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We aimed to estimate the cutoff value of glycated hemoglobin (HbA1c, A1c) for fasting plasma glucose (FPG) of 126 mg/dL in 
the Korean adult population, using the 2011 Korea National Health and Nutrition Examination Survey. A total of 5,421 partici-
pants without a history of diabetes and over 19 years of age were included in the analysis. A point-wise area under the receiver 
operating characteristic curve was used to estimate the optimal A1c cutoff value. A1c threshold of 6.1% produced the highest 
sum of sensitivity (85.2%) and specificity (90.5%) for FPG of 126 mg/dL (area under the curve, 0.941, P<0.001). A1c of 6.5% 
produced a sensitivity of 67.7% and specificity of 98.0% for FPG of 126 mg/dL. Considering A1c as one of three criteria for the 
diagnosis of diabetes and the specificity of an A1c cutoff of 6.5%, the current diagnostic criteria of A1c≥6.5% might be accept-
able in the Korean adult population.
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INTRODUCTION

The diagnosis of diabetes has been based on the fasting plasma 
glucose (FPG) level or the 2-hour plasma glucose (2HPG) level 
after an oral glucose tolerance test (OGTT). The American Dia-
betes Association recommends a glycated hemoglobin (HbA1c, 
A1c) ≥6.5% as one of the criteria for the diagnosis of diabetes 
[1]. However, the optimal A1c threshold is in debate. We esti-
mated the cutoff value of A1c for FPG of 126 mg/dL in the Ko-
rean adult population, using data from the 2011 Korea National 
Health and Nutrition Examination Survey (KNHANES V-2).
 
METHODS

KNHANES V-2 is a national probability survey conducted since 

1998 by the Korean Center for Disease Control for Health Sta-
tistics at 192 survey locations to survey the health and nutri-
tional status of the civilian, non-institutionalized Korean popu-
lation. In the KNHANES V-2, an annual total of 3,840 house-
holds were selected. A total of 10,589 people participated in the 
KNHANES V-2 in 2011. The participation rate for the health 
examination was 76.1%. Among these subjects, 6,686 partici-
pated in the laboratory examination. After exclusion of the par-
ticipants who were <19 years old (n=785) and those previously 
diagnosed with diabetes (n=480), 5,421 participants were in-
cluded for the analysis.
 The blood samples were obtained after a minimum fasting 
time of 8 hours. The FPG analysis was performed using a Hita-
chi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan). The A1c 
was measured using a high performance liquid chromatogra-
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phy method (HLC-723G7; Tosoh, Tokyo, Japan). The detailed 
methods for comparing and verifying the validity and reliabil-
ity of each survey are described elsewhere [2].
 This study was approved by the Institutional Review Board 
of Inje University Ilsan Paik Hospital, Korea (IB-2-1312-054). 
After the approval of the study proposal, the KNHANES datas-
et was made available at the request of the investigator. Because 
the dataset did not include personal information and the par-
ticipants’ consent had been given in the KNHANES, our study 
was exempted from participant consent by the review board.
 A point-wise area under the receiver operating characteristic 
(ROC) curve was used to evaluate the diagnostic accuracy of 
the A1c cutoff. Sensitivity was defined as the proportion of sub-
jects with a given risk factor who were identified correctly by an 
A1c value greater than or equal to the cutoff point. Specificity 
was defined as the proportion of subjects without the risk fac-
tor who were correctly identified with an A1c value below the 
cutoff point. The area under the ROC curve was calculated, and 
by interpolation from the area under the curve, the point clos-
est to the upper left-hand corner was selected as the optimal 
cutoff point. The positive predictive value (PPV) and negative 
predictive value (NPV) for every cutoff point were calculated.
 We used all of the P values as two sided and considered P< 
0.05 as statistically significant. The statistical analyses were per-
formed using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). 

RESULTS

The study participants included 2,288 men and 3,133 women. 
The mean age was 49 years old (range, 19 to 97), and the clini-
cal characteristics were as follows: body mass index, 23.6±3.4 
(mean±SD) kg/m2; waist circumference 81±10.1 cm; systolic 
blood pressure, 118.2±17.0 mm Hg; diastolic blood pressure, 
75.8±10.4 mm Hg; FPG 94.2±15.7 mg/dL; and A1c, 5.6%± 
0.6%, including 4,189 participants with a normal fasting glu-
cose level (FPG <100 mg/dL), 1,077 with an impaired fasting 
glucose level (100≤FPG<126 mg/dL), and 155 with diabetes 
(FPG ≥126 mg/dL).
 The sensitivity and the specificity of various A1c cutoff val-
ues for FPG of 126 mg/dL in the total population, after stratifi-
cation by age, are shown in Table 1. An A1c threshold of 6.1% 
was shown to be the optimal limit for FPG of 126 mg/dL, with 
85.2% sensitivity and 90.5% specificity (area under the curve, 
0.941; P<0.001). An A1c cutoff of 6.5% produced a sensitivity 
of 67.7% and a specificity of 98.0% for FPG of 126 mg/dL. The 

A1c cutoff increased with age (6.1% in participants 19 to 39 
years of age; 6.3% in participants 40 to 64 years; and older than 
65 years of age). An A1c cutoff of 5.7% produced the highest 
sum of sensitivity (71.2%) and specificity (70.4%) for FPG of 
100 mg/dL (Table 2).

DISCUSSION

One Korean cross-sectional study including 4,616 adults with-
out a history of diabetes showed that an A1c of 6.1% was the op-
timal limit for diagnosing diabetes, with 63.8% sensitivity and 
88.1% specificity, 72.4% PPV and 79.5% NPV, with diabetes cri-
teria of FPG ≥126 mg/dL and/or 2HPG of a 75-g OGTT ≥200 
mg/dL [3]. In this study, an A1c cutoff of 6.5% produced a sen-
sitivity of 50.5%, specificity of 95.0%, PPV of 87.1%, and NPV of 

Table 1. Sensitivities and specificities of different HbA1c levels 
for FPG ≥126 mg/dL

Variable HbA1c, 
%

Sensi-
tivity

Speci-
ficity

Sensitivity
+

Specificity
PPV NPV AUC

Total
   (n=5,421)a

6.0 86.5 86.7 173.2 16.1 99.5 0.941

6.1 85.2 90.5 175.7 20.9 99.5

6.2 81.9 93.4 175.3 27.8 99.4

6.3 79.4 95.7 175.1 35.3 99.4

6.5 67.7 98.0 165.7 49.3 99.0

19–39 yr-old
   (n=1,752)b

6.0 90.5 97.5 188.0 30.6 99.9 0.981

6.1 90.5 98.4 188.9 40.4 99.9

6.2 85.7 99.0 184.7 51.4 99.8

6.3 76.2 99.3 175.5 57.1 99.7

6.5 57.1 99.8 156.9 75.0 99.5

40–64 yr-old
   (n=2,547)c

6.0 84.6 85.0 169.6 17.3 99.3 0.926

6.1 83.5 89.7 173.2 23.2 99.3

6.2 81.3 93.2 174.5 30.7 99.3

6.3 79.1 95.5 174.6 39.6 99.2

6.5 68.1 97.8 165.9 53.4 98.8

≥65 yr-old
   (n=1,122)d

6.0 88.4 73.2 161.6 11.6 99.4 0.921

6.1 86.0 79.7 165.7 14.5 99.3

6.2 81.4 86.5 167.9 19.3 99.1

6.3 81.4 90.5 171.9 25.4 99.2

6.5 72.1 95.4 167.5 38.3 98.8

FPG, fasting plasma glucose; PPV, positive predictive value; NPV, 
negative predictive value; AUC, area under the curve.
Number of patients with FPG ≥126 mg/dL, an=155, bn=21, cn=91, 
dn=43.
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74.2% for diabetes. In the Ansung-Ansan cohort study, an A1c 
of 5.9% produced the highest sum of sensitivity (68%) and spec-
ificity (91%) for the development of diabetes with diabetes crite-
ria of FPG ≥126 mg/dL and/or 2HPG of a 75-g OGTT ≥200 
mg/dL [4]. In the baseline of this study, an A1c cutoff of 5.9% 
produced the maximum sum of sensitivity (68%) and specificity 
(91%) by an ROC analysis (PPV, 34%; NPV, 98%). The results of 
this study are consistent with those of a large meta-analysis [5], 
which reported that an A1c level of 6.1% had a sensitivity and 
specificity of 78% to 81% and 79% to 84%, respectively. Addi-
tionally, our findings are in accord with those of the Rancho 
Bernardo Study (6.15%) [6], an Australian study (6.2%) [7], a 
Chinese study (6.1%) [8], and an Indian study (6.1%) [9].
 Our data demonstrate that older individuals have higher A1c 
levels than younger individuals with similar FPG profiles. This 
result is in agreement with those of a previous Korean study [3], 
which found that the appropriate A1c cutoff value rose by ap-
proximately 0.1%/decade of subject age. Another study [10] in-
vestigated the effect of age on the A1c level in the nondiabetic 
subjects enrolled in the Framingham Offspring Study and the 
nondiabetic participants in the NHANES 2001 to 2004 survey 
and found a 0.10% to 0.14% increase/decade. A possible expla-
nation for the observed association of higher A1c with increas-
ing age is related to changes in the rate of glycation associated 
with aging [11].
 Several limitations of this study should be acknowledged. 
First, the survey was based on cross-sectional data. Second, 
2HPG was not included in this analysis. Although practically, 
an OGTT could not be performed in the total general popula-
tion in this national survey, the lack of 2HPG could be one of 
the possible explanations for the very low PPV (20.9%) for the 
A1c of 6.1% in this study. The last limitation is the lack of data 
regarding the diabetic complications in this study, which are the 

most important parameters for defining the criteria of diabetes.
 It is rarely possible in screening tests to obtain both high sen-
sitivity and specificity. Considering that the A1c is not the only 
criterion for diabetes, the specificity of the A1c cutoff is un-
doubtedly more important than the sensitivity. The high preva-
lence of diabetes in the general population is another reason 
that a cutoff level should have high specificity rather than sensi-
tivity, to prevent a significant number of false positives. Consid-
ering that the PPV of an A1c level of 6.1% for FPG of 126 mg/
dL was very low, the A1c level ≥6.1% might be appropriate for 
the diagnosis of diabetes. The significance of this study is that 
we observed findings in a national representative sample of the 
Korean adult population that are similar to those reported pre-
viously in several Korean cohort studies. Considering A1c as 
one of three criteria for the diagnosis of diabetes and the high 
specificity of an A1c cutoff of 6.5%, the current diagnostic cri-
teria of A1c ≥6.5% might be acceptable in the Korean adult 
population.
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