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Abstract: This cross-sectional study aimed to assess the best cut-off of HbAlc for detection of
impaired fasting glucose (IFG), impaired glucose tolerance (IGT), beta-cell impairment and car-
diometabolic risk (CMR) profile in overweight or obese (OW/OB) Caucasian youths. Two-hour
oral glucose tolerance test was available in 1549 youths, one-hour glucose (Ggp) in 1430 youths
and disposition index (DI) in 972 youths. Insulin resistance (IR) was calculated as Homeostatic
Model Assessment for IR and insulin sensitivity (IS) as 1/fasting insulin. High Ggg was defined
by a value > 133 mg/dL. The best cut-off of HbAlc for IFG or IGT was 5.5%. The frequency of
individuals with HbAlc > 5.5% was 32.5%, compared to 16.3% with HbAlc > 5.7% (as proposed by
the American Diabetes Association). HbAlc > 5.5% showed higher sensitivity and lower specificity
with respect to HbAlc > 5.7% for all the abnormalities examined (IFG, IGT, high Gg, IR, low IS, DI
and CMR factors). In conclusion, this lower cut-off might represent a more appropriate screening
marker of glucose dysmetabolism in youths with OW /OB. Prospective studies are needed to validate
this cut-off for predicting prediabetes/diabetes in youths with OW/OB.

Keywords: disposition index; glycated hemoglobin Alc; insulin resistance; insulin sensitivity; pedi-
atric obesity; prediabetes

1. Introduction

Glycated hemoglobin (HbA1c) has been proposed as a useful tool for monitoring
glycemic control in patients with diabetes mellitus (DM) since 1976 [1]. On the contrary, its
use in the screening and diagnosis of DM and prediabetes is relatively recent. Indeed, in
2010, the American Diabetes Association (ADA) adopted the cut-off values of >6.5% and
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>5.7%, respectively, for the diagnosis of DM and prediabetes [2]. This choice derived from
the observation that HbAlc is a more stable parameter than fasting glucose, as it reflects
the average blood glucose values of the previous 120 to 180 days, and therefore, it is not
affected by acute changes in glucose levels.

In recent years, the prevalence of overweightness or obesity (OW /OB) in childhood
has dramatically increased [3], with the consequent high risk of developing an abnormal
glucose metabolism. Therefore, in this population the screening of prediabetes/diabetes is
recommended, especially in youths with at least one adjunctive risk factor [4]. With regard
to the screening of prediabetes/diabetes, the ADA extended to children and adolescents
the same cut-offs of HbAlc adopted in adults [4]. However, their validity in children and
adolescents remains still debatable, since longitudinal studies supporting these cut-offs
were available only in adults [4].

With regard to prediabetes, a number of studies evaluated several cut-offs of HbAlc
from 5.4 to 5.8% in relation to the detection of impaired fasting glucose (IFG) and/or
impaired glucose tolerance (IGT) [5-10]. Using a high specificity cut-off, a large number
of individuals at risk of prediabetes might be excluded from a tighter management and
follow-up. In line with this concern, a recent study performed in a large school-based
population demonstrated that the prevalence of youths with a cut-off >5.7% was very
low (about 2%) in young people with normal weight or with obesity [11]. For this reason,
the authors suggested caution in using this cut-off for screening of prediabetes in young
people.

Since most studies were performed in multi-ethnic populations, the aim of our cross-
sectional study was to assess the best cut-off of HbAlc in terms of sensitivity and specificity
for detection of IFG or IGT, measures of beta-cell function and abnormal CMR profile in a
large sample of Caucasian youths with OW/OB.

2. Materials and Methods

This cross-sectional multicenter study was undertaken within the Childhood Obesity
study group of the Italian Society for Pediatric Endocrinology and Diabetology (ISPED).
Nine tertiary Italian centers for the care of pediatric obesity provided anthropometric
and biochemical data for 1549 non-diabetic children and adolescents with OW or OB
aged 5 to 18 years consecutively observed in the period June 2016 to June 2020. Other
exclusion criteria were genetic causes of obesity, systemic and endocrine diseases, and use
of medications affecting glucose metabolism, as elsewhere described [12].

The study was approved by the Ethics Committee of the AORN Santobono-Pausilipon,
Naples, Italy (protocol code 22877/2020) and conformed to the guidelines of the European
Convention of Human Rights and Biomedicine for Research in Children as elsewhere
described. The study was also in accordance with the 1975 Declaration of Helsinki, revised
in 2013, and informed consent was obtained from the parents or tutors of all participants.

2.1. Measurements

Body mass index (BMI) was calculated as weight/ heigh’c2 (kg/ m?) and it was sub-
sequently transformed into standard deviation score (SDS), based upon the Italian BMI
reference standards [13]. Systolic and diastolic blood pressure was measured using aneroid
sphygmomanometer with cuffs of appropriate size, according to standard procedures. After
12 h of fasting, blood samples were drawn for glucose (Gy), insulin (Iy), HbAlc, triglyc-
erides (TG), total cholesterol, high density lipoprotein-cholesterol (HDL-C) measurements.
Oral glucose tolerance test (OGTT) was performed in the whole sample using 1.75 g/kg of
glucose up to a maximum of 75 g and two-hour post-load glucose (Gp) was measured.
Data of glucose (Gzp) and insulin (I3) at 30" during OGTT were available in a subsample of
972 youths, while data regarding 1-h glucose (Gg) levels were available in 1430 individu-
als. Insulin resistance (IR) was calculated by homeostatic model assessment (HOMA-IR).
Beta-cell function was estimated by evaluating insulin sensitivity (IS), insulinogenic index
(IGI) and disposition index (DI). IS was calculated as 1/fasting insulin (Iy) [12]; IGI was
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calculated as A(Ip-I39) / A(Go-G3p), where insulin was expressed as pU/mL and glucose as
mg/dL; DI was calculated according to the following formula: IGI x 1/Ij [12].

Biochemical analyses were performed in the centralized laboratory of each center.
HbAlc was assessed by high performance liquid chromatography. All laboratories belong
to the Italian National Health System and are certified according to International Standards
ISO 9000 (www.is09000.it/ accessed on 14 November 2022), undergoing to semi-annual
quality controls and inter-lab comparisons.

2.2. Definitions

IFG was defined by fasting glucose >100 mg/dL but <126 mg/dL. IGT was defined as
2 h-post-load glucose >140 mg/dL but <200 mg/dL [4]. High Ggg was defined by a cut-off
>133 mg/dL [14,15]. OW and OB were defined on the basis of the Italian BMI standards
(respectively, the 75th and 95th percentiles) [13]. IR was estimated by 97th percentile of
HOMA-IR distribution by age and gender in normal weight Italian children [16]. Low IS
or low DI were defined by the 25th percentile of, respectively, 1/1 or DI, as calculated in
our sample (as elsewhere described) [12]. High TG/HDL ratio and COL/HDL ratio were
defined by 75th percentile of their distribution in our sample (>2.4 and >4.0, respectively).
High levels of alanine aminotransferase (ALT), as surrogate marker of nonalcoholic fatty
liver disease, were defined using a cut-point >25.8 IU/L in boys and 22.1 IU/L in girls [17].

2.3. Statistical Analysis

Data are expressed as means £ standard deviation, or proportions (%) and 95%
confidence interval (CI). Given the skewed distribution of TG, HOMA-IR, I and 1/, the
statistical analysis of these variables was applied after log-transformation and expressed as
median and interquartile range of non-transformed values. Between-groups differences
were evaluated by Student’s t test. Distribution of categories was evaluated by x> and,
when needed, exact tests were performed using the Monte Carlo method. The relationships
between IFG or IGT and HbAlc were analyzed using receiver operator curve (ROC)
analysis. The area under curve (AUC) was obtained using IFG or IGT as dependent
variables and HbAlc as variable of interest. The best cut-off of HbAlc was obtained using
Youden’'s test. AUC, sensitivity and specificity were calculated by 2 x 2 tables.

A p value < 0.05 was considered statistically significant. The statistical analysis was
performed using the IBM SPSS Statistics, Version 20.0. Armonk, NY, USA.

3. Results

The whole sample was composed of 774 boys and 775 girls (mean age 11.6 years, range
5-18). Their characteristics were similar for sex and age to the subsample in whom Ggg
(716 boys and 714 girls, mean age 11.7 years,) or DI were available (494 boys and 478 girls,
mean age 11.8 years). The prevalence of IFG and IGT was 10.2% and 8.0%, respectively.
The AUC of HbAlc was 0.695 (95% CI 0.650-0.740) (p < 0.0001) with respect to IFG and
0.581 (95% CI 0.527-0.636) (p = 0.005) with respect to IGT. Using the Youden’s test, the best
cut-off of HbAlc with respect to IFG was 5.5% (Figure 1, top panel). The same cut-off was
obtained by plotting HbAlc versus IGT (Figure 1, bottom panel).

The characteristics of the sample divided by the two HbAlc cut-offs are summarized
in Table 1.

The percentage of youths with HbAlc > 5.5% was 32.5% vs. 16.43% with HbAlc > 5.7%
(p < 0.0001). Independently of the cut-off used, youths with either HbAlc > 5.5% or >5.7%
showed higher values of Gy, Ggg, G120, HOMA-IR, TG/HDL-C, COL/HDL-C and ALT, and
lower IS than the respective groups with HbAlc < 5.5% or <5.7%. No significant differences
were found by comparing groups with HbAlc > 5.5% to HbAlc > 5.7%.

Similar differences, except for ALT, were found in the comparison between youths
reclassified by HbAlc levels below or above 5.5%, after excluding the 253 individuals with
HbAlc > 5.7% (Table 2).
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Figure 1. Area under curve of HbAlc with respect to IFG (top panel) and IGT (bottom panel).

Table 1. Anthropometric, clinical, metabolic and beta-cell function variables according the two
cut-offs of HbAlc.

HbAlc<55%  HbAlc > 5.5% p Value HbAlc<5.7%  HbAlc > 5.7% p Value
n = 1549 1045 504 1296 253
Age (Years) 11.7 £ 27 11.6 £ 2.6 0.477 11.6 £ 2.6 11.7 £ 2.6 0.524
Girls, n (%) 521 (50) 254 (50) 0.842 645 (50) 130 (51) 0.638
BMI (kg/mz) 30.7£54 314 £59 0.012 30.8£5.5 314 £6.1 0.094
BMI-SDS 23£0.6 24 +£0.6 0.010 23£06 24 £0.6 0.137
Gy, (mg/dL) 87.1£8.9 90.3 £10.7 <0.0001 874 £9.2 919 £11.0 <0.0001
Gep, (mg/dL) * 122.4 + 28.1 131.0 £ 285 <0.0001 123.7 £ 284 132.9 £ 27.9 <0.0001
Gip0, (mg/dL) 108.5 = 19.6 115.6 £ 22.1 <0.0001 109.5 £+ 20.1 117.5 £ 22.6 <0.0001
HOMA-IR 3.5 (2.3-5.1) 4.1 (2.9-6.4) <0.0001 3.6 (2.4-5.2) 45 (3.0-6.8) <0.0001
1/Ip (uU/mL) 0.06 (0.04-0.08)  0.05 (0.04-0.08) <0.0001 0.06 (0.04-0.09)  0.05 (0.04-0.08) <0.0001
Disposition Index ** 0.15(0.10-0.23)  0.13 (0.08-0.20) 0.063 0.15(0.10-0.23)  0.13 (0.08-0.18) 0.064
Cholesterol, mg/dL 153.7 £ 29.6 156.2 £ 28.5 0.110 154.1 £ 29.6 156.3 +27.4 0.288
TG/HDL ratio 1.7 (1.2-2.3) 1.9 (1.4-2.6) <0.0001 1.7 (1.3-2.4) 2.0 (1.5-2.8) <0.0001
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Table 1. Cont.

HbAlc<5.5%  HbAlc > 5.5% p Value HbAl1lc <5.7%  HbAlc > 5.7% p Value
n = 1549 1045 504 1296 253
COL/HDL ratio 33+£09 35+09 <0.0001 34+09 3.6 £09 <0.0001
ALT (IU/mL) 21.0 (15.0-30.0)  24.0 (18.0-32.0) <0.0001 21.0 (16.0-29.8)  25.0 (19.0-36.0) <0.0001
Systolic BP (mmHg) 113.2 +14.0 1142 £13.7 0.162 113.5 £ 13.9 113.7 £ 14.2 0.770
Diastolic BP (mmHg) 67.5+£9.3 682 +9.7 0.160 67.6 £9.4 683 £9.9 0.279

Data are expressed as mean =+ standard deviation, median (IQ range), n (%). * n = 1430; ** n = 972. ALT, alanine
aminotransferase; BMI, Body Mass Index; BMI-SDS, Body Mass Index-Standard Deviation Score; BP, blood
pressure; COL/HDL, cholesterol/HDL-Cholesterol; Gy, fasting glucose; Ggo, 1-h glucose; Gizg, 2-h glucose; I,

fasting insulin; TG/HDL-C, Triglycerides/HDL-Cholesterol.

Table 2. Characteristics of youths with HbAlc < 5.7% reclassified by cut-off of 5.5%.

HbAlc < 5.5% HbAlc > 5.5% p Value
n =1296 1045 251
Age (Years) 11.7 £2.7 114426 0.149
Girls, n (%) 321 (49) 71 (47) 0.696
BMI (kg/mz) 30.7 £ 5.4 314 +57 0.057
BMI-SDS 23+0.6 24+0.6 0.034
Go, (mg/dL) 87.14+89 88.7 4+ 10.2 0.011
Gego, (mg/dL) * 1224 4+ 28.1 129.0 +29.0 0.002
Gipg, (mg/dL) 108.5 &+ 19.6 113.8 £ 21.4 <0.0001
HOMA-IR 3.5(2.3-5.1) 3.9 (2.7-5.6) <0.0001
1/Iy (WU/mL) 0.06 (0.04-0.08) 0.05 (0.04-0.08) <0.0001
Disposition Index ** 0.15 (0.10-0.23) 0.12 (0.09-0.16) 0.387
Cholesterol, mg/dL 153.7 £ 29.6 156.0 £+ 29.0 0.228
TG/HDL ratio 1.7 (1.2-2.3) 1.9 (1.4-2.5) 0.002
COL/HDL ratio 3.3+09 3.5+09 0.042
ALT (IU/mL) 21.0 (15.0-30.0) 22.0 (17.0-29.0) 0.154
Systolic BP (mmHg) 113.2 +14.0 114.7 +£13.2 0.115
Diastolic BP (mmHg) 67.5+9.3 68.1 9.6 0.348

Data are expressed as mean =+ standard deviation, median (IQ range), n (%). * n = 1186; ** n = 809. ALT, alanine
aminotransferase; BMI, Body Mass Index; BMI-SDS, Body Mass Index-Standard Deviation Score; BP, blood
pressure; COL/HDL, cholesterol/HDL-Cholesterol; Gy, fasting glucose; Ggo, 1-h glucose; G1g, 2-h glucose; I,
fasting insulin; TG/HDL-C, Triglycerides/HDL-Cholesterol.

Interestingly, out of 14 youths with both IFG and IGT, 7 (50%) had HbAlc > 5.5%,
while none of them exhibited HbAlc > 5.7%.

The performance of HbAlc > 5.5 or >5.7% with respect to IFG, IGT, Ggp > 133 mg/dL,
IR, low IS, low DI and CMR factors is summarized in Table 3. For each component
of impaired glucose metabolism, beta cell dysfunction or cardiometabolic risk factor,
HbAlc > 5.5% showed higher sensitivity and lower specificity as compared to HbAlc > 5.7%.

Table 3. Performance of HbAlc > 5.5% or HbAlc > 5.7% in relation to parameters of glucose
dysmetabolism, beta-cell dysfunction or cardiometabolic risk factors.

Factors

AUC

Sensitivity

Specificity

IFG
HbAlc > 5.5%
HbAlc > 5.7%

0.64 (0.60-0.69)
0.62 (0.57-0.67)

0.58 (0.56-0.61)
0.39 (0.36-0.41)

0.70 (0.68-0.73)
0.86 (0.84-0.88)

IGT
HbAlc > 5.5%
HbAlc > 5.7%

0.56 (0.51-0.61)
0.55 (0.50-0.61)

0.44 (0.41-0.46)
0.26 (0.24-0.28)

0.68 (0.66-0.71)
0.85 (0.83-0.86)
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Table 3. Cont.

Factors

AUC

Sensitivity

Specificity

Geo > 133 mg/dL
HbAlc > 5.5%
HbAlc > 5.7%

0.58 (0.55-0.61)
0.55 (0.52-0.58)

0.43 (0.40-0.46)
0.24 (0.21-0.26)

0.72 (0.70-0.75)
0.87 (0.85-0.88)

Insulin-resistance
HbAlc > 5.5%
HbAlc > 5.7%

0.56 (0.53-0.59)
0.54 (0.51-0.57)

0.37 (0.34-0.39)
0.19 (0.17-0.21)

0.75 (0.73-0.77)
0.89 (0.87-0.90)

Low insulin-sensitivity
HbAlc > 5.5%
HbAlc > 5.7%

0.55 (0.51-0.58)
0.54 (0.51-0.57)

0.39 (0.37-0.42)
0.22 (0.20-0.24)

0.70 (0.67-0.72)
0.86 (0.84-0.87)

Low disposition index
HbAlc > 5.5%
HbAlc > 5.7%

0.55 (0.51-0.59)
0.52 (0.48-0.57)

0.40 (0.37-0.43)
0.20 (0.18-0.23)

0.70 (0.67-0.73)
0.84 (0.82-0.87)

High TG/HDL ratio
HbAlc > 5.5%
HbAlc > 5.7%

0.55 (0.51-0.58)
0.55 (0.51-0.58)

0.40 (0.37-0.42)
0.23 (0.21-0.25)

0.70 (0.68-0.72)
0.86 (0.84-0.88)

High COL/HDL ratio
HbAlc > 5.5%
HbAlc > 5.7%

0.55 (0.51-0.58)
0.53 (0.50-0.57

0.40 (0.37-0.42)
0.21 (0.19-0.23)

0.70 (0.67-0.72)
0.85 (0.83-0.87)

High ALT
HbAlc > 5.5%
HbAlc > 5.7%

0.54 (0.51-0.57)
0.54 (0.51-0.57)

0.37 (0.35-0.39)
0.21 (0.19-0.23)

0.71 (0.68-0.73)
0.87 (0.85-0.89)

Geo, 1-h glucose; TG/HDL-C, Triglycerides/HDL-Cholesterol; COL/HDL, cholesterol/HDL-Cholesterol; ALT,
alanine aminotransferase.

4. Discussion

The present study demonstrated that the cut-off of HbAlc > 5.5% showed a better
balance of sensitivity and specificity to identify individuals with IFG, IGT, high G, insulin-
resistance, low insulin sensitivity, low disposition index and CMR factors compared to the
cut-off > 5.7% proposed by the ADA. Therefore, this lower cut-off might represent a more
appropriate screening marker of glucose dysmetabolism in youths with OW/OB.

In 2018, a position statement of ADA proposed the adult cut-off of HbAlc > 5.7% for
the screening of prediabetes in children and adolescents with OW /OB [18].

Several studies carried out in pediatric populations, which evaluated the performance
of different HbA1lc thresholds with respect to association with other prediabetes pheno-
types, reported contrasting results. In a large sample of adolescents with OW /OB from
the National Health and Nutrition Examination Surveys (NHANES 1999-2006), Lee et al.
reported that a cut-off of HbAlc > 5.7% showed an 11% sensitivity and 97% specificity
for the identification of IFG and 5% sensitivity and 96% specificity for the identification
of IGT [19]. In contrast, Tsay et al., in a multiethnic sample of 209 American youths with
OW /OB, showed that HbAlc was significantly associated with IGT, while fasting glucose
was not. They reported that the best cut-off was 5.5% and that it showed high sensitivity
(85.7%) and poor specificity (56.9%) [20]. Similarly, in a multiethnic cross-sectional study
of 1156 children with OB in the United States, Nowicka et al. showed that the best cut-off
of HbAlc for IGT was 5.5% (sensitivity 67.7%, and specificity 5.5%) [7]. Baseline HbAlc
strongly predicted prediabetes/diabetes in the follow-up study. In particular, adolescents
with HbAlc > 5.7% had greater odds of having prediabetes/diabetes after two years than
their peers with HbAlc < 5.7%. Unfortunately, no information was available about the
performance of cut-off points <5.7% [7]. Lastly, Poon et al. confirmed that HbAlc > 5.5%
was the best cut-off in identifying abnormal OGTT (prediabetes or T2DM) (sensitivity
66.7%, specificity 71%) in Chinese adolescents with OW /OB [10].

To the best of our knowledge, our study is the first to compare the association between
the cut-off of HbAlc as proposed by the ADA and a lower cut-off obtained in a large
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sample of Caucasian youths with OW/OB. A recent meta-analysis demonstrated that in
individuals without diabetes, HbAlc values were higher in Blacks, Asians and Latinos
when compared to white individuals [21]. Despite the different ethnicity of our sample,
we confirm the better performance of HbAlc > 5.5%, in agreement with the multi-ethnic
studies by Novicka et al. [7] and Tsay et al. [19], and the Chinese study by Poon et al. [10].
In this context, it is interesting to note that the HbAlc value > 5.5% corresponds to the 95th
percentile reported by Hovestadt et al. in 2455 young Germans (age 0.5-18 years) of whom
76.5% were normal weight [22].

The association between HbAlc and 1-h glucose is noteworthy. In fact, only one study
performed in a small sample of 106 Turkish youths with OW /OB (7-18 years) demonstrated
an association between Ggp > 155 mg/dL (derived from adult population) and HbAlc [23].
Interestingly, the best cut-off of HbAlc for Ggy > 155 mg/dL was >5.5% [23]. Our study
confirmed the same cut-off of HbAlc using a pediatric cut-point of Ggp (>133 mg/dL).
The association between HbAlc and high Gg is metabolically interesting, since this early
impaired response to OGTT has been strictly associated with a high risk of beta-cell
dysfunction and progression toward diabetes [15].

Indeed, a previous study undertaken in Chinese students showed that the optimal
HbA1lc cut-off of 5.6% had better accuracy for determining the clustering of cardiometabolic
risk factors (sensitivity 35.1%; specificity 72.2%) compared to the cut-off of 5.7% (sensitivity
20.2%,; specificity 84.3%) [24].

Our study presents some limitations, such as the cross-sectional design, which does
not allow inferences on the progression of prediabetes to diabetes. In addition, measures to
estimate beta-cell function were derived from the OGTT. Lastly, the study is limited to Cau-
casian youths with OW/OB. However, these features may also represent a strength, since
children with OW /OB are considered as the main category at risk of prediabetes/diabetes.
Furthermore, the analysis of the association between HbAlc, parameters of beta-cell func-
tion and cardiometabolic risk factors may represent another strength of our study.

The decision to use a lower cut-off of HbAlc might entail potential harms of over-
diagnosis of prediabetes and higher costs associated with further evaluation of glucose
dysmetabolism. Nevertheless, the perceived risk of illness may reinforce the intrinsic
motivation to adhere to a weight loss program based on lifestyle. Indeed, an improved
BMI trajectory after prediabetes identification was documented in youths with OW or OB
followed longitudinally in a large academic-affiliated primary care network [25]. Therefore.
prediabetes screening may be beneficial beyond its intended goal of identification of glucose
dysmetabolism.

5. Conclusions

HbAlc values > 5.5% may be considered for further evaluation of glucose dys-
metabolism in youths with OW/OB. The higher sensitivity in detecting IFG, IGT and
metabolic derangements compared to the cut-off of 5.7% may provide an opportunity
to include a larger number of youths at risk of prediabetes in tighter management and
follow-up. Longitudinal studies on the role of HbAlc in predicting diabetes and reducing
diabetes-related comorbidities in children and adolescents are needed.

Author Contributions: Conceptualization, P.D.B. and G.V.; methodology, P.D.B., M.R.L. and G.V,;
software, P.D.B.; formal analysis, P.D.B.; investigation, M.R.L., D.C., M.W,, AD.S,, EM.d.G., AM.,
C.M.,, M.EFE, EM., V.C, EE and G.M.; resources, M.R.L., D.C.,, M\W., A.D.S,, EM.d.G., AM., CM.,
MFEE, EM.,, V.C, EF and G.M,; data curation, P.D.B.; writing—original draft preparation, P.D.B. and
G.V,; writing—review and editing, all authors. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee) of AORN SANTOBONO-PAUSILIPON, Naples,
Italy (protocol code 22877/2020).



Int. |. Environ. Res. Public Health 2023, 20, 928 80f9

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Koenig, R.J.; Peterson, C.M.; Jones, R.L.; Saudek, C.; Lehrman, M.; Cerami, A. Correlation of glucose regulation and hemoglobin
Alc in diabetes mellitus. N. Engl. . Med. 1976, 295, 417-420. [CrossRef] [PubMed]

2. American Diabetes Association. Standards of medical care in diabetes. Diabetes Care 2010, 33 (Suppl. S1), S11-561. [CrossRef]
[PubMed]

3. Skinner, A.C.; Ravanbakht, S.N.; Skelton, ]J.A.; Perrin, E.M.; Armstrong, S.C. Prevalence of Obesity and Severe Obesity in US
Children, 1999-2016. Pediatrics 2018, 141, €20173459, Erratum in: Pediatrics 2018, 142. [CrossRef] [PubMed]

4. American Diabetes Association. Classification and Diagnosis of Diabetes. Diabetes Care 2016, 39 (Suppl. S1), S13-522. [CrossRef]
[PubMed]

5. Nam, HK.; Cho, WK Kim, ].H; Rhie, Y.J.; Chung, S.; Lee, K.H.; Suh, B.K. HbAlc Cutoff for prediabetes and diabetes based on
oral glucose tolerance test in obese children and adolescents. ]. Korean Med. Sci. 2018, 33, €93. [CrossRef]

6. Yan, S.T; Xiao, H.Y,; Tian, H.; Li, C.L,; Fang, ES.; Li, X.Y.; Cheng, X.L.; Li, N.; Miao, X.Y,; Yang, Y.; et al. The cutoffs and
performance of glycated hemoglobin for diagnosing diabetes and prediabetes in a young and middle-aged population and in an
elderly population. Diabetes Res. Clin. Pract. 2015, 109, 238-245. [CrossRef]

7. Nowicka, P; Santoro, N.; Liu, H.; Lartaud, D.; Shaw, M.M.; Goldberg, R.; Guandalini, C.; Savoye, M.; Rose, P.; Caprio, S. Utility of
hemoglobin A(1c) for diagnosing prediabetes and diabetes in obese children and adolescents. Diabetes Care 2011, 34, 306-1311.
[CrossRef]

8.  Hosking, J.; Metcalf, B.S.; Jeffery, A.N.; Streeter, A.J.; Voss, L.D.; Wilkin, T.]J. Divergence between HbAlc and fasting glucose
through childhood: Implications for diagnosis of impaired fasting glucose (Early Bird 52). Pediatr. Diabetes 2014, 15, 214-219.
[CrossRef]

9. Lee, H.S,; Park, HK.; Hwang, ].S. HbAlc and glucose intolerance in obese children and adolescents. Diabet. Med. 2012, 29,
e102-e105. [CrossRef]

10. Poon, S.W.; Wong, W.H.; Tsang, A.M.; Poon, G.W.; Tung, ].Y. Who should return for an oral glucose tolerance test? A proposed
clinical pathway based on retrospective analysis of 332 children. . Pediatr. Endocrinol. Metab. 2021, 34, 877-884. [CrossRef]

11.  Kelsey, M.M,; Zeitler, P.S.; Drews, K.; Chan, C.L. Normal Hemoglobin Alc Variability in Early Adolescence: Adult Criteria for
Prediabetes Should Be Applied with Caution. J. Pediatr. 2020, 216, 232-235. [CrossRef] [PubMed]

12. Di Bonito, P; Licenziati, M.R.; Corica, D.; Wasniewska, M.G.; Di Sessa, A.; Del Giudice, E.M.; Morandi, A.; Maffeis, C.; Faienza,
M.E.; Mozzillo, E.; et al. Phenotypes of prediabetes and metabolic risk in Caucasian youths with overweight or obesity. J.
Endocrinol. Investig. 2022, 45,1719-1727. [CrossRef] [PubMed]

13. Cacciari, E.; Milani, S.; Balsamo, A.; Spada, E.; Bona, G.; Cavallo, L.; Cerutti, F.,; Gargantini, L.; Greggio, N.; Tonini, G.; et al. Italian
cross-sectional growth charts for height, weight and BMI (2 to 20 yr). J. Endocrinol. Investig. 2006, 29, 581-593. [CrossRef]

14. Manco, M.; Miraglia Del Giudice, E.; Spreghini, M.R.; Cappa, M.; Perrone, L.; Brufani, C.; Rustico, C.; Morino, G.; Caprio, S.
1-Hour plasma glucose in obese youth. Acta Diabetol. 2012, 49, 435-443. [CrossRef] [PubMed]

15.  Trico, D.; Galderisi, A.; Mari, A.; Santoro, N.; Caprio, S. One-hour post-load plasma glucose predicts progression to prediabetes in
a multi-ethnic cohort of obese youths. Diabetes Obes. Metab. 2019, 21, 1191-1198. [CrossRef]

16. Shashaj, B.; Luciano, R.; Contoli, B.; Morino, G.S.; Spreghini, M.R.; Rustico, C.; Sforza, R.W.; Dallapiccola, B.; Manco, M. Reference
ranges of HOMA-IR in normal-weight and obese young Caucasians. Acta Diabetol. 2016, 53, 251-260. [CrossRef]

17.  Schwimmer, J.B.; Dunn, W.; Norman, G.J.; Pardee, PE.; Middleton, M.S.; Kerkar, N.; Sirlin, C.B. SAFETY study: Alanine
aminotransferase cutoff values are set too high for reliable detection of pediatric chronic liver disease. Gastroenterology 2010, 138,
1357-1364. [CrossRef]

18. Arslanian, S.; Bacha, F.; Grey, M.; Marcus, M.D.; White, N.H.; Zeitler, P. Evaluation and Management of Youth-Onset Type 2
Diabetes: A Position Statement by the American Diabetes Association. Diabetes Care 2018, 41, 2648-2668. [CrossRef]

19. Lee, ].M.; Wu, E.L,; Tarini, B.; Herman, W.H.; Yoon, E. Diagnosis of diabetes using hemoglobin Alc: Should recommendations in
adults be extrapolated to adolescents? J. Pediatr. 2011, 158, 947-952.e1—3. [CrossRef]

20. Tsay, J.; Pomeranz, C.; Hassoun, A.; Zandieh, S.O.; Rutledge, J.; Vogiatzi, M.G.; Oberfield, S.E.; Motaghedi, R. Screening markers
of impaired glucose tolerance in the obese pediatric population. Horm. Res. Paediatr. 2010, 73, 102-107. [CrossRef]

21. Cavagnolli, G.; Pimentel, A.L.; Freitas, P.A.; Gross, J.L.; Camargo, J.L. Effect of ethnicity on HbAlc levels in individuals without
diabetes: Systematic review and meta-analysis. PLoS ONE 2017, 12, e0171315. [CrossRef] [PubMed]

22. Hovestadt, I; Kiess, W.; Lewien, C.; Willenberg, A.; Poulain, T.; Meigen, C.; Korner, A.; Vogel, M. HbAlc percentiles and the
association between BMI, age, gender, puberty, and HbAlc levels in healthy German children and adolescents. Pediatr. Diabetes
2022, 23, 194-202. [CrossRef] [PubMed]

23.  Yesiltepe Mutlu, G,; Ozsu, E.; Cizmecioglu, FM.; Hatun, $. Can HbA1lc and one-hour glucose concentration in standard OGTT be

used for evaluation of glucose homeostasis in childhood? J. Clin. Res. Pediatr. Endocrinol. 2013, 5, 80-84. [PubMed]


http://doi.org/10.1056/NEJM197608192950804
http://www.ncbi.nlm.nih.gov/pubmed/934240
http://doi.org/10.2337/dc10-S011
http://www.ncbi.nlm.nih.gov/pubmed/20042772
http://doi.org/10.1542/peds.2017-3459
http://www.ncbi.nlm.nih.gov/pubmed/29483202
http://doi.org/10.2337/dc16-S005
http://www.ncbi.nlm.nih.gov/pubmed/26696675
http://doi.org/10.3346/jkms.2018.33.e93
http://doi.org/10.1016/j.diabres.2015.05.047
http://doi.org/10.2337/dc10-1984
http://doi.org/10.1111/pedi.12082
http://doi.org/10.1111/j.1464-5491.2012.03596.x
http://doi.org/10.1515/jpem-2020-0689
http://doi.org/10.1016/j.jpeds.2019.07.031
http://www.ncbi.nlm.nih.gov/pubmed/31405525
http://doi.org/10.1007/s40618-022-01809-3
http://www.ncbi.nlm.nih.gov/pubmed/35579861
http://doi.org/10.1007/BF03344156
http://doi.org/10.1007/s00592-012-0384-3
http://www.ncbi.nlm.nih.gov/pubmed/22391936
http://doi.org/10.1111/dom.13640
http://doi.org/10.1007/s00592-015-0782-4
http://doi.org/10.1053/j.gastro.2009.12.052
http://doi.org/10.2337/dci18-0052
http://doi.org/10.1016/j.jpeds.2010.11.026
http://doi.org/10.1159/000277625
http://doi.org/10.1371/journal.pone.0171315
http://www.ncbi.nlm.nih.gov/pubmed/28192447
http://doi.org/10.1111/pedi.13297
http://www.ncbi.nlm.nih.gov/pubmed/34877761
http://www.ncbi.nlm.nih.gov/pubmed/23748058

Int. |. Environ. Res. Public Health 2023, 20, 928 90f9

24. Li, P;Jiang, R.; Li, L.; Li, L.; Wang, Z.; Li, X,; Liu, C. Diagnostic performance of hemoglobin Alc for prediabetes and association
with cardiometabolic risk factors in Chinese adolescents without diabetes. J. Investig. Med. 2012, 60, 888-894. [CrossRef]

25.  Vajravelu, M.E,; Lee, ].M,; Shah, R.; Shults, J.; Amaral, S.; Kelly, A. Association between prediabetes diagnosis and body mass
index trajectory of overweight and obese adolescents. Pediatr. Diabetes 2020, 21, 743-746. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.2310/JIM.0b013e31825a47fe
http://doi.org/10.1111/pedi.13028
http://www.ncbi.nlm.nih.gov/pubmed/32314478

	Introduction 
	Materials and Methods 
	Measurements 
	Definitions 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

