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Abstract

Background: Dysglycemic status defined by prediabetes and diabetes is known to be related with future risk of
diabetic complications and cardiovascular diseases. Herein, we aimed to determine the diagnostic accuracy of
glycated hemoglobin (HbA1c) when compared with oral glucose tolerance test (OGTT) as a reference test in
identifying dysglycemic status among high-risk Thai patients receiving care in an out-patient setting.

Methods: An 11-year retrospective cross-sectional study of high-risk Thai patients who underwent OGTT during
2007-2017 was analysed. The OGTT was used as a reference test to identify subjects of dysglycemic status. The
diagnostic accuracy of HbA1c and the agreement between HbA1c and OGTT were examined. Validated Thai
diabetes risk score, Thai cardiovascular risk score (Thai CV risk score), and visceral fat area (VFA) were also compared
in each glycemic status from OGTT as surrogate markers for future diabetes and cardiovascular diseases.

Results: A total of 512 subjects (females 60.5%, mean age of 50.3 + 12.7 years, BMI of 26.5 +4.6 kg/mz) were
reviewed. Normal glucose tolerance (NGT) was found in 220 patients (43.0%), impaired glucose tolerance (IGT) in
191 patients (37.3%), and diabetes in 101 patients (19.7%). The prevalence of diabetes using OGTT was
approximately two times higher than those defined by HbA1c (19.7% versus 11.1%). There were poor agreements
between the classifications of prediabetes and diabetes defined by OGTT and HbA1c (Cohen's Kappa 0.154 and 0.
306, respectively). Using a cut-off value for HbAlc 26.5% as a threshold for HbA1c-defined criteria of diabetes,
sensitivity was 32% (95% Cl 23-41%) and specificity was 94% (95% Cl 92-96%). The optimal cut-off HbA1c value
for detecting diabetes by Youden’s index was at HbA1c 6.2%. Thai CV risk score was much higher among the
OGTT-defined diabetes group when compared with the NGT group (median score 10 vs. 3, p-value < 0.001).

Conclusions: Despite the practicality and validity of HbA1c as a diagnostic test, our study suggested that HbATc as
a screening tool for diabetes in high-risk Thai patients is much inferior to OGTT. With limitations of HbATc,
physicians should continue to advocate OGTT as a screening tool for the identification of dysglycemic status in
high-risk Thai patients.
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Background

Approximately 451 million (8.8%) adults worldwide are
expected to have diabetes, and the number is estimated
to reach 693 million (9.9%) by the year 2045 [1]. In the
Western Pacific Region, including Thailand, the preva-
lence of diabetes is estimated to increase up to 15% in
2045 [2]. Dysglycemia, both diabetes and prediabetes,
has been defined using diabetic retinopathy as a specific
complication of diabetes and these hyperglycemic states
are associated with cardiovascular diseases and meta-
bolic syndromes [3]. Prediabetes includes individuals
with impaired fasting glucose (IFG) or impaired glucose
tolerance (IGT) or elevated glycated hemoglobin
(HbAlc) [4]. According to previous studies [5, 6], up to
70% of people with prediabetes will eventually develop
overt diabetes during their lifetime. The annual inci-
dence of progression from prediabetes to diabetes is
around 5-10% depending on the population characteris-
tics and the definition of prediabetes (6—9% in subjects
with isolated IFG, 4—6% in those with isolated IGT, up
to 15-19% among those with both IFG and IGT, and
subjects with HbAlc levels from 5.7-6.4% have a
7.5-year predicted risk of 43.1% for incident of diabetes).
Moreover, individuals with prediabetes are at an in-
creased risk of cardiovascular diseases (CVD) and pre-
mature mortality when compared with subjects with
normoglycemia [7].

Currently, there are three glucose-based diagnostic
methods with specific cut-off points for diagnosing
dysglycemic status [3, 8]. HbAlc is the latest method
and the most convenient screening tool for dysglycemia,
but it is also known to be less sensitive than the oral
glucose tolerance test (OGTT). It is still debatable
whether HbAlc or OGTT should be the preferred test
for diagnosing diabetes [9, 10]. The results from the
Detection Strategies for Type 2 Diabetes and Impaired
Glucose Tolerance (DETECT-2) study [11] which in-
cluded more than 40,000 participants with gradable ret-
inal photographs from five countries did not support the
superiority of OGTT over HbAlc or fasting plasma
glucose (FPG). Also, the effect of race/ethnicity on
HbAlc level were apparent [12, 13]. A previous study
from a community-based diabetes prevention program
in high-risk Thai participants [14] revealed that 51% of
total participants were positive for dysglycemia (defined
by either FPG or OGTT) and the prevalence of diabetes
classified by OGTT was two times higher than those
defined by FPG (11.0% versus 5.4%). Unfortunately, no
study was done to evaluate the clinical utility of HbAlc
compared with OGTT to diagnose dysglycemia in Thai
participants. The objectives of this study were to exam-
ine the diagnostic accuracy of HbAlc using OGTT as a
reference standard to identify subjects of dysglycemic
status and also evaluate the agreement between HbAlc
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and OGTT in diagnosing dysglycemic status among
high-risk Thai patients.

Methods

We reviewed a sample of high-risk adult Thai patients,
aged 15 and older, who underwent 75-g OGTT and had
an HbAlc value within 3 months of OGTT procedure
during the study period of 2007-2017 at Theptarin
Hospital, Bangkok, Thailand. Most subjects underwent
OGTT due to high risk for diabetes such as having a
body mass index (BMI) >25 kg/m” or having abdominal
obesity, Thai diabetes risk score=6, have a history of
IFG, or a family history of diabetes. Thai diabetes risk
score is a validated risk score calculated using factors
including age, sex, BMI, waist circumference (WC),
hypertension, and family history of diabetes for predict-
ing diabetes over 12years in Thai people [15]. Subjects
were excluded from this study if they had a history of
diagnosed diabetes, had hematologic or endocrinologic
disorders or on medications that would interfere with
glucose metabolism. Subjects that are pregnant during
the OGTT and subjects with other nationalities were
also excluded. Only the results of the first OGTT in the
study period were used for the analysis.

Data were collected on baseline characteristics such
as, age, sex, blood pressure, BMI, WC, history of dia-
betes in first-degree relatives, previously documented
cardiovascular diseases, history of smoking, hyperten-
sion, plasma lipid profiles, and statin usage. Visceral fat
area (VFA) calculated using body composition analysis
within 1 year of OGTT was retrieved. A Thai cardiovas-
cular risk score (Thai CV risk score) developed from
Electricity Generating Authority of Thailand (EGAT)
study [16] was also calculated to evaluate the risk in in-
dividual for future cardiovascular diseases. Thai CV risk
score aimed to quantify the estimated 10-year absolute
cardiovascular risk for each individual. Variables used
for calculating include age, sex, smoking status, diabetes
status, WC, height, systolic blood pressure, and/or total
cholesterol, HDL, LDL [17]. Standards for Reporting of
Diagnostic Accuracy Studies (STARD) 2015 checklist
was followed with HbAlc as the index test and OGTT
as a reference standard to ensure the proper methods
for studying diagnostic accuracy test [18]. This study
was reviewed and approved by the Theptarin Hospital
ethics committee (EC No.07/2017).

Definition of prediabetes and diabetes

In this study, the definition is based on 2018 American
Diabetes Association (ADA) criteria [3]. Diabetes was
defined as subjects with 2-h plasma glucose from OGTT
>200 mg/dL and/or HbAlc>6.5% and/or FPG of 2126
mg/dL. The term “prediabetes” refers to IFG (FPG 100-
125 mg/dL), IGT (2-h plasma glucose from OGTT at
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140-199 mg/dL) or an HbAlc level of 5.7-6.4%. Normal
glucose tolerance (NGT) was defined as subjects who
had 2-h plasma glucose less than 140 mg/dL.

Laboratory investigation

After fasting for at least 8—12h, OGTT was performed
2 h after the ingestion of a standard 75-g glucose load.
Plasma glucose was measured by enzymatic hexokinase
method (Roche Diagnostics Cobas analyzer). Measure-
ment of HbAlc was done by electrochemiluminescence
immunoassay using Abbott Diagnostics core laboratory
(from 2007 to 2008) and Roche Diagnostics Cobas
Analyzer (from 2009 to 2017). The HbAlc test was
DCCT-aligned assay and was accredited by the National
Glycohemoglobin Standardization Program (NGSP).

Statistical analysis

Continuous variables were presented as mean (tstand-
ard deviation, SD) or median (interquartile range), and
categorical variables were presented as proportions.
Subjects were divided into 3 groups NGT, IGT, and DM
according to OGTT criteria. Clinical characteristics were
compared using one-way ANOVA and post hoc analysis.
P-value<0.05 was considered statistically significant.
The diagnostic accuracy of HbAlc to diagnose diabetes
when OGTT was used as the reference standard was
expressed in four dimensions (sensitivity, specificity,
positive likelihood ratio and negative likelihood ratio).
The Youden’s index which combines sensitivity and spe-
cificity into a single measure (sensitivity + specificity - 1)
was calculated at selected HbAlc thresholds to define
diabetes from OGTT. The agreement between HbAlc
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and OGTT was analyzed using Cohen’s kappa coeffi-
cients (K). The receiver operating characteristic (ROC)
curves, plotted by using sensitivity and 1-specificity,
were used to calculate the performance of the HbAlc as
area under curves (AUC) in diagnosing prediabetes and
diabetes using the OGTT as the reference. All statistical
analyses were conducted using the Statistical Package for
the Social Sciences (version 22.0; SPSS, Chicago, IL, USA).

Results

Demographic and clinical characteristics

Of the 618 subjects without prior history of diabetes
who underwent OGTT from 2007 to 2017, 512 subjects
met the inclusion criteria for analysis as shown in Fig. 1.
Of these subjects, 74.8% had Thai diabetes risk score > 6
out of the total score of 17, 62.9% had a history of IFG
prior to the study, 59.4% had a BMI = 23 kg/m®. Accord-
ing to the results of OGTT, dysglycemia was found in al-
most 60% of the subjects (37.3% found IGT and 19.7%
was diagnosed with diabetes). Table 1 shows the clinical
characteristics and laboratory data of the 512 partici-
pants that are categorized into 3 groups including NGT,
IGT, and DM. The mean age of all subjects was 50.3 +
12.7years and the mean BMI was 26.5+ 4.6 kg/m”.
Compared to the NGT group, the IGT and DM groups
were significantly older (p=0.001) and tended to have
higher BMI but did not reach statistical significance (p =
0.189). As shown in Table 1, there were significant
differences in HbA1lc in each glycemic spectrum (HbAlc
5.6 £ 0.4% in NGT, 5.8 £ 0.5% in IGT, 6.1 +0.5% in DM,
p-value <0.001). Moreover, Thai CV risk score was
much higher in DM group when compared with NGT

N

Potentially eligible participants
(High risk subjects who had
done OGTT during 2007 — 2017)
(N=618)

Exclusion criteria (n=106)
« Foreigner (n=46)

* Incomplete HbA1c data (n=28)
» Known diabetes (n=18)
« Others (n=14)

Eligible participants
(n=512)

l

| OGTT-defined glycemic status

2hr-prandial plasma glucose

< 140 mg/dl (n=220, 42.9%)

2hr-prandial plasma glucose
140 - < 200 mg/dl (n=191, 37.3%)

2hr-prandial plasma glucose
2200 mg/dl (n=101, 19.7%)

HbA1c-defined glycemic status
<5.7%, n=130 (59%)
57-6.4% n=81 (37%)

26.5% n=9 (4%)

HbA1c-defined glycemic status
<5.7%, n=68 (36%)
5.7-6.4% n=107 (56%)

26.5% n=16 (8%)

HbA1c-defined glycemic status
<5.7%, n=22 (22%)
57-6.4% n=47 (46%)
26.5% n=32 (32%)

Fig. 1 Flow diagram of the study according to Standards for Reporting of Diagnostic Accuracy Studies (STARD)
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Table 1 Clinical characteristics and laboratory data of analyzed subjects classified by OGTT (N=512)

Overall (n=512) NGT (n= 220, 42.9%) IGT (n=191, 37.3%) DM (n =101, 19.7%) p-value
Female (%) 60.5% 58.6% 58.6% 68.3% 0.205
Age (years) 503+127 484+128 503114 543+ 14 0.001
BMI (kg/m?) 265+46 261147 267145 270146 0.189
Systolic BP (mmHg) 126+ 16 124+ 16 126 £ 15 131+15 <0.001
Diastolic BP(mmHg) 74+ 11 74+ 11 75+ 11 74+ 0578
Fasting plasma glucose 103+£12 98+9 103+ 11 112+15 <0.001
2-h plasma glucose 155+ 51 111+19 163+17 236+29 <0.001
Hypertension 31.8% 27.7% 32.5% 39.6% 0.103
History of smoking 104% 11.0% 11.1% 7.9% 0422
Statin usage 37% 34% 40% 40% 0.370
History of CVD 2.3% 1.8% 2.1% 4.0% 0.339
Family History of DM 60.2% 57.7% 59.7% 66.3% 0.339
HbA1c (%NGSP) 58+05 56+04 58+05 6.1£05 <0.001
Total Cholesterol (mg/dL) 199 + 39 199 + 39 198 +£40 200+ 36 0.949
Fasting Triglyceride (mg/dL) 138+83 128 +75 149 +102 138 +48 0.081
HDL (mg/dL) 53+15 55+16 51+15 52+12 0.048
LDL (mg/dL) 125+37 125+ 38 126 +39 124+ 30 0.883
VFA® (cm?) 130+39 129+ 41 131+£39 129+ 34 0.963
WC (cm) 945+13 941 £13 949+ 13 94.7 £12 0.909
Thai DM risk score (points) 9+4 8+4 9+3 10+3 0.003
Thai CV risk score® (points) 4 (1-10) 3(1-7) 4 (1-9) 10 (2-19) <0.001

@ Available in 268/512 overall subjects (107/220 in NGT, 112/191 in IGT, 49/101 in DM)

b Displayed as median (IQR)

group (median score 3 vs. 10, p-value < 0.001). Based on
Thai diabetes risk score, the distribution of OGTT-based
DM prevalence varied from 11% in low-risk category
(score <2) to 25% in very high-risk category (score = 11)

as shown in Fig. 2.

Diagnostic accuracy of HbA1c
Figure 3 shows diabetes prevalence was twice as high
when defined by OGTT as when defined by HbAlc
(19.7% versus 11.1%, p-value < 0.001). However in diag-
nosing prediabetes, HbAlc as diagnostic criteria for

Prevalence of OGTT-based diabetes (%)

30%

25%

20%

15%

10%

25%
21%
16%
11% 12%
Low-risk Moderate-risk  Moderate-high High-risk Very high-risk
(s2) (>2 - <5) risk (>5 - <8) (>8-<11) &11)

Thai diabetes risk score classification

Fig. 2 The distribution of OGTT-based prevalence of DM based on Thai diabetes risk score
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A Prediabetes

HbATc of 5.7-6.4%

Fig. 3 Diagram showing discordants in diagnosis of a) Prediabetes defined by 2-h OGTT and HbA1c of 26.5%. b Diabetes defined by IGT and

B Diabetes

prediabetes (HbAlc 5.7-6.4%) can detect up to 235
(45.9%) subjects while only 191 (37.3%) subjects were
classified as IGT from OGTT. Sensitivity, specificity,
positive predictive value, and negative predictive value
for detecting selected type 2 diabetes mellitus at differ-
ent HbAlc thresholds are displayed in Table 2. The sen-
sitivity of recommended cut-off HbAlc (HbAlc > 6.5%)
is only 32% (95% CI 23-41%) but with high specificity of
94% (95% CI 92-96%) by using OGTT as the reference
diagnosis. The best optimal cut-off HbAlc threshold to
diagnose diabetes per OGTT criteria was found at 6.2%
(Youden’s index 0.391).

The agreement between HbA1c and OGTT

We evaluated the agreement represented by the ROC
curves between the classification of prediabetes and
diabetes defined by OGTT and HbAlc in Fig. 4. The
diagnostic ability of HbAlc for prediabetes and diabetes
are represented by the ROC curves. In diabetes group,
the AUC was 0.74 indicating that HbAlc was an accept-
able test to diagnose diabetes. The agreement, repre-
sented by kappa value of 0.306 (95% CI 0.180-0.433),

was considered a fair agreement between the two tests.
However in diagnosing prediabetes, AUC from the ROC
curve is 0.54. Thus, HbAlc could not be used to dis-
criminate subjects with IGT. The Kappa value of 0.154
(95% CI 0.067-0.241), indicated that there was no agree-
ment between the two tests in diagnosing prediabetes.

Discussions
In this study we found dysglycemia in almost 60% of
high-risk adult Thai patients based on the results of
OGTT in a hospital setting. Compared to OGTT,
HbAlc has lower sensitivity but higher specificity in
diagnosing diabetes. The optimal cut-off HbAlc point to
diagnose diabetes was found at 6.2% per OGTT criteria
which is lower than the current HbAlc-based criteria of
diabetes. Such findings suggest that physicians should
advocate OGTT as a screening tool for the identification
of dysglycemic status in high-risk Thai patients. Alterna-
tively, a lower cut-off point for HbAlc might be suitable
for high-risk Thai patients.

The natural history of T2DM is characterized by a
progressive decline in beta-cell function, a process that

Table 2 Sensitivity, specificity, positive likelihood ratio, and negative likelihood ratio for detecting selected type 2 diabetes mellitus

at different HbA1c thresholds

HbATc (%NGSP)) Sensitivity Specificity Positive Likelihood Ratio Negative Likelihood Ratio Youden's Index
5.7 78% (70-86%) 48% (43-53%) 1.51 (1.31-1.73) 045 (0.31-0.66) 0.264
58 74% (66-83%) 58% (53-62%) 1.49-2.06) 045 (0.32-0.63) 0319
59 69% (60-78%) 65% (60-69%) 1.63-2.36) 047 (0.35-0.64) 0.340
6.0 63% (54-73%) 72% (67-76%) 2.25(1.81-2.78) 0.51 (0.39-0.66) 0.351
6.1 57% (48-67%) 79% (75-83%) 268 (2.09-3.44) 0.54 (043-0.68) 0360
6.2 54% (45-64%) 85% (81-88%) 355 (2.66-4.74) 0.54 (043-0.67) 0.391
6.3 46% (36-55%) 89% (86-92%) 4.07 (2.80-5.75) 061 (0.51-0.74) 0.344
6.4 38% (28-47%) 91% (89-94%) 442 (2.95-6.62) 0.68 (0.58-0.80) 0291
6.5 32% (23-41%) 94% (92-96%) 521 (3.24-838) 0.73 (0.64-0.83) 0.256
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(AUC=0.54) b) concordance between OGTT and HbA1c in diagnosis of diabetes (AUC =0.74)

is accelerated by obesity. In vivo studies in humans indi-
cated that there is a 70% decrease in beta-cell glucose re-
sponsiveness by the time that individual has developed
IGT [19]. Primary prevention by lifestyle modifications
and pharmacological therapy had been shown to be ef-
fective, especially in IGT patients [20-22]. Early detec-
tion for primary prevention is therefore critical to
prevent future diabetes and cardiovascular diseases. The
low reproducibility, intense sweetness problem and in-
convenience in terms of costs and time consumption
often hampered physicians’ decision to routinely use
OGTT. However, previous studies from our group and
others confirmed the possibility and practicality to use
this test as an essential diagnostic procedure for both
diagnosis and screening of diabetes [14, 23-25]. Cur-
rently, IGT does not receive much attention from
healthcare providers [26]. Perceived barriers for both
patients and clinicians should be corrected and the indi-
viduals with IGT should be identified to receive inter-
ventions on modifiable risk factors for T2DM and
cardiovascular disease.

Glycated hemoglobin was endorsed as one of the cri-
teria for diagnosis of prediabetes and diabetes by ADA
in 2010 [27] and by the World Health Organization
(WHO) in 2011 [8] based on its equal sensitivity and
specificity to other methods as a predictor of prevalent
retinopathy. However, it needed to emphasize that the
quality assurance tests are in place and assays are stan-
dardized to criteria aligned to the international reference
values [28]. Also, it should be ensured that there are no
conditions present which preclude accuracy of HbAlc
measurement [29]. The use of HbAlc can avoid the
requirements for individual to fast or to have adequate
carbohydrate intakes before OGTT testing. Hemoglobin-
opathies especially thalassemia which affects 5-10% of

individuals from Southeast Asia is known to interfere with
some HbA1lc assay [30]. But the prevalence of major thal-
assemia (beta-thalassemia and beta-thalassemia associated
with other Hb anomalies) varies among different regions
in each country [31]. Therefore, HbAlc is still a valuable
tool for early diagnosis of dysglycemia in the Southeast
Asia region if we understand the limitations of its use.

Our results in terms of discordance between HbAlc
and OGTT were consistent with other studies in Asian
population. A study in Japan showed concordance of
HbA1lc to diagnose prediabetes with Kappa value of 0.10
and AUC of 0.65 [32]. In Singapore, a study showed that
HbA1lc is more consistent in prediabetes but also had
lower sensitivity [33]. Those findings indicated that a
substantial number of diabetes cases would be missed
by using the HbAlc test alone compared with OGTT
[34, 35]. It should be noted that the agreement in diag-
nosing prediabetes and diabetes do not reflect how one
test would be better than the other. A previous study in
Chinese population suggested the use of both HbAlc and
plasma glucose [36]. Some studies recommended raising
HbAlc cut-off points for prediabetes and diabetes in
obese subjects [37, 38]. We recommend using both
HbAlc and OGTT to capture the full spectrum of dysgly-
cemic status in high-risk patients. A recent population-
based study in Vietnam [39] showed the prevalence of
diabetes to be at 12.3% and prediabetes at 40.1% based on
HbA1c criteria which are similar to our study. Therefore,
prediabetes detected by the HbAlc should be further
explored in the Asia Pacific region in order to maximize
the role of HbAlc in early detection of dysglycemic
status. With respect to HbAlc criteria for diabetes,
our study suggests additional research on the optimal
HbAlc cut-off points to identify diabetes in high-risk
Southeast Asia patients.
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Various DM risk scores based on clinical characteris-
tics have been developed to identify individuals at high
risk of having undiagnosed T2DM. However, risk scores
developed in Caucasian populations might not apply to
populations of other ethnic groups. A validated DM risk
score in Thai population [15] was developed from a co-
hort study of employees of a state enterprise, the EGAT
in which male made up more than 75% of total partici-
pants [16]. The included variables were age, sex, BMI,
waist circumference, history of hypertension, and his-
tory of diabetes in parents or siblings. Our findings in
this study confirmed the clinical utility of this simple
risk score for different populations which were at
higher risk of developing T2DM and with the major-
ity being female. Around one fourths of subjects with
very-high Thai diabetes risk score of =11 were found
to have diabetes from OGTT. Therefore, screening
patients using the simple score can be effective in
identifying subjects at risk. However, our data also
suggested that at-risk individuals identified in hospital
settings should receive OGTT screening even those
with low to moderate risk classifications (scores less
than 6 out of 17).

The authors acknowledge some limitations in the
present study. Firstly, the inherit weakness of poor re-
peatability from OGTT itself and single testing episode
only might impact the misclassification of glycemic sta-
tus. However, our results reflect real-life practice which
limited the chance to repeat OGTT in daily service. Sec-
ondly, our study assumed that a single OGTT represents
the gold standard for the presence of the disease is de-
batable. The decision of which test to use for diagnosis
of prediabetes and diabetes is left to clinical judgement
of physicians because each diagnostic test has advan-
tages and disadvantages. Thirdly, this study is based on
high-risks individuals in outpatients setting only. Thus,
the prevalence in this study would differ from that of the
general healthy population. Fourthly, there is also
emerging evidence that mid-OGTT glucose time
points may be equally or even more predictive of fu-
ture risk of diabetes or retinopathy than the 2-h glu-
cose level [40, 41]. Our present study evaluated data
from the traditional post-load 2-h plasma glucose
level. The role and cut-off for mid-OGTT glucose
level need to be further studied in other populations.
Finally, the data are retrospective cross-sectional in
nature and we cannot conclude the overall progres-
sion of future diabetes, cardiovascular diseases, or
other future co-morbidities for each individual. Fur-
ther prospective follow up study should be conducted
to evaluate our approach in using both OGTT and
HbAlc to capture dysglycemia in high-risk patients
and evaluate risks for long-term diabetic and cardio-
vascular complications.
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Conclusions

Our study found that diabetes prevalence is almost 2
times higher when diagnosed using OGTT than when
using HbAlc which implies the limitations of HbAlc as
a screening tool for diabetes in high-risk Thai patients.
This is the first study to explore the role of HbAlc in
diagnosing dysglycemic status in high-risk Thai patients.
OGTT should continue to advocate as a screening tool
for identification of dysglycemic status in particular
population.

Abbreviations

ADA: American Diabetes Association; AUC: Area under curves; BMI: Body
mass index; CVD: Cardiovascular disease; DETECT-2 study: Detection
strategies for type 2 diabetes and impaired glucose tolerance study;
EGAT: Electricity Generating Authority of Thailand; FPG: Fasting plasma
glucose; HbA1c: Glycated hemoglobin; IFG: Impaired fasting glucose;
IGT: Impaired glucose tolerance; NGSP: National glycohemoglobin
standardization program; NGT: Normal glucose tolerance; OGTT: Oral glucose
tolerance test; ROC curve: Receiver operating characteristic curve;

T2DM: Type 2 diabetes; VFA: Visceral fat area; WC: Waist circumference;
WHO: World Health Organization

Acknowledgements

The authors wish to thank Professor Dr. Rajata Rajatanavin, Faculty of
Medicine, Mahidol University for his thoughtful comments and generous
advice and the staffs of Theptarin Hospital for all their help and support. Part
of this manuscript was previously presented as a poster at the annual
Endocrine meeting 2018, Chicago, USA.

Funding
No source of funding was applied in this retrospective study.

Availability of data and materials
The datasets analyzed during the current study are available from the
corresponding author on reasonable request.

Authors’ contributions

TY, AEJ, and CP performed the statistical analyses, interpreted the data and
drafted the manuscript. BS, NS, CP, WE, KS, HT, and HT contributed to the
statistical analyses, interpretation of the data and revised the manuscript
critically before submission. WE, KS, and HT made substantial contributions
to the discussion of results. They revised the manuscript critically before
submission. All authors read and approved the final manuscript.

Ethics approval and consent to participate

This retrospective study is approved by the Ethics board committee of
Theptarin Hospital (N0.07/2017). No inform consent to participant was
required as a retrospective study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 9 September 2018 Accepted: 9 January 2019
Published online: 15 February 2019

References

1. Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge
AW, et al. IDF diabetes atlas: global estimates of diabetes prevalence for
2017 and projections for 2045. Diabetes Res Clin Pract. 2018;138:271-81.



Thewijitcharoen et al. BMC Endocrine Disorders

20.

21,

22.

23.

24.
25.

26.

(2019) 19:23

International Diabetes Federation. IDF Diabetes Atlas, 8th edn. Brussels,
Belgium: International Diabetes Federation; 2017. http://www.diabetesatlas.org
American Diabetes Association (ADA). 2. Classification and Diagnosis of
Diabetes: Standards of medical Care in Diabetes-2018. Diabetes Care. 2018;
41(Suppl 1):513-27.

Mirasol R, Thai AC, Salahuddin AA, Tan K, Deerochanawong C, Mohamed M,
et al. A consensus of key opinion leaders on the Management of pre-
diabetes in the Asia-Pacific Region. J ASEAN Fed Endocr Soc. 2017;32:6-13.
Edelstein SL, Knowler WC, Bain RP, Andres R, Barrett-Connor EL, Dowse GK,
et al. Predictors of progression from impaired glucose tolerance to NIDDM:
an analysis of six prospective studies. Diabetes. 1997;46:701-10.

Buysschaert M, Medina JL, Bergman M, Shah A, Lonier J. Prediabetes and
associated disorders. Endocrine. 2015;48:371-93.

Ford ES, Zhao G, Li C. Pre-diabetes and the risk for cardiovascular disease: a
systematic review of the evidence. J Am Coll Cardiol. 2010;55:1310-7.
World Health Organization. Use of glycated Haemoglobin (HbA1c) in the
diagnosis of diabetes mellitus: abbreviated report of a WHO consultation.
Geneva: WHO Press; 2011.

Sacks DB. A1C versus glucose testing: a comparison. Diabetes Care. 2011;34:
518-23.

Malkani S, DeSilva T. Controversies on how diabetes is diagnosed. Curr Opin
Endocrinol Diabetes Obes. 2012;19:97-103.

Colagiuri S, Lee CM, Wong TY, Balkau B, Shaw JE, Borch-Johnsen K. DETECT-
2 collaboration writing group: glycemic thresholds for diabetes-specific
retinopathy: implications for diagnostic criteria for diabetes. Diabetes Care.
2011;34:145-50.

Gallagher EJ, Le Roith D, Bloomgarden Z. Review of hemoglobin A(1c) in
the management of diabetes. J Diabetes. 2009;1:9-17.

Davidson MB, Schriger DL. Effect of age and race/ethnicity on HbA1c levels
in people without known diabetes mellitus: implications for the diagnosis
of diabetes. Diabetes Res Clin Pract. 2010;87:415-21.

Aekplakorn W, Tantayotai V, Numsangkul S, Sripho W, Tatsato N,
Burapasiriwat T, et al. Detecting prediabetes and diabetes: agreement
between fasting plasma glucose and Oral glucose tolerance test in Thai
adults. J Diabetes Res. 2015;2015:396505.

Aekplakorn W, Bunnag P, Woodward M, Sritara P, Cheepudomwit S,
Yamwong S, et al. A risk score for predicting incident diabetes in the Thai
population. Diabetes Care. 2006;29:1872-7.

Vathesatogkit P, Woodward M, Tanomsup S, Ratanachaiwong W, Vanavanan
S, Yamwong S, et al. Cohort profile: the electricity generating authority of
Thailand study. Int J Epidemiol. 2012;41:359-65.

Thai CV risk score. https://med.mahidol.ac.th/cardio_vascular_risk/thai_cv_
risk_score/tcvrs_en.html (Accessed 8 Dec 2017).

Cohen JF, Korevaar DA, Altman DG, Bruns DE, Gatsonis CA, Hooft L, et al.
STARD 2015 guidelines for reporting diagnostic accuracy studies:
explanation and elaboration. BMJ Open. 2016;6:e012799.

Ferrannini E, Gastaldelli A, Miyazaki Y, Matsuda M, Mari A, DeFronzo RA.
Beta-cell function in subjects spanning the range from normal glucose
tolerance to overt diabetes: a new analysis. J Clin Endocrinol Metab.
2005;90:493-500.

Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT, Hamalainen H, llanne-
Parikka P, et al. Finnish diabetes prevention study group: prevention of type
2 diabetes mellitus by changes in lifestyle among subjects with impaired
glucose tolerance. N Engl J Med. 2001;344:1343-50.

Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker
EA, et al. Diabetes prevention program research group: reduction in the
incidence of type 2 diabetes with lifestyle intervention or metformin. N Engl
J Med. 2002,346:393-403.

Pan XR, Li GW, Hu YH, Wang JX, Yang WY, An ZX, et al. Effects of diet and
exercise in preventing NIDDM in people with impaired glucose tolerance.
The Da Qing IGT and diabetes study. Diabetes Care. 1997,20:537-44.
Chotwanvirat P, Thewjitcharoen Y, Parksook W, Krittiyawong S, Hutaphat K,
Nakasatien S, et al. Development of New Lemon-Lime Flavored Beverage for
OGTT: Acceptability and Reproducibility. ] Med Assoc Thail. 2016;99:497-504.
Tabdk AG, Herder C, Rathmann W, Brunner EJ, Kivimaki M. Prediabetes: a
high-risk state for diabetes development. Lancet. 2012,379:2279-90.
Abdul-Ghani MA, Williams K, DeFronzo RA, Stern M. What is the best
predictor of future type 2 diabetes? Diabetes Care. 2007;30:1544-8.
Karuranga S, Wiebke Ohlrogge A. The time bomb of IGT. Diabetes Res Clin
Pract. 2018;138:288-90.

27.

28.

29.

30.

32.

33

34,

35.

36.

37.

38.

39.

40.

41.

Page 8 of 8

American Diabetes Association. Diagnosis and classification of diabetes
mellitus. Diabetes Care. 2010;33(Suppl1):562-9.

International Expert Committee Report on the Role of the A1C assay in the
diagnosis of diabetes. Diabetes Care 2009;32:1327-1334.

Rohlfing C, Wiedmeyer HM, Little R, Grotz VL, Tennill A, England J, et al.
Biological variation of glycohemoglobin. Clin Chem. 2002;48:1116-8.

Nasir NM, Thevarajah M, Yean CY. Hemoglobin variants detected by
hemoglobin Alc (HbATc) analysis and the effects on HbATc measurements.
Int J Diabetes Dev Ctries. 2010;30:86-90.

Fucharoen S, Weatherall DJ. Progress Toward the Control and Management
of the Thalassemias. Hematol Oncol Clin North Am. 2016;30:359-71.
Shimodaira M, Okaniwa S, Hanyu N, Nakayama T. Optimal Hemoglobin Alc
Levels for Screening of Diabetes and Prediabetes in the Japanese
Population. J Diabetes Res. 2015;2015:932057.

Chai JH, Ma S, Heng D, Yoong J, Lim WY, Toh SA, et al. Impact of analytical
and biological variations on classification of diabetes using fasting plasma
glucose, oral glucose tolerance test and HbA1c. Sci Rep. 2017;7:13721.
Cohen RM, Haggerty S, Herman WH. HbA1c for the diagnosis of diabetes
and prediabetes: is it time for a mid-course correction? J Clin Endocrinol
Metab. 2010;95:5203-6.

Meijnikman AS, De Block CEM, Dirinck E, Verrijken A, Mertens |, Corthouts B,
et al. Not performing an OGTT results in significant underdiagnosis of
(pre)diabetes in a high risk adult Caucasian population. Int J Obes. 2017,41:
1615-20.

Zhang YH, Ma WJ, Thomas GN, Xu YJ, Lao XQ, Xu XJ, et al. Diabetes and pre-
diabetes as determined by glycated haemoglobin A1c and glucose levels in a
developing southern Chinese population. PLoS One. 2012;7:€37260.
LiJ,MaH,NalL, Jiang S, Lv L, Li G, et al. Increased hemoglobin Alc
threshold for prediabetes remarkably improving the agreement between
Alc and oral glucose tolerance test criteria in obese population. J Clin
Endocrinol Metab. 2015;100:1997-2005.

Camacho JE, Shah VO, Schrader R, Wong CS, Burge MR. Performance of A1C
versus OGTT for the diagnosis of prediabetes in a community-based
screening. Endocr Pract. 2016,22:1288-95.

Ho-Pham LT, Do TT, Campbell LV, Nguyen TV. HbA1c-Based Classification
Reveals Epidemic of Diabetes and Prediabetes in Vietnam. Diabetes Care.
2016;39:93-4.

Jagannathan R, Sevick MA, Fink D, Dankner R, Chetrit A, Roth J, et al. The 1-
hour post-load glucose level is more effective than HbATc for screening
dysglycemia. Acta Diabetol. 2016;53:543-50.

Paddock E, Looker HC, Piaggi P, Knowler WC, Krakoff J, Chang DC. One-hour
plasma glucose compared with two-hour plasma glucose in relation to
diabetic retinopathy in American Indians. Diabetes Care. 2018:41:1212-7.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


http://www.diabetesatlas.org/
https://med.mahidol.ac.th/cardio_vascular_risk/thai_cv_risk_score/tcvrs_en.html
https://med.mahidol.ac.th/cardio_vascular_risk/thai_cv_risk_score/tcvrs_en.html

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Definition of prediabetes and diabetes
	Laboratory investigation
	Statistical analysis

	Results
	Demographic and clinical characteristics
	Diagnostic accuracy of HbA1c
	The agreement between HbA1c and OGTT

	Discussions
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

