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Background: To examine whether glycated hemoglobin (HbA1c) test would be a suitable screening tool for detecting high-risk sub-
jects for diabetes compared to oral glucose tolerance test (OGTT) according to accompanied central obesity.

Methods: In this prospective population-based cohort study, both OGTT and HbAlc tests were performed and continued every 2
years up to 12 years among individuals with non-diabetic state at baseline (aged 40 to 69 years, n="7,512). Incident diabetes was es-
tablished by a doctor, HbAlc =6.5%, and/or fasting plasma glucose (FPG) =126 mg/dL, and/or 2-hour postprandial glucose (2hPG)
level based on OGTT =200 mg/dL. Discriminative capacities of high HbAlc (=5.7%) versus high 2hPG (=140 mg/dL) for pre-
dicting incident diabetes were compared using Cox-proportional hazard regression and C-index.

Results: During the median 11.5 years of follow-up period, 1,341 (17.6%) developed diabetes corresponding to an incidence of 22.1
per 1,000 person-years. Isolated high 2hPG was associated with higher risk for incident diabetes (hazard ratio [HR], 4.29; 95% con-
fidence interval [CI], 3.56 to 5.17) than isolated high HbAlc (HR, 2.79; 95% CI, 2.40 to 3.26; P<0.05). In addition, high 2hPG pro-
vided better discriminatory capacity than high HbAlc (C-index 0.79 vs. 0.75, P<0.05). Meanwhile, in subjects with central obesity,
the HR (3.95 [95% CI, 3.01 to 5.18] vs. 2.82 [95% CI, 2.30 to 3.46]) and discriminatory capacity of incident diabetes (C-index 0.75
vs. 0.75) between two subgroups became comparable.

Conclusion: Even though the overall inferior predictive capacity of HbAlc test than OGTT, HbAlc test might plays a complemen-
tary role in identifying high risk for diabetes especially in subjects with central obesity with increased sensitivity.
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INTRODUCTION normal glucose tolerance (NGT) to overt diabetes. Prediabetes
is associated with a modest increase in the risk for incident car-
Prediabetes is an intermediate stage in the transition between  diovascular disease [1,2] and accurate diagnosis of diabetes and
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prediabetes is important to determine the survival outcomes in
patients with chronic heart failure [3], or coronary artery disease
[4]. Therefore, it is important to perform appropriate tests to de-
tect high-risk subjects to prevent the progression to diabetes and
related cardiometabolic outcomes. The diagnosis of diabetes or
prediabetes has been traditionally based on fasting plasma glu-
cose (FPG) and/or 2-hour postprandial glucose (2hPG) after
75-g oral glucose tolerance test (OGTT). Additionally, an Inter-
national Expert Committee recommended measurement of gly-
cated hemoglobin (HbA1c¢) levels as a diagnostic parameter for
diabetes (cutoff of 6.5%) [5] and the American Diabetes Associ-
ation (ADA) recommended 5.7% to 6.4% as the cutoff for pre-
diabetes [6].

Among different glycemic diagnostic parameters, FPG was
contentious in identifying high-risk subjects while impaired glu-
cose tolerance (IGT) was suggested as a strong surrogate mark-
er that is associated with diabetic complications and cardiovas-
cular outcomes [7]. Additional performance of OGTT or HbAlc
test can be used to detect high-risk subjects for diabetes or early
type 2 diabetes mellitus (T2DM) compared with FPG test alone
[8-11]. Although the overall sensitivity of 2hPG by OGTT is
higher than HbA ¢ levels for the diagnosis of diabetes [12-14]
or prediabetes [15,16], application of OGTT in clinical practice
is a huge challenge. Lack of reproducibility and requiring exten-
sive patient preparation with multiple sampling are barriers to
conducting OGTT [17]. By contrast, the advantage of using
HbAc for diagnosis of T2DM includes its stability at ambient
temperature, limited biological variability, and convenience to
collect single blood samples during non-fasting conditions for
diagnosis and treatment. A relatively simple and reproducible
HbAc test can play a complementary role in identifying high-
risk subjects for diabetes. However, the usefulness of HbAlc in
the screening and diagnosis of diabetes has been widely debated
[18-20]. In addition, a low diagnostic concordance between dif-
ferent diagnostic parameters in non-diabetic states shows that a
single diagnostic test is not adequate to diagnose high-risk sub-
jects in the general population [21-23].

Central obesity is the main pathophysiologic comorbidity that
is related to diabetes and metabolic syndrome. A previous study
showed that the concordance between HbAlc criteria and
OGTT criteria for prediabetes was affected by the increased
body mass index (BMI) and sensitivity of HbAlc test for predi-
abetes compared with OGTT increased in the obese population
[24]. The correlation between BMI and HbA 1c varied accord-
ing to glycemic status in which BMI was significantly positive-
ly associated with HbAlc in the non-diabetic but not diabetic
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population [25]. However, few studies compare the risk of inci-
dent diabetes based on complex glycemic parameters that si-
multaneously evaluated OGTT and HbAlc, and the role of obe-
sity in determining the predictive value of each test. Therefore,
it is important to identify subjects who are appropriate for each
diagnostic test and their sensitivity and specificity. Thus, we
compared the clinical and socioeconomic characteristics ac-
cording to different glycemic parameters based on OGTT and
HbAc test, and evaluated the prognostic performance of each
glycemic parameter (FPG, 2hPG in OGTT, HbA Ic) in identify-
ing high-risk people for incident T2DM. Further, the hazard ra-
tio (HR) and diagnostic performance of each test was compared
depending on the presence of central obesity.

METHODS

Study design and population

We collected data from the Korean Genome and Epidemiologic
Study (KoGES) that is a community-based government-funded
cohort study involving residents recruited from urban (Ansan)
and rural (Ansung) communities. A total of 10,030 participants
aged 40 to 69 years were voluntarily enrolled at baseline be-
tween 2001 and 2002, with follow-up examination every 2
years. The retention rate was 62.8% at the end of the 6th follow-
up phase, and 44.4% (n=4,452) of the baseline participants re-
sponded consecutively to all six follow-up phases by 2014 [26].
We excluded subjects who were previously diagnosed with dia-
betes (n=675), who were undiagnosed but met diagnostic crite-
ria of diabetes based on OGTT or HbAlc (2=580) to include
subjects with non-diabetic state. In addition, we also excluded
those who had anemia (hemoglobin levels <13.5 mg/dL [men]
and <11.5 mg/dL [women]) or hemoglobinemia (hemoglobin
levels >17.5 mg/dL [men] and >16 mg/dL [women]) because
HbAlc levels were affected by hemoglobinopathies or anemia
and disorders associated with accelerated red cell turnover dis-
ease (n=1,013) [5]. Finally, 7,512 subjects (3,536 men) were
included in this study. Written informed consent by the patients
was waived due to a retrospective nature of the study. This study
was approved by the ethics committee of Gyeongsang National
University Hospital (IRB no. 2020-03-027).

Baseline variables

The baseline survey included evaluation of demographic, socio-
economic (education level, monthly incomes, and family histo-
ry of diabetes in first-degree relatives), and lifestyle factors (al-
cohol/smoking intake, physical activity) by trained interviewers.
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Anthropometric and clinical measurements were obtained in-
cluding OGTT. After fasting for 12 hours, the glucose levels
and lipid profiles were measured using a Hitachi 747 chemistry
analyzer (Hitachi Ltd., Tokyo, Japan). The HbAlc level was de-
termined by high-performance liquid chromatography (Variant
II, BioRad Laboratories, Hercules, CA, USA). The circulating
concentration of C-reactive protein (CRP) was measured by im-
munoradiometric assay (ADVIA 1650, Bayer Diagnostics, Tar-
rytown, NY, USA). OGTT was performed by ingestion of stan-
dard 75 g glucose load, with glucose and insulin levels deter-
mined at 0, 60, and 120 minutes. The insulin resistance was cal-
culated by a homeostasis model assessment of insulin resistance
(HOMA-IR), using the following formula: [fasting plasma insu-
lin (WIU/mL)XFPG (mg/dL)/405] [27]. The creatinine clear-
ance was calculated using the chronic kidney disease epidemi-
ology collaboration equation [28].

The presence of central obesity was defined by a waist cir-
cumference (WC) with the cut off values of 90 cm or more for
men and 85 cm or more for women using standard methods in
subjects wearing light clothes [29]. Self-reported smoking habit
was classified into three categories: non-, ex-, and current smok-
er, and the alcohol consumption status was categorized into
three groups: non-, ex-, and current intake. Monthly incomes
were classified into three categories: <$1,250/month, $1,250 to
3,300/month, =$3,300/month. Physical activity was assessed in
a binary fashion, and those who performed moderate intensity
activity for 150 minutes or more within a week were considered
to practice regular physical activity. Blood pressure was record-
ed three times in the morning with a relaxed state for at least 10
minutes with 5-minute rest period between the measurements.
Glucose measurements were assessed in binary fashion, using
the following cut points: IGT, 2hPG 140 to 199 mg/dL; high
HbAlc, HbAlc levels 5.7% to 6.4%. At baseline, subjects were
categorized into four groups based on the results of OGTT and
HbA Ic tests: (1) NGT/normal HbAlc, (2) NGT/high HbAlc,
(3) IGT/normal HbAlc, and (4) IGT/high HbAlc.

Outcomes

All subjects underwent glycemic measurements (both OGTT
and HbAlc) at each biannual follow-up visit, and continued
consecutively up to six follow-up phases by 2014. Among those
with non-diabetic status at baseline, incident diabetes was de-
fined if subjects were newly diagnosed with diabetes clinically
or FPG was 126 mg/dL or more and/or 2hPG was 200 mg/dL or
more, and/or HbAlc was 6.5% or more. The date of diagnosis
was also recorded in this cohort study. The minimum and maxi-
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mum follow-up duration was 17 and 152 months, respectively.

Statistical analysis

Continuous variables are presented as mean+tstandard devia-
tion for normally distributed variables or median with interquar-
tile range (IQR) for non-normally distributed variables. Cate-
gorical variables are presented as counts and corresponding per-
centages. The baseline variables between four subgroups ac-
cording to different glycemic parameters were compared using
analysis of variance (ANOVA) for continuous variables and
Pearson’s chi-square test for categorical variables. Additionally,
Tukey’s honestly significant difference (HSD) post hoc analysis
was used to for all pair wise comparison and Bonferroni correc-
tion method was used for categorical variables. The difference
in correlation between 2hPG and HbAlc according to the pres-
ence of central obesity was assessed using pairwise comparison
with the Least Square Means. Cox proportional hazards regres-
sion analysis was performed to calculate HR and 95% confi-
dence interval (CI) for incident diabetes during follow-up ac-
cording to the complex glycemic status at baseline using NGT
with normal HbA1c level as the reference category. The poten-
tial confounding variables were adjusted for area, age, sex, esti-
mated glomerular filtration, CRP, total-to-high density lipopro-
tein (HDL) cholesterol ratio, triglyceride (TG), systolic/diastolic
blood pressure (SBP/DBP), and socioeconomic factors (educa-
tion levels, monthly incomes, alcohol/smoking status, physical
activity, family history of diabetes). The follow-up time was de-
fined as the interval in days between the date of baseline exami-
nation and the date of last follow-up or the date of incident dia-
betes. Harrell concordance index (C-index) by the receiver op-
erating characteristic (ROC) analysis was performed to assess
the role of additional glycemic parameters in the discrimination
of incident diabetes. Furthermore, subgroup analysis was per-
formed according to the presence of central obesity. All statisti-
cal analyses were performed using SPSS version 24.0 (IBM
Co., Armonk, NY, USA) and all figures were drawn in R ver-
sion 3.2.5 (R Foundation for Statistical Computing, Vienna,
Austria). All statistical tests were two-tailed and the significance
level was set at P<0.05.

RESULTS

At baseline, a total of 7,512 subjects with non-diabetic state were
enrolled in the present study. The cohort demographics were as
follows: mean age, 52 years; mean BMI, 24.5 kg/m* and mean
waist-to-hip ratio, 0.88. Table 1 shows baseline anthropometric,
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Table 1. Baseline Characteristics
Characteristic All NGT/normal HbAlec  NGT/high HbAle  IGT/normal HbAlc  IGT/high HbAlc
Number 7,512 4,058 1,886 692 876
Urban area 3,890 (51.8) 2,129 (52.5) 820 (43.5) 469 (67.8)*° 472 (53.9)¢
Age, yr 51.6+8.7 50.0+£8.3 53.6+8.8" 51.549.0°° 54.848.6"
Men 3,526 (47.1) 1,924 (47.4) 962 (51.0) 295 (42.6) 355 (40.5)
Body mass index, kg/m* 245+3.1 242429 249+3.1 243+£3.0 25.6+3.2%0¢
Waist circumference, cm
Men 83.5+7.5 82.6+7.2 84.4+7.6 83.2+73 86.2+7.5%¢
Women 81.419.5 79.9+£9.3 84.0+9.4* 79.3+£9.2° 84.61+9.2%¢
Blood pressure, mm Hg
Systolic 124 (18) 122 (18) 125 (18)* 125 (19) 130 (19)*°¢
Diastolic 82(12) 81(12) 82 (11) 81(12) 84 (11)*0*
Smoking status
Non-smoker 4,405 (58.6) 2,418 (60.4) 1,002 (53.7) 440 (63.9) 545 (63.4)
Ex-smoker 1,106 (14.7) 601 (15.0) 261 (14.0) 126 (18.3) 128 (14.9)
Current smoker 1,899 (25.3) 985 (24.6) 604 (32.4) 123 (17.9)** 187 (21.7)°
Education status
High school or less 6,437 (86.4) 3,439 (85.4) 1,631 (87.4) 599 (86.8) 768 (88.5)
College/university or more 1,015 (13.6) 589 (14.6) 235 (12.6)* 91 (13.2) 100 (11.5)
Monthly incomes
< $1,250/mo 3,661 (49.6) 1,854 (46.5) 1,034 (56.0)* 302 (44.3)° 471 (54.5)*
$1,250-3,300/mo 3,159 (42.8) 1,820 (45.6) 687 (37.2) 317 (46.5) 335 (38.8)
= $3,300/mo 560 (7.6) 315(7.9) 125 (6.8) 62(9.1) 58 (6.7)
Physical activity 4,317 (57.5) 2,356 (59.0) 1,140 (61.8) 350 (50.9)*° 471 (54.8)°
Family history of diabetes 762 (10.1) 383(94) 186 (9.9) 94 (13.6) 99 (11.3)
Laboratory outcomes
HbAlc, % 55+03 53+0.2 59+0.2° 5.4+0.2% 5.940.2%0¢
Fasting glucose, mg/dL 83(9) 81(8) 84 (9) 85 (9) 88 (10)"¢
2-hour post-load glucose, mg/dL 115 (30) 102 (20) 106 (21)* 158 (15)** 161 (16)**
Total cholesterol/HDL ratio 44+1.1 4.3(1.0) 4.6+1.1° 44+1.1° 4.841.280¢
HOMA-IR 1.4 (1.0-1.9) 1.3 (1.0-1.9) 1.5(1.1-2.0)* 1.4(1.0-1.9 1.6 (1.2-2.3)"¢
Triglycerides, mg/dL 134 (99-186) 125 (94-170) 144 (108-199)* 133 (100-187)" 163 (120-231)"¢
C-reactive protein, mg/L 0.14 (0.06-0.24) 0.12(0.05-0.21) 0.15(0.07-0.26)" 0.14 (0.07-0.24)* 0.17 (0.09-0.30)*
Creatinine clearance, mL/min 923+£13.9 93.7£13.6 91.0£13.9* 91.2+£14.9* 89.7+13.9°
Cumulative incidence of diabetes
Cumulative incidence 1,341 (17.6) 316 (8.4) 390 (22.2) 193 (32.7) 442 (59.9)
Incidence density, /1,000 person-years 22.1 10.1 24.6 39.1 86
Values are expressed as number (%), mean=standard deviation, or median (interquartile range). Normal HbA Ic, HbAlc <5.7%; high HbAlc, 5.7%—
6.4%; Physical activity, perform moderate-intensity (= 150 minutes/week) or vigorous-intensity (=75 minutes/week) activity.
NGT, normal glucose tolerance (2-hour post-load glucose <140 mg/dL); HbA lc, glycated hemoglobin; IGT, impaired glucose tolerance (2-hour post-
load glucose 140-199 mg/dL); HDL, high density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance.
P values were calculated by analysis of variance (ANOVA) test (with Tukey’s HSD as post hoc analysis) or chi-square test (with Bonferroni correction
method) P<0.05 vs. NGT/normal HbA l¢; °P<0.05 vs. NGT/high HbAlc; °P<0.05 vs. IGT/normal HbAlc.
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clinical, and laboratory characteristics of the study population ac-
cording to each glycemic category. The IGT/high HbAlc group
(n=876) was older (mean age, 54.8 years), had higher blood pres-
sure (mean SBP/DBP 130/84 mm Hg), higher HbAlc (mean
5.9%), higher FPG (mean, 88 mg/dL), 2hPG (mean, 161 mg/dL),
total cholesterol/HDL ratio (mean, 4.8), TG (median, 163 mg/dL),
and HOMA-IR levels (median, 1.6) than the other groups (all
P<0.05). Meanwhile, compared with isolated high HbAlc group
(NGT/high HbA Ic group; n=1,886), the isolated IGT group (IGT/
normal HbA 1¢ group; n=692) was younger (mean age, 51.5 years
vs. 53.6 years, P<0.05), had lower proportion of current smokers
(17.9% vs. 32.4%, P<0.05), higher monthly incomes (=1,250
dollars/month, 55.6% vs. 44%, P<0.05), less physical activity
(50.9% vs. 61.8%, P<0.05), lower mean total cholesterol/HDL ra-
tio (4.4 vs. 4.6, P<0.05), and median HOMA-IR levels (1.4 vs. 1.5,
P<0.05).

During the median follow-up period of 11.5 years (IQR, 6.0
to 11.8), 1,341 (17.6%) subjects were newly diagnosed with T2DM
during follow-up, corresponding to incident density of 22.1 per
1,000 person-years. As expected, the cumulative incident densi-
ty was the highest in the IGT/high HbA 1¢ group (86.0 per 1,000
person-years) with a declining tendency in the NGT/normal
HbAlc group (10.1 per 1,000 person-years) (Table 1).

Risk for incident diabetes

Both crude and adjusted HRs for incident diabetes were signifi-
cantly highest in the IGT/high HbAlc group (crude model HR,
10.82; 95% CI, 9.35 to 12.51) (adjusted model HR, 9.94; 95%
CI, 8.53 to 11.59) compared with the NGT/normal HbAlc
group (reference group) (Table 2). In the subgroup comparison,

the isolated IGT group was associated with higher risk (crude
model HR, 4.41; 95% ClI, 3.67 to 5.28) (adjusted model HR,
4.29; 95% CI, 3.56 to 5.17) than the isolated high HbAlc group

Table 2. Incidental Risk of Diabetes According to Glycemic
Status Stratified by the Presence of Central Obesity

Crude HR (95% CI)  Adjusted HR (95% CI)*

Overall

NGT/normal HbAlc 1 (reference) 1 (reference)

NGT/high HbAlc 2.98 (2.59-3.44)° 2.79 (2.40-3.26)°

IGT/normal HbAlc  4.41 (3.67-5.28)"¢ 4.29(3.56-5.17)"¢

IGT/high HbAlc 10.82 (9.35-12.51)>¢  9.94 (8.53—11.59)>¢
Central obesity —

NGT/normal HbAlc 1 (reference) 1 (reference)

NGT/high HbAlc 2.78 (2.21-3.50)" 2.70(2.13-3.43)"

IGT/normal HbAlc  4.60 (3.58-5.93)"¢ 4.52 (3.49-5.87)°¢

IGT/high HbAlc 10.61 (8.51-13.22)>*¢  9.65 (7.65-12.18)"¢
Central obesity +

NGT/normal HbAlc 1 (reference) 1 (reference)

NGT/high HbAlc 2.99 (2.45-3.64)° 2.82(2.30-3.46)°

IGT/normal HbAlc  4.18 (3.21-5.44)° 3.95(3.01-5.18)°

IGT/high HbAlc 10.61 (8.71-12.91)>4 9,98 (8.13-12.26)"*¢

HR, hazards ratio; CI, confidence interval; NGT, normal glucose toler-
ance; HbA Ic, glycated hemoglobin; IGT, impaired glucose tolerance.
“The multivariable Cox proportional hazards regression model was ad-
justed for area, sex, age, estimated glomerular filtration, C-reactive pro-
tein, total-to-high density lipoprotein cholesterol ratio, triglycerides,
systolic/diastolic blood pressure, and socioeconomic factors (education
levels, monthly incomes, smoking, alcohol consumption, physical ac-
tivity); ®P<0.05 vs. NGT/normal HbAlc; °P<0.05 vs. NGT/high
HbA lc; “P<0.05 vs. IGT/normal HbA Ic.

Table 3. The Predictive Performance of Different Glycemic Parameters Stratified by the Presence of Central Obesity for Type 2 Diabetes

Covariates Obesity AUC (model 1) AUC (model 2) AUC (model 3)
Age, sex, area Non-obese 0.69 (0.67-0.71) 0.74 (0.72-0.76) 0.77 (0.76-0.79)**
Obese 0.66 (0.63-0.69) 0.75 (0.73-0.78)* 0.73 (0.70-0.76)"
Age, sex, areatlaboratory testtmetabolic risk factors Non-obese 0.70 (0.68-0.72) 0.75 (0.73-0.77)* 0.78 (0.76-0.80)**
Obese 0.67 (0.64-0.70) 0.75 (0.73-0.78)" 0.73 (0.71-0.76)*
Age, sex, areatlaboratory testtmetabolic risk Non-obese 0.71 (0.69-0.73) 0.75(0.74-0.77)* 0.79 (0.77-0.80)"
factors+socioeconomic factors Obese 0.68 (0.66-0.71) 0.75 (0.73-0.78)" 0.75(0.71-0.77)*

AUC, area under the curve.
1P<0.05 vs. AUC (model 1); ®P<0.05 vs. AUC (model 2).

Laboratory test: estimated glomerular filtration, C-reactive protein; Metabolic risk factors: the presence of dyslipidemia (triglyceride =2.8 mmol/L and/or
high density lipoprotein [HDL] <1 mmol/L [men] or HDL <1.3 mmol/L [women] and/or taking lipid lowering drugs), hypertension (systolic blood pres-
sure =140 mm Hg and/or diastolic blood pressure =90 mm Hg and/or taking anti-hypertensive drugs); Socioeconomic factors: education levels, monthly
incomes, smoking, alcohol consumption, physical activity, and family history of diabetes. Presence of obesity: waist circumference =90 cm (men) or =85
cm (women). Model 1, fasting plasma glucose (FPG); model 2, FPG+glycated hemoglobin levels; model 3, FPG+2-hour postprandial glucose.
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Fig. 1. The correlation between 2-hour postprandial glucose (2hPG; translated into mmol/L) and glycated hemoglobin (HbA1c; %) stratified
by the presence of central obesity. (A) Non-obese population. (B) Obese population. Central obesity, =90 cm (men) =85 cm (women).

(adjusted model HR, 2.79; 95% CI, 2.40 to 3.26; both P<0.05)
(Table 2). Otherwise, considering the presence of central obesi-
ty, the higher HR in isolated IGT group compared with the iso-
lated high HbA1c group was lost among obese individuals (ad-
justed model HR, 3.95; 95% CI, 3.01 to 5.18 in isolated IGT
group vs. HR, 2.82; 95% CI, 2.30 to 3.46 in isolated high
HbA1c group). When the obesity was defined by BMI cut-off
value (25 kg/m*), meanwhile, the presence of obesity does not
affect the risk of incident diabetes between subgroup with iso-
lated IGT and those with isolated high HbAlc (Supplemental
Table S1). Kaplan-Meier curves demonstrated a clear separation
of the curves for isolated IGT vs. isolated high HbAlc among
centrally non-obese population (log-rank P<0.001) but not
among centrally obese population (Supplemental Fig. S1).

The predictive power of models including each glycemic
parameter for incident DM

Whether or not the laboratory, metabolic, and socioeconomic
confounding factors were included, high HbAlc level (model 2,
C-index 0.753) or high 2hPG level (model 3, C-index 0.749)
improved the prediction of incident T2DM compared with FPG
test alone (model 1, C-index 0.684) (Table 3). Meanwhile, when
we stratified subgroups according to the presence of central
obesity, the higher predictive power of ‘FPG+OGTT’ model
(model 3, C-index 0.785) compared with ‘FPG+HbA 1¢’ model
(model 2, C-index 0.754) among centrally non-obese popula-
tion was comparable to centrally obese population (C-index
0.754 vs. 0.749). The difference in discriminant ability between
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these subgroups according to the presence of obesity is similarly
observed when BMI is applied as the criterion for obesity (C-in-
dex 0.75 for ‘FPG+HbAlc’ model vs. 0.77 for ‘FPG+OGTT’
model, P=0.031) (Supplemental Table S2).

Correlation between glycemic parameters according to the
presence of central obesity

In the correlation analysis, the degree of correlation between
2hPG and HbAlc varied with the presence of central obesity.
The correlation between HbA 1¢ and 2hPG (converted to mmol/
L) was stronger in the subgroup with centrally obese population
(r=0.062) than in non-obese population (»=0.041, P<0.001)
(Fig. 1). A stronger association between HbAlc and 2hPG in
obese population was also observed when obesity was defined
according to BMI criteria (#=0.060 [>25 kg/m*] vs. r=0.037
[<25 kg/m?]; P<0.001). When an OGTT (2hPG) cutoff of 140
mg/dL was adopted to detect prediabetes, the overall sensitivity,
specificity, positive predictive value (PPV), and negative pre-
dictive value (NPV) of HbAc criteria for prediabetes (5.7% to
6.4%) were 55.9%, 68.3%, 31.7%, and 85.4%, respectively. The
sensitivity and PPV of HbA Ic-criteria increased to 59.1% (vs.
49.4%) and 35.1% (vs. 29.8%) in obese individuals (n=2,105)
compared with non-obese individuals (n=5,401) (Supplemental
Table S3).

DISCUSSION

In this population-based cohort study, the different glycemic
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categories based on OGTT and HbAlc test showed that each
glycemic parameter represent different clinical phenotypes. In-
dividuals with high 2hPG had a higher risk of developing diabe-
tes, regardless of the HbAlc level. In addition, 2hPG level had
greater discriminatory capacity than HbAlc level. However,
when diagnosed as prediabetes through HbA 1c test, the number
of subjects corresponding to actual IGT increased in obese pop-
ulation as the sensitivity of HbAlc test increases. As a result,
the risk of incident diabetes and the predictive capacity between
isolated IGT and isolated high HbAlc became comparable in
obese population.

Different glycemic categories (measurements of FPG, 2hPG,
and HbAc) probably reflect diverse pathophysiological fea-
tures of glucose metabolism and the different clinical, socioeco-
nomic characteristics. In this study population, the subgroup
with isolated IGT had fewer risk factors associated with diabe-
tes compared with those carrying isolated high HbAlc levels
(5.7% to 6.4%). Based on different clinical/anthropometric
characteristics according to each diagnostic criteria, neither
HbA Ic test nor OGTT alone facilitated the detection of high-
risk population and the accompanying risk factors to predict the
risk of diabetes. Two tests (HbAlc and OGTT) can be used to
measure different pathophysiological aspects of dysglycemia
and a single positive result does not establish the accompanying
risk factors and clinical phenotypes of diabetes.

The concordance between 2hPG and HbA Ic levels was high-
er in obese population regardless of whether the BMI criterion
or the WC criterion was adopted in our study. In addition, the
sensitivity and PPV of HbA ¢ for prediabetes compared with
OGTT also increased in obese individuals than in non-obese in-
dividuals. Increased oxidative stress in obesity [30] might ex-
plain elevated HbA lc levels at a given glycemic level in obese
population [24,31]. In the Insulin Resistance Atherosclerosis
Study [32], the sensitivity of HbAlc¢ criteria (5.7% to 6.4%) for
prediabetes increased with increasing BMI (67.8% in obese
subjects [BMI =30 kg/m?] vs. 19.9% in overweight subjects [BMI
25.0 to 29.9 kg/m?]), but this trend was not observed in IGT crite-
ria (60.0% in obese subjects vs. 58.1% in overweight subjects). In
the Spanish non-diabetic community study, the prevalence of pre-
diabetes was affected by BMI when the HbAlc criteria was ap-
plied but not in FPG criteria [33]. A pooled analysis of global sur-
veillance of diabetes prevalence showed that the relationship be-
tween glucose-based and HbA 1c-based prevalence of diabetes
was partly related to participants’ age and the presence of obesity,
and the prevalence based on HbAlc increased with age, national
income, and mean BMI [34].
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Interestingly, among centrally obese population, the risk of
incident T2DM in prediabetes defined by HbAlc test alone be-
came comparable to that of OGTT alone. In addition, the addi-
tional predictive performance of HbAlc and OGTT tests for di-
abetes was not different. Considering the general higher sensi-
tivity of OGTT compared with HbA1c test in defining the high-
risk population for diabetes, a higher accordance between
HbA Ic and 2hPG based on OGTT in obese subjects might in-
crease the predictive power of HbAlc-based model compared
with OGTT-based model. However, the findings do not warrant
substitution of HbAlc for OGTT to determine the high risk for
diabetes in obese population. Otherwise, it is necessary to rec-
ognize that the predictive power and the risk of diabetes based
on HbA Ic criteria may differ depending on the presence of cen-
tral obesity. In interpreting the HbA1c test, an additional OGTT
may be especially needed for risk analysis in non-obese sub-
jects, even though the HbA1c is high (5.7% to 6.4%). However,
if the obese subjects are considered at risk based on the HbAlc
test, appropriate lifestyle modifications and drug therapy can be
considered without additional confirmatory tests.

We acknowledge both the strengths and limitations of the
study. This study has several strengths. A community-based lon-
gitudinal cohort study of middle-aged adults was conducted and
the association between different glycemic parameters and inci-
dent diabetes was evaluated. In addition, information based on a
large number of confounding factors including socioeconomic,
anthropometric, and laboratory traditional risk factors were ad-
justed in the study. Glycemic parameters such as HbAlc test
and OGTT were evaluated simultaneously and the performance
of HbAlc was compared with 2hPG instead of FPG. Further-
more, based on this nationwide sample of urban/rural area pop-
ulation, subjects with anemia or hemoglobinopathies were ex-
cluded to validate the accuracy of HbAlc, which was affected
by red cell metabolism.

However, the study findings from the Korean national cohort
cannot be generalized to other races/ethnicities. We included
subjects aged 40 to 69 years and excluded younger population.
In addition, the longitudinal cohort observational study did not
elucidate the causal relationship between different glycemic in-
dices and incident diabetes. A further study is needed to evalu-
ate the causal relationship.

In conclusion, the overall risk of future diabetes and the diag-
nostic performance of HbA ¢ test for identifying high risk sub-
jects were inferior to OGTT, but became comparable among
obese subjects as the sensitivity of HbAlc test increases. De-
pending on whether or not subjects are accompanied by central
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obesity, it may be helpful in determining whether an additional
confirmatory test should be performed after the HbAlc test.
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