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Background: The aim of this study was to evaluate the correlation between plasma glucose and
HbA1c and the diagnostic accuracy of HbA1c as a screening tool to identify asymptomatic dia-
betes mellitus in children and adolescents with obesity or asymptomatic glucosuria.
Methods: A total of 190 subjects who underwent an oral glucose tolerance test (OGTT) to
confirm diabetes were categorized into normal glucose tolerance (NGT; n Z 117), impaired
glucose tolerance (IGT; n Z 33), and diabetes (DM; n Z 40) according to the OGTT. Forty-
seven patients with DM were diagnosed by either OGTT or HbA1c levels. The diagnostic accu-
racy for the detection of diabetes is based on 47 patients. Laboratory tests were performed
after 12 h of fasting.
Results: According to the HbA1c criterion, 107 (55.3%) subjects were in the NGT group, 41
(21.6%) were in the IGT group, and 42 (22.1%) were in the DM group. Diagnostic sensitivities
of HbA1c and 2-hour plasma glucose level following OGTT (2-h OGTT) for DM were significantly
higher than that of fasting plasma glucose, FPG (89.4, 85.1 vs. 63.8%). In addition, the area
under the curves of diagnostic criteria was 0.970 for HbA1c, 0.939 for FPG and 0.977 for 2-h
OGTT. Mean FPG and 2-h OGTT for HbA1c level >6.5% were 115.2 mg/dL and 181.8 mg/dL,
respectively. The optimal HbA1c level cut-off point for predicting DM is 6.15%, with a sensi-
tivity of 95.7% in Korean children and adolescents.
Conclusion: The HbA1c criterion �6.5% was adequate to detect DM among Korean children and
adolescents with obesity or asymptomatic glucosuria. We also recommend HbA1c level of
6.15% as the optimal cut-off point for detecting DM in Korean children and adolescents.
Copyright ª 2018, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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1. Introduction

Diabetes mellitus (DM) is one of the most common chronic
disorders in children and adolescents and is characterized
by hyperglycemia resulting from defects in insulin secre-
tion, insulin action, or both.1 Until recently, type 1 diabetes
(T1DM) was the most frequent form of DM among young
people. In the 1990s, various reports indicated that the
incidence of childhood type 2 diabetes (T2DM) was
increasing and this trend continues at present.2,3 The
American Diabetes Association (ADA) and the American
Academy of Pediatrics approved screening for T2DM in
children because T2DM can be asymptomatic at diagnosis
and requires tight glycemic control to delay the onset of
chronic vascular complications.4,5

Fasting plasma glucose (FPG) and 2-hour plasma glucose
following an oral glucose tolerance test (2-h OGTT) have
been used as the gold standard tests for diagnosis of DM.6

However, these tests require individuals to fast, which is
an inconvenience in the clinical setting and may result in
lower testing rates. Furthermore, the tests are costly and
time-consuming. In contrast, hemoglobin A1c (HbA1c) is a
stable indicator of chronic hyperglycemia and offers a
potentially simpler, non-fasting and, therefore, more
acceptable test. Furthermore, HbA1c is associated with less
intra-individual variability and is more reproducible than the
FPG and 2-h OGTT. The use of HbA1c for the diagnosis of DM
was suggested as early as the mid-1980s.7 In 2010, the
American Diabetes Association (ADA) included HbA1c � 6.5%
(48 mmol/L) as a diagnostic criterion for DM, and the com-
mittee also recommended HbA1c testing for diagnostic pur-
poses in asymptomatic adolescents.8 Nevertheless, the
diagnostic role of HbA1c remains a controversial issue.9,10

HbA1c has several disadvantages in the pediatric popula-
tion, and there is limited evidence on the use of HbA1c
testing for the diagnosis of DM and prediabetes in children
and adolescents. A recent series of pediatric studies appears
to show that HbA1c has lower sensitivity than FPG or 2-h
OGTT.11e13

The aim of this study was to evaluate the correlation be-
tween plasma glucose (FPG and 2-h OGTT) and HbA1c and
examinewhether HbA1c could be used in place of the FPGand
2-h OGTT, the established ADA diagnostic criteria, in obese
children or children with asymptomatic glucosuria in Korea.

2. Materials and methods

2.1. Subjects and methods

This study enrolled 190 children attending Chonbuk National
University Children’s Hospital for an OGTT to confirm the
diagnosis of diabetes, between 2010 and 2017. Of these, 125
children had glucosuria on school urinary glucose screening,
and the remaining 65 children were referred to the hospital
due to obesity. Subjects were excluded if they were known
to have diabetes or renal glucosuria prior to the study and if
their hemoglobin levels were less than 10 g/dL. All subjects
were categorized into the following groups: normal glucose
tolerance (NGT), and glucose intolerance groups (which in-
cludes impaired glucose tolerance, IGT and diabetes, DM),
according to the results of the OGTT.
Anthropometric measures and medical histories were
collected at the first hospital visit, and height and weight
measurements were converted to body mass index (BMI) per-
centiles, according to the 2007 Korean National Growth
Charts.14 Overweight was defined as age- and sex- specific
BMI � 85th and <95th percentiles, and obesity was similarly
defined as BMI� 95th percentile. Blood samples were taken in
the morning after 12 h of fasting, and an OGTT (1.75 g/kg,
maximum 75 g of glucose) was performed to confirm DM. DM
was defined as a 2-hour plasma glucose level following OGTT
(2-h OGTT) � 200 mg/dL (11.1 mmol/L) or a fasting plasma
glucose (FPG) � 126 mg/dL (7.0 mmol/L), impaired glucose
tolerance (IGT) as a 2-h OGTT 140e199 mg/dL
(7.8e11.0 mmol/L), and normal glucose tolerance (NGT) as a
2-h OGTT < 140 mg/dL (7.8 mmol/L) according to the WHO
criteria based on OGTT.15 FPG, total and high-density lipo-
protein (HDL) cholesterols, and triglycerides were measured
by enzymatic methods (Roche Diagnostics, Mannheim, Ger-
many). HbA1c was measured via high-performance liquid
chromatography (Bio-Rad Variant II, Richmond, CA, USA).
Serum insulin and c-peptide were measured by immunor-
adiometric assay (IRIMA) using commercial kits (DIAsource
ImmunoAssay S.A., Belgium for insulin; Institute of Isotopes
Co., Ltd., Budapest,Hungary for c-peptide). Insulin sensitivity
was estimated using the previously validated homeostasis
model assessment of insulin resistance (HOMA-IR) index.16

The study was approved by the Institutional Review
Board of the Clinical Research Institute of Chonbuk National
University Hospital (IRB No. CUH 2018-03-048-001).

2.2. Statistical analysis

All variables are expressed as mean � SD. Statistical sig-
nificance was defined as a p value < 0.05 for all clinical and
laboratory variables. Chi-square (c2) and one-way analysis
of variance (ANOVA) tests were performed using SPSS
software (version 12.0, SPSS, Chicago, IL, USA). Pearson
correlation coefficients were obtained to determine the
strengths of linear associations between HbA1c levels and
concentrations of FPG and 2-h OGTT. Diagnostic evaluation
indicators are sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV). These
were calculated for each cut-off value. Optimal HbA1c and
FPG cut-off values were determined using the Youden index
(J), defined as “J Z maximum (sensitivity þ specificity
�1)”. The k statistic was calculated as a measure of
agreement between ADA criteria and each indicator group,
according to HbA1c, FPG, or 2-h OGTT. The use of HbA1c as
a diagnostic tool for diabetes was evaluated by calculating
a receiver operating characteristics (ROC) curve. The area
under the ROC curve (AUC) was considered as an effective
measure of the diagnostic test inherent validity.

3. Results

3.1. Clinical characteristics of the subjects with
different glucose tolerance categorized by 2-h
OGTT

Demographic and laboratory characteristics of the subjects
are shown in Table 1. Based on the OGTT performed on 190



Table 1 Clinical characteristics of the subjects categorized by the 2-h OGTT.

Characteristic Total NGT IGT DM P

Number (%) 190 (100.0) 117 (61.6) 33 (17.4) 40 (21.1)
Age (years) 12.56 � 3.44 11.79 � 3.57 12.83 � 3.04 14.57 � 2.46* 0.000
Sex (%)
Female 99 (52.1) 52 (44.4) 20 (60.6) 27 (67.5) 0.007
Male 91 (47.9) 65 (55.6) 13 (39.4) 13 (32.5)

BMI (kg/m2) 24.50 � 5.12 23.95 � 4.66 25.20 � 6.19 25.58 � 5.36 0.164
Obesity (%) 86 (45.3) 49 (41.9) 20 (60.6) 17 (42.5) 0.929
Family history of DM (%) 52 (39.1) 20 (30.3) 10 (37.0) 22 (55.0) 0.013
Hb (g/dL) 14.09 � 1.17 13.85 � 1.06* 14.04 � 1.21* 14.97 � 1.14y <0.001
HbA1c (%) 6.3 � 1.8 5.5 � 0.3* 6.1 � 1.1y 9.0 � 2.4z <0.001
<5.7% (NGT) 117 (61.6) 89 (83.2) 16 (14.9) 2 (1.9)
5.7e6.4% (at risk for DM) 41 (21.6) 27 (65.9) 11 (26.8) 3 (7.3)
�6.5% (DM) 42 (22.1) 1 (2.4) 6 (14.3) 35 (83.3)

FPG (mg/dL) 110.74 � 52.92 89.20 � 7.77* 96.24 � 15.30* 185.70 � 76.59y <0.001
2-h OGTT (mg/dL) 177.91 � 127.24 115.39 � 14.36* 158.67 � 19.18y 351.63 � 110.16z <0.001
Serum c-peptide (ng/mL) 2.67 � 1.54 2.41 � 1.37* 2.78 � 1.21*y 3.33 � 1.99y 0.005
HOMA-IR 4.96 � 5.76 3.53 � 3.48* 4.74 � 3.40* 10.49 � 9.95y <0.001
Cholesterol (mg/dL) 170.07 � 34.67 162.61 � 33.24* 163.92 � 26.64* 185.61 � 36.89y 0.002
HDL (mg/dL) 47.36 � 12.09 49.57 � 12.75 46.00 � 11.33 44.73 � 11.05 0.108
LDL (mg/dL) 100.26 � 33.29 92.16 � 31.85* 100.38 � 27.71*y 112.83 � 35.46y 0.007
TG (mg/dL) 177.84 � 67.24 101.58 � 59.01* 115.88 � 62.10*y 144.49 � 75.14y 0.005

OGTT, oral glucose tolerance test; NGT, normal glucose tolerance; IGT, impaired glucose tolerance; DM, diabetes mellitus; HbA1c,
glycated hemoglobin; FPG, fasting plasma glucose; HOMA-IR, homeostasis model assessment of insulin resistance; LDL, low-density li-
poprotein; HDL, high-density lipoprotein. *, y, z, Identical superscript letters indicate a non-significant difference between the groups
based on the Tukey multiple comparison test.
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subjects, 33 (17.4%) were diagnosed with IGT, and 40
(21.1%) were diagnosed with DM. The remaining 117 stu-
dents (61.6%) were diagnosed with NGT. The mean age and
BMI for all subjects were 12.6 years and 24.5 kg/m2,
respectively. The BMI values were comparable across the 3
groups. There was an increased prevalence of female and
elderly subjects among the IGT and DM groups compared to
the NGT group. The mean FPG and 2-h OGTT levels in these
groups were significantly higher than among subjects with
NGT (p < 0.001). The average HbA1c level among all sub-
jects was 6.3 � 1.8%. As expected, HbA1c levels were
significantly higher in the DM group (9.0%) than in the IGT
(6.1%) or NGT group (5.5%). Furthermore, c-peptide and
HOMA-IR levels in the DM group were significantly higher
than in the NGT and IGT groups.

3.2. Glucose tolerance status according to HbA1c
criterion

The distribution of HbA1c among the 190 subjects is shown
in Table 1. Patients were categorized into 3 groups by the
ADA criterion of HbA1c as follows: NGT group, 107 (55.3%)
subjects; at risk for DM group, 41 (21.6%) subjects; DM
group, 42 (22.1%) subjects. Although the majority (83.2%)
of subjects with an HbA1c < 5.7% were classified as having
NGT according to the OGTT, 16.8% of subjects were clas-
sified as having IGT or DM. Of 41 subjects in at the risk for
DM group (HbA1c 5.7e6.4%), 27 (65.9%) were categorized
as having NGT and 3 (7.3%) as having DM according to the
OGTT. The majority (83.3%) of subjects with an
HbA1c � 6.5% were classified as having DM by the OGTT,
while only 1 subject (2.4%) was classified as having NGT.
Therefore, of 42 subjects with DM according to HbA1c
criterion, 7 (16.7%) did not meet the standard diagnostic
criteria for DM. We subsequently evaluated all subjects
with HbA1c � 6.5% to identify any differences in clinical
parameters between subjects with DM (n Z 35) and
without DM (n Z 7) according to the OGTT. However,
there are no differences in age, sex difference, HbA1c
level, serum c-peptide, HOMA-IR and cholesterol profile
between the 2 groups except the FPG and 2-h OGTT (no
data).

3.3. The diagnostic accuracy for the detection of
diabetes by FPG, 2-h OGTT and HbA1c criteria

Among 47 children categorized as having DM, 40 patients
(85.1%) were diagnosed with DM by the 2-h OGTT criterion
and 42 (89.4%) were diagnosed with DM according to the
HbA1c criterion. The sensitivity, specificity and positive and
negative predictive values for each DM diagnostic criterion
are shown in Table 2. The diagnostic sensitivities of HbA1c
and 2-h OGTT diagnostic criteria were significantly greater
than that of the FPG (89.4%, 85.1% vs. 63.8%). This finding
suggests that both the 2-h OGTT and HbA1c criteria were
good predictors of DM in studied subjects. Next, we eval-
uated the diagnostic accuracies of HbA1c, 2-h OGTT and
FPG criteria by calculating a ROC curve with the 95% con-
fidence intervals. The AUCs for each diagnostic criterion
were 0.970 for HbA1c, 0.939 for FPG, and 0.977 for 2-h



Table 2 The diagnostic accuracy of fasting plasma glucose (FPG), 2-h OGTT, and HbA1c criteria for the detection of diabetes.

Non-DM (%) DM (%) Total (%) Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

P value K coefficient AUC

HbA1c <6.5% 143 (100.0) 5 (10.5) 148 (77.9) 89.4 100.0 100.0 96.6 <0.001 0.927 0.970
�6.5% 0 (0.0) 42 (89.4) 42 (22.1)
Total 143 (100.0) 47 (100.0) 190 (100.0)

FPG <126 mg/dL 143 (100.0) 17 (36.2) 160 (84.2) 63.8 100.0 100.0 89.4 <0.001 0.727 0.939
�126 mg/dL 0 (0.0) 30 (63.8) 30 (15.8)
Total 143 (100.0) 47 (100.0) 190 (100.0)

2-h OGTT <200 mg/dL 143 (100.0) 7 (14.9) 150 (78.9) 85.1 100.0 100.0 95.3 <0.001 0.896 0.977
�200 mg/dL 0 (0.0) 40 (85.1) 40 (21.1)
Total 143 (100.0) 47 (100.0) 190 (100.0)

PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve.
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OGTT. These results indicate that HbA1c levels are a good
screening tool in children at risk of developing DM.

3.4. Correlation between HbA1c and FPG or 2-h
OGTT

The correlations between HbA1c and FPG or 2-h OGTTwere
analyzed by least squares regression. As shown in Fig. 1,
HbA1c levels strongly correlated with FPG and 2-h OGTT
(FPG: rs Z 0.576, p < 0.01; 2-h OGTT: rs Z 0.641,
p < 0.01). Mean FPG and 2-h OGTT for HbA1c values of 6.5%
were calculated using regression methods as 115.2 and
181.8 mg/dL, respectively. Mean HbA1c values for FPG of
126 mg/dL and 2-h OGTT of 200 mg/dL were calculated
using regression methods as 6.8% and 6.7%, respectively.
We then evaluated their correlation by ROC curve analysis.
Based on the ROC curves (Fig. 2A,B), the HbA1c level for DM
diagnosis correlated strongly with the FPG (AUC; 0.980) and
2-h OGTT (AUC; 0.949). Furthermore, we examined
Figure 1 HbA1c correlations: correlation between FPG and H
whether there were any differences in the correlation be-
tween HbA1c with 2-h OGTT according to clinical variables,
such as sex and BMI, in the subjects. No significant differ-
ences in sensitivity, specificity, and AUC were observed
(Fig. 2CeF). This finding suggests that the HbA1c criterion
for predicting DM is a good screening tool for children,
including obese girls.

The sensitivity, specificity, PPV, and NPV using different
HbA1c threshold values are shown in Table 3. When the
HbA1c threshold value was lowered to 6.15%, sensitivity
increased to 95.7%, with a corresponding specificity of
96.5%, a PPV of 90%, and a NPV of 98.6%.

4. Discussion

This study found that HbA1c level �6.5%, endorsed by the
ADA for the diagnosis of DM, was adequate to detect DM
among Korean children and adolescents. We also proposed
an HbA1c level of 6.15% as the optimal cut-off point for
bA1c (A) and correlation between 2-h OGTT and HbA1c (B).



Figure 2 Receiver operating characteristic (AUC) curves comparing plasma glucose (A) and HbA1c (B) for the detection of dia-
betes. Correlation between HbA1c and sex (C and D)/obesity (E and F): AUC of HbA1c according to 2-h OGTT criteria.
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predicting DM in children. This is the first study to evaluate
the correlation between plasma glucose and HbA1c levels in
Korean children at risk of diabetes.

There are increasing reports of T2DM, previously a
disorder of middle-aged or elderly persons, among
children and adolescents. The likely explanation for this is
the emerging youth obesity epidemic.2 Several studies
have shown an increased risk of microvascular complica-
tions among young adolescents with T2DM compared to
those with T1DM.3e5 Therefore, screening for IGT and



Table 3 Sensitivities and specificities of different HbA1c
levels for diagnosing DM.

HbA1c level (%) Sensitivity Specificity PPV NPV

6.05 0.957 0.951 0.865 0.986
6.15 0.957 0.965 0.900 0.986
6.25 0.915 0.972 0.915 0.972
6.35 0.915 0.993 0.977 0.973
6.45 0.894 0.993 0.977 0.966
6.50 0.894 1.000 1.000 0.966

PPV, positive predictive value; NPV, negative predictive value.
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T2DM in children at risk of glucose intolerance is neces-
sary. Although fasting plasma glucose (FPG) and 2-hour
plasma glucose level following an OGTT (2-h OGTT) are
the gold standard tests for the diagnosis of DM, these tests
are cumbersome for both the primary care physician and
the patient.6 In contrast, measuring HbA1c levels is more
convenient for diagnosing diabetes than fasting blood
glucose and OGTT. It does not require patients to fast
prior to the test, has a lower intra-individual variability,
and can be related to the risk of long-term diabetic
complications.17,18 However, HbA1c testing has several
potential disadvantages. HbA1c testing may fail to detect
cases of T1DM, as hyperglycemia develops over a short
period of time. HbA1c may also vary with age and
different ethnic groups.19 Furthermore, many factors
related to red blood cell lifespan, such as iron deficiency
anemia, sickle cell disease, and thalassemia, could affect
HbA1c levels.20

The diagnosis of diabetes in pediatric populations,
including HbA1c testing, is the same as for adults.8 The cut-
off value of FPG and OGTT for diagnosing diabetes is based
on long-term follow up of chronic diabetic retinopathy or
nephropathy. Therefore, the question may be whether it is
appropriate for this paper to use fasting glucose and OGTT
as the gold standard to determine the cut-off value of
HbA1c. Previous studies21,22 have found strong correlations
between HbA1c and plasma glucose in adult populations.
However, HbA1c testing has several potential disadvantages
in the pediatric population, and data have largely been
extrapolated from adult populations.13 Recent pediatric
studies have dismissed the use of HbA1c levels �6.5% for
the diagnosis of diabetes because of the lack of correlation
with the OGTT.11e13 Ogawa et al.23 reported that HbA1c
strongly correlated with plasma glucose in children with DM
detected by a urine glucose screening program. However,
the mean glucose values of the 2-h OGTT and the FPG
corresponding to HbA1c levels of 6.5% in Japanese children
were found to be lower than those in Japanese adults.
Furthermore, Hosking et al.24 reported that the positive
association between HbA1c and FPG throughout childhood
was weak and their trends diverge from 10 years, limiting
the interpretation of HbA1c for the diagnosis of impaired
fasting glucose (IFG) during childhood. In the present study,
HbA1c levels were found to be strongly correlated with FPG
and 2-h OGTT. The mean values derived from FPG and 2-h
OGTT corresponding to an HbA1c of 6.5% were 115.2 and
181.8 mg/dL, respectively. Mean HbA1c level for FPG of
126 mg/dL was 6.8% and for 2-h OGTT of 200 mg/dL was
6.7%. These values are lower than 7.5% and 7.8% in Japa-
nese children.23 We also evaluated the correlation between
HbA1c and 2-h OGTT according to sex and BMI. However,
there was no significant difference in sensitivity, speci-
ficity, and AUC, according to sex and BMI. This suggests that
the HbA1c criterion for predicting DM subjects is a good
screening tool for children, including obese girls. This
finding is consistent with a study by Shah et al. reporting
that HbA1c was a good predictor of type 2 DM in obese
young people.25 However, other studies12,26 found that
HbA1c had poor discriminatory capacity and this could lead
to a failure to detect dysglycemia in obese children. This
discrepancy may be due to the small number of subjects,
ethnic variation, and age difference of the study
populations.

According to the annual school urine screening pro-
gram in Korea, glycosuria is detected in over 3000 stu-
dents per year and they are advised to be evaluated for
diabetes.27 Although many children with asymptomatic
glucosuria have been diagnosed with T2DM by OGTT, the
recapture rate for OGTT was low in Korean school-
children.27 If the more convenient HbA1c criterion were
applied in the clinical setting, the low recapture rate
might be improved and more DM subjects would be
detected. According to a recent study, 58% of US physi-
cians who provide primary care to adolescents ordered
HbA1c as part of their battery of initial tests for
screening adolescents with T2DM.28 It is important to be
aware of the correlation between FPG and HbA1c when
using HbA1c as a diagnostic criterion for DM in children.
In the current study, 83.3% of subjects with HbA1c � 6.5%
were diagnosed with DM by the OGTT. Conversely, 12.5%
of subjects with DM diagnosed by the OGTT had HbA1c
levels <6.5%. Because PG levels and HbA1c levels reflect
different aspects of glucose metabolism, there is always
a risk of failing to identify patients who would have been
diagnosed by an OGTT. Therefore, in the present study,
we proposed a HbA1c level of 6.15% as the optimal cut-
off point for predicting DM in children. Lee H et al.29

recently reported that an HbA1c threshold of 6.1% was
the optimal limit for diagnosing diabetes, with 63.8%
sensitivity and 88.1% specificity in Korean adults.

There were some limitations to this study. The number
of cases was relatively small; therefore, analysis according
to IGT and DM subgroups was challenging. In addition, this
study included selected students with glucosuria on school
urine screening program and obese students. A study
including a large number of children and adolescents with
normal clinical parameters is, therefore, necessary.

In conclusion, this study found that HbA1c criterion
�6.5%, endorsed by the ADA/WHO as diagnostic criteria for
DM, was adequate to detect DM among Korean children and
adolescents with obesity or asymptomatic glucosuria.
Although there was good agreement between the HbA1c
and 2-h OGTT criterion for the diagnosis of DM, we suggest
HbA1c level of 6.15% as the optimal cut-off point for
detecting DM in Korean children and adolescents. Finally,
the high diagnostic efficacy of HbA1c may contribute to the
early detection of asymptomatic children and adolescents
with DM.
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