure by the GDI (Fig.
2). These results were consistent when using the data from the
first OGTT (Fig. 2) or the average of the two OGTTs. Data were
consistent whether the GDI was calculated based on 15- or 30-
min insulinogenic index and using C-peptide.

Discussion

Our findings in overweight youths demonstrate that: 1) the yield
of abnormalities in glucose metabolism is higher with an OGTT
than fasting glucose because only 8-30% of IGT have IFG; 2)
there is poor correlation and reproducibility of the 2-h plasma
glucose, compared with the fasting value; and 3) those children
with discordant OGTT results appear to be more at risk for
diabetes, as manifested by more insulin resistance and lower
insulin secretion relative to insulin sensitivity, and have worse
cardiovascular disease (CVD) profile with higher total and LDL
cholesterol than their peers with concordant results.

In the clinical setting and to make a timely diagnosis of
T2DM, the ADA recommends screening of high-risk children
with fasting plasma glucose. However, it has been argued, more
so for adults, that an OGTT may be a better method because it
can identify those with IGT or pre-diabetes who are not picked
up by a fasting glucose (8). In obese children and adolescents, the
prevalence of IGT has been reported to be 25 and 21%, respec-
tively, similar to our study. In these youth with IGT, the preva-

TABLE 7. Concordance of IFG and IGT in second OGTT

IGT
No Yes
IFG
No (n = 57) 46 11
Yes (n = 3) 2 1
Total (n = 60) 48 12
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TABLE 8. Baseline subject characteristics by concordance status

Concordant OGTT

Discordant OGTT

Variables results results P value
n 43 17
Days between two OGTTs 83*+438 9.4 +52 0.43
Race (AA/C/H/Biracial) 18/16/8/1 7/7/3/0 0.85
Sex (male/female) 18/25 7/10 0.59
Age (yr) 122 +23 129 23 0.28
Pubertal, Tanner II-V (%) 33(77) 14 (82) 0.66
Family history of diabetes (first degree relative) (%) 12 (28) 7 (41) 0.32
Family history of diabetes (any relative) (%) 40 (93) 14 (82) 0.33
BMI percentile 99.1[98.0, 99.4] 99.1[98.2, 99.5] 0.80
BMI z score 23*03 23*05 0.61
Percent body fat 443 + 6.4 457 = 3.8 0.44
Fat mass (kg) 345+123 39.1 =129 0.19
Fat-free mass (kg) 429+ 123 46.3 + 15.3 0.43
Fasting glucose (mg/dl) 889 +6.3 91.2 £99 0.29
Fasting glucose (mmol/liter) 49 +03 51+0.5
Fasting insulin (wU/ml) 22.9[18.1,32.7] 35.5[24.5,53.5] 0.001
Insulinogenic index at 15 min 4.4+ 36 39+238 0.65
Insulinogenic index at 30 min 6.5+ 12.7 3.0+238 0.26
HOMA & 57+28 10.6 + 8.1 0.001
2-h insulin (wU/ml) 107.7 [61.8, 176.8] 189.4[125.1, 312.5] 0.008
Area under the glucose curve 25,044.3 = 3,030.4 29,123.4 = 3,090.9 0.0005
Area under the insulin curve 28,179.5 = 15,821.7 45,101.5 = 26,337.9 0.004
Total cholesterol (mg/dl) 150.5 = 31.1 179.2 = 46.4 0.007
Triglycerides (mg/dl) 102.4 £ 55.1 127.4 + 67.4 0.14
HDL (mg/dl) 42.3 +10.9 41.3+59 0.73
LDL (mg/dl) 89.9 = 20.1 117.7 £36.6 0.0005
VLDL (mg/dl) 204 =110 255+ 135 0.14

Data are presented as n (%), mean = sp, or median [interquartile range]. AA, African American; C, Caucasian; H, Hispanic; HDL, high-density lipoprotein; VLDL, very
low-density lipoprotein.

lence of IFG (based on the former threshold of 111-125 mg/dl)

was 0.08% (4).

Glucose/lnsulin

WBISI

Data from 710 Italian obese children showed that 4.2% had
IGT and 0.4% had IFG, two of whom also had IGT (25). A more
recent study in overweight children 4-7 yr old showed that
screening with FPG alone would have missed 64% of children
with glucose dysregulation, one with diabetes, and six with IGT,

p = 0.006 9
-] é} EJ
: g2
5 E
‘ -
2 £ ®
1 Eé
0 O £

cG DG (O]

0.003 2

ke P & 8 12
3 g 2
25 5 E
2 2 o
15 £ ™
05 T X
0 g g
CcG DG o=

reporting a sensitivity of 31% for the FPG and 85% for the

OGTT (26). These data and ours suggest that fasting glucose will

p=0.03

p=0.06

CcG DG

FIG. 2. G/l ratio, WBISI and GDI by concordance status.

CG: concordant group
DG: discordant group

notidentify around 70% of high risk children with abnormalities
of glucose metabolism detected by the 2-h glucose value. The
fasting and 2-h glucose provide different measures as described
by Tuomilehto (8): the first is by definition the lowest glucose
level during the day, and the second shows the magnitude of glucose

elevation after the glucose load. Even if there
is a moderate correlation between these two
parameters, they are independent to a certain
extent, suggesting that neither of them can be
used alone to identify people who have
asymptomatic diabetes. In adults, the colin-
earity between these may be high, as seen in
the Pima Indians, but there are some other
populations, such as the lean Asians, in which
more people have elevated postchallenge than
fasting hyperglycemia (7, 8). Despite the lim-
ited data, this may also be the case in children.

For the last 3 to 4 decades, there has been
controversy in the adult literature about the
use of the OGTT because of its lack of re-
producibility (6, 11). That is why the ADA
requires a second test to confirm the diag-
nosis of diabetes. Studies in adults in whom
two OGTTs were performed within 2—-6 wk
showed that the diagnosis of IGT was sus-
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tained less than half of the time on the second OGTT (9, 10, 12).
The first study demonstrated that of the total IGT subjects during
the first OGTT, 48 % showed IGT, 39% NGT, and 13 % diabetes
during the second OGTT (9). Findings were similar in the second
study. Of the initial IGT subjects, 44% were IGT, 46% NGT,
and 10% had diabetes on repeat testing (10). A more recent study
in 64-yr-old women from Sweden showed that almost 50% that
were classified as having IGT in the first OGTT had NGT in the
second test (within 2 wk) (12).

Limited and conflicting information is available on the re-
producibility of the OGTT in obese children. These studies are
hampered by small number of children, the use of medication,
and a relatively long period (~3 months) between tests. Our
results in a larger group of at-risk overweight youth, on no med-
ications, who were tested within 1-25 d, with no change in BMI
between the two tests, show poor reproducibility of the OGTT.
It is unlikely that this is due to variation in procedural compo-
nents because all these children were tested in a carefully con-
trolled research setting. Efforts were made to minimize all factors
that could affect the results of the testing, same nurses, and phy-
sician involved, participants not being aware of results of the first
test and no recommendations made in terms of changing their
meal plan or activities. The correlation and reproducibility of the
2-h plasma glucose is worse than the fasting glucose. Of the 10
children with IGT during the first OGTT, more than 50% had
normal results during the second test, consistent with adult data.
Of those with IFG during the first test, half had normal results on
the second one. Such observations would raise doubts about
making a reliable diagnosis of glucose metabolism abnormalities
(IFG and IGT) based on one observation, if they cannot be
confirmed.

Despite this quandary, however, our data reveal information
that may have important implications. Overweight youth who
have discordant results during the two OGTTs show metabolic
characteristics that imply higher risk for T2DM. These youth are
more insulin resistant and have lower GDI, i.e. lower insulin
secretion relative to insulin sensitivity than those with concor-
dant results. The Botnia Study demonstrates that a lower GDI is
the strongest metabolic predictor for the future development of
diabetes in subjects with NGT as well as [FG or IGT (17). Could
the discordant OGTT results in a group with lower GDI herald
the ultimate progression to permanent abnormalities?

Moreover, is it possible that the B-cell in this group may be
more susceptible to acute environmental modulation, nutrition-
ally driven or otherwise, which may result in variable insulin
secretion leading to inconsistent results during the OGTT? Also,
this group has worse CVD profile with elevated LDL, pointing to
a potentially higher risk for CVD and the metabolic syndrome. Do
these observations imply that this may be a more at risk group of
overweight children who require more aggressive strategies for im-
provement of insulin resistance, preservation of B-cell function, and
control of CVD risk? All these questions are awaiting answers.

In conclusion, from a clinical standpoint, overweight children
with an abnormal OGTT should be followed up closely, and
repeat OGTT should be entertained, especially if interventions
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are not successful. From a research standpoint, long-term fol-
low-up of at-risk youth who are found to have IFG or IGT should
be conducted to determine the risk of progression to T2DM and
future CVD. Finally, it remains to be determined whether the
natural history of glucose tolerance is different between youths
with discordant vs. concordant OGTT results.
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